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Despite numerous international treaties and voluntary commitments, the seas are still being 
massively overfished, polluted and increasingly exploited as the Earth’s last resort. In view of the 
oceans’ poor condition the WBGU developed a long-term vision of the conservation and 
 sustainable use of the blue continent: All marine zones with the exception of territorial waters 
should be declared the common heritage of mankind. In order to move closer to this ultimate 
goal for ocean governance, the WBGU also makes recommendations for action that link up with 
ongoing political processes. In this context it examines the example of two focal themes: food 
(sustainable fisheries and aquaculture) and energy from the sea. The report shows that 
 sustainable  stewardship of the oceans is urgently necessary, that the seas can be incorporated 
into a  transformation towards a low-carbon, sustainable society, and that such a transformation 
can achieve substantial benefits worldwide both for a sustainable energy supply and for food 
security. 

“The ‘World in Transition – Governing the Marine Heritage’ report presents a thought provoking look 
at crucial aspects of oceans governance. It resonates strongly with our thinking in the World Bank and 
among the partners of the Global Partnership for Oceans. Nation states, civil society and industry 
need to work together to support more sustainable and productive ocean use. This report makes 
a  valuable contribution to global thinking on how best we might secure a sustainable future from 
healthy oceans.”

Rachel Kyte, Vice President, Sustainable Development, The World Bank 
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1

Rethinking the oceans 

For a long time humanity thought of the sea as some-
thing inexhaustible. Given the sheer size of the oceans, 
it seemed inconceivable that humans might be able to 
exert any appreciable influence on the ‘blue continent’. 

Changes caused by humans take place gradually, and 
even today they are very difficult to detect or measure. It 
therefore took a long time before it was discovered that 
the impact of humankind on the sea grew ever stronger 
as our society became more industrialized, finally reach-
ing disturbing dimensions: marine fish stocks are in a 
poor state due to overfishing, so that almost two-thirds 
of stocks need time to recover; a fifth of the species-rich 
coral reefs have already disappeared and three-quarters 
are at risk; and not least, our societies use the oceans 
as a rubbish dump, threatening species and ecosystems 
with nutrients, toxins and plastic. Man-made hazards 
also include CO2 emissions from fossil fuels, which are 
increasingly acidifying the oceans and thus endangering 
marine ecosystems. The acid concentration has already 
risen by almost a third since industrialization began, and 
this can have considerable effects on marine ecosystems 
and fishery. 

Further examples of humanity’s huge impact include 
cases of large-scale pollution (like after the disastrous 
accident involving the Deepwater Horizon oil rig in April 
2010), the sudden collapse in the early 1990s of the once 
seemingly inexhaustible stocks of cod off Newfound-
land, and the rising temperature of the world’s oceans, 
which has already led to a dramatic reduction in the size 
of the Arctic sea ice. Overall, the oceans are in an unsat-
isfactory state. This largely still undiscovered ‘blue con-
tinent’ is proving to be fragile, and in parts it is already 
irreversibly damaged. For these reasons, the oceans – 
their treasures and the threats they face – repeatedly 
find themselves at the focus of public attention. 

Human influence grows with technological develop-
ment. Today, new ways of using the seas promise great 
opportunities, but they can also put new pressure on the 
oceans and their ecosystems. Using the huge potential of 

offshore wind power can contribute to a climate-friendly 
energy supply. On the other hand, unprecedented and 
unquantifiable risks are involved in the extraction of 
fossil oil and gas resources from the deep sea and the 
Arctic, and in mining methane hydrates – all of which are 
now becoming technically feasible. Similarly, the increas-
ingly effective methods being used to detect and catch 
fish in remote areas of the high seas and at ever-greater 
depths are increasing pressure on fish stocks and marine 
ecosystems. 

Humankind is dependent on the seas, their ecosys-
tem services and their biological diversity – for food, 
energy generation, medical products, tourism, climate-
regulating functions and the oceans’ absorption of CO2. 
Against the background of humanity’s influence on the 
seas – which is already big today and could potentially 
become much larger in the future – and in view of the 
seas’ key importance for our societies, the WBGU asks 
how humanity might best go about the task of develop-
ing a sustainable stewardship of the oceans.

What condition will the oceans be in when we hand 
them over to coming generations in the middle of this 
century? Are we now going to take on responsibility 
and embark on the path of sustainability in the real 
world and not merely on paper? Much will depend on 
how marine conservation and ocean uses are organized, 
in other words on ocean governance. This report there-
fore focuses on the global, regional and national rules 
governing the conservation and sustainable use of the 
oceans, and above all on how we can ensure that these 
rules are implemented, which has been a huge problem 
in the past. 

The WBGU puts the debate on the seas into the con-
text of the ‘Great Transformation’ towards a low-car-
bon, sustainable society – the subject of its 2011 flag-
ship report ‘A Social Contract for Sustainability’. Here, 
the WBGU argued that if greenhouse-gas emissions 
 continued growing unabated, the Earth system would 
breach planetary guard rails within a few decades and 
enter domains that would be incompatible with sustain-
able development. The WBGU is convinced that nothing 
short of a new industrial revolution can prevent this. 
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For that to happen, the world will have to phase out not 
only fossil power generation, but also energy-intensive 
urbanization and emissions-intensive land use within the 
next few decades. The WBGU believes the seas should 
be fully incorporated into this transformation towards 
a low-carbon, sustainable society, in particular because 
of the irreversibility of some of the processes involved. 
The oceans have the potential to give the transformation 
massive support; in turn, the transformation is necessary 
for the long-term conservation of the marine ecosystems. 

The WBGU already focused on the seas in its 2006 
special report ‘The Future Oceans – Warming Up, Rising 
High, Turning Sour’. In particular it took a closer look 
at the interface between greenhouse-gas emissions and 
the oceans (e.  g. warming, sea-level rise, ocean acidi-
fication). In the present report the WBGU examines 
the examples of food and energy, which were already 
at the centre of its 2011 flagship report on transfor-
mation. It studies the sustainable management of fish 
stocks,  sustainable aquaculture and the development of 
marine renewable-energy systems. It also shows how 
the oceans can make a substantial contribution to the 
transformation. At the same time, the seas and their 
ecosystems are threatened by the effects of climate 
change and ocean acidification. 

The WBGU shows that the conservation and sustain-
able use of the oceans are urgently necessary, that a 
transformation towards low-carbon, sustainable devel-
opment is possible including the oceans, and that it can 
yield substantial advantages worldwide for sustainable 
energy supplies and food security.

Guiding principles for future ocean governance

Future ocean governance – i. e. how to develop a sus-
tainable stewardship of the oceans – will play a cru-
cial role if mankind is to reverse the present trend and 
manage the seas in a sustainable way. The current situ-
ation is quite favourable as a starting point: the world 
already has a comprehensive international treaty – the 
United Nations Convention on the Law of the Sea, or 
UNCLOS – which, together with accompanying agree-
ments, functions as a kind of ‘constitution of the seas’. 
However, UNCLOS was adopted in 1982, so that more 
recent insights are either absent altogether or given 
inadequate attention. In particular, it has meanwhile 
become increasingly accepted that humanity is a dom-
inant factor in the entire Earth system. Humankind’s 
new shaping impact is expressed by the term ‘Anthro-
pocene’ to describe our present era. In the Anthro-
pocene, humanity should take on responsibility for 
the stewardship of the natural environment. This also 
applies to the seas. 

The existing system of ocean governance has failed 
in several areas, not only because the intergovernmen-
tal regulations that have been agreed are insufficient, 
but primarily because these regulations are not reso-
lutely implemented and misconduct is hardly ever pre-
vented by sanctions. 

Given these challenges, the WBGU recommends bas-
ing our interaction with the oceans on three guiding 
principles. They are crucial for designing a regime for 
protecting and sustainably using the oceans which, in 
combination with ten criteria for sustainable ocean gov-
ernance (Box 1), can ensure the long-term conservation 
of ecosystem services, biodiversity, and yields from the 
sustainable use of the sea. The starting point is a fun-
damental change of position and perspective applying 
the following three principles: 
1. The oceans as a common heritage of mankind: The 

oceans are a global public good for which no clearly 
defined, sustainability-based conservation obliga-
tions or rights of use exist. The idea that the oceans 
are a ‘common heritage of mankind’ was put for-
ward as early as the 1960s by Arvid Pardo and 
Elisabeth Mann Borgese in the negotiations on 
 UNCLOS. Although it was not enforced as a princi-
ple of international law for the oceans as a whole, 
it was codified for the mineral resources of the sea-
bed beyond national jurisdiction (‘the Area’). In the 
WBGU’s view, it follows from the common heritage 
of mankind principle that global public goods must 
be accessible to all people and not be fully at the 
disposal of any state, individual or company. The 
conservation and sustainable use of the common 
heritage of mankind requires stewards, a manage-
ment regime for conservation and sustainable use, 
and rules on sharing to ensure that the costs and 
benefits of the regime are distributed fairly. From 
a political perspective this results in a system of 
shared sovereignty between states which is based 
on a global regulatory framework geared towards 
sustainability goals. The marine public goods are to 
be conserved and their short-term exploitation and 
overexploitation avoided, thus also enabling future 
generations to use them. 

2. The systemic approach: The sectoral approach, 
which is widely prevalent in ocean governance at 
present, is characterized by a narrow view of the 
different forms of use (e.  g. fishing, oil extraction, 
conservation) and does not do justice to the sys-
temic requirements of sustainability. The WBGU 
proposes the introduction of a systemic approach 
in order to integrate both the different levels of the 
system and the interactions between the natural 
and social systems that should be taken into account 
when dealing with the oceans. The approach com-
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prises the following levels: First, marine ecosys-
tems are themselves complex systems which should 
be protected and used according to the ‘ecosys-
tem approach’. The ecosystem approach was devel-
oped in the context of the Convention on Biological 
Diversity and is now widely recognized by govern-
ments.  Second, the systemic approach should go 
far beyond the uses of the marine ecosystems and 
also take land/sea interactions into account – after 
all, many of the risks to the oceans are caused by 
economic activities on land. For example, indus-
trial production can damage the oceans when plas-
tic products or long-lived pollutants find their way 
into the sea via the atmosphere or rivers. Regulat-
ing industrial production can therefore also contrib-
ute to marine conservation. Last, but not least, agri-
culture too is responsible for considerable input of 
nutrients and sediments into the oceans. Third, in 
the era of the Anthropocene, linkages in the Earth 
system should also be taken into account – e.  g. CO2 
emissions from fossil fuels, which damage marine 
ecosystems both indirectly – via climate change 
by raising temperatures – and directly by acidify-
ing the seawater. Fourth, on all these levels it must 
be taken into account that there are complex and 
dynamic interactions between society and nature. 
The WBGU therefore regards the integrated obser-
vation of these interactions between marine eco-
systems and societies as indispensable to a compre-
hensive systemic approach. 

3. The precautionary principle: According to the pre-
cautionary principle, steps based on the state of the 
art in science and technology are taken to prevent 
possible environmental damage, even when there 
is no full scientific certainty on how likely it is that 
there actually will be any damage or how much it 
might cost. The application of the precautionary 
principle is particularly important in complex sys-
tems – to which marine ecosystems and their land/
sea interactions definitely belong – because their 
reactions to influences or disturbances are difficult 
to predict. It is therefore important to allow enough 
scope for decisions to be flexible and reversible. 
Although the precautionary principle is reflected in 
many regulations and decisions on ocean govern-
ance, it is rarely strictly applied in practice. 

Ways toward a future form of ocean governance

The need for a radical turnaround in the use of the 
 oceans is well known, as is what needs to change. And 
although this is already enshrined to some extent in 
the existing system of ocean governance, in practice 

governments do not implement or follow the corre-
sponding regulations strictly enough. Not least, there 
are loopholes in the existing international law of the 
sea. In this report, therefore, the WBGU has scrutinized 
UNCLOS from the perspective of the three guiding 
principles and ten criteria. The future system of ocean 
governance should not only correspond to these princi-
ples and criteria, it should also establish suitable mech-
anisms for ensuring compliance with, and the enforce-
ment of, the rules and for sanctioning misconduct. 

The regulatory framework that needs to be observed 
is defined by shared responsibility for conserving the 
oceans according to the common heritage of mankind 
principle. The players should be able to move as freely 
and autonomously as possible within this framework. 
Ultimately, however, all users need to fundamentally 
rethink the way they interact with the oceans at all  levels 
of governance. Humanity must stop the way in which the 
seas are predominantly managed today, which is often 
geared to short-term profits. The focus should be on 
marine conservation for the benefit of present and future 
generations, including the conservation of bio diversity 
and marine ecosystem services. 

The WBGU is convinced that profound changes in the 
governance of the oceans are necessary and appropriate 
in order to create a suitable institutional and political 
framework for a sustainable stewardship of the oceans. 
However, resolute implementation of the proposed guid-
ing principles would require major changes to UNCLOS. 
In the WBGU’s view, such an initiative currently has little 
chance of implementation, because the gap between the 
changes in ocean governance that are necessary from the 
sustainability perspective and political feasibility seems 
too deep at present. 

Against this background, the WBGU has decided to 
focus attention on two paths, each with a different ambi-
tion and speed. First, the WBGU outlines the vision of 
a fundamental reform of the existing law of the sea – 
irrespective of the current chances of implementing it 
– offering orientation on how best to address the chal-
lenges of marine conservation and the sustainable use 
of the oceans. Second, the WBGU develops recommen-
dations for action which link up with ongoing political 
processes, are easier to implement, and are therefore 
suitable as steps towards the vision without requiring a 
reform of UNCLOS. 

As a basis for its vision of a reformed law of the 
sea, the WBGU recommends extending the common 
heritage of mankind principle as a binding guiding prin-
ciple to cover all uses of all marine biological and mineral 
resources – but varying in specificity across the mari-
time zones seaward of the territorial sea (exclusive eco-
nomic zone (EEZ), continental shelf, high seas and the 
Area). The vision also outlines the institutional design 
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of a corresponding regime of conservation and use. A 
World Oceans Organization (WOO) would be set up as 
a global steward of the common heritage of mankind. 
According to the subsidiarity principle, the sustainable 
management of the sea as a common good should as 
far as possible be decentralized and left to regional and 
national institutions according to the principles of a 
reformed UNCLOS. On the high seas, newly established 
Regional Marine Management Organizations (RMMOs) 
would shape ocean conservation and use. The coastal 
states, as stewards, should be accountable to the inter-
national community as regards the sustainability of the 
management of the marine zones entrusted to them, by 
meeting strict reporting obligations. 

This vision, which the WBGU considers necessary 
and appropriate, is evidently very ambitious in view 
of the lengthy negotiations required, the complexity of 
global marine conservation, and conflicts over the use 
of marine resources. It is therefore highly unlikely to be 
politically implemented any time soon. Nevertheless, 
the WBGU is outlining this ambitious vision of ocean 
governance, as recent experience has shown that politi-
cal feasibility is difficult to predict. Numerous politi-
cal events and crises of recent contemporary history 
– such as Germany’s phasing out of nuclear power after 
 Fukushima or the euro crisis – show that, given urgent 

challenges or events, reforms can become possible 
which are so radical that they were previously consid-
ered totally unrealistic. In the same way, far-reaching 
opportunities for marine policy that are unforeseeable 
today might open up one day. Such reforms should be 
well thought through and discussed beforehand. The 
WBGU’s aim with this vision is to contribute to this 
 discussion. 

In order to get closer to the vision’s long-term objec-
tive, the WBGU also makes policy recommendations 
that link up with ongoing or envisaged political pro-
cesses that do not require any changes to UNCLOS and 
are therefore suitable as steps along the road towards 
the more ambitious vision. Overall, the report aims to 
serve as a compass to give long-term orientation for 
reforms on conservation and the use of the oceans. 

The focal themes 

In this report on the oceans, the WBGU focuses on the 
examples of food and energy, as in its previous report 
entitled ‘A Social Contract for Sustainability’. These 
are key issues in the Great Transformation towards a 
low-carbon, sustainable society, to which the oceans 
can make a significant contribution. In this context the 

Box 1

Ten criteria for a future system of ocean 
governance

In this report the WBGU has developed ten criteria for 
 analysing the existing system of ocean governance at vari-
ous  levels, from local to global, which should simultaneously 
guide measures aimed at redesigning the ocean governance 
of the future. 
1. Adaptive management aims to continuously improve the 

knowledge base for governance and to promptly use it 
for improving the conservation and sustainable use of the 
oceans. Adaptive management increases our knowledge of 
the structure and dynamics of ecosystems via a learning 
process and thus iteratively improves the protection and 
management of the seas.

2. Incentives for innovation encouraging a sustainable, low-
risk use of the oceans reward players who develop long-
term, sustainable business models on the use and con-
servation of the seas instead of seeking short-term profit 
maximization.

3. A clear assignment of rights of use is necessary to prevent 
the overexploitation of the sea, which is a common good. 
This makes it possible to exclude certain users and thus 
to coordinate use – either via markets or by negotiation. 
Furthermore, the societal costs of use can be charged to 
the users according to the polluter pays principle, so that 
the external costs are internalized.

4. Neither the conservation nor the sustainable use of the 

oceans as a global public good is possible without an 
unprecedented level of global cooperation and global 
cooperation mechanisms. Global cooperation forms the 
foundation for the development of international treaties 
on marine conservation and use, and for the joint imple-
mentation of these treaties. 

5. Subsidiary decision-making structures – i.  e. assign-
ing decision- making powers primarily to decentralized 
 decision-makers at the regional or local level, and second-
arily to central international agencies – are crucial for the 
acceptance of global and national regulations. Moreover, 
such an interpretation of subsidiarity makes regulations 
easier to enforce efficiently. 

6. Transparent information ensures that all players have 
access to the relevant data. 

7. Participatory decision-making structures make it possible 
to reveal interests; they lead to decisions that all stake-
holders can understand. 

8. Fair distribution mechanisms aim to ensure an  equitable 
distribution both of the benefits of marine resource 
use and of the costs – e.  g. of conservation, monitor-
ing,  surveillance and sanctions. This applies to the shar-
ing of costs and benefits between countries and between 
 different levels of a country’s government. 

9. Conflict-resolution mechanisms are necessary in order to 
coordinate the many and complex use interests of dif-
ferent stakeholders (e.  g. governments and individuals). 

10. Sanction mechanisms at the different governance levels 
are key instruments for enforcing compliance with regu-
lations on use. 
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WBGU analyses the sustainable use of fish stocks and 
aquacultures as well as marine renewable energy tech-
nologies, and outlines a reform of ocean governance 
based on these examples.

 > Fishing: stopping overexploitation and raising long-
term revenue. Food from the sea can help ensure 
food security for a growing world population and 
thus to some extent ease the rising pressure on land 
use. In this way fishing and aquaculture based on 
sustainability can make an important contribution to 
the transformation towards a climate-friendly soci-
ety. It is becoming increasingly clear that overfishing 
is not only inflicting environmental damage world-
wide, but that it is also economically inefficient. The 
depletion of fish stocks must therefore be stopped so 
that the seas can be used sustainably. A good foun-
dation under international and ‘soft law’ for the 
modern, sustainable management of fish stocks has 
already been laid by the UN Fish Stocks Agreement, 
the FAO Code of Conduct for Responsible Fisheries, 
the goals of the Rio follow-up process and the deci-
sions of the Biodiversity Convention. Yet these regu-
lations and decisions are poorly implemented in 
practice. So a transformation towards sustainability 
and an end to overfishing would be doubly worth-
while: marine ecosystems and their biodiversity 
would be spared, and incomes would actually rise as 
the fishing pressure declined and stocks recovered. 

 > Marine energy: momentum for the energy-system 
transformation. In order to succeed with the trans-
formation towards a climate-friendly society, the 
energy systems, which are currently dominated by 
fossil energy carriers, should be converted to renew-
able energy generation. The huge potential of off-
shore wind power and the use of other marine re-
newable energy technologies could make a signifi-
cant contribution to an emission-free future in a 
decarbonized energy system. The important thing 
now is to accelerate the already developing momen-
tum by providing targeted government support for 
innovations. To ensure sustainability, the environ-
mental compatibility of marine renewable-energy 
technologies must already be a key development cri-
terion at very early phases of technological develop-
ment. The expansion of renewable energy also 
brings the phasing out of fossil offshore oil and gas 
exploitation closer and makes it easier to avoid even 
starting the extraction of climate-damaging methane 
hydrates. 

 > Arctic: the race for resources. The WBGU comple-
ments the two above-mentioned thematic perspec-
tives by adding a regional focus on the Arctic (Box 2). 
Here, in addition to other valuable resources, access 
to both energy and fish stocks plays an essential role 

and currently involves considerable potential for 
conflict. In the Arctic, the race to exploit marine 
resources in general, and oil and gas reserves in par-
ticular, is becoming increasingly noticeable. Respon-
sibility for protecting the common heritage of man-
kind around the North Pole, with its valuable but 
extremely fragile polar ecosystems, is being increas-
ingly eclipsed by the expected short-term profits. 
This highly risky expansion will lengthen the cli-
mate-damaging fossil energy path; national interests 
are threatening to gain the upper hand over the com-
mon heritage of mankind and the interests of future 
generations. This could be counteracted by a com-
prehensive, cross-border marine protected area for 
the Arctic (Box 2).

Research in the context of transformation

Research has a key role to play in the transformation 
towards a sustainable stewardship of the oceans. It 
must examine the role of the oceans in the Earth sys-
tem, the impact of human activity and the repercus-
sions of changes on human societies. At the same time 
it should think ahead and develop visions of a sustain-
able stewardship of the seas, study specific possibili-
ties of sustainable use and draft political strategies for 
achieving them. Such research, which the WBGU terms 
‘transformative’, promotes transformation by gener-
ating sustainable innovations in relevant sectors and 
supporting their dissemination. In addition, ‘transfor-
mation research’ is needed for the analysis of societal 
transformation. It should investigate the overall con-
ditions and key factors affecting overarching societal 
transformation processes in the fields of ocean con-
servation and use – as well as their interactions with 
technical systems and ecosystems – in order to develop 
alternative transformation paths and make recommen-
dations on how to shape them politically. However, 
transformation research is hardly established to date in 
German marine research. It seems essential for the use 
of the oceans as the common heritage of mankind. 

A social contract for the seas

Agreement on a virtual, global ‘social contract for the 
seas’ is the prerequisite for sustainable stewardship of 
the oceans. It would also make a reformed system of 
ocean governance more effective and legitimate. Such 
a social contract for the seas would effectively be part 
of the social contract for a great transformation towards 
a low-carbon, sustainable society. In this way human-
ity should above all take responsibility for the perma-
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Figure 1: Status quo of ocean governance, simplified diagram.
The common heritage of mankind is today limited to the mineral resources of the seabed seaward of national jurisdiction (‘the 
Area’). These resources are administered by the International Seabed Authority. The UN Convention on the Law of the Sea 
( UNCLOS), together with its implementing agreements (primarily the UN Fish Stocks Agreement, FSA), defines the framework 
of ocean governance. The Regional Fisheries Management Organizations (RFMOs) organize the management of fish stocks 
on the high seas and of the straddling and highly migratory fish stocks in the exclusive economic zones (EEZs). The coastal 
states have far-reaching sovereign rights to use all resources in their EEZ and the mineral resources of the continental shelf. 
Regional cooperation between coastal states is organized through programmes and agreements (especially UNEP Regional Seas 
Programmes).
a The territorial sea extends up to 12 nautical miles (nm) from the baseline. It comprises, inter alia, the seabed and its subsoil. The 

coastal state has territorial sovereignty in the territorial sea.
b The EEZ covers the marine area seaward of the territorial sea, extending for a maximum of 200 nm measured from the baseline. 

The EEZ comprises the water column as well as the seabed and its subsoil.
c The high seas begin seaward of the EEZ and are limited to the water column. They are not subject to any national sovereignty; 

freedom of navigation, fishery, research, etc. applies here.
d The continental shelf comprises the seabed and its subsoil seaward of the territorial sea. The continental shelf regularly overlaps 

with the EEZ and has no separate importance. The continental shelf can, however, extend further than the seaward boundary 
of the EEZ (‘extended continental shelf’). The outer limit of the continental shelf may not be more than 350 nm from the base-
line (or 100 nm from the 2,500 m isobath).

e The Area comprises the seabed and its subsoil seaward of national jurisdiction. 
Source: WBGU
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Figure 2: Vision for a future system of ocean governance, simplified diagram.
All marine areas, with the exception of the coastal waters, are given ‘common heritage of mankind’ status. This includes all 
 resources seaward of the territorial sea, including mineral and biological resources. The coastal states retain their rights of use 
over the resources in the exclusive economic zone (EEZ) and the mineral resources of the continental shelf. As stewards of the 
marine environment within the EEZ, the coastal states have an obligation to use these resources sustainably. The rights of use 
therefore also involve accountability obligations vis-à-vis the new World Oceans Organization (WOO). The International Seabed 
Authority and Continental Shelf Commission are integrated into the WOO. The Regional Fisheries Management Organizations 
(RFMOs) are integrated into the Regional Marine Management Organizations (RMMOs) which organize the sustainable 
management of all resources on the high seas. They also organize the management of straddling and highly migratory fish 
stocks in cooperation with the coastal states. The WOO takes on the role of the oceans’ global steward and monitors compliance 
with rules on their conservation and sustainable use. It has access to legal remedies, especially rights of action, at the 
International Tribunal for the Law of the Sea (ITLOS). Regional cooperation between the coastal states under programmes and 
agreements continues. 
Red text: Accountability obligations vis-à-vis higher levels of governance. 
a-e: See Figure 1 for explanations 
Source: WBGU
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nent conservation of healthy, productive and resilient 
marine ecosystems for present and future generations 
and translate this responsibility into political action. 
In addition, accepting responsibility for the common 
heritage of mankind involves sharing marine resources 
in a responsible and fair manner, as is already laid down 
in the law of the sea. This requires ‘proactive states’, 
particularly coastal states that commit themselves to 
the sustainable management of the oceans and enforce 
internationally agreed regulations. Designing the social 
contract for the sea is an open process in which the 
participation of civil societies should be a key element. 
This participation is based on involvement, transpar-
ency and monitoring decisions made by the proactive 
states on the oceans. Change agents have a key role 
to play in the sustainable stewardship of the oceans: 
supported by proactive states, they drive the trans-
formation process forward by developing and testing 
new technologies and modes of behaviour – starting 
in niches. They then disseminate them using opportu-
nities which they create themselves or which become 
available in other ways.

The WBGU’s vision of a comprehensive reform of 
the international law of the sea 

The following sections present in detail the vision, the 
recommended steps for a comprehensive reform of the 
law of the sea, and the WBGU’s research recommen-
dations. 

The WBGU recommends placing the use of the oceans 
on a new foundation which not only takes account of the 
realities of ocean use and the needs of ocean protection, 
but also ensures the long-term conservation of ecosys-
tem services and yields from sustainable use of the sea 
for both present and future generations. For this pur-
pose, the WBGU is formulating a new, overarching vision 
of future ocean governance based on the conviction that 
the sea should be understood as a common heritage of 
mankind. This vision is outlined below. 

 > Establish the ‘common heritage of mankind’ principle, 
the systemic approach and the precautionary 
 principle: The WBGU recommends enshrining in 
international law these three guiding principles – the 
common heritage of mankind, the systemic approach 
and the precautionary principle – for all uses of the 
sea as a global public good by reforming UNCLOS. 
The regime for marine conservation and use based 
on the common heritage of mankind principle should 
apply in differentiated forms to the maritime zones 
seaward of the territorial sea (EEZ, continental shelf, 
high seas, Area) and include all their resources. 

 > Form a World Oceans Organization: An international 

organization should be formed to function as a glo-
bal steward of the marine environment and its 
resources in accordance with the extended scope and 
powers of UNCLOS. The aim of this World Oceans 
Organization (WOO) is not to be a ‘super-authority 
for marine matters’; rather, it should only intervene 
if the management and monitoring tasks assigned to 
the parties to the convention (EEZ and continental 
shelf) or RMMOs (high seas) are not being properly 
carried out. Accordingly, the WOO would be 
equipped with the right to sue countries or agencies 
before the International Tribunal for the Law of the 
Sea (ITLOS). Furthermore, the WOO would also be 
given the authority to set standards. The Interna-
tional Seabed Authority and the Commission on the 
Limits of the Continental Shelf set up under the 
existing UNCLOS would be integrated as independ-
ent entities into the WOO’s new organizational 
structure and retain their areas of jurisdiction.

 > Set up Regional Marine Management Organizations: 
Regional Marine Management Organizations 
(RMMOs) should be set up under regional intergov-
ernmental agreements to organize the conservation 
and sustainable use of the regional resources of the 
high seas (e.  g. fish stocks, marine energy, genetic 
resources). They would also be responsible for 
marine protected areas and for implementing a sys-
tem of marine spatial planning on the high seas. 
Their remit would furthermore include equitably 
distributing the yield from the use of the sea, by 
either selling or auctioning rights of use to the mem-
ber states. Some of the proceeds could be used to 
finance marine conservation, monitoring and cap-
acity building in developing countries. As regional 
stewards the RMMOs would be accountable to the 
WOO, particularly in matters relating to the sustain-
ability of use. Each should cover a marine region, so 
that the entire area covered by the high seas could 
be administered without overlap.

 > Extend the jurisdiction of ITLOS: The International 
Tribunal for the Law of the Sea (ITLOS) should be 
strengthened to create a judicial reference in the 
field of the law of the sea and international environ-
mental law. In future, disputes over the interpreta-
tion of the law of the sea and international environ-
mental law, and actions to prosecute cases of marine 
pollution, should be assigned first to ITLOS. The 
interpretation of UNCLOS would also remain the 
responsibility of ITLOS as the ‘guardian of the trea-
ties’. The new WOO should be equipped with the 
right to bring actions before ITLOS. Furthermore, 
selected and recognized non-governmental organi-
zations should be granted class action rights. 

 > Conservation and sustainable use of the high seas: The 
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WBGU recommends declaring the high seas as part 
of the common heritage of mankind. In future, marine 
biological resources (e.  g. fish stocks, genetic 
resources) should also be sustainably managed in line 
with the common heritage of mankind principle, and 
the benefits generated by this management should 
be fairly distributed – as under the regulations on 
seabed mineral resources. The UN Fish Stocks Agree-
ment (FSA) would become part of the reformed 
 UNCLOS. In line with the subsidiarity principle, the 
management of high-seas marine resources should 
be decentralized and transferred to the RMMOs. 
Financial advantages resulting from the use of marine 
resources on the high seas should  benefit all human-
kind, focusing in particular on the interests of devel-
oping countries.

 > Conservation and sustainable use of the EEZ: The 
 common heritage of mankind principle should be 
extended to the exclusive economic zone (EEZ). The 
trusteeship for the management of the common 
heritage of mankind in the EEZs and on the conti-
nental shelf would be transferred to the respective 
coastal states. Violations of the common heritage of 
mankind principle would have to be sanctionable in 
order to achieve a sustainable use of the sea. The 
coastal states would maintain their customary, far-
reaching rights of use within the EEZ which have 
already been assigned to them under the existing 
UNCLOS. They would, however, be under an obliga-
tion to the international community to protect the 
common heritage of mankind and to use it in a sus-
tainable way; they would be accountable to the WOO 
in this respect. 

 > Introduce rights of action and sanctions: It should be 
possible for the WOO and parties to the reformed 
UNCLOS to sue those parties that fail to meet their 
reporting or conservation obligations at ITLOS, and 
for ITLOS to subsequently impose sanctions. These 
sanctions might include export or import restrictions 
on illegally sourced resources. Furthermore, a country 
that is in breach of the treaty could be excluded from 
participating in licence  auctions for the resources of 
the high seas. As a last resort ITLOS should have the 
power to restrict a state’s sovereign rights in the EEZ 
if it has abused its powers. 

 > Set up a stricter liability regime: A much more effec-
tive international liability regime should be created 
covering all activities across all sectors involving a 
potential risk to the seas (absolute liability with 
residual state liability). 

 > Strengthen civil-society engagement: Civil society, 
especially non-governmental organizations commit-
ted to marine conservation, should be given access 
to ocean-specific information, be informed about 

planning and approval processes relating to law of 
the sea and international environmental law, and be 
given corresponding rights of participation and legal 
action.

 > Expand marine protected areas and establish spatial 
planning: An ecologically representative and effec-
tively managed system of marine protected areas 
should cover at least 20-30  % of the area of   marine 
ecosystems. Furthermore, using graded zones allow-
ing different intensity of use, this system of marine 
protected areas should be a core component of a 
marine spatial planning system to be set up and 
established as an instrument at the national, regional 
and global levels of ocean governance. On the high 
seas the WOO would take on the coordination and 
supervision of protected areas and spatial planning, 
while the RMMOs would carry out planning and 
management. 

 > Provide for environmental impact assessment: Inter-
ventions by planned activities in the oceans should 
only be allowed if the dangers they present for exist-
ing ecosystems are evaluated in advance and weighed 
up against the benefits of the intervention; this pro-
cess should be obligatory. Accordingly, a strategic 
environmental assessment is recommended for plans 
and programmes relating to   the oceans. A ‘marine 
impact assessment’ should be established for land-
based activities. In this way the authorization pro-
cess for land-based industrial production plants 
could already ensure that the only substances and 
products that can reach the oceans are those that 
have no harmful effects.

The road to a comprehensive reform of the law of 
the sea: recommendations for action

Bearing in mind the likely need for lengthy negotia-
tions, the complexity of marine conservation, and the 
conflicts of interest about marine resources and their 
use, it is evident that the WBGU’s vision is very ambi-
tious and unlikely to be politically implemented in the 
near future. In order to get closer to the vision’s long-
term objective, the WBGU has drawn up recommenda-
tions for action that can link up with ongoing or envis-
aged political processes, do not require any changes to 
UNCLOS, and therefore seem more politically feasible. 

Ocean governance 

The following recommendations are designed in such a 
way that they could open the door for further reforms. 
They are thus the first steps recommended by the 
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WBGU for realizing a sustainable form of ocean gov-
ernance as outlined in its vision of an ambitious reform 
of the law of the sea. 

 > Strengthen the knowledge and action base of ocean 
governance: In order to improve the scientific basis, 
the WBGU recommends the rapid enhancement of a 
global monitoring system for the oceans. The existing 
activities (e.  g. IOC, FAO, WMO, WCMC) should be 
extended, better coordinated and combined. Monitor-
ing activities should go hand in hand with the further 
development and supervision of policy objectives for 
the oceans. Moreover, scientific knowledge should 
be processed in an integrated way for policy-makers 
to give them a reliable overview of the current state 
of knowledge and the possibilities for action on the 
oceans. To this purpose the UN General Assembly 
decided in 2005 to have a regular global report drawn 
up on the state of the marine environment (‘Regular 
Process’), which takes into account both scientific 
and socio-economic aspects and is comparable to the 
IPCC’s reports. The Regular Process is relatively 
unknown among German marine scientists. The 
WBGU recommends giving the project much stronger 
support and integrating it into the existing scientific 
infrastructure. In addition, an international, consen-
sus-oriented, multi-stakeholder process should be 
initiated to build a knowledge-based foundation for 
action and develop guidelines for humanity’s future 
stewardship of the oceans (perhaps along the lines of 
the World Commission on Dams or the International 
Assessment of Agricultural Knowledge, Science and 
Technology for Development, IAASTD). The ‘Ocean 
Advisory Group’ announced in the Oceans Compact 
could become the starting point for this process.

 > Create the necessary conditions for sustainable, long-
term management: At present, ocean management is 
often largely focused on short-term profit. A suitable 
institutional and political framework is urgently 
needed to put an end to this state of affairs and move 
towards long-term and sustainable business models. 
Ecosystem services should be evaluated and priced; 
these prices should be taken into consideration in 
decisions on state investment and development 
projects and incorporated into marine users’ economic 
decision-making processes. Harmful subsidies in the 
fishing sector should be cut back and funding pro-
vided for sustainable-use infrastructures and research 
and development work on sustainable management 
(capacity building). 

 > Develop strategies for sustainable ocean governance: 
The Oceans Compact initiated in 2012 by UN Secre-
tary General Ban Ki-moon should be promoted and 
used to establish a strategic vision of the United 
Nations on the conservation and sustainable use of 

the oceans. The Oceans Compact should be further 
developed into an ‘Integrated World Oceans Strategy’ 
incorporating a new sustainable and systemic form 
of ocean governance, as outlined in this report. In line 
with the Millennium Development Goals (MDGs) or 
the yet-to-be-developed Sustainable Development 
Goals (SDG), it should be equipped with a list of objec-
tives for the seas (‘Oceans MDGs’ and ‘Oceans SDGs’) 
and passed by the UN General Assembly. Such a glo-
bal strategy for the oceans recalls the Rio Declaration 
of 1992 and should bring together the principles, 
guidelines, development paths and goals that are fun-
damental to the conservation and sustainable use of 
the oceans. They should be taken up and implemented 
at the regional, national and local levels. To promote 
a coherent transformation policy, the proposed guid-
ing principles and goals should also be enshrined in 
regional and national marine strategies. Germany and 
the EU should also forge alliances with like-minded 
states and become pioneers of subglobal ocean gov-
ernance. Such alliances should support efforts to 
implement the Oceans Compact.

 > Improve accession to and implementation of UNCLOS: 
The WBGU regards UNCLOS as the basis for a social 
contract for the seas and recommends developing the 
convention further. The parties to UNCLOS should 
intensify their diplomatic efforts to persuade the 
remaining non-member states to join, and improve 
the implementation of the agreed political objectives. 

 > Support an implementing agreement on biological 
diversity on the high seas: There are above all three 
specific regulatory gaps on the high seas which are 
supposed to be closed by the planned implementing 
agreement to UNCLOS: the use of marine genetic 
resources, marine protected areas and environmental 
impact assessments. The WBGU recommends holding 
detailed negotiations on this new implementing 
agreement as soon as possible. In addition, the agree-
ment should be equipped with a funding mechanism. 

 > Advance the UN Fish Stocks Agreement and RFMOs: 
The ratification of the UN Fish Stocks Agreement 
(FSA) with its precaution-oriented and knowledge-
based approach should be promoted via diplomatic 
channels. In the longer term, the FSA should be 
extended by adding the common heritage of man-
kind principle. Its jurisdiction should be expanded to 
cover all species fished on the high seas. Urgent 
action is required to encourage the Regional Fisher-
ies Management Organizations (RFMOs) to manage 
their fish stocks in a sustainable manner. Positive 
case examples should be taken up here. The provi-
sions of the FSA and the FAO Code of Conduct for 
Responsible Fisheries should be incorporated into 
the RFMOs’ regional agreements, and regular and 
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transparent performance reviews should be con-
ducted. There should be a globally accessible register 
for all fishing vessels that want to operate on the 
high seas in RFMO areas, and compulsory licensing 
to make illegal, unreported and unregulated (IUU) 
fishing more difficult. The RFMOs should make full 
use of their rights under UNCLOS and the FSA to 
make it difficult or impossible for ships based in 
non-cooperating states to use RFMO stocks. 

 > Strengthen and extend regional ocean governance: In 
the context of the UNEP Regional Seas Programme, 
Germany’s Federal Government and the EU should 
encourage the development of regional agreements 
for all marine regions covering as much of the global 
ocean as possible. The WBGU recommends upgrad-
ing the programme and integrating it into the Oceans 
Compact. Moreover, greater efforts should be made 
to implement the existing regional seas agreements, 
e.  g. by agreeing ambitious protocols and action 
plans. The WBGU also recommends more institu-
tionalization, for instance by delegating more tasks 
to commissions (e.  g. HELCOM); these should region-
ally pool knowledge and skills, among other tasks

 > Improve dovetailing in regional ocean governance: 
Cooperation should be deepened between adjacent 
marine conservation agreements and, in the case of 
fisheries, between adjacent RFMOs. The existing 
inter-regional collaborations should be based on the 
common heritage of mankind principle, the systemic 
approach and the precautionary principle. Signifi-
cantly improved cooperation and coordination 
between stakeholders is also recommended within 
individual marine regions, e.  g. between regional 
agreements, RFMOs and the UNEP Regional Seas 
Programme, to speed up the harmonization of objec-
tives and measures. 

 > Boost international financing for conservation and the 
sustainable use of the seas: Following the equality 
principle, all states should take part in financing 
marine conservation; the size of payments by the 
individual states should be based on their economic 
strength. According to rough estimates, reorienting 
ocean management towards sustainability is likely to 
cause one-off costs of at least US$   200-300 billion 
worldwide – plus annual costs of at least US$   20-40 
billion. In view of such sums, existing funding mech-
anisms are clearly totally inadequate. The WBGU 
recommends setting up two additional international 
funds: one (subsidiary) fund to support measures for 
the protection and sustainable use of the oceans 
within the EEZs, and one to finance the conservation 
of the high seas. The money should come from user 
charges, among other sources. 

 > Create investment incentives for the conservation and 

sustainable use of the seas: Targeted positive and 
negative economic incentives – such as user charges, 
payments for ecosystem services or temporary sub-
sidies – should be used to support sustainable long-
term uses. Via public financing mechanisms, poten-
tial users and investors should also be provided with 
low-interest loan capital and instruments for hedg-
ing the risks of investing in the sustainable use of 
the seas. 

 > Strengthen and expand private governance: In recent 
years private players have developed forms of gov-
ernance relating to the conservation and sustainable 
use of the oceans that are not prescribed by state 
rules. The main ones are private certification initia-
tives aiming to encourage the sustainable use of the 
oceans (e.  g. Marine Stewardship Council, Friend of 
the Sea, Aquaculture Stewardship Council). The 
number of fisheries certified by such programmes 
and the number of labelled fish and seafood  products 
has increased considerably in recent years, involving 
the risk of standards weakening and the credibility 
of certifications dwindling. The WBGU recommends 
laying down minimum requirements within Europe 
on private sustainability standards for wild fishery 
products. Furthermore, the conformity of voluntary 
– both private and public – sustainability standards 
with applicable international commercial law should 
be clarified in the context of the WTO negotiations. 

 > Considerably expand marine protected areas: The 
Biodiversity Convention (CBD) aims to designate 
10  % of the oceans as marine protected areas by 
2020; this does not seem ambitious enough. The 
WBGU recommends that at least 20-30  % of the area 
of marine ecosystems be included in an ecologically 
representative and effectively managed system of 
protected areas. However, in view of the current glo-
bal extent of marine protected areas (only 1.6  %), it 
seems even more urgent to accelerate the know-
ledge-based implementation of existing objectives. 
The successes at the regional level (OSPAR Commis-
sion) should be continued and transferred to other 
regions wherever possible. Furthermore, the German 
Federal Government should continue giving a high 
priority to overcoming political blockades against an 
agreement on protected areas in the high seas.

 > Set up marine spatial planning: The WBGU recom-
mends a multilateral system of marine spatial plan-
ning that ensures cross-national coordination in 
order to realize large-scale environmentally friendly 
uses across zones. In the EU the instrument of marine 
spatial planning should be made a permanent and 
obligatory part of integrated marine policy. Germany 
should play a pioneering role in this and organize 
a European exchange of experience. A comprehen-
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sive system of marine protected areas is an essential 
component of marine spatial planning systems. 

 > Promote the harmonization of existing liability 
regimes: The current law on liability has gaps and 
deficits. The WBGU therefore supports the European 
Commission’s intention to standardize the law on 
liability for offshore activities.

Focus: food from the sea

In many developing countries fish plays an important 
role for food security, income generation and health 
care. However, most fish stocks are still poorly man-
aged today worldwide, both ecologically and eco-
nomically. Overexploitation of fish stocks poses one 
of the most serious threats to marine ecosystems. At 
the same time, the demand for fish and seafood is on 
the increase – and with it the pressure on fish stocks. 
Despite ever greater efforts by fisheries, global yields 
are now declining. The depletion of fish stocks must 
be stopped if sustainable ocean stewardship is to suc-
ceed. Such a transformation towards sustainability has 

already begun in some countries: stocks are recover-
ing, they are being managed sustainably, and marine 
ecosystems are being protected. Thus future catch vol-
umes could even be permanently higher than they are 
today in the long term. However, for this to happen the 
fishing pressure and the overcapacity of fishing fleets 
would have to be reduced. This would involve political, 
social and economic costs for a transitional period. The 
potentially larger yields once fish stocks have recovered 
won‘t materialize for years or even decades. 

In view of the unsatisfactory state of many fish 
stocks and the growing demand for fish, many people’s 
hopes are directed towards aquaculture. However, the 
currently prevalent form of marine aquaculture cannot 
meet the expectations of rising sustainable fish produc-
tion. Breeding focuses primarily on carnivore fish spe-
cies whose feed is largely produced from forage fish; 
the latter are in turn caught by conventional fishing. 
Depending on the species of fish, several kilograms of 
forage fish are required to produce every kilo of bred 
fish. These problems can for the most part be avoided 
by other forms of aquaculture, i.  e. breeding herbivo-
rous freshwater species or mussels. A form of sustain-

Box 2

Regional focus on the Arctic: Comprehensive 
conservation of a unique natural environment

Unlike the Antarctic, which is an ice-covered continent sur-
rounded by the sea, the Arctic is a sea, much of which has 
hitherto been covered by ice all year round; it is surrounded 
by land. According to the WBGU’s vision, the Arctic Ocean 
should be assigned to the common heritage of mankind. At 
the same time the Arctic, with its marine and terrestrial eco-
systems, is a unique natural environment that is particularly 
worth protecting. Its use should be subject to very strict con-
servation requirements. The Arctic ecosystems are much more 
fragile and sensitive than those at lower latitudes. The Arctic 
also fulfils an important function in marine food produc-
tion. The effects of the Anthropocene in general, and climate 
change in particular, are revealed especially clearly there. 

Access to such Arctic resources as oil, gas, gold, zinc, rare 
earths and fish stocks, and the passage of shipping through 
Arctic waters have been made easier by continuous tech-
nological development and the retreat of the Arctic ice. 
Greater use would cause substantial risks to the fragile polar 
 ecosystems from pollution and accidents, involving the dan-
ger of irreversible damage.

A comprehensive, cross-border marine protected area cov-
ering both the Arctic areas of the high seas and the adjacent 
EEZs and precluding resource extraction and fishing would be 
the most likely to meet conservation requirements. Until such 
a protected area has been established, the following recom-
mendations represent steps in the desired direction:

 > Arctic protected area for the High Arctic: The High Arctic 
should be declared a protected area. Protected-area status 
involves restrictions on rights of use.

 > Extend and promote the existing protected areas in the Arc-
tic: In 2004 a working group of the Arctic Council drafted 
a Marine Strategic Plan which aims to promote network-
ing between existing protected areas. The German Fed-
eral Government should support the efforts of the work-
ing group. There are already a number of marine protected 
areas within the territories of various countries bordering 
the Arctic, e.  g. in Canada, Norway and Greenland. These 
efforts should also be acknowledged and encouraged. 

 > Institutionalize the sustainable use of the Arctic: The WBGU 
recommends that the international community and the 
states bordering the Arctic should agree to maintain the 
ecological balance of the Arctic Ocean as part of the com-
mon heritage of mankind. Within the EEZs, too, the Arctic 
Ocean should only be used sustainably. Uses – especially 
the offshore production of oil and gas – should be allowed 
only according to strict safety and environmental-protec-
tion standards. 

 > Implement a binding Polar Code: Germany should support 
the efforts of the European Commission to develop a bind-
ing code of conduct (Polar Code) on shipping in the region 
to be administered by the IMO. The aim here is to counter 
the environmental risks from rising shipping traffic in the 
Arctic; corresponding safety measures should be agreed.

 > Establish a liability regime: To date there is no liability 
regime that applies in the event of environmental damage 
in the Arctic Ocean. Such a liability regime should be 
agreed. It should centre on the principle that states are 
responsible for taking precautions and provide a clear 
 framework for action with liability provisions for individual 
user groups and causers.
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able aquaculture should therefore be promoted that 
operates in a socially acceptable and environmentally 
responsible way. 

Important preconditions have already been met for 
the transformation of fisheries. For example, ambitious 
international regulations and political objectives are in 
place to stop overfishing by 2015; this was reaffirmed 
at the Rio+20 Conference in 2012. The overall legal 
framework and incentive systems are important start-
ing points for implementation. At present they often 
still offer misguided incentives, such as subsidies for 
expanding fishing capacity or for fuel. Ecological dam-
age is not internalized. There are also recommendations 
for responsible aquaculture that have been agreed at 
the international level. The technical instruments and 
management options for sustainable fisheries and 
aquaculture are already known or are being developed. 
What is primarily needed now is the effective imple-
mentation and enforcement of agreed rules and targets. 
Then overfishing can be stopped, yields could rise, and 
the contribution to food security for a growing world 
population would be guaranteed. In order to achieve 
this, the WBGU recommends the following:

 > The ecosystem approach and the precautionary 
principle should be rigorously applied. Furthermore, 
scientifically based, sustainable yield limits should 
be fixed for fish stocks and applied as broadly as 
possible. The maximum sustainable yield (MSY) 
should not be regarded as a target, but as the abso-
lute upper limit of catches: actual production should 
remain well below it for environmental reasons. This 
new role of the MSY should be enshrined in fishery 
governance at all levels. On this basis, ecosystem-
based management plans covering several years 
should be drawn up and adhered to. It is crucial here 
to effectively monitor compliance with rights of use 
and access and to apply corresponding sanctions. 

 > The capacities of fishing fleets should be reduced 
worldwide as a matter of urgency. The decisive factor 
in this context is to phase out subsidies which up to 
now have encouraged overfishing and fleet overca-
pacity. The WBGU recommends pushing hard for the 
abolition of subsidies in the corresponding WTO 
negotiations. 

 > Urgent steps should be taken to reduce the ecologi-
cal risks and side effects of marine capture fisheries. 
Destructive or wasteful fishing methods should be 
prohibited and environment-friendly methods that 
reduce bycatch made mandatory. The WBGU recom-
mends compulsory landing for bycatch. 

 > Illegal, unreported and unregulated (IUU) fishing 
will only be stopped by better treaties with strict 
controls and sanctions. Widespread acceptance of 
the UN Fish Stocks Agreement and resolute reforms 

to the Regional Fisheries Management Organiza-
tions (RFMOs) would make IUU fishing on the high 
seas much more difficult. International cooperation 
should be greatly improved in order to generate a 
large enough pool of data about the high seas. The 
FAO International Plan of Action against IUU Fishing 
deserves stronger support. Monitoring the port 
states is regarded as particularly effective; it is there-
fore important that the FAO Port State Agreement 
comes into force and is implemented quickly. In the 
European Union, an IUU fishing regulation has 
already come into effect, although its effectiveness 
cannot yet be finally assessed.

 > Fisheries in the EU are in a poor condition, although 
the situation is improving slowly. The reforms to the 
EU’s Common Fisheries Policy proposed by the 
European Commission should be adopted and reso-
lutely enforced, otherwise the internationally agreed 
objective of sustainable fisheries by 2015 cannot be 
reached. Similarly, the Fisheries Partnership Agree-
ments with developing countries must be funda-
mentally reformed in order to meet environmental, 
economic and social sustainability criteria. Since the 
EU is the largest importer of fish in the world, it 
should take advantage of all available commercial-
policy options to strengthen sustainable manage-
ment in the exporting countries. 

 > The EU and Germany should do more to help devel-
oping countries build up a sustainable system of 
fisheries management and corresponding value 
chains. Greater emphasis in global and national poli-
cies should especially be placed on the concerns of 
small-scale fishermen and on securing their partici-
pation. Low-income groups who cover a large pro-
portion of their animal protein intake from fish and 
seafood should be reimbursed for losses of yield in 
the course of the transition to sustainable fisheries.

 > Fishing for forage fish for aquaculture operations 
focusing on carnivorous fish should be replaced as 
quickly as possible by alternatives; in this way aqua-
culture might be able to ease the pressure on wild 
fish stocks. Instead, the forage fish stocks should be 
used as far as possible for direct human consump-
tion. Instead of breeding predators, sustainable 
aquaculture should rely more on omnivorous and 
herbivorous species of freshwater fish and crab, as 
well as clams, snails and algae, to reduce the need for 
input from wild fisheries (fish meal, fish oil or fry). 

 > The ecosystem and precautionary approaches should 
also be a basic principle of management in aquacul-
ture. The regulations of the FAO Code of Conduct for 
Responsible Fisheries that are relevant for aquacul-
ture should be stipulated by states as binding 
national law and implemented by means of suitable 
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political, institutional and economic conditions and 
control instruments – and enforced by inspections 
and sanctions. 

 > Development cooperation should focus on increas-
ing support for small and medium-sized aquaculture 
operations in developing and newly industrializing 
countries and on promoting sustainable production 
there. In particular they should help stop the further 
destruction of mangrove forests by shrimp farms. 

 > In the EU and in the international arena, the German 
Federal Government should seek to improve, harmo-
nize and expand certification schemes for sustain-
able aquaculture. Retailers should stock more aqua-
culture products that are certified according to sus-
tainability criteria. Consumers should, for example, 
be provided with more information to encourage 
them to buy more products that are sustainably pro-
duced. 

 > The technological development of sustainable aqua-
culture systems should be supported. Above all, 
integrated, poly- and multitrophic and closed pro-
duction systems could help reduce the environmen-
tal impact. The development of responsibly pro-
duced substitutes for fish meal and oil should be 
promoted. Studies should also be conducted to 
examine to what extent sustainable – preferably 
multitrophic – offshore aquaculture operations, pos-
sibly in combination with offshore wind farms, 
might reduce competition for land use in coastal 
areas. 

Focus: energy from the sea

Energy systems have a key role to play in the trans-
formation towards a low-carbon, sustainable society. 
A low-carbon energy supply requires a correspond-
ing national energy policy. An international energy 
policy is also beneficial. Use of marine energy is cur-
rently dominated by oil and gas production, and mining 
and transport accidents can have catastrophic conse-
quences for marine ecosystems. At the same time, emis-
sions of methane and carbon dioxide during extraction, 
accidents and use are contributory factors to climate 
change. A climate-friendly energy policy therefore also 
requires a climate-friendly form of offshore energy 
generation, which is characterized by the deployment 
of offshore wind- and marine-energy technologies. The 
long-term goal is to phase out the offshore extraction 
of fossil fuels. Since some of the low-carbon marine-
energy technologies are still at an early stage of devel-
opment and show considerable potential, they should 
be supported by a targeted innovation policy. At the 
same time, a legal framework should be designed that 

ensures the protection of the marine ecosystems and a 
sustainable use of the seas. 

In fossil-fuel prospecting far from the coast, a trend 
is emerging to work at ever greater depths. Float-
ing platforms, underwater robots and horizontal drill-
ing systems make it possible to operate even at great 
depths and in difficult-to-access marine areas such as 
the  Arctic. It must be feared that the offshore extrac-
tion of fossil fuels will expand further, given that depos-
its are expected to be large and the global demand for 
energy is likely to rise. In addition, further technological 
 developments could turn the mining of marine methane 
hydrates into an attractive business. However, the risks 
involved are still largely unknown at present. Marine 
methane hydrates are not needed either for a future 
low-carbon global energy supply or to cover the phase 
of converting the energy systems. Existing reserves and 
resources of conventional gas are more than sufficient 
for energy-system transformation. From the point of 
view of climate and marine policy, the WBGU advocates 
abandoning efforts to mine marine methane hydrates. 
The WBGU also recommends applying stricter environ-
mental requirements when issuing drilling permits, and 
establishing an international liability regime for com-
panies operating offshore oil and gas installations, as 
well as for marine mining. Moreover, humanity is only 
likely to have a fair chance of limiting anthropogenic 
climate change to 2  °C if the total amount of anthropo-
genic CO2 emissions remains restricted during this cen-
tury. Therefore, only a small percentage of known fossil 
fuel deposits should be used. 

So policy-makers should promote the expansion and 
development of offshore wind power and other sus-
tainable marine energy technologies, as well as trans-
national offshore power grids. Some countries are 
already successfully operating offshore wind farms, 
while others are still in the test phase. Stronger and 
more stable winds prevail at sea than on land, so that 
offshore wind energy can reach a higher level of cap-
acity utilization and consistency. Using floating struc-
tures, offshore wind farms could potentially be oper-
ated in deeper waters and further away from the coast. 
The more renewable-energy technologies can be trans-
ferred to the ocean, the less energy has to be gener-
ated on land. The risks posed by renewable-energy 
technologies at sea are considerably lower than those 
of marine oil and gas extraction. Even so, here too there 
are potential dangers for marine ecosystems and spe-
cies, for example from turning rotors, noise during the 
construction phase and electromagnetic fields created 
during the transport of electricity. This must be taken 
into account when building offshore grids and in future 
technological developments. 

In the future it will also be possible to use the sea for 
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other forms of renewable energy production. Although 
offshore bioenergy production – using algae for exam-
ple – is still in its infancy, it seems to have considerable 
potential. So-called multi-use platforms could offer eco-
nomic and ecological advantages for the global marine 
energy system of the future, since they not only gen-
erate, but also store sustainable energy. However, this 
requires an offshore energy-transmission system which 
is integrated into corresponding transport systems on 
land. In addition to oil and gas pipelines, other networks 
will be needed in the future to transport electricity and 
CO2. Some of these transmission technologies could be 
combined. The WBGU’s detailed recommendations are 
as follows: 

 > Develop national energy strategies: National energy 
strategies should be agreed all over the world, with 
development targets for renewable-energy technolo-
gies and therefore also for offshore-wind or sustain-
able marine-energy technologies. In addition, marine 
spatial planning and approval processes should be 
developed for offshore technical installations, as well 
as liability regimes. The WBGU recommends that the 
German Federal Government should conduct inten-
sive scientific accompanying research. This could 
provide a source of recommendations for statutory 
requirements on the design, construction and opera-
tion of offshore wind farms and marine energy tech-
nologies. 

 > Use marine spatial planning: Since offshore wind and 
other marine renewable energy systems require space 
and compete both with existing uses of the oceans 
and with ocean and coastal conservation, the WBGU 
particularly recommends the application and further 
development of marine spatial planning. In view of 
the cross-border effects of marine technical systems 
on ecosystems and shipping, marine spatial planning 
should be coordinated at the level of regional seas 
agreements such as OSPAR or HELCOM. 

 > Strengthen the regulatory framework: Especially for 
gas and oil production, the WBGU recommends 
strengthening the regulatory framework, both in 
European waters and worldwide, in order to reduce 
the risk of accidents, improve damage-repair capa-
bilities and regulate liability. For the European Union, 
the WBGU recommends stricter environmental regu-
lations when issuing drilling permits. The existing EU 
liability regime for the operation of offshore oil and 
gas facilities should be extended in scope to the Mem-
ber States’ EEZ and the continental shelf. To this 
extent the Federal Government should push for swift 
adoption of the draft regulation which already exists. 

 > Support innovation: Innovation should be supported 
to send the right political signals to potential inves-
tors, as most marine technologies in the field of re-

newable energy generation are still far from mature. 
The WBGU recommends that the Federal Govern-
ment should politically support the development of 
the relevant technologies and market integration 
and ensure that this is done in a participatory way. 
In international cooperation it should also encourage 
research into the environmental risks of marine 
technologies, develop new regulations and stand-
ards, and agree international treaties on environ-
mental protection. 

 > Build an offshore supergrid: An offshore power grid 
interconnecting the various marine power-generat-
ing plants and different countries makes it easier to 
integrate fluctuating power generators by smoothing 
the generated output. This would reduce the need 
for storage facilities. The WBGU therefore recom-
mends that the Federal Government should con-
struct an offshore grid in the North Sea as soon as 
possible, as announced in the Energy Concept and 
the Development Plan for the Sea. The vision and 
planning of an integrated, transnational offshore 
power grid in Europe should in particular be fully 
coordinated with the national plans of the relevant 
countries bordering on the North Sea. 

 > Refrain from marine methane hydrate mining: Min-
ing of marine methane hydrates is associated with a 
number of environmental risks that have not yet 
been quantified. At this stage, therefore, the WBGU 
recommends against it. Nevertheless, research 
should continue on the deposits, their stability and 
the environmental risks. However, since some coun-
tries, e.  g. Japan, could start commercially exploiting 
methane hydrates within the next few years, the 
WBGU reiterates its recommendation from the 2006 
special report on ‘The Future Oceans’ to carefully 
review the risks of methane hydrate mining in each 
individual case. The International Seabed Authority 
is responsible for methane hydrate deposits in the 
Area. Here too, the WBGU argues in favour of a ban 
on the mining of methane hydrates based on the 
common heritage of mankind principle, the systemic 
approach and the precautionary principle. More-
over, this fossil fuel is not needed for the sustainable 
and low-carbon global energy supply of the future. 
Given the likelihood that methane hydrates will soon 
be mined, the WBGU recommends, as a minimum 
solution, that the signatories to UNCLOS agree on 
international standards for the marine mining of 
methane hydrates; the Seabed Authority could then 
make these a requirement for licensing. 

 > Develop regulations for sub-seabed CCS: The WBGU 
does not regard the injection of CO2 into ocean water 
as a sustainable option due to uncontrollable risks 
and the insufficient retention period. The WBGU’s 
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assessment of the storage of CO2 in stores under the 
seabed, however, is that it is less risky than storage 
in land-based locations; it therefore recommends 
focusing research on this form of use. Doubts about 
retention capacity should be carefully examined. 
CCS technology should not be used on a large scale 
until it can be proved in scientific studies that the 
required retention period of at least 10,000 years 
can be guaranteed. Furthermore, it should be clari-
fied prior to use how long-term monitoring can be 
implemented. An (international) legal framework 
should be developed regulating not only liability for 
the escape of CO2 over several decades, but also the 
climate-relevant question of long-term escape over 
thousands of years.

Research recommendations 

Research has a key role to play in the necessary trans-
formation towards a low-carbon, sustainable society. 
The transformation is a societal search process that 
should be supported by research. The aims of research 
should be to develop visions of sustainable ocean stew-
ardship, describe different paths of development, and 
develop sustainable technological and social innova-
tions in collaboration with politics, business and  society. 
Scientific marine research in Germany is very well posi-
tioned by international comparison. However, greater 
cooperation between the natural, social and engineer-
ing sciences is essential if humanity is to interact with 
the oceans in a sustainable way. To develop the research 
landscape, the WBGU distinguishes between transfor-
mation research and transformative research. 

Transformation research seeks to understand trans-
formation processes in order to accelerate future trans-
formations and improve their governance. It involves 
the interdisciplinary, scientific analysis of societal 
transformation processes as such, in order to explain 
factors and causal relations and identify the ‘conditions 
of possibility’ (Immanuel Kant) of social and techno-
logical innovation, including their potential effects 
on ecosystems. Transformation research also specifi-
cally addresses the forthcoming task of designing and 
governing the transformation by outlining visions and 
possible paths of transformation, identifying possible 
negative effects on the environment, and developing 
proposals for policy-making. The main areas of marine 
transformation research include the following: research 
on appropriate ocean governance in view of multi-
ple uses of the sea; the significance of the oceans in 
the context of world society; intercultural research on 
ocean stewardship; radical changes in the use of the 
sea before and during industrialization, including inter-

actions with ecosystems; and visions of future ocean 
use and assessing the different paths that might lead 
there. The WBGU recommends creating interdiscipli-
nary research institutions and programmes to take up 
the issues outlined. 

Transformative research encompasses all scientific 
activities that can generate the decisive innovations 
in the sectors relevant for a transformation towards 
 sustainable ocean use – thus enabling the transforma-
tion in the first place. The WBGU particularly empha-
sizes the following research topics, which are all 
directly interconnected in the context of sustainable 
ocean stewardship: global change research provides the 
problem diagnosis and the fundamental system under-
standing that is essential for good ocean governance; 
governance research provides frameworks for insti-
tutions and policies and in this way enables targeted 
political action. Global change research and governance 
research together stimulate research in the particular 
fields of action. Food and energy are key issues of the 
Great Transformation towards a low-carbon, sustain-
able society, to which the oceans can make an essen-
tial contribution. In this report the WBGU focuses on 
these two key aspects – food and energy – and makes 
exemplary research recommendations for sustainable 
problem solutions, uses and specific governance mech-
anisms in these fields. 

The following recommendations should also be 
supported by existing research institutions and 
 programmes.

Global change research

Global change research focuses largely on physical 
and biogeochemical environmental changes that can 
be either natural or caused by humans. It increasingly 
also analyses the effects of the changes on societies 
and the options for combining economic and societal 
development with a reduction in harmful environmen-
tal impacts. A central theme of marine global change 
research is the interaction between climate change and 
the oceans: although seawater warming, changes in 
ocean currents and rising sea levels are recognized as 
problems and justify preventive action according to the 
precautionary principle, the upstream and downstream 
processes are only partially understood, and future pro-
jections and risk assessments still involve great uncer-
tainty. This also applies to the receding sea-ice cover 
and the effects of ocean warming on the continental 
ice. Profound but insufficiently understood changes in 
ocean chemistry, such as acidification or the spread of 
oxygen-deficient zones in the world’s oceans, are fur-
ther issues that need more consideration. More inten-
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sive research is also needed into the effects on marine 
ecosystems of multiple stress factors such as warming, 
acidification, pollution and overfishing. Our under-
standing of the processes that are taking place is cur-
rently not keeping up with the pace of changes in the 
oceans. Even so, there is sufficient knowledge in many 
problem areas and action fields to take decisive action 
now and to tackle the reform of the existing ocean gov-
ernance system in the manner proposed by the WBGU. 

Research on ocean governance 

Research should develop visionary plans for new, ocean 
governance structures that meet the challenges of the 
Anthropocene. Simultaneously there is a need for  greater 
cooperation between global governance research – which 
focuses mainly on the social sciences and jurisprudential 
disciplines – and the natural and engineering sciences, 
in order to develop suitable governance patterns based 
on a better understanding of the interaction between 
the ecological, socio-economic and technical systems. 
Emphasis should, for example, be placed on the theor-
etical foundation and conceptual development of global 
guiding principles – such as the World Heritage principle 
– and their institutional and material design. 

To enable corresponding steps towards transformation 
to be taken, governance research should contribute to a 
cross-sectoral and coherent analysis and assessment of 
governance structures, and to legal and economic con-
ditions and requirements relating to the current and 
future use of the oceans. The focus here should be on 
the importance of the oceans as a global public good; 
on the institutional fragmentation of global ocean gov-
ernance; on ways of steering and shaping new forms of 
ocean use (e.  g. renewable marine energy, offshore aqua-
culture); and on improving interaction between regional 
and global governance.

In order to develop a polycentric form of global gov-
ernance in the multi-level system, a further priority area 
for research should be the comparative analysis of mech-
anisms and institutions at the regional and national level, 
the aim being to identify examples of best practice and to 
draw practical conclusions on the fragmentation of ocean 
governance and possible ways of improving cooperation 
and coherence. Here, too, it is important to determine 
– through cooperation with the natural sciences – the 
effects the solutions might have on the ecosystems and 
whether they are appropriate with regard to real-life 
environmental problems. 

Research should also be stepped up into policy 
instruments that do justice to the depth of human inter-
ference in the Anthropocene, e.  g. research on marine 
spatial planning, user charges and the development of 

a global evaluation system for the marine environment 
(status and target indicators). It is necessary to study 
how such instruments can be designed and institution-
ally embedded into systemic multi-level governance.

Research on food from the sea

 > Sustainable fisheries: Research on the sustainable 
management of fish stocks should concentrate in 
 particular on the technical fine-tuning of fishing 
equipment to avoid by-catch and to catch the 
 respective target species more selectively. Research 
should also aim to improve indicators of ecosystem 
linkages. In addition, there is a demand for methods 
that make it possible to estimate the maximum sus-
tainable yield (MSY) even if little data is available. 
There is also a need for research on the use of marine 
protected areas as an instrument of fisheries 
 management. As a contribution to food security 
there should also be research on how fish species 
which have hitherto only been used as forage fish 
can be used directly for human consumption. In 
addition, it would be useful for fishery governance if 
socio-economic research were conducted on the 
overall conditions and incentive structures for sus-
tainable fisheries management. In this context Ger-
many should emphasize research into sustainable 
EU fishing in third countries. Research on the eco-
nomic assessment of biodiversity and marine eco-
system services, among other things, offers a start-
ing point in this context. Further important research 
aspects include the fight against illegal, unreported 
and unregulated (IUU) fishing, as well as regulatory 
and implementation gaps in governance – and solu-
tions for closing those gaps. Finally, a scientific con-
sensus should be sought on the governance mecha-
nisms that can be particularly recommended for 
promoting sustainable small-scale fisheries (e.  g. 
value-chain optimization, social  security for small-
scale fishermen).

 > Sustainable aquaculture: Research on developing 
environmentally friendly, integrated, multitrophic 
and closed aquaculture systems should be given 
 priority support using the ecosystem approach as a 
basis. Research on offshore aquaculture should also 
cover synergies with other offshore installations 
such as wind farms. In view of initial successes and 
applications, research on substituting fish meal and 
oil in feeds should be further intensified; the possible 
repercussions of increased plant-based feed substi-
tution on land use should also be studied in this 
context. There should be intensified research into 
the potential yields of sustainable aquaculture and 
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on their contribution to food security and  poverty 
reduction. In particular, information is needed on 
the global yield potential of different aquacul-
ture scenarios. Furthermore, different governance 
approaches should be examined together with their 
potential for supporting an environmentally and 
socially responsible development of aquaculture. 
National and international research cooperation to 
promote aquaculture research should be strength-
ened, particularly with and in developing countries.

Research on energy from the sea

Key technologies should be further developed for sus-
tainable marine energy generation – including floating 
multi-use platforms that can integrate different power-
generation technologies as well as algae cultivation. Also 
important is the development of ocean-based storage 
applications, such as deep-sea stores, the electrolytic 
production of hydrogen, and the transport of methane in 
the form of artificial methane hydrate. The further devel-
opment of high-voltage direct-current transmission is a 
necessary prerequisite for setting up an offshore super-
grid. As a general rule, the WBGU also recommends more 
research into risks and environmental hazards relating 
in particular to the cumulative and long-term effects of 
extracting fossil fuels, to storing CO2 beneath the ocean 
floor, and to renewable energy-generation technologies. 
Special attention should be given to research into the 
interactions between magnetic fields and marine ecosys-
tems and on reducing noise emissions during the con-
struction of marine renewable-energy technologies.

Research policy 

With regard to research policy the WBGU stresses the 
following recommendations:

 > Greater integration of interdisciplinary marine 
research into research programmes: The WBGU rec-
ommends integrating sustainable marine research 
more closely into existing research programmes, 
with the social sciences interacting more closely with 
the natural sciences. At the EU level, a programme 
for sustainable marine infrastructures should be 
established at the European Academies Scientific 
Advisory Council (EASAC); calls for research-project 
proposals on the conservation and sustainable use of 
the oceans should be developed within the 8th EU 
Framework Programme for Research and Innovation 
(‘Horizon 2020’). A cross-cutting subject on the 
conservation and sustainable use of the oceans – 
similar to the existing cross-cutting theme on sus-

tainable land management – should also be inte-
grated into the BMBF’s Framework Programme 
Research for Sustainable Development (FONA). 

 > Greater institutionalization of interdisciplinary marine 
research: The WBGU recommends strengthening the 
institutional basis for interdisciplinary research 
relating to the conservation and sustainable use of 
the seas. The German Marine Research Consortium 
would seem a suitable nucleus for a corresponding 
strategic development of German marine research 
and should be strengthened in its role as a platform 
for coordination and communication. Possible ideas 
for strengthening the institutional base of interdisci-
plinary marine research include promoting net-
works; integrating missing disciplines into existing 
research institutions; setting up a new research insti-
tute that incorporates elements from the fields of 
economic, social and cultural sciences; and creating 
a new interdisciplinary institute. In addition, the 
WBGU recommends the establishment of an experi-
mental alternative programme as a DFG Collabora-
tive Research Centre whose approval criteria should 
combine interdisciplinarity, societal problem rele-
vance and a connection with the conservation and 
sustainable use of the oceans. Because of the grow-
ing relevance of marine and polar policy in the con-
text of security, environmental and science policy, 
the WBGU also recommends setting up a research 
centre for marine and polar policy.

 > Greater integration of science, politics and civil  society: 
When implementing technology-policy measures 
relating to the use of the oceans, the WBGU recom-
mends integrating more research perspectives that 
deal with marine ecosystems and their protection, as 
well as technology assessment. Another recommen-
dation is to develop proposals for an innovative 
marine science-policy interface. With a view to 
improving future collaborations between science 
and politics, the WBGU recommends analysing the 
experience gained from the Joint Initiative for 
Research and Innovation to encourage greater coop-
eration between science, politics, business and soci-
ety. Sustainability should be at the centre of atten-
tion in this context. In addition, the WBGU recom-
mends more involvement from civil society when it 
comes to setting the agenda and designing pro-
grammes of marine research, as well as awarding 
public research funds for this purpose. The WBGU 
recommends information and education campaigns 
to increase public knowledge about the ecological 
condition of the oceans and the scale of the threat to 
them. In addition, existing civil-society initiatives 
for the protection of the marine environment should 
be specifically supported by the government.
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Epilogue

At the end of this report, the question remains as to 
how its many recommendations can be implemented 
at the local, national and international level. Experi-
ence shows that such processes take many years, and 
fundamental changes – or system changes – are often 
made possible by unforeseeable, new developments 
or events, as was shown by the German Energiewende 
(energy-system transformation) after the nuclear disas-
ter in Fukushima. Even so, the oceans could be actively 
brought more into the public eye, and there are already 
signs of a trend in this direction: the United Nations 
declared 1998 the Year of the Oceans; World Oceans 
Day has been celebrated every year since 2009; and 
the oceans were high on the agenda at the Rio+20 
Conference. This shows that there is a growing pub-
lic awareness of the blue continent’s problems. This 
growing attention could condense into a consensus on 
the conservation and sustainable use of the oceans in 
the form of a ‘marine social contract’. This would be a 
major boost to the further development of a sustainable 
marine policy. As Elisabeth Mann Borgese put it, the 
issue is “to live with the sea”. This report  endeavours to 
make a contribution in this regard. 

Summary
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Living with the sea forces us to think differently: 
to think in a new way and to act differently. 

Elisabeth Mann Borgese, 1918–2002, 
marine conservation pioneer

(“The Oceanic Circle – Governing the Seas as a 
Global Resource”, 1999:  19, preface 

German edition)

Humans have been using the oceans since very early 
on in their history. Today, 40  % of people live no more 
than 100  km from a coast, and more than 90  % of world 
trade crosses the seas. Over the last 50 years human-
ity has triggered bigger changes in the oceans than have 
otherwise been seen in millions of years. The oceans are 
not only “rising high, turning sour and warming up” 
(WBGU, 2006), they are also heavily overfished and 
polluted and increasingly being tapped as the Earth’s 
last great source of raw materials. This trend is gaining 
in momentum as a result of technological advances and 
improving access to hitherto ice-covered regions. At 
present something approaching a gold-rush mentality 
is developing among the countries bordering the Arc-
tic, and the United Nations Environment  Programme 
recently drew attention to the associated risks (UNEP, 
2013). Overfishing, too, has so far been continuing 
almost unabated. The days are long gone when the 
oceans could be regarded as an inexhaustible source: 
they have become a fragile habitat intensively used 
– and sometimes overused – by mankind. Neverthe-
less, the seas fulfil irreplaceable functions for the entire 
Earth system, not least as a sink for CO2. 

Efforts to keep the seas in a good condition began as 
early as the 1960s. Since then, numerous international 
treaties and institutions have been initiated to promote 
the conservation and sustainable use of the oceans. A 
number of important pioneers have promoted a more 
sustainability-oriented attitude towards the seas. Arvid 
Pardo, for example, gave a historic speech to the UN 
General Assembly as Ambassador of Malta in 1967 in 
which he defined the oceans as the “common heritage 
of mankind”. The global heritage idea was enshrined in 
the 1982 Convention on the Law of the Sea (UNCLOS), 

although its application was limited to the mineral 
resources in the seabed. Another influential person-
ality was Elisabeth Mann Borgese, pioneer of marine 
conservation, whose 1975 book ‘The Drama of the 
Oceans’ was translated into thirteen languages. The 
French  oceanographer and marine-conservation pio-
neer Jacques Yves Cousteau played on a completely dif-
ferent stage. His television documentaries brought the 
beauty of the underwater world into the living rooms 
of the 1970s and 80s and thus into many people’s 
consciousness. Using a decommissioned minesweeper 
called Calypso, he explored the oceans, shot over 100 
films and shaped the image of the sea for generations. 

During this period the general public increasingly 
began to regard the oceans as an integral part of the glo-
bal environmental system. This systemic view became 
established in international marine policy when it was 
enshrined in the Agenda 21 at the Rio de Janeiro Earth 
Summit in 1992 (UNCED). Looking back, Elisabeth 
Mann Borgese wrote: “UNCED performed a vital func-“UNCED performed a vital func-
tion in elucidating that the problems of ocean space are 
closely interrelated and not only among themselves but 
also with those of terra firma, the atmosphere and the 
outer space” (Mann Borgese, 1998:  21).

Finally, Elisabeth Mann Borgese’s 1998 report to the 
Club of Rome entitled “The Oceanic Circle – Governing 
the Seas as a Global Resource” became a milestone in 
international marine policy. In it she developed an inte-
grated view of the oceans and outlined what an effec-
tive, cross-sectoral form of global governance for the 
‘blue continent’ might look like. 

International marine policy gradually developed fur-
ther in the following years. At the 2002 World  Summit 
on Sustainable Development (WSSD) in Johannesburg 
it was decided to set up a network of protected areas 
on the high seas. And at the Conference of the Par-
ties to the Convention on Biological Diversity in Nagoya 
in 2010, the international community agreed to place 
ten percent of the world’s marine areas under protec-
tion by 2020. However, we are still a long way from 
achieving this target. Although the participants at the 
Rio+20 conference in 2012 agreed to develop an addi-
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tional implementing agreement on biological diversity 
on the high seas under UNCLOS, no date was set for 
beginning substantive negotiations – a poor result. 
In the same year, the World Bank initiated the Global 
Oceans Alliance, which can be expected to boost mul-
tilateral development cooperation on the conservation 
and  sustainable use of the oceans. 

As early as 2005 the General Assembly of the United 
Nations passed a resolution to establish a Regular Pro-
cess for Global Reporting and Assessment of the State 
of the Marine Environment (the Regular Process). The 
‘first integrated global marine assessment’ is supposed 
to be submitted to the UN General Assembly in 2015.

So there is no lack of efforts to improve the state 
of the oceans. Even so, the old problems have become 
more acute, new, additional ones have arisen, and 
the expansion of uses into the open sea – or hitherto 
 inaccessible regions – continues due to new technologi-
cal advances and climate change. 

This critical situation prompted UN Secretary- 
General Ban Ki-moon to launch an initiative called 
‘The Oceans Compact: Healthy Oceans for Prosper-
ity’ at the Rio+20 Conference 2012. It is intended as 
a platform for developing a strategic vision for ocean-
related activities at the United Nations. The creation of 
an Ocean Advisory Group was also envisaged with the 
Oceans Compact initiative.

Against this background, the present report reveals 
that long-existing challenges have intensified; it 
also places the future of the oceans into the context 
of the Great Transformation towards a low-carbon, 
 sustainable society (WBGU, 2011). The report  differs 
in this respect from the WBGU’s 2006 book ‘The 
Future Oceans – Warming Up, Rising High, Turning 
Sour’, which  concentrated primarily on the influence of 
 climate change on the oceans. 

The challenge in this century will be to reverse the 
negative trends, re-stabilize the ocean as a global com-
mon good, and return to a situation of sustainability. 
Will humanity assume responsibility for the way it 
treats the global common good that the oceans rep-
resent? The WBGU proposes looking at the oceans in 
their entirety as part of the ‘heritage of mankind’ and 
developing UNCLOS accordingly. This paradigmatically 
new perspective sets the present report apart from 
previous works. The topics food and energy are at the 
centre of attention. Oceans offer great potential for re-
newable energy in the form of wind, waves and tides. 
What role could they play for the global transforma-
tion towards sustainable energy systems? The world’s 
population will grow to about nine billion people by 
the middle of this century. This means that not only a 
growing global appetite for energy, but also an greater 
demand for food will have to be satisfied. What role can 

and should food from the oceans play? What will be the 
impact of changes in diets in emerging and developing 
countries? And, most importantly, how can common 
action by the international community in the way they 
treat the seas be developed in such a way that future 
generations will inherit an intact marine environment? 
How can the conservation and sustainable use of the 
‘blue continent’ be secured in the future?

Much will depend on ocean governance. The focus is 
therefore on the rules governing the conservation and 
sustainable use of the oceans, and above all on how 
we can ensure that these rules are implemented. In 
addition to providing answers to these questions, the 
present report aims to present an integrated vision on 
the long-term conservation and sustainable use of the 
oceans. A corresponding new marine policy should be a 
key project in the Great Transformation towards a low-
carbon, sustainable society. 
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For the vast majority of human history people have 
believed the oceans to be endless and inexhaustible. 
As late as the 17th century it was assumed that the 
seas could never be emptied of fish and that shipping 
exerted no significant influence on the oceans (Vidas, 
2010). Yet humankind actually began decimating 
marine life – initially on a localized scale – thousands 
of years ago (Census of Marine Life; McIntyre, 2010; 
Roberts, 2007). The extent of the damage caused by 
humans then reached a new dimension with the advent 
of industrialization. 

Humankind has become a dominant factor in the 
Earth system. Increasingly, therefore, the current 
industrial age is being regarded as a new period in the 
history of the Earth, as the ‘Anthropocene’ (Crutzen 
and Stoermer, 2000). Humanity’s collective ability to 
cause changes on a planetary scale has already endan-
gered vital natural life-support systems, so the Anthro-
pocene is also ushering in a new era of responsibil-
ity. In many areas, critical developments are emerging 
that demand swift corrective action. Examples include 
water resources, soils, forests – and the overexploita-
tion of the sea. In its 2011 flagship report, the WBGU 
described the need for society and the economy to 
undergo a Great Transformation towards sustainability, 
and based its analysis of the vision’s feasibility on the 
example of climate protection (WBGU, 2011). Central 
to this report is the idea of a new social contract that 
would enable governments and civil society to work 
together to shape this change process. The present 
report builds on the analysis from the 2011 report and 
focuses on the oceans.

First, this report explores the role the use of the 
oceans plays in the transformation towards sustain-
ability. To protect the climate, global emissions of 
greenhouse gases must be reduced to an absolute mini-
mum in the decades ahead. This in turn necessitates a 
transformation of the world’s energy systems. Energy 
from the sea can play a part here and is therefore one of 
the two focal issues covered in the report. At the same 
time, as the WBGU showed in its report on the transfor-
mation (WBGU, 2011), sustainable land use is also of 

tremendous importance to the targeted transformation. 
Here too, there are interdependencies with ocean use 
via the human food system. Food from the sea is thus 
the other focal issue addressed by this report.

Second, the question arises as to what sustainability 
means for the oceans:. What influence has humankind 
exerted on the oceans? What critical developments 
are to be averted? What sustainability goals should be 
pursued? The issues at stake include preserving eco-
system services, such as material cycles, flood protec-
tion and primary production, as well as the direct use 
of resources and spaces. Many threats to the oceans 
do not arise directly from human use. One example is 
the influence of climate change, whose interactions 
with the sea have already been discussed in detail by 
the WBGU in a special report (WBGU, 2006). Similarly, 
chemical run-off and waste discharge are only directly 
related with the use of the oceans to a small extent. 
However, one of the biggest problems – the dramatic 
and virtually global depletion of fish stocks – is almost 
exclusively caused by overexploitation. Against better 
knowledge, overfishing is still common in many regions 
and will, sooner or later, deprive itself of its basis. As in 
the case of climate protection, so here: there are plenty 
of well-known solutions, and both political and eco-
nomic tools are available but there is a lack of imple-
mentation. 

No consistent answers have yet been put forward to 
the question of how we really want to use and, perhaps, 
shape the oceans in the Anthropocene. What is lack-
ing, therefore, is a generally accepted, realizable, posi-
tive vision of sustainable human interaction with the 
oceans – both with respect to using the sea itself and 
in other areas that impact on the sea. The key ques-
tion addressed by this report is therefore: what might 
sustainable interaction with the oceans look like in the 
context of the Great Transformation towards sustain-
ability? 

Maritime laws have been around for centuries. In the 
17th century, the rise of the great seafaring nations’ mer-
chant shipping fleets, the conquest of fishing grounds 
and the exploitation of mineral resources created the 

The Oceans in the Anthropocene 1
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need to regulate the use of the oceans. The pivotal 
question was: Who does the sea belong to and who may 
use its resources? The Dutch legal philosopher Hugo de 
Groot (Grotius) propagated the idea of the freedom of 
the sea (mare liberum), according to which all nations 
had the right to use the oceans. On the other hand, Eng-
lish legal scholar John Selden penned the doctrine of 
mare clausum, which allocated individual rights of use 
to individual countries. In the 20th century, these fun-
damental conflicts over territorial boundaries and the 
appropriation of resources were the principal concerns 
driving the development of the United Nations Con-
vention on the Law of the Sea (UNCLOS), which was 
signed in 1982 (Shackelford, 2010). Even today, terri-
torial issues and the related use of resources remain rel-

evant, especially when new types of marine resources 
open up new areas of business, or when fossil resources 
in the Arctic come within reach and become available 
for exploitation. 

Current risks to the marine ecosystem are joined by 
new risks arising from both old and new uses of the 
seas (fishery, energy production, the use of abiotic 
resources, etc.). These risks confront marine conserva-
tion with unprecedented challenges that lend substance 
to talk of mare crisium (Vidas, 2010), the sea in crisis. It 
is questionable whether the marine-conservation pro-
visions contained in UNCLOS – which primarily focus 
on an obligation to cooperate on the part of the states 
parties – are commensurate with the scale of the marine 
crisis. UNCLOS does not oblige parties to exercise a 

Box 1-1

Guard rails for marine conservation

To operationalize the concept of sustainable development, the 
WBGU has developed the idea of guard rails, to which we 
refer briefly here; in places we quote verbatim from previ-
ous reports (e.  g. WBGU, 2004, 2006). Guard rails are limits 
on damage and can be defined quantitatively; a breach of 
these limits would give rise either immediately or in future to 
intolerable consequences so significant that even major util-
ity gains in other fields could not compensate for the damage. 
Guard rails thus demarcate the realm of desirable and sustain-
able development. One of the guard rails proposed by the 
WBGU, for instance, is that a global temperature increase of 
more than 2  °C above pre-industrial levels should be avoided. 
Beyond that value, a domain of climate change begins that is 
characterized by non-tolerable developments and risks. 

The guard rail approach proceeds from the realization that 
it is scarcely possible to define a desirable and sustainable 
future in positive terms, in other words as a specific target 
or state that should be achieved. It is, however, possible to 
agree on the boundaries of a domain that is acknowledged to 
be unacceptable and that society seeks to avoid. Within the 
guard rails, there are no further requirements at first. Society 
can develop in the free interplay of forces. Only if a system 
is on course for collision with a guard rail must measures be 
taken to prevent it crossing the rail. Compliance with all guard 
rails does not mean, however, that all socioeconomic abuses 
and ecological damage will be prevented, as global guard rails 
cannot take account of all regional and sectoral impacts of 
global change. Moreover, knowledge is limited and misjudge-
ment is possible. Compliance with guard rails is therefore a 
necessary criterion for sustainability, but it is not a sufficient 
one. 

The analogy of road traffic may serve to illustrate the 
guard rail concept. Guard rails have a function similar to that 
of speed limits, e.  g. a limit permitting a maximum of 50  km 
per hour in built-up areas. The outcome of setting the limit at 
40, 50 or 60  km per hour can be determined empirically, but in 
the final analysis the choice of figure is a normative decision, 
representing an expedient way to handle a risk collectively. 
Compliance with the speed limit cannot guarantee that no 

serious accidents will occur, but it can keep the risk within 
boundaries accepted by society. The guard rails formulated 
by the WBGU build upon fundamental norms and principles 
agreed by the international community in various forms. 
They can be no more than proposals, however, for the task 
of defining non-tolerable impacts cannot be left to science 
alone. Instead, it should be performed – with the support 
of scientific expertise – as part of a worldwide, democratic 
decision-making process. For instance, compliance with the 
climate guard rail (no more than 2  °C global warming) has now 
been adopted as a recognized goal in the context of the UN 
Framework Convention on Climate Change (UNFCCC). 

Building on earlier reports, the WBGU has applied the con-
cept of guard rails to marine protection in its 2006 report on 
the oceans (WBGU, 2006). In addition to the climate-protec-
tion guard rail, the need for which was substantiated by the 
ocean report, further guard rails were formulated with regard 
to the relationship between climate change and the oceans. 
The full set of guard rails is as follows:

 > Climate protection: The mean global rise in near-surface air 
temperature must be limited to a maximum of 2  °C rela-
tive to the pre-industrial value while also limiting the rate 
of temperature change to a maximum of 0.2  °C per decade. 
The impacts of climatic changes that would arise if these 
limits were exceeded would also be intolerable for reasons 
of marine conservation. 

 > Marine ecosystems: At least 20 to 30  % of the area of 
marine ecosystems should be designated for inclusion in an 
ecologically representative and effectively managed system 
of protected areas. 

 > Sea-level rise: The absolute sea-level rise should not exceed 
1  m in the long term, and the rate of rise should remain 
below 5  cm per decade at all times. Otherwise there is a 
high probability that human society and natural ecosys-
tems would suffer non-tolerable damage and loss. 

 > Ocean acidification: In order to prevent disruption of the 
calcification of marine organisms and the resultant risk of 
fundamentally altering marine food webs, the following 
guard rail should be obeyed: the pH value of near-surface 
waters should not drop more than 0.2 units below the pre-
industrial average value in any larger ocean region (nor in 
the global mean).
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“responsibility for the seas” (Vidas, 2010) which would 
define the content of such a responsibility and spec-
ify who specifically is responsible. The aims of a future 
ocean governance should be to overcome the marine 
crisis and ensure compliance with planetary boundaries 
and guardrails (WBGU, 2006, 2011; Rockström et al., 
2009; Box 1-1). The extent to which the international 
law of the sea, as a multilateral treaty, can successfully 
regulate such a responsibility for the sea in the Anthro-
pocene (Vidas, 2010; Gjerde, 2011) – and provide a 
suitable framework for a transformation towards sus-
tainable use within the confines of planetary limits – is 
one of the key questions that this report examines and 
attempts to answer.

1.1
Use of the oceans 

Humans have been using the oceans since very early 
on in their history. Analyses conducted by Halpern et 
al. (2008) show that human influence can be proved in 
all parts of the world’s seas and oceans in the meantime. 
Today, 40  % of people live no more than 100  km from a 
coast, and more than 90  % of global long-distance mer-
chandise trade travels by sea. The sections that follow 
discuss the direct uses to which humankind puts the 
marine environment. The seas provide numerous eco-
system services from which humanity benefits (MA, 
2005a), though not all of them are described in detail 
here. Many ecosystem services and their use depend on 
the marine biosphere and its innate diversity. Examples 
include the use of marine organisms for food, to gen-
erate power and for medical products. Others include 
tourism, functions that regulate the climate and inter-
actions with the atmosphere, such as the absorption of 
CO2 by the ocean and the production of oxygen (COML, 
2011). Some of these uses generate direct economic 
benefit. The value of others is less easy to measure, but 
no less important. 

1.1.1 
The legendary sea and its cultural meanings

Any discussion of the use of the sea by humankind 
must also address its symbolic and cultural signifi-
cance. One striking feature here is the lasting ambiv-
alence of the oceans as a source of both inner longing 
and danger to humanity. Studies of the history of cul-
ture and mentalities (Corbin, 1994; Mollat du Jourdin, 
1993) show that, for all their long-standing service as a 
source of food, a means of transport and a convenient 
place to dump waste, the oceans have primarily been 
emotionally perceived as a terrifying place and as a 

source of constant dangers – right up until the modern 
age. The Bible, for instance, shaped our collective imag-
ination regarding the sea for many centuries. Since lit-
tle was known about the world’s oceans for long peri-
ods of human history, they were seen as a weapon of 
divine retribution and a constant source of potential 
disaster. They evoked the sinfulness of humankind and 
symbolized the possibility of universal chaos. Coastal 
areas and the limes between sea and sky on the dis-
tant horizon appeared as places of tension from which 
humans sought to escape, as hastily as possible, back 
to terra firma. Mediterranean, Celtic, Scandinavian, 
Slavic and Germanic myths alike are suffused with 
the fear of storms, floods, fog, sea monsters and ship-
wrecks (as are extra-European ones). Dying at see was 
the greatest fear of all: the corpse may never be found, 
and the departed spirit may be condemned to aimless, 
eternal wandering and be refused resurrection. Mol-
lat du Jourdin (1993:  248) assumes that is why “sea-
farers’ religious convictions endured for so long”. All 
kinds of taboos and superstitious practices were asso-
ciated with the sea, which was perceived as a source 
of omens and evil premonitions. Its sheer boundless-
ness was a principal source of fear: “Defying space and 
time, the sea, with its permanence and endless expanse, 
surpasses the fleeting generations of a humanity that 
is tied to a limited space.” However, “it challenges the 
constancy of the continents with its erratic moods, fac-
ing down human industry with a wall of strict silence. 
The sea forces humankind to give itself over to her com-
pletely, for she is the sovereign ruler” (Mollat du Jour-
din, 1993:  241).

Modern humanity has been loath to subject itself 
to such coercion. Once human worldviews and cosmol-
ogies had been secularized and were being examined 
from a scientific perspective, and new aesthetic inter-
pretations had been developed, in the modern era seas 
and oceans were seen as marvels to be wondered at, 
as media for discovering the world. This has given rise 
to a “yearning for the sea” (Corbin, 1994). Fear of the 
elemental, untameable might of the oceans has been 
supplanted by a dream of happiness, materialized in an 
island of bliss, and by a sublimated projection of the 
concept of risk symbolized in the notion of ‘setting sail’. 
De facto, the terrors of the sea are still there, but they 
are giving way to a fascination with, and objectivization 
of, any possible threats under the influence of develop-
ments in nautical technology, coastal fortifications and 
the system of international shipping. The emergence 
of modern nation states and economies was greatly 
expedited by the first wave of globalization (the ‘Age 
of Discovery’), which took place on the world’s oceans. 
International relations, international law and free world 
trade developed on this basis. Ships’ loading capacity 
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grew, as did their speed and safety (thanks to hull clad-
ding, for example). Seafarers were now safer, thanks 
to improved hygiene, supplies of drinking water and 
medical care. 

The sea thus took on a social and cultural role and 
actually became fashionable. Populations that lived 
near the sea discovered coastal areas and harbours as 
places they liked to visit for both aesthetic and utili-
tarian reasons. The 19th century saw the beginnings of 
beach tourism and peacetime sailing in the form of lei-
sure cruises and boat races, and in the course of the 20th 
century both pursuits evolved from being the privilege 
of the aristocracy and the upper classes to become an 
egalitarian consumer good. It was during this phase that 
the various ways of using the sea as a common resource 
discussed in detail in this report gradually emerged and 
led to the degradation of the marine environment, pri-
marily as a result of overfishing and waste dumping. 

Resistance to this degradation began surprisingly 
early. As far back as the 1860s, the great French his-
torian Jules Michelet sketched a systemic view of the 
overuse of the sea in his unusual book ‘The Sea’, even 
though he had never embarked on a sea journey of 
any real length. “The extermination of a single species 
can constitute a fatal intervention into the order, the 
harmony of the whole” (Michelet, 2006[1861]:  241). 
While humanity was losing its fear of the sea and 
becoming veritably cocky and arrogant towards the 
seas, Michelet’s visionary perception allowed him to 
see the danger ahead – from the destruction of coastal 
fauna to the disappearance of amphibian mammals and 
the extermination of the whales, for example – and he 
advocated a holistic view of nature and culture. It was 
in this period that the (now inadequate) global and 
national rules governing the use and conservation of 
the seas were first negotiated and established (see the 
in-depth discussion in Chapter 3). Michelet anticipated 
them as follows: “The great nations [he was thinking of 
France, England and the USA] must reach an agreement 
and replace this chaotic state with a civilized state, in 
which reasoning man no longer squanders his own 
resources and does himself no further harm (…). The 
old, specialized rules of coastal fishing have become 
unusable in modern seafaring. A common code of the 
nations, applicable to all seas and oceans, is required 
– a code which defines not merely relations between 
humans, but also the relationship between humans and 
the animal kingdom” (Michelet, 2006[1861]:  242f.). 
Born of a cultural history of the sea that stayed close 
to the tenets of nature, it was not until the 1950s that 
more detail was added to this sketched outline of a glo-
bal respect for the oceans.

Today, the cultural perception of the sea is domi-
nated by icons, narratives and experiences relating to 

tourism. Examples include leisure cruises, sailing trips, 
holidays on the beach, (the battle for and against) 
nature conservation areas, diving, island life, whale 
watching, burials at sea, extreme sports, etc. Another 
aspect is the symbolic interpretation of seafood as a 
global source of nutrition with cultural variations: fish 
(e.  g. the sushi craze outside of Japan), galley cuisine, 
frozen products for fast foods, and so on. Awareness 
of locally differentiated threat scenarios is likewise 
spreading; one example is the rising sea level, which is 
of particular importance to island and coastal dwellers 
(AOSIS, 2013). Coastal landscapes are special symbolic 
spaces created by socioprofessional milieus with a solid 
or more dubious reputation (fishermen, traders, sea-
men, pirates, smugglers, etc.). Coastlines and islands are 
changed in both their physiognomic attributes and their 
symbolism by the forces of the sea. Scientific oceanol-
ogy, too, indirectly picks up the mythical themes of the 
sea: fantasy creatures, deities (Poseidon, Neptune), sea 
monsters, piracy, high and low tides (the lunar rhythm), 
getting lost and making discoveries, sunken treasures, 
messages in bottles, the wind and the waves, Christian 
seafaring. All these aspects are peddled in an assort-
ment of literary and visual narratives: in seamen’s lan-
guage, high-end fiction (Herman Melville, Moby Dick), 
film and photography, popular music (shanties, global 
hits like La Paloma) and also in art. These products of 
popular mass culture and advanced civilization form a 
kind of global maritime knowledge that is of signifi-
cance in relation to political decisions as well as socio-
cultural preferences.

Yet the oceans also constitute cultural spaces of their 
own, as elaborated – in paradigmatic fashion – by Paul 
Gilroy’s Black Atlantic (1993), for example. Drawing 
on the biographies of numerous Afro-American intel-
lectuals (such as W.E.B. Du Bois, Olaudah Equiano and 
Richard Wright) and musicians (such as Jimi Hendrix), 
Gilroy tells the cultural history of the Black Atlan-
tic Diaspora: the history of people and cultural prac-
tices that are neither purely African nor American nor 
European. Rather, they represent something that only 
emerged as a result of exchange and transfer (in some 
cases brutally forced by slavery) between these cultural 
regions that surround the Atlantic. The same is true of 
southern Europe’s ‘Mediterranean culture’, which is 
said to possess some shared distinctiveness beyond 
the national peculiarities of the Mediterranean coun-
tries. This otherness serves as a narrative that gives the 
southern European region a collective identity onto 
which northern Europeans project their own yearnings 
(e.  g. for ‘Mediterranean flair’; Leggewie, 2012).

At least in a neo-mercantile sense, the countries of 
the European Union form one of the biggest maritime 
powers in the world. Even though their naval fleets 
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have long-since ceased to rule the waves, their mer-
chant and fishing fleets remain one of the cornerstones 
of economic globalization, and European consumers 
remove a substantial proportion of the ocean’s food 
and raw-material resources. The Europeans possess 
long coastal strips on the Baltic and the North Sea, the 
Atlantic, the Mediterranean and the Black Sea. Elemen-
tary tasks of marine conservation need to be addressed 
in these places due to the consequences of tourism, dis-
charges from agricultural and industrial uses and off-
shore drilling. 

For diplomat and poet Alexis Léger, alias Saint-
John Perse, the ocean was a question that posed itself 
to the “great unifiers of peaceable peoples! The sea, 
which forges links and alliances!” (Mollat du Jourdin, 
1993). It was from this understanding that the notion 
of the common heritage of mankind grew. The major-
ity of Europeans are not very aware of this, and this is 
also true of the German public and the political elites, 
neither of whom are more than vaguely aware of how 
directly and indirectly dependent they are on mari-
time fields. This is all the more surprising, given that 
Germany ranks among the leading nations in marine 
research and that many Germans profess to be friends 
and lovers of the sea – witness the popularity of coastal 
and water-sport tourism, journals like mare and count-
less clubs and associations relating directly or indi-
rectly to the sea. This discrepancy also explains the 
fact that, despite a growing number of consumers who 
are rethinking their nutritional and shopping habits in 
relation to marine products and now consult official 
certifications, the number of German ‘change agents’ 
who concern themselves specifically with marine and 
maritime topics (rather like the ‘grassroots’ movements 
seen on land) tends to be lower than in other countries. 
The same applies to corporate-responsibility activities 
engaged in by companies.

1.1.2 
Food from the sea 

Closely linked to its cultural importance is the use of 
the sea for human sustenance. The seas have tradition-
ally served humankind as a source of food: sea fish and 
other marine organisms are rich in valuable proteins, 
vitamins, minerals and fatty acids.

With regard to fishing, Jackson et al. (2001) distin-
guish between three phases in the human use of marine 
ecosystems. These three phases are distributed in terms 
of geography and evolved at different times. The first 
phase is the early use of coastal-water ecosystems for 
subsistence purposes involving relatively simple tech-
nologies. The second is the colonial phase in which 

coastal and continental-shelf regions were exploited by 
colonial powers, who channelled their profits into the 
nascent market economy. The third is the global phase 
of intensive and more extensive exploitation of fish-
ing grounds, driven by global consumption patterns 
and often accompanied by the collapse of fish stocks. 
Yet even the original forms of ocean use applied hun-
dreds or thousands of years ago were enough to bring 
significant change to fished populations. Archaeolog-
ical finds on the Caribbean island of St. Thomas, for 
instance, point to a sharp decline in the size of the 
reef fish eaten there between the initial settlement of 
the island around 1500 BC and 560 BC (Pinnegar and 
Engelhard, 2007). 

Commercially significant fish were already being 
caught on the continental shelf around North Amer-
ica and Europe centuries ago. Later, this development 
spread around the globe. Pole-and-line fishing gave 
way to beam-trawl fishing in the 18th century; and the 
latter practice was intensified in the 19th century with 
the deployment of diesel- and steam-powered ships 
(Jackson et al., 2001). The first steam ships built espe-
cially for fishing were deployed in the North Sea in the 
1880s – and quadrupled the catches compared to sail-
ing boats (Mackinson, 2001; Pinnegar and Engelhard, 
2008). In Australia, too, fishing spread on a large scale 
along the Great Barrier Reef and the country’s subtropi-
cal east coast in the mid-19th century. In the first half of 
the 20th century, Australia then imported its first steam 
ships, whereupon catches of the most widely fished 
species quickly declined and, later, collapsed entirely 
(Klaer, 2004). 

Today, the global fishery industry is in a critical 
state. Despite the increased effort being put into fish-
ing and the fact that hitherto unexploited regions (such 
as the deep sea) are now also being fished, yields have 
been stagnating for years. Today, nearly 90  % of glo-
bal stocks are classed as either overfished or completely 
exhausted (FAO, 2012b:  11; Sections 1.2.2 and 4.1). 
Growing worldwide demand for fish and seafoods can 
no longer be satisfied by fisheries alone; it is therefore 
increasingly being serviced by aquaculture, mostly in 
inland waterways, but also in coastal regions and in the 
sea.

Aquaculture has a very long-standing tradition. It 
was, for example, practised in fish ponds in China as 
early as 4,000 years ago. As of the 1st to 3rd centu-
ries AD, farmers in China also began to breed fish in 
rice fields (FAO, 2000). In the course of the 12th and 
13th centuries, the construction of pools and dams for 
breeding freshwater fish spread across large swathes 
of Europe. When the practice peaked, 25,000 hectares 
of land in Upper Silesia and 40,000 hectares in France 
were used for fish farming in freshwater pools (Roberts, 
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2007:  26). It was probably the low-cost development 
of the teeming marine hunting grounds that ultimately 
stifled demand for freshwater fish and, towards the end 
of the Middle Ages, brought freshwater aquaculture to 
a standstill (Roberts, 2007). 

The world’s oldest coastal aquaculture farms prob-
ably emerged in Egyptian brackish water pools 2,000 
or 3,000 years ago. On Java, the farming of milkfish in 
brackish water dates back 600 to 800 years. The culti-
vation of algae began around 400 years ago in Japan, 
shellfish farming about 600 years ago in France. Most 
other types of coastal aquaculture are relatively young, 
having emerged only in the latter decades of the 20th 
century (Edwards and Demaine, 1998).

Since the 1970s, aquaculture (mainly the freshwater 
variety, but also marine aquaculture) has experienced a 
very pronounced worldwide upswing in terms of both 
production volume and economic significance. Today, it 
is one of the fastest growing branches of the economy, 
especially in Asia. In 2010 aquaculture already con-
tributed around 47  % of global fishery and aquaculture 
production for human consumption, and the trend is 
rising (FAO, 2012b:  24, 26). Saltwater and brackish-
water farming today accounts for approximately 38  % 
of total aquaculture (excluding plants) in volume terms. 
In marine aquaculture, shellfish farming dominates by 
far in volume terms (roughly 75  %), followed by fish 
and crustaceans (FAO, 2012b:  34, 36; Section 4.2.2.1).

At present, aquaculture is in many cases linked to 
considerable negative effects on the environment and 
ecosystems, primarily through pollution, the trans-
mission of diseases and the threat to the gene pool of 
wild fish stocks (Tacon et al., 2010; Section  4.2.2.3). 
The farming of carnivorous species continues to be 

a particular problem, because this branch of aqua-
culture remains dependent on catches of forage fish, 
which ultimately exacerbates the overfishing of marine 
stocks (Naylor and Burke, 2005; Bostock et al., 2010; 
Section  4.3). However, production systems (such as 
recycling systems, integrated multitrophic systems 
and feed substitutes) are being developed to help 
reduce the negative impact of aquaculture production 
( Sections 1.3.4, 4.2.2.4, 4.3.3).

1.1.3 
Ocean shipping and maritime trade

Humans have also been using the oceans as a means of 
transport since very early on in their history. While air 
traffic is increasingly shaping human mobility around 
the globe, the sea has remained by far the most impor-
tant means of intercontinental transport for trade in 
raw materials and freight. 

Maritime global trade
Global long-distance merchandise trade is conducted 
almost exclusively (95  %) by sea (Flottenkommando der 
Marine, 2011:  94) and has witnessed forceful growth 
in recent years. Few ocean regions are still completely 
devoid of shipping transport (Figure 1.1-1). Container 
shipping in particular – and especially maritime trade 
with Asia – has been growing and continues to grow. 
Oil and petroleum products accounted for 32.7  % of 
all goods traded by sea in 2010. The five most impor-
tant bulk commodities – iron ore, coal, bauxite, alumin-
ium oxide and phosphate – accounted for 27.7  %, while 
other freight goods made up 23.5  % ( Figure 1.1-2). 
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Figure 1.1-1
Average density of global shipping traffic. For each 1x1 grid cell, the figure shows the average number of vessels in the period 
from November 2009 to January 2010.
Source: Eiden and Goldsmith, 2010
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16  % of all goods traded by sea were transported in 
containers in 2010 (UNCTAD, 2011:  10). Asia has today 
become the foremost maritime trading region, followed 
by America and Europe (UNCTAD, 2011). The volume 
of international maritime trade quadrupled in the space 
of 40 years compared to 1968. In 2009 regular (non-
chartered) shipping lines alone carried goods worth a 
total of US$  4.5 billion (World Shipping Council, 2012), 
equivalent to nearly a tenth of global GDP. The trans-
port of oil and bulk materials such as coal and iron ore 
adds up to a similar amount.

Germany’s dependence on maritime trade
About a quarter of the freight transported to Ger-
many comes across the sea. In 2010 the proportion 
of goods transported to Germany via shipping routes 
stood at 21.5  % in value terms and 25.9  % in volume 
terms. Even though Germany’s share of global mar-
itime trade is only 3  % (2010), the country has the 
third-largest merchant fleet in the world (Table 1.1-1), 
although 85  % of the  tonnage is shipped under foreign 
flags (UNCTAD, 2011:  11). In terms of the size and cap-
acity of its  commercial  container fleet, Germany actu-
ally ranks number one in the world (Table 1.1-2). That 
said, about 70  % of the world’s container-ship capacity is 
not registered in the country of ownership, but plies its 
trade under foreign flags (Flottenkommando der Marine, 
2011:  39). 

The leading maritime trading nations, including 
 Ger many, register a substantial proportion of their 
merchant fleet under other flags, in particular those of 

Malta, the Bahamas, the Marshall Islands, Liberia and 
Panama. 

Container freight and passenger transport
The world’s seaborne container freight industry is dom-
inated by a small number of large shipping companies. 
The 15 biggest container shipping lines control around 
67  % of the container vessels and 78  % of slot cap-
acity (figures valid in early 2011; Flottenkommando 
der Marine, 2011:  35). The biggest container freight 
company of all is Maersk Line, whose 530-vessel fleet 
adds up to 2.05 million TEU (Twenty-foot Equivalent 
Units). The Swiss shipping line MSC occupies second 
place with 387 vessels and 1.78 million TEU, followed 
by the French shipping group CMA-CGM (299 vessels 
and 1.13 million TEU). The two largest German ship-
ping companies, Hapag-Lloyd and Hamburg Süd, rank 
fifth and twelfth respectively (Flottenkommando der 
Marine, 2011:  35). 

Compared to freight transport vessels, maritime 
passenger transport plays only a minor role. In 2011 
only 4,131 out of a total of 47,833 commercial vessels 
were passenger ships. There are currently around 300 
cruise liners in the world, and about 19 million pas-
sengers booked cruises in 2011. Since 1990, the cruise 
industry has posted annual growth rates upward of 7  % 
(Box 1.1-1). Numerous new vessels are currently under 
construction: by 2014 alone, these new ships will allow 
the volume of passengers carried to exceed 21 million 
(Cruisemarketwatch, 2010).
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Figure 1.1-2
International seaborne trade. The five most important bulk goods are iron ore, coal, bauxite, aluminium oxide and phosphate.
Source: UNCTAD, 2012
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Environmental impact of marine freight transport
Marine freight transport is powered predominantly 
by diesel engines and accounts for approximately 3  % 
of global greenhouse-gas emissions. According to the 
International Maritime Organization (IMO), this share 
could roughly triple between now and 2050 (UNCTAD, 
2011:  27). 

After dipping in the 1990s, global sulphur emissions 
have recently been climbing again, driven by coal-fired 
power generation in China, but also by the growth in 
ocean shipping (Smith et al., 2011). The bulk of the 
fleet that plies the high seas currently uses heavy fuel 
oil (HFO) with an extremely high sulphur content of up 
to 4.5  %. By comparison, EU standards prescribe that 
the diesel fuel used in road transport may contain only 
10 ppm, i.  e. a sulphur content of 0.001  %. At present, 
the main instrument for reducing sulphur emissions (as 
well as other forms of pollution caused by shipping) is 
the MARPOL convention, together with its various pro-
tocols (Section 3.3.2.5). This convention aims to reduce 
sulphur content in heavy fuel oil to 0.5  % by 2020 and 

creates the possibility of reducing it to 0.1  % as early as 
2015 in some countries. 

Furthermore, ballast water facilitates the spread of 
invasive species of flora and fauna across the often 
large distances between loading and discharge, in addi-
tion to the frequent pollution of the seawater it causes. 

Noise pollution, too, has increased sharply parallel 
to the higher volume of freight transported across the 
world’s oceans. Apart from propeller noise, prospecting 
for oil and gas (using what are known as air guns) and 
the widespread use of sonar technology are likewise 
problematic (IFAW, 2008).

Waste disposal and the discharge of waste water are 
another growing problem. True, MARPOL standards 
govern waste disposal and waste-water discharge and 
define minimum distances from the coast. Yet the vol-
umes involved are considerable and can cause damage, 
especially in view of the local concentration of emis-
sions in the case of large vessels. For example, a sin-
gle large cruise liner generates around 160,000 litres of 
waste water and up to two million litres of service water 

Table 1.1-1
Countries and territories with the largest owned fleets.
dwt = deadweight ton
Source: UNCTAD, 2011:  43  

Country or 
territory of 
ownership

Number of vessels Deadweight tonnage
[million dwt] rounded

Percentage
[%]

Under 
national 
flag

Under 
foreign 
flag

Total Under 
national 
flag

Under 
foreign 
flag

Total Under 
foreign 
flag 

Global 
tonnage

Greece 758 2,455 3,213 65 138 202 68.05 16.17

Japan 724 3,071 3,795 19 178 197 90.40 15.76

Germany 442 3,356 3,798 17 98 115 85.06 9.17

China 2,044 1,607 3,651 46 62 108 57.20 8.63

South Korea 736 453 1,189 18 29 47 61.78 3.79

USA 971 1,001 1,972 24 22 46 47.46 3.71

Norway 818 1,166 1,984 15 28 43 65.45 3.43

Hong Kong SAR 399 313 712 24 13 37 35.18 2.97

Denmark 383 592 975 14 21 35 60.13 2.81

Taiwan 97 565 662 4 29 33 87.57 2.63

Singapore 659 362 1,021 19 13 32 40.90 2.53

Bermuda 17 268 285 2 28 31 92.48 2.44

Italy 616 220 836 17 7 23 29.03 1.86

UK 366 412 778 9 13 22 60.01 1.78

Turkey 551 648 1,199 8 12 20 60.22 1.58

Russia 1,406 485 1,891 6 14 20 71.55 1.56

Canada 210 226 436 2 17 19 87.06 1.53

India 460 74 534 15 3 18 19.01 1.45



Use of the oceans   1.1

31

per day, most of which is simply discharged into the sea 
untreated. On cruise liners, marine sanitation devices 
(MSDs) are most frequently used for waste water fed 
into the sea near coasts. MSDs grind and disinfect waste 
water before it is discharged into the sea. A study con-
ducted in 2000 showed that 79 out of 80 Alaska cruise 
liners investigated did not comply with the environ-
mental standards prescribed by the MSD procedure 
(Klein, 2009:  3). In recent years, the cruise industry has 
introduced improved technical cleaning systems known 
as advanced waste-water treatment systems (AWTS). 
However, these systems also leave a residue of pollut-
ant waste water (mainly from toilets) – primarily the 
plant nutrients nitrogen and phosphorus (Klein, 2009). 
This cleaning system is already compulsory for some 
regions, such as Alaska’s Inside Passage. The discharge 
of service water (shower water, water from washing 
machines, etc.), which accounts for the largest volume 
disposed of by cruise liners, is largely unregulated.

1.1.4 
The sea as a dump for waste and waste water

Consciously or subconsciously, humankind has long 
used the sea as a dump for waste, sewage and toxic 
substances of all kinds. It has become a sink for all kinds 
of often harmful substances which find their way into 
the sea, having been fed into rivers or the groundwa-
ter, dumped by ships (Section 1.1.3) or drilling plat-
forms, flushed out of aquaculture farms, absorbed 

from the atmosphere, discharged from land, or leaked 
in the course of oil extraction (Section 1.1.5). For a long 
time, waste constituted humankind’s most pronounced 
interference with the deep sea, because its inaccessi-
bility kept it safe from direct intervention. However, 
this impact has since been surpassed by the power-
ful influence of fisheries and the extraction of fossil 
fuels and minerals, and in the future even this could be 
overtaken by the consequences of climate change and 
CO2 absorbed by the sea from the atmosphere (Section 
1.2.5; COML, 2011).

A large proportion of the inputs that find their 
way from the land into the sea originate from agri-
cultural and industrial production or from household 
and municipal sewage. The substances involved include 
nutrients, pesticides, heavy metals, toxic substances 
used in industrial production, as well as plastic and 
other waste. Radioactive inputs and dumping are two 
further sources. Coastal regions are worst affected by 
pollution and its consequences, because the concentra-
tion of substances is greatest here. At the same time, 
unpopulated regions far removed from urban centres 
– places such as the Arctic and the deep sea itself – are 
also under threat from pollution caused for example by 
plastic waste and toxic substances.

The following section quotes a number of examples 
and cites the volumes involved to illustrate the scale of 
substance input to the seas. The impact of pollution and 
the associated threat to the environment and human-
kind are described in detail in Sections 1.2.3 and 4.4.4. 

Table 1.1-2
The ten biggest container-ship owners (by nationality).
TEU = twenty-foot equivalent unit
Source: Flottenkommando der Marine, 2011

Countries Under national flag Under foreign flag Total

Number  [1,000 TEU] Number [1,000 TEU] Number [1,000 TEU]

Germany 291 1,205 1,485 3,603 1,776  4,808

Japan 2 9 320 1,187 322  1,197

Denmark 89 499 135 512 224  1,010

PR China 184 415 148 354 332 770

Greece 31 178 180 549 211 727

Taiwan 26 52 157 504 183 556

France 24 159 77 350 101 509

South Korea 69 63 65 293 134 356

UK 31 151 38 203 69 355

Singapore 128 276 28 69 156 345

Global total 1,309 3,686 3,050 8,700 4,845 14,066

of which EU 27 525 2,260 1,985 5,363 2,510 7,623
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Nutrients from agriculture
Inorganic fertilizers have been manufactured on an 
industrial scale as plant nutrients for use in agriculture 
since the late 1940s (Mackenzie et al., 2002) and have 
been used in increasing volumes ever since. The anthro-
pogenic production of reactive nitrogen has increased 
tenfold since industrialization (from approximately 15 
to approximately 156 Mt N per year); today it actually 
exceeds natural flows. Its use is expected to increase 
even further to approximately 267 Mt N per year by 
2050 (Galloway et al., 2004; Bouwman et al., 2009). 
A significant proportion of these nutrients end up 
in inland waterways and coastal regions. As a result, 
marine inputs of phosphorus have risen from an esti-
mated 1.1 Mt per year in the ‘pre-agricultural’ age to 
approximately 9 Mt per year today (Rockström et al., 
2009). These inputs can lead to increased algae growth 
and eutrophication, plus a growing lack of oxygen and 
damage to local ecosystems (Sections 1.2.6 and 4.4.3).

POPs and heavy metals as examples of chemical 
pollutants
Chemical pollutants that find their way into the sea 
include heavy metals such as lead, mercury and cad-
mium, and what are known as persistent organic pollut-
ants (POPs). The latter include the insecticide DDT, the 
polychlorinated biphenyls (PCBs) that used to be used 
in industry, and polyfluorinated compounds (PFCs). 
Some of these substances were, and still are, manufac-
tured for agricultural or industrial use, others are cre-
ated as by-products of certain industrial and combus-
tion processes. Heavy metals, on the other hand, are 
also specifically extracted or used in the mining of other 
metals (WHO, 2007a). It is still difficult to trace the 

sources and emissions of POPs globally, because pro-
duction and usage data are often confidential or not 
regularly recorded. However, several global and, above 
all, regional emissions registers have now been set up 
(Lohmann et al., 2007). Data series for the EU and stud-
ies of marine organisms show a decline in POP inputs 
(Islam and Tanaka, 2004; Denier van der Gon et al., 
2005; Lohmann et al., 2007) and heavy metals into 
the sea – e.  g. in parts of the North Atlantic (OSPAR, 
2010b). The primary threats posed by POPs and heavy 
metals are that their accumulation in the food chain can 
harm marine fauna and, ultimately, human health too 
(Sections 1.2.3.1 and 4.4.4).

Plastic waste and microplastics
Global plastic production has increased more than a 
hundredfold since the 1950s and today stands at over 
280 million tonnes a year, of which about 20  % is man-
ufactured in the EU (Figure 1.1-3). On average, global 
production of plastic increases by about 9  % per annum 
(PlasticsEurope, 2012). Disposable packaging accounts 
for a large proportion of production (about 38  % in 
Europe; UNEP, 2011c). 

Every year, large quantities of plastic waste find 
their way into the sea, although the exact amounts 
are difficult to quantify. The vast majority comes 
from land-based sources such as rivers and beaches 
(Andrady, 2011:  1597; Cole et al., 2011). Marine-based 
sources include shipping traffic and drilling platforms. 
The total volume of plastic waste in the ocean is cur-
rently estimated at approximately 100 million tonnes 
(UNEP, 2011c). Little is known about the lifespan of 
plastics in marine environments. Estimates assume a 
period of several hundred years (UNEP, 2011c). Ultra-

Box 1.1-1

Coastal and marine tourism

Today, tourism is one of the world’s largest branches of indus-
try, and tourism in coastal regions (for bathing and beach 
holidays) has traditionally played an important role (Miller, 
1993; Hall, 2001). In recent years, marine tourism (deep-
sea diving and fishing, boating and sailing and, in particular, 
leisure cruising) has also considerably gained in popularity 
(Hall, 2001). Given the growing prosperity in many devel-
oping and newly industrializing countries and the associated 
formation of middle classes within these societies, it is to be 
expected that the trend towards global growth in tourism will 
continue, also driving an expansion in maritime tourism.

Although it is generally assumed that coastal and maritime 
tourism have a significant impact on the environment, fac-
tual knowledge of the subject is extremely fragmented and so 
far relates only to the impact on specific regions or certain 

species (Hall, 2001). To give examples of the direct environ-
mental impact of tourism activities, Hall cites mangrove 
deforestation; the destruction of coral reefs by diving, snor-
kelling and ‘reef walking’; large-scale coral extraction for use 
in souvenirs or jewellery; and the production of cement for 
hotels and airports on reef islands. Indirect consequences, 
which cannot be attributed exclusively to tourism, include 
increases in nutrient and waste-water discharges and the 
worsening problem of waste in coastal areas (Hall, 2001). In 
nautical tourism the main damage is caused by anchors. In 
addition, the environmental consequences of the fast-grow-
ing leisure-cruise segment are also significant. While cruising 
was long regarded as a luxury reserved for the elite, the 
industry has been expanding worldwide since the early 1990s 
and today constitutes a form of mass tourism. Some observers 
therefore also speak of the “McDonaldization” of cruise tour-
ism (Weaver, 2005), a phenomenon associated with a sub-
stantial environmental impact and new requirements for 
regulation.
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violet (UV) radiation, mechanical and biological pro-
cesses can break down larger pieces of plastic into 
microplastics, and the latter are also specifically man-
ufactured as an industrial material (granules) and can 
find their way into the sea from production centres or 
during transportation (UNEP, 2011c; Cole et al., 2011). 
Larger pieces of plastic and microplastics pose a serious 
threat to the marine environment and marine organ-
isms (Section 1.2.3.2; 4.4.4).

Radioactive substances
Anthropogenic radioactive substances have been find-
ing their way into the environment since the 1940s and, 
because of the ratio of land to sea on our planet, usu-
ally end up in the sea (Aarkrog, 2003; Sections 1.2.3.3 
and 4.4.4). The largest source is the global radioactive 
fallout from tests of nuclear weapons conducted in the 
Earth’s atmosphere (mainly in the 1950s and 1960s); 
their effects are still measurable today (UNSCEAR, 
2000). The 1986 Chernobyl  reactor accident is a fur-
ther major source (Aarkrog, 2003), although the Fuku-
shima accident in Japan in 2011 surpasses the effects 
of  Chernobyl on the sea (Buesseler et al., 2011). The 
fourth major source is the – still legal – practice of feed-
ing radioactive waste water into the sea from nuclear 
fuel-reprocessing plants (Livingston and  Povinec, 
2000). Other anthropogenic sources, such as the dump-
ing of radioactive waste and smaller accidents at nuclear 
power stations, can have a local or regional impact, but 
play a less important role on a global scale (Aarkrog, 
2003). However, the radioactive substances (like other 
pollutants too) can be quickly spread around the world 
by ocean currents (AMAP, 2010).

1.1.5 
Energy from the sea

The extraction of fossil energy carriers from the sea 
has grown in importance over the years. Still negligi-
ble as late as the mid-20th century (Priest, 2007), off-
shore extraction accounted for 37  % of the world’s oil 
extraction and 27  % of its natural-gas extraction in 
2007 (BGR, 2009:  44, 80). For both oil and gas there 
is a noticeable trend towards more offshore extrac-
tion compared to extraction on land. Offshore natu-
ral-gas extraction, for example, increased its share of 
gas production by 20  % between 2001 and 2007 alone 
(BGR, 2009). Reserves are defined as deposits that can 
be quantified with great accuracy and extracted at any 
time today without technical or economic problems – 
and about 26  % (of oil reserves) or a third (of natural-
gas reserves) are situated offshore. New technologies 
are increasingly making it possible to tap oil wells and 

gas fields in ever deeper waters. In the Gulf of Mex-
ico, for example, offshore oil production was in decline 
in 2003. Not until it became possible to extract oil at 
depths of more than 1,500  m was this trend reversed 
(Kerr, 2012). Technologies are now also being devel-
oped that enable oil and gas to be extracted in ice-cov-
ered waters. 

However, the international public has also become 
aware of the dangers involved in this form of extrac-
tion – at the latest since the Deepwater Horizon oil rig 
exploded in the Gulf of Mexico in April 2010, spilling 
4.4 million barrels of oil into the sea (according to esti-
mates by Crone and Tolstoy, 2010). 

A study by the US National Academy of Science 
(Committee on Oil in the Sea, 2003) came to the con-
clusion (albeit before the above-mentioned disaster) 
that only about 5  % of anthropogenic oil input into 
the oceans worldwide is caused by prospecting for and 
extracting oil, while as much as 22  % is attributable to 
oil transport. By far the biggest share of anthropogenic 
oil inputs into the sea – 70  % – is caused by the use of 
oil, i.  e. by ships, cars or the run-off from land (from 
increasingly sealed urban spaces, for example). Yet 
although prospecting, extraction and transport account 
for only a small proportion of oil inputs, they cannot be 
neglected, as they still have the potential to cause sig-
nificant damage because of the concentrated volumes 
involved. By contrast, inputs from the use of oil tend 
to be continuous and are usually distributed over wide 
areas. In addition, a volume of oil comparable to that 
which comes from anthropogenic sources seeps natu-
rally into the oceans from sources on the seabed. It is 
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Global production of plastics. The figures include thermo-
plastic polymers, polyurethanes, elastomers, adhesives, 
coatings, sealants and polyproylene (PP) fibres. They do not 
include PET, PA and polyacrylics. 
Source: based on PlasticsEurope, 2012
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in the nature of things that this seepage often occurs in 
regions where oil is extracted, because the oil deposits 
are located there, and this makes it difficult to unam-
biguously identify the causes in some cases. 

Alongside oil and conventional natural gas, the sea 
also contains deposits of gas hydrates, i.  e. ice-like solid-
state compounds of water and methane gas. Similar to 
terrestrial gas hydrates in permafrost regions, marine 
methane hydrates occur at low temperatures and under 
high pressure. In the sea, they are found at depths in 
excess of 400  m, usually on the edges of continental 
slopes. Identifying the dimensions of deposits is diffi-
cult: current estimates vary between 500 and 3,000 Gt 
of carbon (WBGU, 2006), i.  e. up to 300 times the cur-
rent annual fossil carbon emissions. Deposits have been 
confirmed off the coast of the USA, Canada, Russia, 
Japan and some countries in Central America and West 
Africa. Further deposits are suspected off the coasts of 
India, China, the Philippines, South Africa, Australia, 
New Zealand and various South American countries 
(Tréhu et al., 2006). Japan, India, China, Canada and 
the USA are researching ways to extract marine gas 
hydrates for commercial use. If it became possible to do 
so for marine methane hydrates, available fossil-energy 
resources will increase considerably and the transi-
tion to an energy system based on renewable energy 
sources will probably be further delayed. Moreover, it 
must be assumed that, as with the spreading commer-
cial extraction of shale oil and shale gas, more countries 
than in the past will be able to satisfy their demand 
for gas from their own resources and will no longer be 
dependent on imports. However, a shift in demand for 
gas and in gas trade flows as a result of the extraction of 
marine methane hydrates – as the International Energy 
Agency (IEA) already expects as a result of the explora-
tion of shale gas – will very probably have implications 
that are difficult to foresee but that could alter the con-
ditions determining international climate policy. 

The seabed is increasingly attracting attention as 
a dump for unwanted substances left over from the 
extraction of fossil energy carriers. Since as far back as 
1996, the Norwegian Statoil group has been injecting 
about a million tonnes of CO2 a year into a sandstone 
formation 800 to 1,000  m below the seabed (WBGU, 
2006:  86; Schrag, 2009). The CO2 in question is gener-
ated locally in the process of offshore gas extraction, 
so it is not specially transported to this storage area. 
Due to public opposition to carbon capture and stor-
age (CCS) projects on land, even the offshore storage of 
terrestrial CO2 close to heavily populated coastal areas 
appears attractive (Schrag, 2009). Up to now, however, 
there is no experience with storing a flow of CO2 as 
large as would be generated by CO2 capture in power 
plants. Nor have the dangers of leakage from the stores 

been sufficiently clarified.
Renewable energy sources from the sea are of a 

much more recent vintage than the use of fossil energy 
carriers from the sea. Ocean energy in the narrower 
sense includes technologies to use the water’s kinetic 
energy, temperature gradients and salt concentration 
gradients. Although some of the basic principles have 
been known for decades or even centuries, technologi-
cal development did not begin to make progress until 
the 1970s (Lewis et al., 2011). With the exception of 
tidal power plants, these technologies are still at the 
development or demonstration phase. At the end of 
2009, installed capacity barely reached 300 MW (Lewis 
et al., 2011). Accordingly, ocean energy tends to be 
regarded more as a long-term option in the energy sys-
tem. Offshore wind power is likewise a relatively new 
application. At year-end 2009, a mere 1.3  % of global 
wind-power generation capacity was installed offshore 
(Lewis et al., 2011). However, renewable energy from 
the sea has the potential to make a sustainable contri-
bution to a global energy transformation towards sus-
tainability (Section 1.3.1 and Chapter 5).

1.1.6 
Marine mining and resource extraction 

Marine mining refers to the extraction of marine min-
eral resources as opposed to the production of oil and 
gas (Scholz, 2011:  72). It includes the extraction of 
sand, gravel and salt. Shallow shelf and beach regions 
are used primarily to extract diamonds, tin, titanium 
and gold. On a localized scale, coral extraction and pearl 
harvesting is also significant in the coastal zones. Mas-
sive sulphides and sulphide sludges are extracted from 
the deep sea and phosphorites from shelf edges. Manga-
nese nodules and gas hydrates have also recently been 
prospected in the deep sea (Section 1.3.2). Extracting 
these resources can, in some cases, cause considerable 
damage to the environment, e.  g. by destroying natural 
habitats and the seabed itself (ICES, 2000; Sutton and 
Boyd, 2009). 

Sand and gravel
Of all marine mineral resources, the ocean sediments 
sand and gravel are extracted in the highest volumes 
(Rona, 2008:  632). Extracting sand and gravel from the 
sea is economically attractive because quarrying com-
parable amounts on land would be significantly more 
expensive (Scholz, 2011). Beaches are the most impor-
tant source of sand. Sand and gravel can be used uni-
versally, for example in the construction industry (con-
crete), to fortify beaches or for coastal protection. In 
2000 marine sand and gravel extraction had a market 
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value of around US$  3,000 million at a price of US$  15 
per tonne (Rona, 2008:  632). Industrial-scale extrac-
tion of sand and gravel began in the 1960s and has 
increased since then (ICES, 2012a:  6).

Two forms of suction-dredging are used to extract 
marine sediment, and each has different effects on the 
environment (von Nordheim and Boedeker, 1998:  22). 
Stationary dredging creates holes up to 10  m deep and 
between 10 and 50  m in diameter. This causes long-
term, in some cases permanent changes to the marine 
environment. Dragline dredging uses suction to remove 
the sediment from the seabed over a flat plane and 
covers much larger areas. The resultant furrows are 
approximately 30 cm deep and 2  m wide. In this case, 
regeneration is much faster than in the case of station-
ary dredging (von Nordheim and Boedeker, 1998:  22). 
Numerous studies have examined the consequences of 
sand and gravel extraction for benthic fauna. Studies 
of places where extraction is pursued intensively, e.  g. 
off the UK coast, reveal disruptions to the seabed and 
to resettlement by seabed fauna even 4 to 6 years later 
(Boyd and Banzhaf, 2005; Costello et al., 2008; Foden 
et al., 2010). The extraction of sand and gravel also has 
external effects on fishery by increasing the mortality 
of eggs and larvae due to sediment disturbances, and 
this ultimately leads to diminished catches (Kim and 
Grigalunas, 2009; Stelzenmüller et al., 2010). 

Diamonds, gold and other minerals
The mineral raw materials found in the sea often con-
tain a large proportion of precious metals, which makes 
them a coveted resource. Seabed mineral extraction 
concentrates on diamond mining off the coasts of South 
Africa and Namibia, and on tin, titanium and gold min-
ing along the coasts of Africa, Asia and South Amer-
ica (Maribus, 2010). The shelf edges also have deposits 
of phosphorite, which is extracted for use in fertilizer 
production. There are also sulphide ore sludges, whose 
main components are iron, copper, zinc and manga-
nese, as well as massive sulphides, which have formed 
as crusts on the seabed. Massive sulphides contain 
mostly copper and zinc, as well as smaller quantities 
of technical metals such as indium, geranium, bismuth, 
selenium and tellurium (Scholz, 2011:  73). The extrac-
tion of massive sulphides is almost ready for commer-
cial realization (Section 1.3.2).

Coral
Coral is used in many and varied ways, including the 
production of lime, mortar and cement for local con-
struction activities. Lime and coral granules are used as 
fertilizers in agriculture. Coral is also used to make jew-
ellery and is traded as aquarium decorations (Clifton et 
al., 2010; Moberg and Folke, 1999). Extracting coral 

to produce jewellery has caused severe damage to, and 
even destroyed, coral ecosystems, for example in the 
Philippines, the Indian Ocean and Indonesia (Charles, 
2005; Kumara et al., 2005).

Coral extraction (primarily) for building materials is 
concentrated in tropical coastal regions, especially in 
South and Southeast Asia, the Pacific region and East 
Africa. In these areas it is one of the main causes of reef 
destruction. In addition, the use of coral (soft coral, for 
example) for pharmaceutical purposes is a promising 
approach, since many species of coral produce chemi-
cals to protect themselves (Box 1.2-4; Section 1.3.3).

Oil and gas reserves are also suspected beneath 
old coral reefs, and the potential extraction of these 
resources would pose a serious threat to the sensitive 
coral. Not enough research has yet been conducted into 
the impact of coral extraction on the marine environ-
ment (Caras and Pasternak, 2009). However, local stud-
ies indicate that reef ecosystems change significantly 
after such interventions (Guzmán et al., 2003) and are 
scarcely able to recover, especially where there are 
additional pressures such as overfertilization and over-
fishing (Box 1.2-4). To take an example: 974,000 m3 
of coral was extracted from the lagoon around Moo-
rea (French Polynesia) between 1968 and 1987 to build 
the island’s main road. This caused serious and lasting 
damage to the coral reefs. Today, coral extraction is pro-
hibited in Moorea (Charles, 2005:  46). The destruction 
of coral reefs can have far-reaching consequences. On 
Bali, for example, where coral was extracted on a small 
scale to produce lime, the coral cover was found to have 
receded substantially, causing a dramatic worsening of 
coastal erosion (Caras and Pasternak, 2009). On the 
Maldives Islands, coral extraction for the construction 
industry led to a drastic reduction in fish stocks and the 
number of fish species (Clifton et al., 2010). For this 
reason, coral extraction is now banned in many coun-
tries, although such prohibitions have been unable to 
stamp out the practice everywhere. Yet some success 
has been achieved – in India, for example – in reduc-
ing illegal coral extraction (Wilkinson, 2008). Even so, 
a study in Indonesia’s Wakatobi National Park shows 
that the reef has still not fully recovered in terms of 
its biodiversity and the proportion of living coral even 
20 years after intensive coral extraction was stopped 
(Caras and Pasternak, 2009). 

Sea salt
Large quantities of salt are produced in salt-evaporation 
ponds and, above all, in desalination plants. Feeding 
seawater into artificial ‘salt pans’ is a method that has 
been used for many centuries to extract salt by evapora-
tion in coastal regions. Compared to salt mines, this is a 
relatively ecofriendly way of producing salt. Salt is pro-
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duced all around the Mediterranean (in France, Spain, 
Portugal and Italy), but also in the coastal regions of the 
Black Sea, Africa, India and China. It is estimated that 
30  % of the world’s salt production (2009:  260 million 
tonnes; Lohmann, 2012:  149) is derived from seawater 
and salt ponds (K+S, 2013). Desalination not only pro-
duces salt, it also purifies freshwater for use in irriga-
tion and as drinking water. Seawater is also used to cool 
power plants. 

1.1.7 
The economic value of marine ecosystems

It is difficult to calculate the economic value of marine 
and coastal ecosystems. To date, the only study of the 
overall value of marine ecosystems – whose method-
ology, it must be said, is extremely controversial – is a 
paper by scientists who worked with Robert Costanza 
and is dated 1997. The study put the total value of 
the global biosphere at around US$  33,000 billion per 
annum (at 1994 prices), of which roughly two thirds, i.  e. 
roughly US$  21,000 billion per annum, was accounted 
for by marine and coastal ecosystems (Costanza et al., 
1997). Of this US$  21,000 billion, US$  8,400 billion 
was assignable to the oceans and US$  12,600 billion to 
the coastal ecosystems, i.  e. to estuaries, seagrass beds 
and kelp forests, coral reefs and the continental shelf. 
According to this study, the value of marine and coastal 
ecosystems was thus equivalent to about 80  % of glo-
bal GDP at the time, which stood at around US$  27,000 
billion (at 1994 prices; IMF, 2012). Even though these 
numbers are based on simplified and methodologically 
debatable calculations, they at least give an idea of the 
magnitude of the value of marine ecosystem services 
(UNDP and GEF, 2012a). To this day, scientists assume 
that marine and coastal ecosystems account for two 
thirds of the Earth’s total natural capital (Beaudoin and 
Pendleton, 2012).

Calculations such as those conducted by Costanza et 
al., 1997, also highlight the tremendous methodologi-
cal challenges that confront attempts to measure the 
overall economic value of marine and coastal ecosys-
tems, as not all aspects of these ecosystems can usefully 
be expressed in monetary terms. Examples include the 
nutrient cycle, the way ecosystems work and genetic 
resources (Noone et al., 2012). One of the problems 
with the estimates of Costanza et al. (1997) is that, for 
want of available studies, not all biomes and not all 
types of ecosystem services were taken into account in 
the overall estimate. Moreover, the studies referred to 
were based on the willingness of the population alive 
at the time of the survey to pay, while the valuations 
of future generations were disregarded entirely. The 

findings of these studies were linearly extrapolated to 
the global level, which caused inaccuracies. Nor were 
tipping points or irreversible issues factored into the 
study. Lastly, it also added together different subto-
tals – a practice that does not do justice to the complex 
interdependencies between different biomes and eco-
system services. 

More recent studies have attempted to improve on 
the weaknesses of Costanza et al. (1997). To date, how-
ever, there is no topical, comprehensive evaluation of 
the global marine and coastal ecosystem services that 
also takes account of interdependencies between the 
different ecosystems. Few studies have yet concerned 
themselves with the value of marine ecosystems, and 
of those that do, even fewer examine deep-sea ecosys-
tems (Naber et al., 2008). Evaluation studies exist for 
individual ecosystem services or biomes, especially for 
coral reefs, coastal ecosystems and mangroves (TEEB, 
2009; Beaudoin and Pendleton, 2012). For instance, 
TEEB (2009), working on the basis of various stud-
ies, puts the value of coral reefs as high as US$  1.2 
million per hectare per annum. Another example is a 
UNEP study of the annual value of the ecosystems in 
the Mediterranean, whose minimum estimate came to 
€  26 billion for 2005. This figure includes the provision 
of food, recreational uses, climate regulation, the regu-
lation of natural hazards and waste assimilation (UNEP-
WCMC, 2011). All these studies underscore the con-
siderable economic importance of marine and coastal 
ecosystems.

1.2
Threats to the oceans

The direct and indirect use of the oceans has already 
led to profound changes that greatly impact on the 
ocean ecosystem and the ecosystem services used by 
humanity. Moreover, trends show in many cases that 
the threat to the oceans caused by human activity is 
still growing.

1.2.1 
Physical destruction of ecosystems

The most striking forms of human interference with 
marine ecosystems relate to the physical destruction 
of habitats, above all in coastal areas. The factors driv-
ing this destruction include tourism, the expansion 
of urban infrastructure, shrimp aquacultures, and the 
development of ports and the dredging this involves 
(CBD, 2010c). According to estimates by the FAO, 
approximately one fifth of the world’s mangroves were 
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lost between 1980 and 2005. Seagrass meadows and 
salt marshes are also seriously affected: in total, a third 
of seagrass meadows and a quarter of salt marshes 
have been lost. The ‘Census of Marine Life’ concludes 
that humanity has destroyed a total of 65  % of sea-
grass meadows and coastal wetlands over the centuries 
(COML, 2011). Even more seriously endangered are 
shellfish reefs, for example an estimated 85  % of oys-
ter reefs have been destroyed worldwide (CBD, 2010c). 
The most prominent example of the loss of coastal eco-
systems is certainly tropical coral reefs, 20  % of which 
have been destroyed and a further 20  % degraded 
over the past centuries (MA, 2005a:  515). According 
to Burke et al. (2012), 60  % of the world’s coral reefs 
are now directly at risk from local stress factors such 
as overfishing, destructive fishing methods, pollution 
and physical destruction. Also important are global fac-
tors such as rising ocean temperatures (Section 1.2.4), 
which make reefs more vulnerable. Although tropical 
coral reefs cover only 1.2  % of the world’s continental 
shelves, they are important for around 25  % of ocean 
fish species (CBD, 2010c) and are home to around a 
quarter of all marine species (see also Box 1.2-4).

Specific ecosystem services can have considerable 
value, especially compared to the benefits of convert-
ing ecosystems – as shown by the conversion of man-
groves in Thailand (Box 1.2-1). Especially in the least 
developed countries, environmental and natural capi-
tal comprise approximately 36  % of total assets (World 
Bank, 2012a). Destroying this capital robs these coun-
tries of a significant part of their resources. 

Less well known is the direct damage humanity 
causes to deep-sea ecosystems, such as seamounts and 
cold-water corals, which have only become accessible 
more recently as a result of modern fishing methods. 
Bottom trawling in particular can have a disastrous 
impact here, comparable with that of tropical deforest-
ation (CBD, 2010c; Section 4.1.2.3). Puig et al. (2012) 
demonstrate that bottom trawls cause large-scale 
changes to the morphology of continental slopes, simi-
lar to the influence of agricultural ploughing on land. 
Data on the high seas is much more limited than on 
coastal regions. As easily accessed areas become over-
fished, fishing shifts more and more to areas that are 
more difficult to access (Section 4.1.1) and increasing 
destruction can be expected here. Increasing oil and gas 
exploration similarly has an impact, and marine min-
ing is also likely to have a negative effect in the future 
(Smith et al., 2008: Section 1.3.2).

Conservation of marine ecosystems is still very 
underdeveloped compared to the conservation of ter-
restrial ecosystems. Marine protected areas (MPAs) 
cover only 1.6  % of the world’s oceans in total (Bertzky 
et al., 2012). To date, conservation efforts have con-
centrated strongly on the continental shelves; in area 
terms, MPAs cover 4  % of countries’ exclusive economic 
zones (EEZs) and 7.2  % of coastal waters (Bertzky et 
al., 2012). In 2010, though, the first network of pro-
tected areas on the high seas was set up, located in the 
North Atlantic (O’Leary et al., 2011). This means that 
the current level of protection still falls far short of the 
target agreed at the 10th Conference of the Parties 

Box 1.2-1

Economic losses caused by the conversion of 
mangroves for shrimp aquaculture in Thailand

Since 1961 Thailand has lost about 50–60  % of the mangroves 
that originally grew in its coastal areas as a result of conver-
sion. About 50–65  % of these conversions relate to the devel-
opment of shrimp farms (Hanley and Barbier, 2009). Man-
groves serve primarily as a nursery and breeding ground for 
fish, as well as providing natural coastal and storm protection. 
Furthermore, they are often used as a source of firewood, 
resin and small crabs and crustaceans (see also Box 4.3-4). 

A comparison of the utility value of shrimp farms with that 
of mangroves in the period from 1996 to 2004 shows that the 
annual value of mangroves exceeds that of shrimp farms by 
an estimated US$  10,000 per hectare (at 1996  prices). The 
high utility value of mangroves is primarily explained by 
their importance for storm protection. Even the net benefit 
over the same period of restoring degraded mangroves whose 
use has been changed is between US$  1,300 and US$  3,000 – 
which is higher than their value when used for shrimp farms, 
which is around US$  1,000 to US$  1,200 per hectare (Hanley 
and Barbier, 2009). 

However, this does not mean that every conversion of 
mangrove forests leads to economic losses. Nonlinearities 
must also be taken into account when calculating the value 
of ecosystem services. For example, it is generally assumed 
that the value of mangroves for storm protection is particu-
larly high in the first 100  m by which the mangroves extend 
into the sea, after which their value declines. After care-
fully weighing up the costs and benefits, it can therefore be 
entirely justifiable from an economic point of view to allow 
those parts of the mangrove forests that are less important 
for storm protection to be used for shrimp farms (Hanley and 
Barbier, 2009; UNEP-WCMC, 2011). 

However, an overall evaluation of the benefits is often 
made more difficult by the fact that ecosystems are mutually 
dependent on each other. For example, mangrove forests also 
fulfil an important function for coral reefs, especially that of 
filtering out terrigenous sediment and nutrient load. These 
externalities are usually ignored in cost-benefit analyses. As a 
result, the calculation of the benefit – and similarly the calcu-
lation of the damage – usually only indicates a minimum 
value.
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Box 1.2-2

Blue Carbon

The term ‘blue carbon’ is used in the context of interna-
tional climate policy to mean the carbon captured by plants 
and soils in marine and coastal ecosystems (Nellemann et 
al., 2009). The main discussion is about the recognition of 
climate-protection measures that are related to these ecosys-
tems – i.  e. measures aimed at avoiding the destruction and 
degradation of ecosystems and the related CO2 emissions, or 
at protecting the ecosystems and thus retaining their function 
as ‘sinks’. Less frequently discussed are measures for manag-
ing ecosystems so they can absorb as much CO2 as possible.

Blue carbon – sources, sinks, reservoirs
The debate about blue carbon usually looks at just a few 
selected coastal ecosystems, their carbon reserves and their 
function as a CO2 sink or source. The ecosystems included in 
this context are mangrove forests, sea-grass meadows, salt 
marshes, and very occasionally kelp (i.  e. brown algae). Coral 
reefs are usually excluded, perhaps because they represent 
more of a CO2 source than a sink for the atmosphere over 
time periods that are relevant for human society (Laffoley 
and Grimsditch, 2009). 

Coastal ecosystems function as CO2 sinks when the vol-
ume of carbon that is transformed into organic material by 
photosynthesis – and ultimately absorbed and stored by the 
soil in the long term as organic carbon (sedimentation) – is 
greater than the volume of carbon that is released through 
the leaves or by plant respiration. As with other wetlands, 
some types of coastal ecosystems can also build up large 
local carbon sinks in the soil (Donato et al., 2011) and offer a 
greater ‘sink capacity’ per unit of surface area than terrestrial 
ecosystems. However, due to the limited overall surface area 
of coastal ecosystems, their global significance for the climate 
is limited.

Duarte et al. (2005) estimate total organic sedimentation 
in the oceans at 0.22–0.24 Pg of carbon per year, with veg-
etated coastal habitats contributing about 50  % of this (1 Pg 
of carbon = 1 Gt of carbon). By comparison, global CO2 emis-
sions from fossil sources currently (2010) correspond to more 
than 9 Pg of carbon per year, and they are growing at around 
3  % per year (Peters et al., 2012). This means that even the 
annual increase in CO2 emissions from fossil sources consider-
ably exceeds the total sink function of blue carbon. Clearly, 
the blue carbon sink can do little to counter global CO2 emis-
sions, and measures to combat the loss of this sink can hardly 
be seen as a relevant component in global climate protection.

Table 1.2-1 provides an overview of the various estimates 
of the sink function of individual coastal ecosystems, cur-
rent or estimated emissions resulting from the destruction or 
degradation of the ecosystems, and the total carbon deposits 
stored in the ecosystems which could be released.

The impact on climate from emissions caused by the 
destruction of coastal ecosystems is also comparatively small. 
According to Siikamäki et al. (2012), around 6.5 Pg of carbon 
is stored in mangrove forests globally, including in their soils. 
Even the complete destruction of all the world’s mangrove 
forests would thus release less CO2 into the atmosphere than 
the amount released in one year by the use of fossil fuels. 
Murray et al. (2011) estimates the “total carbon stock at risk” 
in mangrove forests, sea-grass meadows and salt marshes at 
around 12 Pg of carbon. By comparison, the potential CO2 
emissions from global fossil reserves alone (excluding resources 

and other deposits) total 1,500 Pg of carbon (WBGU, 2011). 

What blue carbon is not
In the debate about blue carbon, it is sometimes claimed that 
around half of global net primary production – the produc-
tion of biomass with the help of photosynthesis – takes place 
in the oceans (Nellemann et al., 2009). However, this does not 
mean that a large amount of biomass is found in the oceans. 
Indeed, the average life span of organic plant biomass in the 
oceans is just two to six days, compared to 19 years on land 
(Field et al., 1998). This is why, despite the high level of pro-
ductivity, just 0.2  % of global plant biomass is to be found in 
the oceans. For the CO2 cycle, this means that although a large 
amount of CO2 is absorbed by marine plant organisms during 
their growth phase, it is not stored for long in the biomass in 
the form of carbon; most of it is immediately released again. 
Only the proportion of the absorbed CO2 which is stored over 
the longer term is relevant for the CO2 sink function. Net pri-
mary production on its own is thus not a good indicator of a 
CO2 sink, and mentioning it in connection with blue carbon 
is misleading.

The oceans do indeed absorb a considerable proportion 
of anthropogenic CO2 emissions. The ocean sink was esti-
mated at 2.4 Pg of carbon in 2010, corresponding to around 
a quarter of that year’s anthropogenic emissions (Peters et 
al., 2012). A further quarter (2.6 Pg of carbon) was absorbed 
by the terrestrial biosphere over the same period. While the 
land sink is predominantly determined by plant growth, the 
ocean sink is initially purely physico-chemical in nature. 
Thus, as the CO

2 
concentration in the atmosphere increases, 

the upper layer of water in the ocean absorbs CO
2 

until the 
partial pressures of the surface water and the atmosphere 
reach an equilibrium. The global CO2 absorption rate of the 
oceans is determined firstly by the CO2 concentration in the 
atmosphere and secondly by the speed of the circulation pro-
cesses in the oceans, which exchange surface water whose 
CO2 content is in equilibrium with the atmosphere with water 
containing less CO2 from deeper layers (e.  g. Doney, 2010). 
What is known as the ‘biological pump’ also contributes to 
this downward transportation of carbon: dying organisms 
sink, and their organic substance decomposes at different 
depths of water. Nutrients and carbon are released in this 
way, some of which return to the top water layer by vertical 
mixing. Others, however, sink to lower layers of water, where 
they are isolated from the atmosphere for longer periods 
of time. Attempts to increase primary production and thus 
strengthen the biological pump by adding external nutrients 
(e.  g. iron) to the surface of the ocean – thereby expanding the 
ocean sink (‘iron  fertilization’, WBGU, 2004; Smetacek et al., 
2012) – fall under the general heading of ‘geo-engineering’. 
It is unclear at present how effective, if at all, such measures 
might be and what unintended side-effects they would have; 
this is a matter of scientific debate (Lampitt et al., 2008). 
Commercial ocean  fertilization measures have been rejected 
in international agreements (e.  g. in decisions taken in the 
context of the CBD, the London Convention and the London 
Protocol), except in the case of scientific experiments. The 
ocean sink just described and possible measures to increase 
it through ocean fertilization are not generally what is meant 
when people speak about ‘blue carbon’.

Conservation of coastal ecosystems should not focus 
on climate protection
The ecosystem services provided by coastal ecosystems are 
diverse, ranging from protecting coastal areas from storms, 
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to the Biodiversity Convention (CBD): i.  e. that MPAs 
should cover 10  % of the oceans by 2020. Moreover, 
the WBGU has proposed designating at least 20-30  % 
of the total area of marine ecosystems as an ecologi-
cally representative and effectively managed integrated 
system of protected areas (Box 1-1; WBGU, 2006). The 

WBGU reiterates this recommendation in the current 
report (Section 7.3.9.1).

The protection of coastal ecosystems in particular 
has also been a matter of debate recently within the 
framework of the UNFCCC, although in this context pri-
marily with regard to its mitigating effect on climate 

flooding and erosion and providing a filter for nutrients and 
other runoff substances, to making a contribution to food 
security by providing habitats for fish and seafood. Man-
groves, for example, are extremely important for other eco-
system services, especially for protecting the coast, providing 
a breeding ground for fish and acting as a filter for sediment 
and nutrients running off the land. Furthermore, coral reefs, 
sea-grass meadows and mangrove ecosystems are all inter-
linked, so sea-grass meadows and coral reefs also suffer with-
out an intact mangrove belt. 

There are thus many arguments in favour of protecting 
coastal ecosystems, and climate protection should not be 
regarded as the primary reason. In particular, there is little 
sense in focusing the protection of coastal ecosystems on 
those that provide the biggest sink function. Given the speed 
with which emissions are growing due to the use of fossil fuel, 
even the fact that the carbon stored in the soil through coastal 
ecosystems can remain there for thousands of years is of little 
relevance to the climate this century. Based on sedimenta-
tion figures given by Duarte et al. (2005), coastal ecosystems 
would need roughly a century to capture and permanently 
store a single year’s anthropogenic CO2 emissions. What the 
conservation of coastal ecosystems needs instead is an inte-
grated approach which addresses the totality of biological 
diversity and ecosystem services.

In the WBGU’s view, there is no reason why CO2 emis-
sions from coastal ecosystems should not be included in the 
national inventories in which countries report on their cli-
mate-relevant emissions to the UNFCCC, especially as Article 
4.1(d) of the UNFCCC explicitly calls for the preservation of 

sinks and carbon stores – also in coastal and marine ecosys-
tems. Reporting them separately under a ‘blue carbon’ head-
ing seems both misleading and inappropriate, however. Rath-
er, coastal ecosystems should be integrated into the existing 
schemes. For instance, the protection of mangroves should be 
included in deliberations on designing a REDD-plus regime 
under the UNFCCC. The IPCC is currently developing possible 
guidelines for the inclusion of wetlands in national invento-
ries, also covering coastal wetlands, which include mangroves, 
salt marshes and sea-grass meadows (IPCC, 2013).

The WBGU has recommended treating emissions from 
land use and land-use change separately from fossil-fuel 
emissions. This is because the two types of emissions differ in 
terms of basic characteristics (measurability, reversibility, 
long-term controllability, interannual variability; e.  g. WBGU, 
2009:  39, 2010:  231). This recommendation applies in the 
same way to the protection of coastal ecosystems. Given the 
unambitious emission-reduction targets in many countries, 
including new ‘blue carbon’ methods in the Clean Develop-
ment Mechanism (CDM) would not be effective: reducing CO2 
prices in carbon markets in the short term by including new 
offsetting methods would not serve the goal of climate pro-
tection. On the contrary, what is urgently needed is CO2  prices 
that are high enough to drive the transformation of the ener-
gy systems forward (WBGU, 2011). Financial support to help 
developing countries maintain their coastal ecosystems 
should therefore be activity-based and come from a fund – 
rather than be emissions-based and funded via the carbon 
markets.  

Table 1.2-1
Coastal ecosystems and the carbon cycle. Global sink function, current global CO2 emissions from destruction and 
degradation, and total stored carbon that could be released from selected coastal ecosystems. The figures in each case 
are the range of values given in the literature. The row ‘Total: mangroves, sea-grass meadows and salt marshes’ refers to 
values in the cited literature and is not the sum of the figures given for individual ecosystems in the rows above.
Source: WBGU, based on: a Laffoley and Grimsditch, 2009; b Breithaupt et al., 2012; c Donato et al., 2011; d Pendleton et 
al., 2012; e Murray et al., 2011; f Siikamäki et al., 2012; g Kennedy et al., 2010; h Fourqurean et al., 2012; i Duarte et al., 
2005

Ecosystem Global 
sink function 

Global CO2 emissions 
from destruction and 
degradation 

Total stored carbon  
that could be released 

[Pg C per year] [Pg C per year] [Pg C]

Mangrove forests 0.018–0.026 a, b 0.024–0.12 c, d 1.2–6.6 a, e, f

Sea-grass meadows 0.027–0.11 g 0.014–0.3 h, d 2.2–8.4 a, e, h

Salt marshes 0.027–0.04 a 0.005–0.065 d 0.4–1.3 a, e

Total: mangroves,  
sea-grass meadows  
and salt marshes 

0.11 i 0.04–0.28 d 12.1 e
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change. The WBGU outlines its position on this issue – 
known as ‘blue carbon’ – in Box 1.2-2.

1.2.2 
Overfishing

Overfishing – the sustained decimation of fish stocks 
by fishing at volumes above the level of natural regen-
eration and migration of fish – is regarded as one of the 
main causes of the loss of biological diversity and eco-
system services in ocean ecosystems (Section 4.1.2.3). 
Overfishing results in shifts in the age and size struc-
ture of fish stocks and changes in the makeup of eco-
systems. It has become a global problem: according to 
FAO statistics, 30  % of global stocks are currently over-
fished and a further 57  % of stocks are already being 
fully exploited (FAO, 2012b:  11; Section  4.1). Large 
predators such as tuna and cod are particularly at 
risk due to overfishing. Since the beginning of indus-
trial fishing, their biomass has declined by at least two 
thirds worldwide, with some people putting the losses 
as high as 90  % (Section 4.1.2.3). Predators like these 
have a determining influence on ecosystem structures 
and food webs, so their decimation can have a knock-
on effect on other species – e.  g. an increase in pop-
ulations of smaller fish, leading in turn to a decima-
tion of their own food sources. In this way overfish-
ing can cause fundamental changes to the make-up of 
the ecosystems affected. Other possible effects include 
changes in the populations of herbivorous fish – which 
can have an impact on coral reefs and kelp cover – and 
changes in the level of carbon uptake (Jensen et al., 
2012). Depending on fishing methods, non-target spe-
cies can also be adversely affected directly by fishing, 
for instance as a result of by-catch when non-selective 
fishing methods are used. In some areas the problem of 
overfishing is exacerbated by destructive fishing meth-
ods, e.  g. bottom trawling, which can result in the phys-
ical destruction of ecosystems (Section 1.2.1).

For humanity, the clearest sign of overfishing is the 
fact that more and more effort is required to main-
tain current catch volumes, since the easily acces-
sible fish stocks are being reduced more and more 
(Section  4.1.1). The impact of fishing on the marine 
ecosystems was long underestimated. As fishing efforts 
have increased substantially, and new fishing grounds 
in distant regions or very deep waters have been devel-
oped over the past decades, this impact has grown dras-
tically. From a global perspective, fishing is in a worry-
ing state today. However, there are positive signs that 
this is increasingly being recognized. Fishing regula-
tions have been greatly improved in some regions, lead-
ing to regional reversals in the trend. A transformation 

in management towards a sustainable way of think-
ing based on the ecosystem approach could achieve an 
improvement in the situation, with stocks being built 
up again, yields boosted and further damage to ecosys-
tems avoided. The good news is that a transformation of 
fisheries towards sustainability is possible – and indeed 
in some areas has already begun. 

Overfishing is discussed in detail in Section 4.1.

1.2.3 
Impacts of marine pollution

1.2.3.1 
Results of chemical pollution
More than 300 chemical substances are classified 
as dangerous for the marine environment (OSPAR, 
2010b). Some of them, e.  g. persistent organic pol-
lutants (POPs) and heavy metals, have been enter-
ing the seas for decades and can cause serious dam-
age to marine fauna. These pollutants accumulate in 
marine organisms through the food chain and can later 
be ingested by humans when they eat those organisms 
(Section 4.4.4).

Because of their durability, POPs can be transported 
by air and sea currents to regions located far away from 
the pollution sources, e.  g. to the Arctic, where they have 
been shown to accumulate in the organs of top preda-
tors such as polar bears, whales and seabirds in con-
centrations that are sometimes harmful to their health. 
This can cause reproductive disorders and a greater sus-
ceptibility to illnesses (OSPAR, 2010b). However, little 
is known to date about the specific effects of POPs on 
the animal and human organism, and there is scant data 
on the impact of POPs on human health (Domingo et 
al., 2007; Islam and Tanaka, 2004). But they are sus-
pected of being carcinogenic and of causing hormo-
nal and other disorders (Platt McGinn, 2000; UNEP-
AMAP, 2011). 

By contrast, the impact on health of the heavy metal 
mercury, which can enter the human body through the 
consumption of fish and seafood, is well known. Mer-
cury has a toxic effect on the central and peripheral 
nervous system; children, newborns and foetuses are 
particularly at risk (WHO, 2007b). Mercury can also 
cause developmental disorders of the embryo in marine 
mammals, like in humans. As in the case of POPs, stud-
ies have often been based on laboratory tests with indi-
vidual substances, so the impact on entire ecosystems 
and the cumulative effects are largely unknown (UNEP, 
2002; Nakayama et al., 2005). However, accumulated 
levels in animals at the end of the food chain are now 
so high that people are advised against consuming fish 
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and whale meat in certain regions. 
Despite declining concentrations in sediments and 

organisms – which is partially the result of exist-
ing regulations such as the Stockholm Convention on 
 Persistent Organic Pollutants – in certain regions of the 
Northeast Atlantic specific contaminants such as PCBs 
and mercury remain at levels thought to pose a risk to 
animal and human health (Figure 1.2-1). In addition, 
the long retention period of some environmental tox-
ins underlines the need for preventative regulations 
 covering all pollutants (OSPAR, 2010b).

1.2.3.2 
Results of plastic pollution 
For the last 40 years or so, larger pieces of plastic and 
microplastics (between <10 mm and <1 mm; Cole et al., 
2011) have been accumulating on beaches, in remote 
regions, on the high seas and in large ocean gyres due 
to their durability (Barnes et al., 2009; UNEP, 2011c; 
Maribus, 2010). Plastic-waste pollution has become an 
environmental problem that must be taken very seri-
ously (Section  4.4.4). The impact of larger pieces of 
plastic on marine organisms and the environment are 
well known and frequently publicized by environmen-
tal organizations and others. Pictures of dolphins, seals, 
turtles and sharks strangled or drowned in fishing nets 
or pieces of plastic, and of dead birds are distressing. 
Apart from such deaths, animals are also often injured, 
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Figure 1.2-1
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and some – especially seabirds – swallow plastic parts, 
which can result in malnutrition or blockages (Young 
et al., 2009).

At present little is known about the impact of micro-
plastics on the marine environment and marine organ-
isms, and what happens to them, but they have been 
found in the tissues of several marine animals (Maribus, 
2010). Microplastics can bind toxic substances which, 
if they accumulate in the food chain, can harm animals 
and ultimately humans (Cole et al., 2011; Andrady, 
2011).

1.2.3.3 
Radioactive contamination
Nuclear radiation can cause genetic changes, reproduc-
tive disorders and cancer. It thus has the potential to 
harm marine organisms and humans through their con-
sumption of radioactive substances. However, average 
doses caused by radionuclides affecting marine organ-
isms and humans are well below international and EU 
thresholds, except in the case of pollution from inci-
dents such as the Fukushima disaster. But most con-
tamination comes from natural sources (UNEP and 
GPA, 2006; Livingston and Povinec, 2000). Natural 
background radiation can be up to 1,000 times higher 
than the current anthropogenic contribution. The long-
term effects of radioactive pollution and its accumu-
lation along food chains do present problems, how-
ever. Potentially there are also new sources of radio-
active material, such as decommissioned nuclear ves-
sels (AMAP, 2010). Further efforts should therefore 
be made to reduce the emission of anthropogenic radi-

oactive substances into the marine environment and 
to prevent future accidents and emissions (OSPAR, 
2010b; Section 4.4.4).

1.2.4 
Warming

In its special report The Future Oceans – Warming Up, 
Rising High, Turning Sour (WBGU, 2006), the WBGU 
describes in detail the problem of rising water tem-
peratures, ocean acidification and sea-level rise. The 
increase in the CO2 levels responsible for acidification 
as well as the rise in global temperatures and sea lev-
els continue today.

The concentration of CO2 in the atmosphere reached 
a new high in 2012: an average of 394 ppm. On average 
over the available data series, in 2010 the global tem-
perature hit its highest level since records began (WMO, 
2010) – despite continuing low brightness levels of the 
sun, which in 2010 and the preceding years was at its 
weakest level since satellite measurements began in the 
1970s (Gray et al., 2010). The persistent warming trend 
is even more marked if the effect of known short-term 
fluctuations like El Niño are factored out from the glo-
bal temperature (Foster and Rahmstorf, 2012). 

Near-surface ocean temperatures are also rising; 
they are already about 0.7°C higher than in the second 
half of the nineteenth century (Figure 1.2-2).

The deeper layers of seawater have warmed to a 
much lesser extent (less than 0.004°C between 1955 
and 1998). The temperature difference between the 
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Evolution of the global near-surface ocean temperatures from 1850 to 2012: annual average figures and the range of 
uncertainty.
Source: WBGU, based on data from the Met Office, 2012
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ocean surface and the layers beneath it has therefore 
increased, leading to a more stable stratification of 
near-surface waters (Gruber, 2011). Both the higher 
ocean temperatures and the more stable stratification 
– as well as the related reduction in the oxygen content 
(Section 1.2.6) – have marked effects on ocean ecosys-
tems. In particular they lead to changes in the composi-
tion of species, geographical shifts in populations and 
alterations to food webs (Section 4.4.1).

Over the last few decades, the summer ice cover of 
the Arctic Ocean has shrunk by at least a half. A new 
record low was reached in September 2012 (NSIDC, 
2012a). The changes in the Arctic, their impacts and 
their associated requirements, are discussed in this 
report in a series of boxes (Boxes 1.2-3, 3.4-1, 4.1-1 
and 5.1-2). In the Antarctic Ocean, by contrast, the 
winter ice extent has expanded by a few percent in 
recent decades (a trend of +0.9  % per decade; NSIDC, 
2012b). This slight increase – despite the warming that 
is also observed in the Antarctic – is attributed to an 
increase in the winds that blow the sea ice northwards 
away from the continent of Antarctica during the win-
ter months (Holland and Kwok, 2012).

1.2.5 
CO2 input and acidification

The oceans play a key role in the carbon cycle on our 
planet. Up to now, they have absorbed about one-
third of total anthropogenic CO

2 
emissions, which stem 

mainly from fossil sources and land-use changes (Khati-
wala et al., 2012). This amount corresponds to 45  % of 
fossil CO2 emissions. The oceans contain a total of about 
38,000 Gt of carbon, 50 times more than the carbon 
content of the atmosphere and 20 times more than that 
of the terrestrial biosphere and the soils (WBGU, 2006). 
Prior to industrialization the ocean gave off around 0.6 
Gt of carbon to the atmosphere at its surface every year, 
approximately the same amount that entered the ocean 
in the form of organic matter flowing in from rivers 
(Watson and Orr, 2003). Since the carbon in the organic 
matter ultimately stems from the atmosphere via pho-
tosynthesis, this exchange did not change the CO2 con-
tent of the atmosphere and the system was in equilib-
rium. Only when the anthropogenic interference in the 
carbon cycle began – above all through the burning of 
fossil fuels – did the ocean become a carbon sink. If 
the CO2 concentration in the atmosphere increases, the 
ocean absorbs CO

2 
until the partial pressures of the sur-

face water and the atmosphere return to equilibrium.
Because the ocean and the atmosphere are linked in 

this way and strive towards equilibrium, emissions of 
CO2 into the atmosphere inevitably lead to a transfer 

of CO2 to the ocean. Each year the ocean absorbs more 
than 2 Gt of carbon (7.3 Gt of CO2) in the form of CO2 
from the atmosphere (Le Quére et al., 2009). This input 
is therefore directly and entirely caused by humanity.

The CO2 dissolves in the seawater, forming a weak 
acid. In other words, the input leads to a lowering of 
the pH value, and this is known as ‘acidification’ (Cal-
deira and Wicket, 2003). The pH value of ocean sur-
face water has already dropped by 0.1 units since the 
beginning of industrialization, corresponding to a 30  % 
increase in the acid content. The link between the rise 
in atmospheric CO2 concentration and the acidification 
of the oceans is well understood and subject to less 
uncertainty than climate change (Feely et al., 2009). 
For every 100 ppm of CO2 increase in the atmosphere, 
the global mean pH value of ocean surface water falls 
by around 0.07 units (Gruber, 2011). For example, 
should the CO2 concentration rise to 800 ppm by the 
year 2100, the mean pH value of the ocean surface 
water would fall by a further 0.3 units and reach 0.4 
units below its pre-industrial level (Feely et al., 2009). 
The acidification of the oceans can only be reversed 
over an extremely long time scale.

As the pH value changes, so does the concentration 
of carbonate ions in the seawater. These ions are needed 
by marine organisms to build their calcium carbon-
ate shells and skeletal structures. In this context some 
organisms form aragonite, which is slightly more easily 
dissolved, while others form the less soluble calcite. It is 
therefore especially important for ocean ecosystems to 
have a sufficient supersaturation with respect to arago-
nite in the seawater.

Simulations by Steinacher et al. (2009) show that 
the Arctic may see the biggest pH changes in the 
future. Climate change boosts the processes here, since 
CO2 uptake increases in reaction to melting sea ice and 
freshwater inflow reduces saturation. Some areas of the 
Arctic may experience temporary aragonite undersatu-
ration as early as the next decade. If CO2 emissions fol-
low a business-as-usual scenario, the entire water col-
umn in the Arctic will become undersaturated within 
this century. Steinacher et al. (2009) conclude that lim-
iting the atmospheric CO2 concentration to no more 
than 450 ppm is the only way to avoid the risk of major 
changes to ocean ecosystems.

A report by the British Royal Society (2005) attracted 
a great deal of political attention to the topic of ocean 
acidification for the first time. In 2006 the WBGU pro-
posed the following guard rail for ocean acidification: 
the pH level of the uppermost ocean layer should not 
fall by more than 0.2 units compared to pre-industrial 
levels in any major ocean region. Rockström et al. (2009) 
propose using aragonite saturation as an indicator: this 
should not fall below 80  % of its  pre-industrial level. 
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Box 1.2-3

The Arctic in the Anthropocene

Unlike the Antarctic, which is an ice-covered continent sur-
rounded by the sea, the Arctic is an ocean – much of which 
is covered by ice all year round – surrounded by land. At 
the same time the Arctic, with its marine and terrestrial eco-
systems, is a unique natural environment that is worthy of 
special protection, being home to communities of organisms 
that are able to survive in extreme environmental conditions. 
Compared to climatically milder latitudes, the Arctic has a 
lower diversity of species, and the vegetation period is com-
paratively short due to the long polar night. These two factors 
contribute to the fact that the Arctic ecosystems are much 
more fragile and sensitive than those at temperate latitudes. 
The Arctic Ocean has productive marine ecosystems with 
large fish stocks (Box 4.1-1). 

The Arctic plays a special role in the global climate sys-
tem as an early-warning system for change. The ice cover 
ensures that part of the solar radiation that hits the Arctic is 
reflected, so as the snow and ice masses melt, darker land and 
sea surfaces are revealed that absorb the solar radiation, thus 
speeding up the warming process. Along with other factors, 
this means that global warming is manifested in the Arctic as 
a rise in temperatures that is well above average; the Arctic 

therefore is currently subject to particularly fast alteration 
due to climate change. This leads to fundamental changes in 
the characteristics of Arctic ecosystems, including habitat loss 
and a loss of biological diversity; the Arctic’s human popula-
tion also faces new challenges (AMAP, 2012). 

The melting of the Arctic ocean’s ice cover continues una-
bated; indeed, it is proceeding much faster than expected 
(Figure 1.2-3). The Arctic sea ice is diminishing not only in 
extent but also in terms of its thickness. As a result, the sum-
mer ice volume has already dropped by as much as 80% over 
the last forty years (Laxon et al., 2013).

The melting of the sea ice impacts on the layers of the 
ocean beneath it. This can lead to stronger plankton growth 
due to the greater amount of sunlight reaching it, thus 
increasing the amount of food available for some species. The 
result can be increased overall productivity. At the same time, 
the loss of the ice means the loss of its protective function and 
its role as a habitat. Sea ice is used by various mammals as a 
platform for rearing their offspring or for hunting. Many spe-
cies of small crustaceans also live in or on the sea ice, forming 
a basic food source for various birds, fish and whales, includ-
ing Arctic cod (AMAP, 2012). A reduction in the population 
of certain species of seals, caused by the disappearance of the 
sea ice, can already be observed. 

For the human societies it is the changes in access to the 
Arctic regions that are of particular significance (AMAP, 
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Irrespective of how the threshold level of damage 
is precisely defined, compliance with it can only be 
achieved by limiting the rise in atmospheric CO2 con-
centration, i.  e. by reducing anthropogenic CO2 emis-
sions. If it proves possible to stabilize the CO2 concen-
tration in the atmosphere at a level below 450 ppm, the 
reduction in the mean global pH value would be around 
0.17, and the guard rail proposed by the WBGU would 
be adhered to (WBGU, 2006). Whether this guard rail 
can be complied with will therefore depend essen-
tially on climate-change mitigation policy. The current 
growth of global CO2 emissions is unrelenting, however, 
averaging 2.7  % a year over the last decade (Olivier et 
al., 2012). 

In its 2006 report the WBGU recommended that cli-
mate policy should consider all the effects of green-
house-gas emissions on marine habitats, i.  e. including 
the direct impact of CO2 input on marine ecosystems. 
This could make it necessary to view CO2 not only as 
part of a group of various greenhouse gases whose 
relative importance is solely defined by their warming 
potential; regardless of reductions in other greenhouse 
gases, the CO

2 
concentration also needs to be stabilized 

at a level that allows compliance with the guard rail pro-
posed by the WBGU (WBGU, 2006). 

1.2.6 
Low-oxygen zones

The distribution of oxygen in the ocean is of great 
importance for the marine biosphere. Dead zones (oxy-

gen-deficient zones) in coastal waters have become a 
worldwide problem that is destroying the structure and 
function of ecosystems (Zhang et al., 2010). The main 
drivers of oxygen deficiency near coastlines is the input 
of nutrients from rivers and via the atmosphere. But as 
climate change advances, a reduction in oxygen con-
centrations is also expected in the open seas, caused 
by the warming and increasingly stable stratification 
of the upper layers of water (Gruber, 2011; Keeling et 
al., 2010). Warming surface water reduces the solubil-
ity of oxygen in seawater, and the more stable strati-
fication reduces the transportation of oxygen-rich sur-
face water to deeper layers where the oxygen is con-
tinuously being consumed by marine organisms (Deut-
sch et al., 2011).

Dead zones of the first category are found along 
heavily populated coasts where there is intensive 
farming or raw sewage is discharged into the sea. The 
nitrogen input, which has increased dramatically since 
the 1960s as a result of the ‘Green Revolution’, usu-
ally reaches the oceans via rivers. Europe’s coastline, 
the North American East and West Coasts, the Gulf of 
Mexico, Japan’s coastline and the southern part of the 
Brazil’s coast are regions with high inputs of fertilizers 
from farming (Figure 1.2-5). Coastal zones in develop-
ing countries are affected by raw sewage, usually off-
shore from megacities, albeit to a much lesser extent. 

The future extent of oxygen reduction in the oceans 
due to climate change will be largely determined by 
the amount of heat the ocean absorbs (Gruber, 2011). 
The biggest loss of oxygen in this context is expected 
in mid- to high-latitude regions; tropical and subtropi-

2012). Some regions that were previously covered by sea 
ice are becoming easier to access, while transport and traffic 
across the ice is becoming more difficult. The Northeast and 
Northwest Passages (Figure 1.2-4) were both free of ice for 
the first time in late August 2008. Since then the Northeast 
Passage has already been navigated by numerous freight ships. 
The Arctic Ocean is expected to be largely ice-free during the 
summer months within the next 30 to 40 years.

As the Arctic sea ice melts, interest in the resources thought 
to be located in the region is growing (Box 5.1-2). Mining the 
Arctic’s mineral resources involves considerable environmental 
risks. It is more difficult to deal with problems or accidents in 
the Arctic than in other regions. Because of the large distances 
involved, support ships are not available as quickly as else-
where. Moreover, during the winter it is almost completely dark 
for half of the year, and the ice presents additional dangers. 
The increase in shipping levels is also expected to place an 
additional burden on the environment. In addition, deposits of 
soot on the ice from ships’ exhausts reduce its ability to reflect 
sunlight (albedo) and lead to further warming. 

Indigenous population groups are also affected by the 
consequences of global warming and environmental pollution 

in the Arctic. Hunting, food availability and moving about are 
becoming extremely difficult as the sea ice increasingly melts 
and the permafrost thaws (Seidler, 2011; AMAP, 2012). What 
is more, the thawing of the permafrost and increased coastal 
erosion endanger the stability of the infrastructure such as 
roads and houses. In some traditional hunting regions the ice 
is now too thin to support dog sledges. As the ice retreats, tra-
ditional hunters find it harder and harder to reach their prey 
that live on the ice edge. The animals they kill contain increas-
ing levels of poisons such as mercury or persistent organic 
pollutants (POPs). The insidious poisoning of the Arctic habi-
tat often leads to a deterioration in the health of the Arctic 
residents; the harmful substances are passed on to children 
through their mother’s milk and accumulate over time.

The Arctic shows the challenges of the Anthropocene very 
clearly. Humanity is changing the natural environment here 
to such an extent that there will inevitably be great changes 
in the way the Arctic is used and in local human living condi-
tions. The challenge will be to keep human influence within 
limits and to use the new possibilities in a responsible fashion 
(see also Boxes 3.4-1, 4.1-1 and 5.1-2). 
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cal regions, which are lower in oxygen and less produc-
tive in any case, show fewer changes in model simula-
tions (Gruber, 2011). Research here is still in its infancy 
and the uncertainties are correspondingly high. In the 
global mean, oxygen could fall by 1 to 7  % this cen-
tury (Keeling et al., 2010). Measurements show that 
the oxygen concentration has already fallen and low-
oxygen zones have expanded in most regions of the 
tropical oceans over the last 50 years (Stramma et al., 
2010). A reduction in oxygen can also be observed in 
the North Pacific (Keeling et al., 2010).

Overall, it has only recently been established that 
climate change can significantly alter the concentration 
of oxygen in the oceans. Further research is needed in 
order to make more precise forecasts possible. How-
ever, all indications are that oxygen reduction can reach 
a level where marine habitats and fishery are adversely 
affected (Section 4.4.3; Keeling et al., 2010; Stramma et 
al., 2011). Ocean acidification (Section 1.2.5), too, can 
in turn contribute to reducing the amount of oxygen in 
the oceans (Hofmann and Schellnhuber, 2009). 

Like ocean acidification and warming, the reduction 
in the level of oxygen in seawater due to climate change 
is practically irreversible on timescales that are relevant 
for human society (Gruber, 2011). Figure 1.2-6 gives 
an overview of the regions that are particularly threat-
ened by these global stress factors, based on analyses 
by Gruber (2011).

1.2.7 
Sea-level rise

The global sea level has risen by 3.2  mm a year since 
satellite measurements began in 1993 (Figure 1.2-7). 
That is almost double the mean rate of increase over 
the whole of the twentieth century, and triple the rate 
at the beginning of the twentieth century.

New paleoclimate data from sediment deposits have 
for the first time allowed a detailed reconstruction of 
changes in the level of the North Atlantic over the last 
two thousand years (Kemp et al., 2011). They reveal 
that the rate of increase in the twentieth century was 
three times larger than in any other century in the past 
and also match data from tide gauges, which have been 
available since 1750. 

Evaluations of the tide gauges for the German Bight 
also show an increase in local sea levels of approxi-
mately 40  cm since 1840 and an accelerating rate of 
increase over the past fifty years (Wahl et al., 2011).

Over a timescale of centuries to millennia, sea-level 
rise is primarily determined by the stability of the large 
ice sheets in Greenland and the Antarctic. Together, 
they contain enough ice to raise the level of the sea 
worldwide by 65  m. Losing even a small percentage of 
this ice would thus have massive consequences for the 
coasts. New data from NASA show that both ice sheets 
have been losing mass at increasing rates in recent dec-
ades (Rignot et al., 2011).

It is known that the Greenland ice sheet has a criti-
cal warming threshold – a so-called ‘tipping point’ – 
above which a vicious circle begins which would prob-
ably ultimately lead to almost the complete loss of the 
ice sheet and a consequent rise in sea levels of around 
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Figure 1.2-5
Global distribution of dead zones caused by eutrophication (black squares) and specific fertilizer use. Dead zones make it 
difficult for marine organisms to survive.
Source: UNEP, FAO, IMO, UNDP, IUCN, World Fish Center and GRID Arendal 2012: UNEP, 2012a
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7  m. The last IPCC report in 2007 was working on the 
assumption that this tipping point might lie between 
1.9 and 4.6°C of global warming. However a new, much 
more detailed analysis suggests that it is more likely to 
lie between 0.8 and 3.2°C of global warming (Robinson 
et al., 2012). Applying the precautionary principle is 
particularly important here because the reaction of the 
great ice masses to warming is initially very slow but 
then almost unstoppable over many centuries.

The sea level will not rise uniformly around the 
globe, because a number of physical effects lead to 
regional deviations. Overall, a bigger increase is to be 
expected in the Tropics and a smaller one at higher lat-
itudes (Perrette et al., 2013). Besides regional differ-
ences in sea-level rise, areas of land can also subside 
or rise locally: for example subsidence due to ground-
water tapping (as in Venice) or oil drilling (as in New 
Orleans), or the ongoing post-glacial rebound of land 
masses after being depressed by the Ice Age ice masses 
(as in Scandinavia). The most immediate consequences 
of rising sea levels are felt where a rising sea level meets 
a sinking coastal region.

1.2.8 
Aggregated effects

Human influence on ocean ecosystems varies greatly 
depending on the location. According to an analysis by 
Halpern et al. (2008), the strongest cumulative effects 
on ecosystems are found in the continental-shelf and 
coastal regions, as both land-based and ocean-based 
factors exert an influence here (Figure 1.2-8). Accord-
ing to Halpern et al., therefore, large regions with a 
strong human influence are found in the North Sea and 
the Norwegian Sea, in the South and East China Sea, 
in the eastern Caribbean, off the East Coast of North 
America, in the Mediterranean, the Persian Gulf, the 
Bering Sea and the waters around Sri Lanka. With the 
exception of atmospheric inputs, which can be par-
ticularly high in the Arctic, the human impact is cur-
rently still weakest in the Polar regions, especially in 
areas where permanent or seasonal ice makes human 
access difficult. However, human influence on the eco-
system can be expected to increase strongly as the sea-
ice cover shrinks (see also Box 1.2-3). The influence in 
more sparsely populated areas tends to be smaller, but 
shipping, fishing and climate change also greatly affect 
more remote regions such as the Patagonian coast 
(Halpern et al., 2008). 

Increased stratification supporting higher productivity (lower light limitation)

Increased stratification causing lower productivity (stronger nutrient limitation)

Low oxygen regions with high vulnerability for deoxygenation

Aragonite undersaturation

Eastern Boundary Upwelling System Hotspots

Figure 1.2-6
Regions that are particularly vulnerable to stress factors caused by anthropogenic CO2 emissions such as ocean warming, ocean 
acidification and deoxygenation. The warming of seawater increases stratification, the impact of which can differ from one 
region to another. Lower latitudes, which already have a high level of stratification and whose productivity is nutrient-limited, 
are likely to show reduced productivity. Higher latitudes, on the other hand, have generally greater mixing; the limiting factor is 
exposure to light, so that increased stratification may raise productivity. 
Source: Gruber, 2011
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In a more recent study, Halpern et al. (2012) present 
an index for assessing the health of the marine ecosys-
tems and benefits of human uses in an integrated way. 
So far the analysis has only looked at countries’ exclusive 
economic zones (EEZs), but there are plans to include 
the high seas. The index is based on ten targets consid-
ered to be generally accepted, ranging from extractive 
uses – such as food from the sea (fishery and maricul-
ture) and artisanal fishing and natural products (coral, 
plants) – to possible uses for tourism and subsistence, 
immaterial qualities such as a ‘sense of place’, to carbon 
storage, coastal protection, water quality and biodiver-
sity. Various indicators are used to assess the extent to 
which these targets are met. Sustainability – in the sense 
of the long-term perpetuation of the use in question – 
is included in the assessment. While some areas such as 
fishery (25 points out of 100), mariculture (10 points) 
and tourism (10 points) do relatively badly in terms of 
the global mean, the total global index is 60 points out 
of 100. A negative trend is seen for roughly half of the 
targets. There is also a geographical breakdown of the 
index, which shows that only 5  % of countries score more 
than 70 points out of 100 and 32  % score less than 50. Of 
course, the index is based on highly simplified assump-
tions and, as such, only provides an initial general over-
view of the situation. Yet it creates a meaningful frame-
work for refining the analysis later on with better data.

What matters for the individual marine ecosystems 

is the overall impact of direct and indirect human influ-
ences: the overlapping of local and global influences, 
and the combined effects of past or present activities 
by different parties acting in different places and at dif-
ferent times. Some of these changes in the oceans are 
irreversible, while others can be reversed; very few are 
easy to control. 

Often the sum of the individual influences only 
 represents the lower limit of actual damage. In the case 
of coral reefs, for example, it is clear that the various 
different effects mutually interact and accelerate until 
there is a danger of large marine ecosystems suddenly 
tipping over into a different state. For example, coral 
reefs can recover quickly from specific events that 
cause damage – high-temperature peaks, mechanical 
damage from hurricanes or shipping accidents, individ-
ual overfertilization events – but this is only true if they 
have not been previously damaged and are not under 
stress from overfishing or general overfertilization, say. 
If they are, a sudden restructuring of the coral ecosys-
tem becomes more likely, for instance from a hard coral 
reef to soft organisms and algae-dominated systems. 
This is associated with an often irreversible disappear-
ance of biological diversity and key ecosystem services 
(Box 1.2-4).

Similar conclusions apply to the entire marine sphere. 
In many areas the oceans are heavily overused, and 
their ecosystem function is threatened by a whole raft 
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Figure 1.2-7
Rise in the global sea level since 1993 as measured by satellite. Each figure shows smoothed measurement data over 60 days. 
Source: Nerem et al., 2010, 2013
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of stress factors, with local cumulative effects combining 
and overlapping with global effects. This mixture gener-
ates interactions that could lead to regional or even glo-
bal tipping points in the ocean systems being reached 
(Scheffer et al., 2001). An international expert work-
shop on the threats to the oceans puts it as follows in 
its final report: “This examination of synergistic threats 
leads to the conclusion that we have underestimated the 
overall risks and that the whole of marine degradation is 
greater than the sum of its parts, and that degradation 
is now happening at a faster rate than predicted” (Rog-
ers and Laffoley, 2011). This could result in the loss of 
marine species and entire ecosystems within decades. If 
no corrective action is taken, humanity could trigger the 
next globally significant species extinction in the oceans 
through the combined effects of climate change, over-
use, pollution and the destruction of ecosystems (Rog-
ers and Laffoley, 2011). However, it is almost impossible 
to predict the cumulative or synergistic impacts of dif-
ferent anthropogenic stress factors working in parallel 
in the oceans by means of existing ecosystem models 
(Boyd et al., 2010). Much more research is also needed 
to enable a better assessment of possible tipping points 
in the various marine ecosystems.

What is beyond doubt is that a change of mentality 

– and above all action – is urgently needed if the large-
scale loss of marine ecosystems and ecosystem services 
is to be avoided. Some positive trends already exist (in 
fishery, for instance; Section 4.1) proving that better 
management can achieve a turnaround towards an envi-
ronmentally compatible, sustainable use of the oceans.

1.3
Possible new uses

In addition to present-day uses, new, future technol-
ogies and ocean uses are emerging which on the one 
hand may pose additional challenges for the protection 
of the oceans, but on the other offer opportunities for 
their sustainable use. 

1.3.1 
Renewable energy

At present, the renewable energy generated on or in 
the sea still only makes a marginal contribution to glo-
bal energy supplies (Section 1.1.5). The oceans are the 
biggest solar collectors in the world and absorb approx-

Figure 1.2-8
Cumulative impact of human activity on the oceans. The figure shows an index based on both the strength of anthropogenic 
driving factors and their (assumed) impact on existing ecosystems. 17 different anthropogenic drivers and 20 ecosystem types 
are taken into account. In the study the index ranges between values of 0.01 to 90.1. These were categorized by the authors. 
Figures over 15.52 are classed as indicating a very strong impact of humanity, figures below 0.14 as indicating a very weak 
impact.
Source: Halpern et al., 2008 
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Box 1.2-4

Coral reefs in the Anthropocene

Coral reefs represent the most biologically diverse ecosystem 
in the oceans. To date, approximately 800 species of reef-
building coral and 4,000 species of fish associated with reefs 
have been identified in today’s reefs. Furthermore, hundreds 
of thousands or even millions more species such as sponges, 
sea urchins, crabs, molluscs, etc. also live in them ( Knowlton, 
2008; Burke et al., 2011). Tropical, reef-building corals are 
restricted to a narrow range of environmental conditions. 
Because the specialized single-celled algae (zooxanthellae) 
that live in symbiosis with coral need light, they only thrive 
in shallow water, generally much less than 100  m deep. They 
also need warm, thermally stable conditions where the water 
temperature does not fall below 18  °C. The third important 
factor is a sufficient concentration of carbonate in the seawa-
ter (Hoegh-Guldberg, 2011). Reef-building corals are there-
fore principally found in the shallow, low-nutrient waters of 
the Tropics, in latitudes up to about 30  ° north and south. 
Some corals also occur in cooler and deeper waters, but these 
types of coral feed heterotrophically, do not live in symbiosis 
with algae and are therefore not reliant on sunlight. They too 
can build extensive carpets and sometime reefs in deep water 
which are important breeding grounds for fish (Freiwald and 
Roberts, 2005).

Coral reefs provide humanity with a number of different 
ecosystem services. 275 million people live within 30  km of 
a coral reef, in other words in regions where reef fish make 
an important contribution to their supply of protein (Burke 
et al., 2011). Coral reefs are also very significant feeding or 
spawning sites for many lagoon and deep-sea fish species. In 
addition, they are an important factor for the pharmaceuti-
cal industry (see Section 1.3.3; Bruckner, 2002; Cesar et al., 
2003; Sipkema et al., 2005; NCR, 2011) as well as for tour-
ism: they attract divers and snorkelers and are the source of 
the white sandy beaches. Their calcium carbonate structures 
protect approximately 150,000  km of coastline from erosion 
in over 100 different countries (Burke et al., 2011). 

Coral reefs are a tragic example of the negative impact 
of overlapping local and global stress factors in the Anthro-
pocene. Some pressure from human activities is generated 
locally – partly by poor land-use practices which lead to sedi-
ments, nutrients and pollutants being released and washed 
into the sea, damaging the reefs. In addition, overfishing – 
and above all fisheries using destructive methods (dynamite, 
cyanide, heavy fishing rigs) – reduces the populations of key 
species on the reef, damaging the function of the ecosys-
tem and reducing productivity. After ecosystem damage, for 
example, macroalgae gain an advantage over the coral in their 
growth because there is less feeding pressure from the selec-
tively caught fish that normally feed on these algae. Burke 
et al. (2011) conclude that more than 60  % of all coral reefs 
are directly and immediately threatened by local stress fac-
tors such as overfishing, destructive fishing methods, coastal 
development, the discharge of pollutants (either directly into 
the sea or via rivers), and direct physical destruction. The 
most important factor in this context, which is faced by more 
than 55  % of reefs, is overfishing. An area where research is 
just beginning is the pollution of coral by heavy metals (Berry 
et al., 2013).

Added to these local stress factors are the effects of glo-
bal environmental changes, especially the impacts of rising 
greenhouse-gas emissions and climate change. Since 1979 

a new phenomenon has been described with increasing fre-
quency across a growing geographic area: that of coral bleach-
ing (WBGU, 2006). Coral bleaching is the loss of the single-
celled algae (zooxanthellae) that live in symbiosis with the 
corals. If a coral is subjected to a stress situation – which can 
be produced both in nature and in the laboratory by high or 
low temperatures, intensive light, changes in salinity or other 
physical, chemical and microbial stress factors – the algae can 
be ejected from the coral tissue. The living tissue of the corals 
is pale or transparent without the algae cells, so the white 
limestone skeleton shines through – hence the term coral 
bleaching. To some extent this phenomenon is reversible, 
because zooxanthellae can be re-absorbed by the body tissue. 
Hughes et al. (2007) report that reefs with intact fish stocks 
recovered from bleaching much more quickly than reefs with 
fewer plant-eating fish. If the coral bleaching continues for a 
longer period of time, however, the coral starve to death as 
they rely on the nutrients provided by their symbiosis with 
the algae. Between 1998 and 2007 nearly 40  % of coral were 
subjected at least once to temperatures high enough to trig-
ger serious coral bleaching. Looking at the combined impact 
of local stress factors and thermal stress from ocean warming, 
75  % of reefs can currently be considered threatened (Burke 
et al., 2011).

The future of coral reefs in the Anthropocene
Population growth, the growing demand for fish and agri-
cultural products, and further coastal development are set 
to increase the pressure on coral reefs. However, the fastest-
growing threat to coral reefs is the continuing increase in 
emissions of CO2 and other greenhouse gases (Burke et al., 
2011). Especially CO2 not only leads to higher temperatures 
but also to an acidification of the oceans, thus reducing the 
concentration of carbonate ions in seawater (Section 1.2.5). 
Seawater must be sufficiently supersaturated with carbonate 
ions for the calcification process to be possible. Calcification 
is not only the basis of coral-reef growth, it also helps to 
counteract the process of reef erosion. Hoegh-Guldberg et al. 
(2007) point out that calcification in coral reefs disappears 
as soon as aragonite supersaturation falls below a value of 
3.3 – which is to be expected in large parts of the ocean when 
atmospheric CO2 concentration reaches 480 ppm. Besides 
increases in the temperature and acidification, there are other 
factors related to climate change that also affect coral reefs. 
The rising sea level (Section 1.2.7), possible changes in the 
intensity of storms, droughts, and changes in sediment flows 
can all have a strong regional impact on coral reefs (Hoegh-
Guldberg, 2011). While the geological evidence shows that 
coral reefs grow well when sea levels rise, and are thus able 
to maintain their protective function for the lagoons and 
coastlines located behind them, this is only true if growth 
conditions are otherwise intact. Acidification, for example, 
reduces the calcification rate and hence ability of coral reefs 
to grow and ‘keep up’ with rising sea levels; overfishing and 
overfertilization cause more algae to grow on the coral and so 
reduce its potential for growth and regeneration. Many types 
of coral have already been seriously decimated by overferti-
lization; one example is the elkhorn coral, which is adapted 
to hurricanes through its ability to regenerate quickly. Some 
coral reefs might re-form as different types of coral communi-
ties with much reduced ecosystem services (Leinfelder et al., 
2012; Seemann et al., 2012). However, most reefs are not 
resilient enough to withstand the pressures of a combination 
of factors. They tip over into other ecosystem states such as 
soft-organism or microbe dominance, which have nothing 
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imately 1 million exajoules per year, a gigantic amount 
of energy – although technically and economically 
only a very small proportion can be made available for 
human use (GEA, 2012:  432).

The theoretical potential of offshore wind and 
ocean energy (tidal currents, wave energy, ocean-cur-
rent energy, sea-temperature gradient), together with 
the advances in technological development that have 
already been made, suggest the use of the oceans 
for a future sustainable energy system. It can also be 
assumed that advancing technology developments will 
help defuse competition over ocean use, since, on the 
one hand, the amount of space required will be reduced 
by the integration of different uses and, on the other, 
it will be possible to generate power using wind and 
ocean energy further away from intensively used 
coastal regions. If properly planned, harnessing energy 
from the sea could involve much less conflict than on 
land. 

Depending on locational conditions and societal 
preferences, future marine energy generation, as pro-
posed by the WBGU, would consist of a modular system 
combining various marine energy technologies (such as 
offshore wind-power generation and macro-algae cul-
tivation) with modern forms of storage (spherical stor-
age tanks and methanization) via a modern offshore 
transmission grid. This vision is discussed in detail in 
Chapter 5.

1.3.2 
Raw materials

The demand for mineral raw materials has risen signifi-
cantly in recent years, driven by fast-growing, newly 

industrializing countries like China and India. This is 
also being reflected in rising world-market prices. The 
rise in commodity prices between 2003 and 2008 and 
the prospect of finite resources on land has re-awak-
ened interest in the economic development of a wide 
range of raw-materials sources in and below the seas. 
Explorations of marine deposits began as early as the 
1970s and 80s in response to a report by the Club of 
Rome (1972 – Limits to Growth). These activities were 
closely related to the negotiations on the UN Conven-
tion on the Law of the Sea (UNCLOS) and the establish-
ment of the International Seabed Authority. 

A wide range of deposits and sources are possible 
sites for future commercial use in the regions of the 
Earth covered by the oceans. These differ in terms of 
their geological origins, mineral composition and size 
of deposit. Numerous base metals (manganese, cobalt, 
nickel) are used in the steel industry, and there have 
been growing signs in recent years that the demand 
for many other elements is likely to rise because they 
are needed for the technologies of the future. These 
include, for example, lithium (rechargeable batteries), 
tellurium (solar cells), neodymium (magnets for engines 
and generators), tantalum (microelectronics), platinum 
and scandium (fuel cells), and many more (IZT and ISI, 
2009). 

Massive sulphides
Massive sulphides are sulphur-containing metal ores 
found in regions of volcanic activity along plate bound-
aries, usually at depths of between 1,500 and 3,500  m 
(Baker and German, 2008). These deposits are of eco-
nomic interest primarily because of the base metals 
(cadmium, lead, copper) and precious metals (gold, 
silver and platinum) they contain (Glover and Smith, 

more in common with productive, highly diverse coral reefs 
(Bellwood et al., 2004; Hoegh-Guldberg et al., 2007). 

Frieler et al. (2013) demonstrate that if global tempera-
tures rise by more than 2  °C, coral reefs will no longer be 
prominent within coastal ecosystems. Even making optimis-
tic assumptions about the thermal adaptability of coral, and 
assuming that ambitious climate-protection measures are put 
in place, thus limiting global warming to 1.5–2  °C, a third of 
coral reefs worldwide can be expected to be degraded in the 
long term.

Burke et al. (2011) estimate that, by the 2030s, 90  % of all 
coral reefs will be threatened by local human activity, warm-
ing and acidification. For 60  % of coral reefs, this threat will 
be ‘high’, ‘very high’ or ‘critical’. Up until this point in time, 
the threat from warming will be stronger than the threat from 
acidification, although approximately 50  % of coral reefs will 
be affected by both factors. By 2050 the authors believe that 
the risk will be high, very high or critical for 75  % of coral 
reefs, and medium-high for most of the rest. Only in a few 

regions in Australia and the South Pacific might there still be 
coral reefs left that are only subject to a low level of threat. 

Coral reefs are resilient systems, well able to withstand 
temporary disturbances as long as they are not already dam-
aged. But if these temporary disturbances occur too often, or 
if some of them continue for a long time, coral reefs offer a 
sad example of one tipping-point triggering the next in a cas-
cade effect. Coral reefs thus provide an accurate monitor of 
the extent, frequency and speed of environmental changes in 
the Anthropocene. How these changes develop over time will 
determine whether coral reefs are able to retain their resil-
ience (or even improve it), whether they partially transform 
into other ecosystems with far fewer ecosystem services for 
humanity, or whether they quickly disappear in a cascade of 
tipping points. The result would be the loss of ‘blue pharma-
cies’, providers of natural coastal protection, fishing grounds 
and above all fascinating geo-biological systems at least for 
the duration of the Anthropocene. 
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2003; Baker and German, 2008). 
Approximately 40  % of all known deposits are 

located within the exclusive economic zones of nation 
states and are therefore not subject to the jurisdiction 
of the International Seabed Authority (Hoagland et al., 
2010). The present state of knowledge makes it impos-
sible to estimate the total size of the resource with any 
certainty, especially since the thickness of the strata 
can only be reliably measured by laborious drilling. 
According to current estimates, the total exploitable 
resource amounts to approximately 600 million tonnes, 
which is equivalent to about 30 million tonnes of cop-
per and zinc (Hannington et al., 2011). In the view of 
Hannington et al. (2011) this will not be sufficient to 
cover growing demand in the long term. 

The extraction of massive sulphides will soon be 
commercially viable. Several companies (some of which 
are listed on the stock market) are involved in intensive 
exploration efforts and plan large-scale implementation 
in the coming years (Schrope, 2007; Baker and German, 
2008). At present it is impossible to estimate whether 
the companies’ activities will become economically 
profitable in the near future or whether these efforts 
are motivated more by the hope of securing strategic 
advantages. 

Manganese nodules
Manganese nodules are predominantly found at depths 
of between 4,500 and 5,500  m – on top of usually very 
fine sediment. The 3-10  cm large nodules can cover up 
to 70  % of the ocean floor. On average, manganese nod-
ules contain about 28  % manganese, 1.3  % nickel, 1.1  % 
copper, 0.2  % cobalt and about 0.7  % other trace metals 
such as molybdenum, lithium, and neodymium (Kuhn 
et al., 2010), so that the nodules’ metal value (March 
2011) is approximately €  370 per tonne (Kuhn et al., 
2011). In particular, the relatively high proportion of 
(heavy) rare earths may be of relevance to their future 
strategic importance (Hein, 2012). 

Mero (1965) estimated the total deposits of man-
ganese nodules at 1,500 billion tonnes, although this 
figure was subsequently reduced to 500 billion tonnes 
(Archer, 1981). Furthermore, it will only be possible 
to extract a small proportion of this economically in 
the future. With a global annual production of 20 mil-
lion tonnes (0.004  % of deposits), this would already 
account for a third of the current world production of 
cobalt and manganese (German Parliament, 2012). 

The so-called Clarion Clipperton Zone in the cen-
tral Pacific Ocean has particularly rich deposits and has 
been designated by the International Seabed Authority 
as an exploration and potential mining area. Here, Ger-
many has acquired the exploration rights with a sub-
sequent mining option for the period from 2006 until 

2021 for an area of 75,000  km². After the completion 
of these pilot surveys in 2021, the International Seabed 
Authority will decide whether the exploration phase 
(including environmental impact studies) will be fol-
lowed by commercial deep-sea mining. 

The technology for extracting manganese nodules 
could be available relatively soon. However, transport-
ing the nodules to the ocean surface is even more prob-
lematic than in the case of massive sulphides because 
of the greater water depth involved. In addition to the 
demands relating to water depth, another key chal-
lenge for the environmentally sustainable development 
of this resource is the large quantities of very fine sedi-
ment that is released into the water column during min-
ing. Manganese nodules seem unlikely to be developed 
until a few years after extraction of massive sulphides 
begins, since the latter are to be found in shallower 
water; they also offer very high yields and have fewer 
negative environmental effects. Another contributory 
factor here is that the approval process for manganese 
nodules will be more complex because of the deposits’ 
position in international waters.

Cobalt crusts 
Cobalt crusts (also known as manganese crusts) are 
playing a relatively minor role in the current debate, 
even though they occur at relatively shallow depths of 
between 400 and 4,000  m and are of economic interest 
due to their high content of cobalt, titanium, cerium, 
nickel, platinum, manganese and other metals (Hein, 
2002). Cobalt crusts reach a thickness of up to 25  cm. 
However, separating them from the rock immediately 
beneath them complicates extraction, since otherwise 
the purity of the ore is reduced and worthless stone is 
transported to the surface of the sea at great expense 
(Hein, 2002). 

Environmental impact of mining mineral resources 
on the seabed
Extracting the different resources involves a number of 
risks that apply to all three types of deposits. The min-
ing leads to an increase in shipping traffic and, conse-
quently, to more material emissions and a higher acci-
dent risk. Furthermore, removing or churning up depos-
its destroys the benthic habitat of the upper layer of the 
sea bed together with the fauna that grow there. Three 
factors are relevant to evaluating this kind of interven-
tion. 

The first step is to estimate how big an area will 
be destroyed. On this issue, clear distinctions can be 
made between the three resources. In the case of mas-
sive sulphides, a relatively small layer is removed that 
can be more than 100  m thick, i.  e. only a comparatively 
small area is destroyed. By contrast, removing cobalt 
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crusts, which are only up to 25  cm thick, leads to the 
destruction of much larger areas of habitat on the sea-
bed. However, mining manganese nodules would affect 
the biggest area. Glover and Smith (2003) estimate that 
the area that would be destroyed by two or three min-
ing projects over a period of 15 years could total up to 
180,000  km² – the equivalent of half of the area of the 
Federal Republic of Germany. In addition to the imme-
diate region of the mining operations, the area affected 
depends largely on the spread of the additional input of 
sediment. Because the individual particles are so fine, 
the dispersed sediment spreads across large distances 
and remains in the water column for a long time. Under 
the prevailing hydrological conditions, however, about 
99  % of the particles dispersed close to the ground 
undergo sedimentation within a month at a distance 
of less than 100  km from the extraction point (Rolin-
ski et al., 2001). This leads to high sediment inputs in 
the vicinity of the mining area, causing considerable 
stress to the marine fauna. Similarly, plumes of sedi-
ment also arise during transport to the sea surface as 
a result of the sediment that sticks to the manganese 
nodules. However, the quantities of sediment intro-
duced into the water column in this way are orders of 
magnitude smaller than the sediment churned up near 
the bottom (Oebius et al., 2001). The sediment inputs 
into the water column are spread over very large areas 
(probably 105-106  km²; Rolinski et al., 2001), so that 
the resulting deposition rates are significantly smaller 
than the natural sedimentation rate in the region 
(Jahnke, 1996). 

Further decisive factors are the uniqueness of the 
destroyed fauna (e.  g. endemic species) and the speed of 
repopulation. In general, biological processes in the deep 
sea progress very slowly due to the low  temperatures 
and the usually low level of food  availability, so that re-
colonization is also relatively slow. In the case of manga-
nese nodules, mining removes the only solid substrate. 
Repopulation studies conducted on experimental min-
ing areas have shown that, although they were largely 
repopulated within a few years, the composition of spe-
cies still differed from the reference surfaces 26 years 
after the intervention (Miljutin et al., 2011). Whereas 
active hydrothermal deposits of massive sulphide are 
characterized by a special fauna, the fauna in inac-
tive areas differs little from what is found on normal 
hard substrate. For this reason, current mining plans 
for massive sulphides are concentrating on such inac-
tive sites. To date there is little information on the envi-
ronmental effects of any mining of cobalt crusts. How-
ever, seamounts, on which cobalt crusts are to be found, 
often represent the only elevation within a wide radius, 
so that endemic species have developed relatively often 
here – and these would be threatened by any mining. 

At present it is impossible to estimate the extent 
of any future use of raw materials from the sea. In 
WBGU’s view, it is extremely important that new uses 
do not become another large-scale threat to marine 
ecosystems that are already exposed to multiple stress 
factors. Among other things this will depend on how 
the International Seabed Authority (Section 3.2.3) ful-
fils its role and regulates mining activities in the future. 
The future use of mineral resources is not a major focus 
of this report and is therefore not dealt with in greater 
detail here. 

1.3.3 
Marine genetic resources

Another use of the sea that might become increas-
ingly important in the future is the use of marine 
genetic resources. The study of species generally has an 
immense influence on medical research and drug devel-
opment (Chivian et al., 2008). Marine organisms are 
especially interesting for medical research for several 
reasons. There is evidence to suggest that, at least in 
the case of microorganisms, the level of diversity in the 
sea is considerably greater than previously thought and 
might be greater than it is on land. Furthermore, their 
genetic blueprints and metabolic pathways are particu-
larly diverse, partly because of the extreme conditions 
in the deep sea (Sogin et al., 1996). They are there-
fore especially significant and valuable for human med-
icine (Bathnagar and Kim, 2010). Bioprospecting – i.  e. 
the exploration of biological material for the purpose of 
processing it for potential industrial use (WBGU, 2001) 
– is actually more often successful in marine ecosys-
tems than on land (Arrieta et al., 2010). Yet only a frac-
tion of the oceans has been studied so far, and know-
ledge of the deep sea in particular is still very sparse 
(Pimm et al., 2008).

Despite the large gaps in knowledge, marine organ-
isms are a rich source of bioactive substances, which 
often exhibit properties that are not found on land (ten 
Kate and Laird, 2000:  44). The list ranges from antivi-
ral substances from red algae to anticarcinogens from 
brown algae, bryozoans and sponges, to pain-reliev-
ing agents from cone snails and antibiotics from coral 
(Chivian and Bernstein, 2008; Leary et al., 2009). These 
examples underline the considerable option value 
of genetic resources from the seas (Section 1.4.1). 
This wealth is only beginning to be used, so that 
only few drugs from marine genetic resources have 
been approved to date. Research into marine genetic 
resources is generating more and more interest, and 
the global market for biotechnology products is show-
ing annual growth rates of 4–5  % (Imhoff et al., 2011). 
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Marine biotechnology has also experienced a dynamic 
development in Europe in recent years (Børresen et al., 
2010). The seas are regarded as one of the most impor-
tant and promising sources of future natural active 
ingredients for medical research and other applications 
such as  dietary  supplements, enzymes and cosmetics 
(UNU, 2007;  Børresen et al., 2010). 

In bionics, too, the study of marine organisms is 
playing an important role in the development of new 
materials and structures (e.  g. silicon-based biomate-
rials from sponges: Wang et al., 2012). The biological 
and genetic blueprints of marine species thus represent 
a significant future resource for research and develop-
ment (Erwin et al., 2010; Imhoff et al., 2011.). 

Up to now, studies of marine genetic resources have 
generated over 18,000 natural products and 4,900 pat-
ents (Arrieta et al., 2010). However, it is difficult to 
estimate the value of these resources. A review article 
by Leary et al. (2009) puts the current sales value of 
selected products which originate from marine genetic 
resources and are used in the pharmaceutical industry, 
the enzyme market and the cosmetics industry at about 
US$  1.5 billion per year. However, these figures only 
represent a selection of the products and are subject 
to uncertainties. Børresen et al. (2010) estimated the 
global market for products and processes from marine 
biotechnology at US$  2.8 billion in 2010. Other sources 
quote much larger numbers (Slobodian et al., 2012). To 
date there are few scientific studies assessing marine 
biological resources or ecosystem services, and this 
applies especially to the deep sea (Armstrong et al., 
2010). However, there are proposals aimed at tackling 
these gaps in knowledge within the TEEB project (The 
Economics of Ecosystems and Biodiversity; Beaudoin 
and Pendleton, 2012). 

Whatever the exact value of marine genetic resources 
may be, it is hardly taken into account at all when deci-
sions are made on human interaction with marine eco-
systems – with the result that marine habitats are still 
being destroyed while scientists are simultaneously 
exploring these valuable sources for new drugs and 
materials. There have already been cases where, after 
an organism’s promising effect has been discovered, the 
organisms themselves can no longer be found at the 
original locations because the area has been destroyed 
in the meantime (Newman et al., 2008). Yet when a 
species has become extinct, its anatomical, genetic, bio-
chemical and physiological blueprints, which may be of 
great value to medicine or for other uses, are irreversi-
bly lost (WBGU, 2001:  19). Since gene banks, zoological 
and botanical gardens and other ex-situ collections can 
only hold a fraction of biological diversity, there is no 
alternative to protecting species and ecosystems in situ 
(WBGU, 2001:  130). For this reason, too, marine con-

servation is of special importance (Arrieta et al., 2010; 
Sections 3.6.2, 7.3.9). 

Not enough is known about the possible effects on 
the marine environment of using genetic resources 
(Leary et al., 2009). Taking samples from marine organ-
isms, especially from those living near the ocean floor, 
always involves interference and can potentially also 
cause damage. However, greater problems arise when 
interesting organic products are removed from natu-
ral ecosystems in large quantities. This can lead to the 
overuse of the desired marine organisms and to col-
lateral damage to the ecosystems as a result of the 
 collection activity. However, compared to other human 
activities in the sea, notably fishing, the interventions 
seem to be rather minor overall; they can furthermore 
be avoided by cultivating the marine organisms or pro-
ducing the active ingredients synthetically (Hunt and 
Vincent, 2006). 

While access to marine genetic resources is clearly 
regulated in the territorial seas and the EEZs, there 
are regulatory gaps when it comes to areas seaward of 
national jurisdiction, in the high seas and in the “Area” 
(Figure 3.2-1), which have increasingly been attract-
ing the attention of international politics in recent 
years (UNU, 2007; Glowka, 2010; Leary, 2012; Fedder, 
2013). They will be taken up again in the discussions 
on the new Implementing Agreement on Biological 
Diversity on the High Seas (Section 3.3.2.2) and in the 
 recommendations for action (Sections 7.2.3.1, 7.3.4.2). 

1.3.4 
New developments in marine aquaculture

Industrial aquaculture has grown strongly over the last 
few decades, and this has brought with it not only eco-
nomic gains, but also regional environmental prob-
lems and negative social effects. For several years now, 
above all two developments in marine aquaculture have 
been important when it comes to new production sys-
tems and technologies: integrated multitrophic aqua-
culture (IMTA) and offshore aquaculture – as well as 
combinations of the two approaches (Ferreira et al., 
2012; Section 4.2.2.4). 

IMTA is the integrated cultivation of species at dif-
ferent levels of the food web, such as fish, algae, filter 
feeders and detritus feeders. The aim is to increase the 
environmental compatibility and profitability of aqua-
culture compared to monocultures by making better use 
of feeds, waste and energy – to be achieved by breeding 
additional marketable organisms (Troell et al., 2009). 
Multitrophic aquaculture has been a tradition for cen-
turies in Asia, primarily using ponds on land, and the 
principles of IMTA are well researched under tropical 
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conditions. However, the approach is still in its infancy 
in the coastal regions of temperate latitudes. Moreover, 
it is much more difficult to measure the effectiveness 
and effects of IMTA in open waters because of the 
hydrodynamic conditions (Holmer, 2010; Ferreira et al., 
2012). Outside Asia, experiments have been conducted 
since the 1970s involving the intensive cultivation of 
seaweed and mussels for treating sewage, and, since the 
2000s, for making use of effluents from aquaculture 
operations. In addition, the rapid growth of maricul-
ture and the relocation of fish farms to regions further 
from the coast (e.  g. in Norway, Chile, Spain, Ireland and 
the USA; Holmer, 2010) has generated renewed inter-
est in IMTA. However, most studies of this approach 
focus on relatively small, land-based systems, few deal 
with IMTA in open waters. In the last 15 to 20 years, 
research has concentrated mainly on the integration of 
seaweed, mussels or oysters with fish farms (Troell et 
al., 2009). 

The integration of multitrophic systems into off-
shore aquaculture could reduce the level of pollution 
of adjacent waters with nutrients, which is a result of 
the openness of the system and the incomplete use of 
feed. This could improve the level of social acceptance 
of such fish-farming facilities. Some commercial off-
shore IMTA systems already exist in China, and in other 
countries they are moving towards commercialization. 
However, further research is needed to adapt to differ-
ent environmental conditions and transfer methods to 
other species (Troell et al., 2009).

Offshore aquaculture (i.  e. aquaculture under harsh 
marine conditions and usually several nautical miles 
away from the coast) offers a possible solution to grow-
ing conflicts for space in coastal regions, which are under 
ever-increasing pressure. However, the commercial use 
of aquaculture in waters far from the coast is only just 
beginning, due to the considerable technical challenges 
and high costs involved ( Bostock et al., 2010; Holmer, 
2010); one example is in the USA ( Naylor and Burke, 
2005). It is estimated that the majority of the aqua-
culture industry will not move into offshore regions 
over the next 10 to 20 years (Dempster and Sanchez-
Jerez, 2008). Partially or completely submersible cages 
in coastal waters currently offer a much more read-
ily available alternative for reducing usage conflicts in 
coastal areas, since they involve less danger of collisions 
or storm damage, and conflicts with the coastal popu-
lation caused by aesthetic problems can be avoided. 
This technology is already in use in Italy, Hawaii and 
New Hampshire/USA. For the time being, technical and 
operational obstacles are standing in the way of wider 
dissemination (Dempster and Sanchez-Jerez, 2008).

One possible future technology is fish cages that 
float freely with the currents in the open sea, like the 

ones that were successfully tested recently for the first 
time off Hawaii. According to the operator, the fish fat-
tened very quickly and showed very good health val-
ues; there were only small losses (Kampachi Farms, 
2011). The spherical cages are already being used off 
the coasts of Korea, Panama, Mexico and the USA, 
although in these cases they are anchored to the sea 
floor (Sims and Key, 2011; Lubbadeh, 2013). Another 
potentially interesting idea might be integrating aqua-
culture with renewable energies, e.  g. breeding mussels 
and algae on offshore wind farms (Buck et al., 2008). 
Furthermore, several EU pilot projects are currently 
researching the development of new multifunctional 
platforms in which energy generation from renewable 
sources is combined with aquaculture and transport-
related services (Section 4.2.2.4). 

Closed-cycle systems on land are another new tech-
nology in which, for example, organisms can be bred 
in marine water (e.  g. Stockstad, 2010). This is not dis-
cussed further here since it does not involve the use of 
coastal or marine areas: the production is not connected 
to the sea (see Section 4.3.2.4).

The production systems mentioned here can help 
reduce some environmental stresses and conflicts. 
However, the potential danger and the waste burden 
of large future offshore aquaculture plants are not yet 
known at present (Troell et al., 2009; Holmer, 2010). 
Moreover, as long as marine fish are bred, the prob-
lem remains of being dependent on catches of forage 
fish to produce fish meal and oil for the feed, although 
here, too, research has made progress in recent years 
(Section 4.3).

1.4
Shaping the future of the marine ecosystem

As became clear in the previous sections, humans have 
already interfered profoundly with the marine ecosys-
tems. The Anthropocene also manifests itself in the 
oceans, and this signals the dawn of a new era of human 
responsibility for shaping the future of marine ecosys-
tems. A return to a situation in which people’s influ-
ence reverts back to pre-industrial levels seems neither 
possible nor desirable. Similarly, continuing the cur-
rent momentum of anthropogenic changes cannot be 
the goal either, since this would put the maintenance 
of ecosystem functions and services at great risk. The 
question remains, therefore, what should guide the 
interactions between humanity and the oceans in the 
future. This implies a challenge for science to explore 
and explain the range of possibilities for future devel-
opments by assessing the consequences of different 
options. The question as to which principles should be 
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used as a basis for assessing policy options and  creating 
norms to guide actions is a question of ethics (WBGU, 
1999b), while deciding which consequences and 
 developments are desirable must be a societal issue.

In the WBGU’s view, it is time to develop a new eth-
ics for the Anthropocene. One starting point here is to 
avoid the kind of anthropogenic developments that are 
threatening the life-support systems of present and 
future human civilization. 

1.4.1 
Primary principles and values

In its 1999 report entitled Environment and Ethics, 
the WBGU initially describes two different positions 
from which ecosystem services and biodiversity can be 
assessed: anthropocentrism and biocentrism (WBGU, 
1999b). The anthropocentric view places human-
ity and their needs at the fore; Nature’s own original 
demands are alien to this view. Interventions in nature 
are allowed if they are useful to man. A duty to make 
provisions for the future and to conserve nature exists 
in the anthropocentric view only to the extent that nat-
ural systems are classed as valuable to people today and 
subsequent generations and that nature can be classed 
as a means and guarantor of human life and survival. 
In the biocentric concept, which forms an opposite pole 
to the anthropocentric view, the needs of humanity are 
not placed above those of nature. Here, every living 
creature, whether human, animal or plant, has intrin-
sic rights with regard to the chance to develop its own 
life within the framework of a natural order. Merit for 
protection is justified in the biocentric view by an inner 
value that is unique to each living creature. Nature has 
a value of its own that does not depend on the func-
tions that it fulfils today or may fulfil later from the 
human point of view (WBGU, 1999b).

Neither pure anthropocentrism nor pure biocentrism 
seemed acceptable to the WBGU at the time; rather, the 
Council preferred a moderate form of anthropocen-
trism. From this perspective, humanity and their needs 
are in the foreground, but the value of the biosphere 
for humans is defined very broadly. In WBGU’s 1999 
report, distinctions were made between the following 
value categories in the process of determining the ‘total 
economic value’ of biospheric services:

 > Use-dependent values: This category contains eco-
nomic benefit – for instance for purposes of produc-
tion or consumption – (e.  g. cereals as food, wood for 
bioenergy, relaxation in a natural landscape), func-
tional benefit (ecosystem services, such as the pro-
tection of coasts by mangroves or the hydrological 

cycle), and symbolic value for religious or spiritual 
uses (e.  g. sacred trees or heraldic animals).

 > Non-use-dependent values: This category includes 
the existence value, which expresses the human 
being’s appreciation of the existence of nature, spe-
cies or ecosystems without this being linked to any 
specific benefit.

 > Option values: These relate to the potential uses that 
lie in the future, are not specifically foreseeable 
today and are therefore difficult to assess, e.  g. the 
potential medical benefit of genetic resources in 
drug development (Section 1.3.3).

In practice, moderate anthropocentrism and moder-
ate biocentrism are likely to lead to similar conclusions 
when it comes to action norms. Until such time as a 
new ethics has been developed for the Anthropocene, 
the WBGU will also draw upon this view in the present 
report.

1.4.2 
Guiding principle for human interaction with the 
oceans 

In the WBGU’s view the challenge for human interac-
tion with the oceans in the Anthropocene is to combine 
two goals. The first is to keep or reach a ‘good state’ for 
the oceans which secures marine biodiversity and eco-
system services in the long term for both the present 
and future generations. The second goal is to make it 
possible for the oceans to be used in a sustainable way, 
so they can make important contributions to food and 
energy supplies and, in more general terms, to the ne-
cessary transformation towards sustainability. Steward-
ship of the oceans should take its orientation from the 
following three fundamental approaches.

1.4.2.1 
Think systemically: Regard and maintain the sea as 
an ecosystem and as part of the Earth system
An ecosystem is a dynamic complex of plants, animals, 
micro-organisms and the nonliving environment, all 
interacting as a functional unit (MA, 2005a). Human-
kind depends fundamentally on ecosystem services, 
which in turn depend on the maintenance of biological 
diversity (CBD, 2010a). At the same time, human beings 
are an integral part of the ecosystems. The WBGU 
believes that humanity should strive for healthy, pro-
ductive and resilient marine ecosystems, including their 
biological diversity.

A precondition for achieving this goal is avoiding 
damaging effects on the oceans that can threaten eco-
systems. These include pollution (contaminants, nutri-
ents, sediments), acidification, climate change, etc. It is 
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also essential to avoid the overexploitation of marine 
biological resources and to prevent the ongoing drastic 
loss of marine biodiversity. Developed in the context 
of the Convention on Biological Diversity (CBD, 2000, 
2004c), the ecosystem approach is in the meantime a 
widely recognized concept in the intergovernmental 
field and beyond; it is used in many areas of ecosystem 
management. For example, the implementation plan of 
the Rio+10 Summit in Johannesburg calls on countries 
to establish the approach in fisheries by 2010 (WSSD, 
2002: §29d), and the FAO regards the ecosystem 
approach as a way to achieve sustainability in fisheries 
and aquaculture (FAO, 2003, 2009a, Sections 4.1.3.1, 
4.2.3.1). The WBGU supports this approach. However, 
it remains relatively abstract and needs to be fleshed 
out for each specific application. 

The marine ecosystems are furthermore integral 
parts of the Earth system. Acting as a huge store for 
heat and carbon, it plays a major role in determining 
the Earth’s climate, partly via the ocean currents. Coral 
reefs and mangroves once protected tens of thousands 
of kilometres of mainland and island coasts from storms 
and floods. Not only in the oceans, but also in other 
parts of the Earth system, do critical developments take 
place that run counter sustainable development; one 
important example is anthropogenic climate change. 
Managing the ocean’s ecosystems cannot, therefore, be 
viewed in isolation, but must always be assessed in the 
context of its interaction with other subsystems of the 
Earth system. For example, marine conservation that 
does not consider the requirements of climate protec-
tion or the protection of the terrestrial biosphere is not 
to be recommended. In many cases, this view in turn 
indirectly serves marine conservation, since the subsys-
tems of the Earth system interact: for example, a reduc-
tion in CO2 emissions simultaneously slows down ocean 
warming and acidification. Not least, a systemic per-
spective includes taking into account the guard rails for 
ocean conservation developed by the WBGU (Box 1-1). 

1.4.2.2 
Act in a precautionary way: Take uncertainty and 
ignorance into account
The precautionary principle has been established for a 
long time in the context of environmental and develop-
ment policy. According to this principle, “where there 
are threats of serious or irreversible damage, lack of 
full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environ-
mental degradation” (UNCED, 1992a). This is of partic-
ular importance for the oceans because many systemic 
relationships have only recently become known, and in 
many cases the complex interactions render precise pre-
dictions about future developments impossible. Many 

marine ecosystems are simultaneously subjected to 
several sources of stress – such as the growing acidifica-
tion of sea water, the input of pollutants and overfish-
ing, or the physical destruction of ecosystems, whose 
interactions are poorly researched (Section 1.2.8). For 
these reasons, it is often not clear whether, and under 
what circumstances, extensive damage might be done 
to ecosystems. Furthermore, the ocean is character-
ized by high levels of inertia, so that many effects of 
human activity only become visible after a delay and 
corrections take time. In the WBGU’s view, therefore, it 
is appropriate to exercise great caution in the use of the 
seas. In addition, decisions on human interaction with 
the oceans should be flexible and reversible to make it 
possible to respond to new scientific evidence on the 
effects of human actions.

1.4.2.3 
Cooperate: overcoming the tragedy of the 
 commons 
Many parts of the oceans are freely accessible as ‘com-
mons’, often without any restrictions or monitoring. 
Many human interventions follow the pattern of the 
frequently-described ‘tragedy of the commons’, accord-
ing to which freely available, but finite resources are 
under threat from over-exploitation (Hardin, 1968). At 
the same time, the oceans are being exposed to all kinds 
of new uses. Examples include shipping routes opening 
up as the Arctic ice melts, prospecting for and extracting 
energy and mineral resources in the deep sea, generat-
ing renewable energy on and in the sea, and offshore 
aquaculture. These uses generate new pressures of use 
and pose new threats to marine ecosystems, sometimes 
in a cumulative way. In many cases, they also are com-
peting with each other. Studies conducted by Ostrom 
et al. (1999) on local common goods (water, lakes, 
pasture land) show that the overuse of common goods 
is primarily due to a lack of rules, for example the fact 
that no rights of use are allocated. In the WBGU’s view 
the aim must be to continue to allow the use of the seas 
as a common good, but to subject this use to clear rules 
to avoid overuse. 

In the WBGU’s view, regarding the sea as the ‘com-
mon heritage of mankind’ is a good starting point for 
rules on the sustainable use of the sea. This concept has 
already been enshrined in international law in relation 
to the mineral resources of the seabed outside national 
state jurisdiction under the UN Convention on the Law 
of the Sea (UNCLOS; Section 3.2). The WBGU proposes 
applying this principle consistently to the oceans, which 
should thus belong to all people, both today and in the 
future (Section 7.2.1). The concept should be linked 
with the idea of humanity taking on responsibility in 
the Anthropocene and with the concept of sustain-
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ability. Finally, a clear assignment of rights of use and 
duties to protect the heritage of mankind, as well as an 
equitable distribution of the benefits and costs that are 
involved, could prevent the unregulated access to the 
marine ecosystems and the overexploitation that often 
results. In this way, the character of the oceans can be 
preserved as they are – as a global common good that is 
accessible to all and whose use can benefit everyone – 
while at the same time the requirements of maintaining 
the life-support systems are taken into account. 

1.4.3 
Exemplary specification of the guiding  principle 
for the sustainable stewardship of the marine 
ecosystem

Starting with a global transformation towards sustain-
ability, in which climate change is of particular impor-
tance, the WBGU has examined the necessary tran-
sition to a low-carbon society in detail in a previous 
report (WBGU, 2011). The use of the sea plays a major 
role in two of the three transformation fields for cli-
mate protection identified by WBGU: in the ‘energy’ 
transformation field, where the use of marine energy 
can contribute directly to the transformation of the 
energy systems, and in the ‘land use’ transformation 
field, which is linked to the supply of food from the sea 
via nutrition. The WBGU takes up these two transfor-
mation fields in the present report and analyses them 
in relation to the seas. It asks what contribution can a 
sustainable use of the seas make to the two key areas 
of human need – energy and nutrition – and to their 
transformation:

 > How can energy be generated in and on the seas in a 
sustainable and climate-friendly way? 

 > How can fishing be made sustainable, and how can 
food be sustainably produced in aquaculture in such 
a way that marine ecosystems are protected? 

The overarching, key question, however, is how further 
overexploitation can be prevented, and how a sustain-
able use of the oceans can be implemented in practice: 

 > What kind of governance of the oceans is required 
that is equal to the challenges of the Anthropocene?
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2.1
Global society and world’s oceans

2.1.1 
The global society in the Anthropocene

A crucial factor in the further development of ocean 
governance as proposed by the WBGU is the fact that 
the oceans are the medium of globalization and the 
‘liquid’ foundation of the global society. While man 
appears in the Holocene – as stated metaphorically 
(although scientifically not quite correctly) in a novella 
by the Swiss novelist Max Frisch (1979) – by analogy, 
humankind become aware of their global socialization 
and responsibility in the Anthropocene. This aware-
ness originated and became consolidated when people 
began discovering the globe by transcontinental sea-
faring and the related observations of the sky. On the 
oceans, humanity arrived at a global self-awareness 
in the Hegelian sense, beginning with the raids of the 
Vikings, who travelled as far as North Africa and North 
America in the 9th–11th centuries. This was after the 
Phoenicians, Greeks and Romans had already created 
the first ocean-related, regional identities by colonizing 
the Mediterranean. The Romans did this in the form of 
a political empire (mare nostrum) and a universal legal 
system. The Hanseatic League and colonial expeditions 
of the European powers in the ‘Age of Discovery’ con-
solidated this global awareness and spawned both a 
maritime culture and a law relating to the oceans. This 
law has universal or global features inasmuch as it can-
not be based on territorial delimitation and defines the 
high seas as a global common good and, by analogy, as 
the ‘heritage of mankind’. This potential needs to be 
further developed in the sense of a global social con-
tract, as people became aware of global interdependen-
cies and ‘glocal’ governance. 

The world’s oceans were the natural environment of 
the emerging international system of states. The emer-
gence of modern statehood and the global economy was 

largely driven by the first wave of globalization, which 
took place on the world’s oceans, during the period of 
early and high colonialism – under the aegis of first the 
Portuguese and Spanish, then the Dutch, British and 
finally the US Americans. International relations, inter-
national law and free world trade developed on this 
basis. Globalization, which began about five hundred 
years ago, is characterized by the open sea. Expansion 
into the sea differed significantly from expansion on 
land because it was not guided or impeded by bound-
ary marks. This spontaneous, practical universalism and 
cosmopolitanism characterizes the law of the sea and 
globe-spanning trading and transport relations, always 
in a dualism relationship to the development on land, 
which was based on constitution, concentration and 
cooperation, but also on the compartmentalization and 
the exclusivity claims of nation-state systems. 

At the same time the oceans took on mediating func-
tions. This is especially true of the coastal cities, which 
were forever seeking to extend their freedom from the 
stranglehold of national or imperial orders by global 
networking. Tourists and all those who lived near the 
sea discovered the coasts as a preferential aesthetic-
utilitarian space and, in the 19th century, the beaches 
as a place of recuperation and as summer resorts. Then 
came cruise tourism, which evolved in the course of the 
20th century from a privilege of the aristocracy and 
upper classes to maritime mass tourism. In this phase 
there was a huge increase in the various ways in which 
the common good (i.  e. the world’s oceans) was used; 
these uses are described in more detail below. This led 
to overuse and pollution (Chapter 1). This was also 
the period in which the first regulations (now recog-
nized as inadequate) on the use and conservation of 
the oceans were issued at the national, regional and 
global levels (du Jourdin, 1993; Rothermund, 2002; 
Weigelin- Schwiedrzik, 2004; Benjamin, 2009; Abu-
lafia, 2011; Thornton, 2012; Winchester and Müller, 
2012;  Kupperman, 2012; Arthus-Bertrand and Skerry, 
2013; Hattingois-Forner, 2013; Roberts, 2013).

Global Society and Social Contract 2
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2.1.2 
The emerging global society and global society 
theory 

Recent decades have seen global trends such as the 
development of a global market economy, a world-
wide communications and knowledge infrastructure, a 
globe-spanning transport network and a civil  society 
that increasingly operates in global networks. These 
global trends have become concentrated, leading to 
the gradual formation of global interdependencies. 
These global interlinkages are exerting a growing influ-
ence on developments in the individual nation states. 
As a major transport medium for both goods and peo-
ple, the oceans are still playing a key role in the devel-
opment of these global relations. Today, approximately 
95  % of global long-distance freight tonnage is shipped 
by sea ( Flottenkommando der Marine, 2011:  94). Mari-
time passenger and freight traffic now covers the entire 
globe ( Figure 1.1-1).

Further important components of global inter-
dependencies today are the human induced global 
environmental changes which affect the marine eco-
system either directly or indirectly via the impact of 
land-based activities on the sea. If the collective scale 
of human activity in the Anthropocene has become a 
dominant planetary force, and the global society has 
risen to become the key subsystem of the Earth sys-
tem, then this affects not only the surface of the land, 
but also the world’s oceans. Recent analyses (Halpern 
et al., 2008) show that 40  % of the oceans today are 
seriously affected by human activities; hardly a single 
region is still untouched. If the growing trend towards 
overexploiting the Earth’s atmosphere, soils, water and 
resources continues, there is a real danger that the plan-
etary guard rails will be breached, causing irre versible 
damage to humanity’s natural life-support systems 
(WBGU, 1995b, 1999a, 2001, 2004, 2011;  Rockström 
et al., 2009a). 

Such risks to the global Earth system undermine 
the operational logic of existing nation-state institu-
tions, because they can no longer be limited geographi-
cally to the latter’s territory and jurisdiction. “Envi-
ronmental globalization means that we all increas-
ingly affect each other regardless of where we live” 
(Harris, 2010:  141). Not all regions of the Earth are 
equally affected by the impact of global environmen-
tal changes; on the other hand, not all societies have 
the same infrastructural, technical and economic ability 
to adapt either. Nevertheless, in a ‘global risk  society’ 
(Beck, 2007) – a constitutive element of which is a 
historically unique degree of connectivity between a 
large number of players – many critical phenomena are 
almost impossible to contain regionally, which increases 

the overall vulnerability of the social system (Homer-
Dixon, 2006:  112f.). Hence, a failed state like Somalia is 
not only a problem for its own population and neigh-
bouring countries such as Ethiopia or Kenya: pirates 
operating from Somali shores also threaten important 
international shipping routes and have led to ongoing 
military operations in the region, e.  g. by NATO, the EU 
and China. 

The spatial expansion of social and economic inter-
linkages, and the absence of an adequate regula-
tory framework or functioning international insti-
tutions, have created a situation in which no nation 
state – however powerful it might be – is today able to 
solve the problems that mankind faces in a globalized 
world alone (Beck, 2007:  356 ff.). The impotence of 
national policy measures is not limited to contain-
ing global environmental problems, it also affects the 
economic and social problem areas that result from a 
largely uncontrolled and accelerated globalization. As 
a result, regional and global challenges, which seemed 
to have been overcome at the national level by envi-
ronmental and welfare-state measures, keep coming 
back ( Messner, 2000:  55). Global environmental prob-
lems like climate change or the threat to the oceans – to 
say nothing of the global financial and economic crisis 
– have a kind of ‘macroscope’ effect that brings home 
to people the globe-spanning network of their interde-
pendencies and makes humanity aware of the emerging 
global society.

For a long time, the practice of tying the concept of 
society to the nation state (‘methodological national-
ism’, as Michael Zürn calls it in Regieren jenseits des 
Nationalstaats, 1998) has prevented people from think-
ing of the world in its entirety as a social unit in its own 
right (Greve and Heintz, 2005:  89). Yet as early as the 
early 16th century, Erasmus of Rotterdam described the 
world as a ‘common fatherland of all people’ (Erasmus 
1521; Leggewie 2001). In the writings of the French 
Freemasons of 1740 the world was referred to as a 
great republic to which each nation belonged as a fam-
ily and every individual as a child (Messner, 2000:  45). 
Immanuel Kant introduced the concept of the ‘global 
civil society’ in 1784 and explained it in more detail 
in his essay Perpetual Peace (1795). The first half of 
the 20th century was marked by two World Wars and 
the Great Depression. The famous pictures of the ‘blue 
planet’ made possible by manned spaceflight in the 
late 1960s were translated into the concept of the One 
World (Messner, 2000:  45). These images thus repre-
sent an ‘objective’ equivalent to subjective self-ascer-
tainment on the oceans in the early modern period, 
which was described in chapter 2.1.1 as an awareness 
of global socialization and responsibility. 

While such terms as ‘global economy’, ‘world litera-
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ture’, ‘citizen of the world’ or ‘world peace’ are part of 
everyday language usage, the concept of ‘global soci-
ety’ remains controversial (Messner, 2000:  46). In the 
early 1970s the theorem of the ‘global society’ (Greve 
and Heintz, 2005) was introduced into the scientific 
debates – almost simultaneously and yet independently 
– by a number of authors. They included John Burton 
(1972), Niklas Luhmann’s systems-theory-based glo-
bal society theory (1975[1971]), Peter Heintz’s global 
society theory (1974), which arose in the context of 
development sociology, and John Meyer’s world  polity 
theory (1980). All global social theories share the idea 
that a comprehensive global context has emerged in 
the course of historical development which has its own 
form of social organization. The global society is char-
acterized by non-reducible structural features, and all 
social processes and units should be regarded as a con-
sequence of these emerging global structural features 
(Greve and Heintz, 2005). 

This distinguishes global society theories from con-
ventional globalization theories, most of which go no 
further than observing an increasingly networked 
world. ‘Global society’, by contrast, has a double mean-
ing. First, the term means that a global cause-and-effect 
relationship has developed that crosses national bor-
ders (Greve and Heintz, 2005:  110) – and here it is con-
sistent with the globalization theorem. However, it goes 
further than this and states that overarching structures 
have developed within this global interdependency 
network, which has an effect on events and processes 
on the lower levels of the system (Greve and Heintz, 
2005:  110). This refers not only to supranational gov-
ernmental organizations, but also to overarching reg-
ulatory structures and institutions such as an observ-
able global macroeconomic convergence (market econ-
omy), transnational milieus and mentalities (an inter-
national business class, global diasporas of migrants) 
and international normative orders (such as human 
rights, democratization, the legal formula ‘responsibil-
ity to protect’, etc.). This second level of meaning of 
global society theory is controversial. Critics of the con-
cept argue that a global society presupposes a minimum 
of consensus, i.  e. an implicit or explicit social contract. 
They say that this is not the case at present, nor do 
the prerequisites of such a common shared understand-
ing exist – such as comparable socio-economic living 
conditions or a shared sense of belonging (Messner, 
2000:  46).

The main difference between the evolving global 
society on the one hand, and societies that are organ-
ized in nation states on the other, is the absence of 
effective executive power. However, a wide variety of 
corresponding regulations or institutions are forming 
in international law which are continuously increas-

ing in importance (lex mercatoria, international trade 
law, the WTO and the World Bank, regional courts of 
human rights, the International Tribunal for the Law of 
the Sea, the permanent International Criminal Court, 
authorities supervising compliance with the universal 
human rights pacts, the ‘Rio Conventions’ on climate, 
biodiversity and desertification, and so on). This devel-
opment is also reflected in the growing importance of 
global rating agencies or private arbitration tribunals 
for resolving disputes between transnational corpo-
rations, e.  g. the International Centre for Settlement 
of Investment Disputes ICSID (Fischer-Lescano and 
Möller, 2012:  17ff.). The system of states still forms the 
basis of legitimacy and, in a sense, the skeleton of these 
supra- and transnational agreements and bodies, but 
the nation states have no primacy when it comes to 
their design: “The global society is a society without a 
top and without a centre. (...) This decentralization and 
differentiation (...) is Janus-faced. It offers new oppor-
tunities and changes the balance of power, but it also 
produces massive risk situations” (Fischer-Lescano and 
Möller, 2012:  16f., own translation). 

Although few doubt the existence of the global soci-
ety in the sense of a global network of interdependen-
cies, the degrees to which overarching regulatory struc-
tures have been realized differ considerably to date. 

Building global regulatory structures and institu-
tions is made difficult by the comparatively large geo-
graphical, cultural and social distances between the 
players involved in the genesis and reproduction of glo-
bal structures (Greve and Heintz, 2005:  111). The prob-
lem of geographical distance has declined in importance 
over the last decade, primarily due to significantly eas-
ier travel and the revolution in communications tech-
nologies. However, the mere existence of a technical 
infrastructure is not sufficient to generate globe-span-
ning interrelations: “A cultural infrastructure is also 
required to counter cultural and social heterogeneity” 
(Greve and Heintz, 2005:  112, own translation). 

As a medium of globalization the oceans have made 
an essential contribution to the evolution of the glo-
bal society and still represent its backbone. A reformed 
form of ocean governance could therefore also provide 
stimuli for a sustainable design for the global society. 
There has been an international regulatory framework 
for the conservation and sustainable use of the oceans 
for a long time (e.  g. in fishing, shipping). Although it 
still needs to be developed further, it is already far more 
advanced than what we see in other areas of interna-
tional relations or for the governance of other global 
public goods (Chapter 3). Despite the importance of the 
seas as an example of a comparatively well-developed 
international level of institutionalization, the oceans 
and ocean governance have so far been paid little 
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attention in the various attempts to theorize the global 
 community.

2.1.3 
The cosmopolitan challenge

The development of the global society does not auto-
matically promote peace, nor does it lead directly to 
more welfare. The political and institutional/legal 
containment of market-driven globalization is one of 
the future challenges of the 21st century (Messner, 
2010:   53 and 71). One possible way to create the con-
ditions needed to enlarge the scope for political deci-
sion-making is to establish ‘cosmopolitan forms of 
statehood’ (Beck 2007:  128) like the ones that have 
evolved in processes like European integration, the 
development of international organizations and var-
ious forms of global governance (Beck, 2007:  126ff.). 
The Europeanization and – at the global level – cos-
mopolitanization of the political regulatory framework 
and institutions would not only provide an opportu-
nity to deal more effectively with such problems as 
the global financial and economic crisis, socio-eco-
nomic inequality or the challenges we face as a result 
of global environmental changes (like damage to the 
marine ecosystems); it would also generate fundamen-
tally new possibilities for participation and democracy. 
The global society must not inevitably lead to the kind 
of undemocratic world government feared by warning 
voices. For example, in many places of the world peo-
ple already have no or only limited political participa-
tion rights today, because their nation-state affiliation 
is not identical to the state in which they live. How-
ever, at present it is too early to say what forms of ‘cos-
mopolitan democracy’ (Gilroy, 2004:  7) might look like; 
Paul Gilroy therefore speaks of a ‘cosmopolitan yet-to-
come’ (Gilroy, 2004:  334).

As a rule such cosmopolitan prospects and discus-
sions on the global society and a world government are 
dismissed as unrealistic wishful thinking. However, cos-
mopolitanism is no longer a utopian principle dreamed 
up in ivory-tower debates between social scientists 
and philosophers; rather, in the Anthropocene, it is an 
admission of constraints and interdependencies that 
already exist. From this perspective it is not the propo-
nents of a cosmopolitan order who are quixotic and out 
of touch with reality, but all those who want to hold on 
to the primary organization framework of the nation-
state in a globally interdependent world (Beck, 2007). 

The inadequacy of international cooperation and 
institutions – which can be observed, for example, 
in the political processing of anthropogenic climate 
change or the global financial and economic crisis – 

should not obscure the fact that there are already a 
large number of global institutions, some of which work 
well, some less well – e.  g. the World Bank, the World 
Health Organization, but also international NGOs like 
the Red Cross, Amnesty International and Greenpeace. 
Extensive international arrangements are already in 
place for the protection and use of the sea, such as the 
Convention on the Law of the Sea (UNCLOS) and trans-
national private initiatives such as the Marine Steward-
ship Council (MSC; Section 3.5.1).

Of course, the existence of such transnational insti-
tutions does not mean that the strong sources of resist-
ance to the establishment of cosmopolitan forms of 
governance can be ignored. This resistance can come 
from national policy-makers who fear a loss of power 
or from players in the business sector, and organized 
global irresponsibility plays into the hands of their 
profit interests. Another factor not to be disregarded 
is the importance of people’s acquired fixation on the 
nation state, which makes it difficult for people today 
to identify with the societal units and institutions that 
transcend nation states (Elias, 1987:  301ff.). This can 
be observed, for example, in the European integration 
process. These forms of resistance are enormous and 
it is quite possible that all efforts to cosmopolitanize 
the institutional structure will fail. The difficulty lies in 
harmonizing people’s thinking and feelings (‘sense of 
belonging’) with the social and political institutions and 
their de facto global interdependencies. In this sense, 
cosmopolitanism describes not simply the name of a 
solution, but a challenge (Appiah, 2007:  11). 

2.1.4 
Global appreciation of the oceans

“We must take the oceans to our hearts,” declared Ger-
man Chancellor Angela Merkel at a conference of her 
party on marine conservation in 2011 (Merkel, 2011). 
On the one hand she surprised everyone with this, since 
the oceans and their condition are not a top issue in 
Germany; on the other hand she received widespread 
approval, since the population in Germany, too, regards 
the oceans as very important and gives a high prior-
ity to their conservation. This finding – which is based 
on comparative public opinion polls and a few clues 
from the World Value Survey (WVS, 2011) – is con-
firmed by detailed empirical studies conducted in the 
USA, New Zealand, Australia, the UK and other coun-
tries ( Spruill, 1997; Arnold, 2004; Sesabo et al., 2006; 
Mee et al., 2008; Whitmarsh and  Palmieri, 2009; Free-
man et al., 2012; Halpern et al., 2012;  Ressurreição et 
al., 2012;  Ranger et al., no date). The issues covered 
included the establishment of marine protected areas, 
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the need for ecosystem-based marine spatial planning 
and the implementation of European marine-conserva-
tion policies. These studies show that

 > although the oceans do not take top priority among 
the ecological crises in the public’s perception, there 
is a growing understanding of their central role in 
the environmental system and in environmental 
protection.

 > the general public have strong positive associations 
and emotional bonds with the oceans. The example 
of the seas makes the subject of sustainability espe-
cially plausible; i.  e. with a view to conserving marine 
quality there is a broad social consensus in favour of 
abandoning uses that are not sustainable.

 > most people believe that the oceans are under threat 
and generally favour stricter regulation, more con-
servation efforts and an expansion of protected 
areas. People wrongly imagine that the level of con-
servation is higher than it actually is. A slightly 
higher preference is given to the protection of coastal 
areas compared to the deep sea; emissions from the 
land are regarded as more dangerous than, for exam-
ple, the negative consequences of overfishing.

 > public opinion is in favour of marine research and 
recreational activities at the seaside, but tends to be 
cautious to sceptical vis-à-vis commercial uses of the 
sea. 

These findings raise action dilemmas and questions 
for research. First, people’s general assessment of the 
oceans and their conservation should be queried repeat-
edly over time and in a more differentiated way than 
hitherto. In this context, a) the positions of key play-
ers (the fishing and aquaculture industries, nature-con-
servation and environmental organizations, the tourism 
industry) should be determined including their gen-
eral attitudes and values, b) more distinctions should 
be made according to cultural traditions, incomes and 
geographical location, and c) sectoral projects and plans 
should be made more compatible with ecosystem con-
siderations. 

Second, in addition to general attitudes to the oceans 
and marine conservation, questions should also be 
asked about people’s willingness to help improve the 
quality of the sea by paying higher taxes, changing 
their behaviour as consumers and actively participating 
in marine conservation themselves. Willingness to do 
so declines the lower the person’s income, the further 
the person’s residence is from the coast, and the more 
aware the person is of the specific consequences of a 
conservation strategy for each individual (e.  g. restric-
tions on the choice of holiday destination, behaviour 
during a beach holiday, higher prices of certified fish 
products, etc.).

2.2
A social contract for the seas

2.2.1 
A social contract as a basis for the Great 
 Transformation

The following section is essentially based on, and 
partly taken verbatim from, the WBGU-report ‘A Social 
 Contract for Sustainability’ (2011). In this report the 
WBGU explains the urgent need for – and the bene-
fits of – a transformation towards sustainability and 
gives recommendations on how to achieve this goal. 
The WBGU defines the Great Transformation as the glo-
bal remodelling of economy and society towards sus-
tainability. The goal of the transformation towards sus-
tainability is to safeguard humankind’s natural life-sup-
port systems for the long term. This major transforma-
tion will require technological advances, new concepts 
of welfare, diverse social innovations, and an unprec-
edented level of international cooperation (WBGU, 
2011). 

The idea is for the global economy to operate within 
the limits of the Earth system (planetary guard rails) 
and thereby avoid irreversible damage. But the Great 
Transformation will not only avoid irreversible damage 
to the Earth system, it will also deliver valuable ben-
efits for humankind. Overall, then, the transformation 
establishes patterns of production and consumption 
which maintain the freedoms, scope and opportuni-
ties of present and future generations (WBGU, 2011). 
This challenge can only be mastered through a broad 
social dialogue and a consensus on the core issues relat-
ing to sustainability. The WBGU calls the required glo-
bal societal consensus a new social contract, combining 
responsibility for the future with democratic participa-
tion. In this consensus of global reach, individuals and 
civil-society groups, governments and the international 
community, businesses and science pledge to take on 
shared responsibility for maintaining natural life-sup-
port systems. For example, agreements would be con-
cluded on the conservation of global common goods. 

Modern philosophy justifies state order and politi-
cal power with the idea of the social contract, which 
had precursors as early as Antiquity. In line with this 
model, individuals unite of their own free will in politi-
cal communities, agreeing to uphold common rules and 
accept corresponding duties for mutual benefit (WBGU, 
2011). Representatives of classical contract theory 
include Thomas Hobbes (1588–1679), John Locke 
(1632–1704), Jean-Jacques Rousseau (1712–1778) 
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and Immanuel Kant (1724–1804). The social contract 
was a radical one because it no longer saw the individ-
ual as part of a God-given order but as an autonomous 
being with responsibility for shaping society. The new 
social contract for sustainability should have a global 
reach because of the international nature of the risks 
and natural hazards involved; it can no longer relate to 
the nation state alone. 

A key element of this social contract is the ‘proac-
tive state’ with greatly extended participation by citi-
zens. While the liberal constitutional state is primarily 
focused on maintaining public order, the welfare state’s 
main concern is the wellbeing of its citizens, while the 
enabling and guarantor state safeguards the fulfilment 
of public functions. The proactive state actively sets 
priorities for sustainability and flags them up by pro-
viding appropriate incentives and sanctions. The pro-
active state thus upholds the tradition of the liberal 
constitutional democracy but develops it further with 
a view to achieving a sustainable democratic polity and 
free civil society; in this context the proactive state 
takes into account the ecological borders within which 
an economy and society can develop (WBGU, 2011). 

The great transformations the human race has so far 
experienced were, for the most part, the uncontrolled 
results of evolutionary change. Scientific knowledge is 
an indispensable element of modern governance and 
is becoming increasingly important in our ever-more-
complex world. This applies in particular to the trans-
formation towards a sustainable society because one 
of the latter’s distinguishing features is the need to act 
in conditions of uncertainty. The task of the scientific 
community is therefore to identify policy options; it is 
a matter for the democratically elected decision-makers 
to decide on the appropriate course of action (WBGU, 
2011).

2.2.2 
Reform of ocean governance 

The way the oceans are used today is still overwhelm-
ingly characterized by exploitation. If this trend contin-
ues unchanged, and if no agreements are signed to pro-
tect the oceans, then irreversible damage is very likely 
(Chapter 1). This section shows how – in WBGU’s view 
– the governance of the oceans should be reformed in 
order to permanently ensure the conservation and sus-
tainable use of the seas. The WBGU’s report ‘A Social 
 Contract for Sustainability’ (WBGU, 2011), in which 
the Great Transformation is centrepiece, forms the basis 
of these thoughts. 

The application of the Great Transformation to the 
oceans would change the way the oceans are used. In 

our interaction with the seas, humanity must act both 
as ‘smart hunters and gatherers’ and as ‘sustainable 
gardeners’. In this way the currently precarious state 
of the oceans could be not only stabilized but also 
improved. A one-sided approach focusing on individ-
ual types of use would not do justice to the need to 
protect oceans. 

The need for a reform of ocean governance comes on 
the one hand from the unsolved sectoral and regional 
problems in the areas of fishing, aquaculture and other 
marine ecosystem services. On the other hand, a sys-
temic view of the seas reveals how these sectoral and 
regional problems can mutually influence and reinforce 
each other. It follows that certain rights of use must 
be subjected to critical revision, and local, regional and 
supranational instruments of governance need to be 
scrutinized. In this context not only the oceans, but also 
the interaction between the land and the sea should be 
taken into account. 

The basis of such an overarching form of governance 
would be a consensus on the sustainable stewardship of 
the seas as a global common good in the form of a social 
contract for the seas. In this way humanity should take 
responsibility for the permanent conservation of the 
sea as a global common good. By assuming responsibil-
ity, the international community would commit itself to 
actively managing humanity’s impact on the oceans and 
to counteracting negative developments. This respon-
sibility of global society for the future should be com-
bined with democratic participation. Conflicts of use 
(e.  g. between coastal conservation and tourism) should 
be solved in a participatory way and be supported by 
change agents, who are to be found in (semi-)public 
and private organizations and movements. In this con-
text the assumption of responsibility means not only 
protecting the natural environment, but also equitably 
sharing marine resources and preserving the oceans’ 
functions for future generations – not only for coastal 
states, but for all countries.
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This chapter examines whether the existing govern-
ance of the oceans can cope with the challenges of 
the Anthropocene. A regulatory framework for human 
interaction with the oceans started developing as early 
as the 17th century. Yet the conflict between the mare 
liberum (the sea belongs to everyone) and the mare clau-
sum (the sea belongs to the coastal states) has not been 
resolved to this day. Despite numerous international 
treaties and voluntary commitments, the seas are still 
being massively overfished, polluted and increasingly 
exploited as the Earth’s last major source of resources 
(Chapter 1). It can therefore be assumed that the glo-
bal governance regime in its present form cannot solve 
the problems facing the oceans. Building on this anal-
ysis, in this chapter the WBGU develops proposals for 
the further development of ocean governance with the 
aim of ensuring the conservation and sustainable use of 
the seas on a global scale.

3.1
Specifics of the seas

In order to assess the existing global and regional 
ocean-governance systems and to develop a future-
oriented form of ocean governance, the WBGU formu-
lates criteria based on findings of political and social 
science. Using these criteria, it begins by analysing and 
assessing present-day global and regional governance 
(Sections 3.2 to 3.7). In Chapter 7, proceeding on this 
basis it gives recommendations on how best to design 
a future system of ocean governance that can meet the 
challenges of the Anthropocene. 

Three aspects are of particular importance to human 
interaction with the oceans (Section 1.4). These are 
(1) the oceans as part of the Earth system (Section 
3.1.1), (2) uncertainties regarding future development 
(Section 3.1.2), and (3) the oceans as a global public 
and common good (Section 3.1.3). 

3.1.1 
Oceans as part of the Earth system

The oceans and the marine ecosystems are part of the 
Earth system and provide vital services for humanity. 
At the same time, human beings are an integral part 
of the ecosystems and influence their dynamics when-
ever they use them. Irreversible damage can be caused 
to marine ecosystems both by ocean pollution and by 
the overexploitation of individual biological resources 
such as fish species. Furthermore, the complex sys-
temic interactions and feedback loops in the oceans 
do not follow the logic of national frontiers; in many 
cases they are linked across borders and globally– like 
the oceans themselves (Costanza et al., 1999; Posner 
and Sykes, 2010). Another impacting factor is land/
sea interaction (e.  g. the discharge of waste and pol-
lutants produced on land into the sea via rivers), and 
the interaction between the atmosphere and the ocean 
(e.  g. ocean acidification). The WBGU therefore consid-
ers it necessary to think systemically: i.  e. not only to 
embrace the ecosystem approach (Section 1.4.2.1), but 
to go further. Up to now, ocean governance has been 
characterized by a sectoral approach depending on the 
respective use (Section 1.1). The motivation behind 
applying the systemic approach is to make it possible 
to gain an integrated view of the interactions between 
natural and social systems (Sections 1.4, 2, 7). The aim 
is to ensure that when interventions are planned, not 
only on their effects within the marine ecosystems are 
assessed, but broader systemic interrelations are also 
taken into account. Such a combined, integrated way 
of looking at things is required in order to develop a 
form of ocean stewardship that can solve problems. 
The systemic approach thus represents the first touch-
stone for the analysis and assessment of existing ocean 
 governance (Section 3.1.4).

Governance of Human Ocean Use 3
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3.1.2 
Demands on marine policy caused by knowledge 
gaps 

Another important factor impacting on the design of 
marine policy is the scientific uncertainty and lack 
of knowledge regarding the future development of 
the oceans (Sections 1.2, 1.3). The complex interac-
tions between the ecosystems and their use-related 
and external threats are often either not understood 
or impossible to predict. Similarly, the effects of future 
anthropogenic influences can only be predicted to 
a limited extent today. In the same way, there is no 
knowledge of possible future uses, or of the societal 
conditions under which decisions will be made in the 
future. However, these uncertainties should not be 
taken as a reason to refrain from taking action to pro-
tect and sustainably manage the oceans. Precaution-
ary action is absolutely essential, because the oceans 
are in such a worrying state. The precautionary prin-
ciple (Section 1.4.2.2), which has been established in 
environmental and development policy for a long time, 
should therefore play a role. The precautionary princi-
ple is the second touchstone for a future-oriented gov-
ernance of the oceans. 

Since the oceans and the Earth system are in the 
state of flux, a marine policy that is committed to the 
sustainable use of the oceans also needs to be contin-
uously improving the knowledge base. Knowledge of 
the structures and dynamics of the ecosystems should 
be constantly expanded to improve the basis on which 
policy decisions are made. It is important in this context 
to be able to quickly apply the continuously expand-
ing pool of knowledge to human interaction with the 
oceans; in other words adaptive management is needed. 
The WBGU regards adaptive management as a further 
touchstone to be met by ocean governance. Like a 
learning process, it should contribute to the iterative 
improvement of ocean conservation and management 
(Costanza et al., 1998).

The timely availability of new knowledge requires 
transparent information for all players, above all access 
to the relevant data. In the WBGU’s view, therefore, 
ensuring transparent information is another touch-
stone that should be met by ocean governance. This 
touchstone is also of significance for other touchstones 
derived from the oceans’ nature as a global public and 
common good, e.  g. the need to ensure participatory 
decision-making structures (Section 3.1.4). 

3.1.3 
Oceans as a global public and common good

The WBGU regards the seas as a global public and com-
mon good which provides humanity with public goods, 
such as ecosystems and ecosystem services, and com-
mons in the form of individual biological and non-bio-
logical resources (Chapters 1, 2; Box 3.1-1). By defini-
tion, no person or state may be excluded from the use 
of public and common goods for technical or societal 
reasons. At the same time, there can be non-rivalry in 
the consumption of public and common goods, in other 
words all users can use a good at the same time without 
restriction. This is why public and common goods are 
not offered via markets, but are produced collectively 
by means of cooperation (Kaul et al., 1999). 

Commons, or common-pool resources, such as 
marine biological resources, are a subcategory of public 
and common goods. Marine biological resources, e.  g. 
fish stocks, are limited and frequently non-stationary, 
so that free access or unregulated use can lead to the 
overexploitation or degradation of the resource (Har-
din, 1968; Ostrom, 1990). In the case of common-pool 
resources there is rivalry in consumption, since the 
use of the resource by one person or one country has 
negative effects on all other possible users’ chances 
of use (Ostrom, 1990; Posner and Sykes, 2010). Both 
overcoming the ‘tragedy of the commons’ (Hardin, 
1968; Section 1.4.2.3) and the supply of global pub-
lic and common goods, e.  g. global ocean conservation, 
requires the cooperation of all stakeholders on the 
basis of collective rationality, and the development of 
rules for dealing with the global public and common 
good (North, 1992; Kaul et al., 1999; Vogler, 2012). 
However, it is individually rational not to participate 
in cooperation or pay the costs involved, but to take 
the so-called free-rider position (Weimann, 2010). This 
social-dilemma situation encourages the overuse of the 
seas and makes investments in the provision of marine 
ecosystem services economically unattractive for indi-
viduals (Posner and Sykes, 2010). 

Because marine ecosystems, their services and 
threats to them do not respect national borders, regu-
lations at the level of the nation state fail, because they 
cannot solve the problems of cross-border negative 
externalities or the international free-rider problem 
(Posner and Sykes, 2010). For global public and com-
mon goods, like the oceans or marine resources, this 
social-dilemma situation can only be resolved through 
the cooperation of all nation states and by agree-
ing rules on how to deal with the public and common 
goods. At the same time, it must be collectively agreed 
how international free-rider behaviour can be excluded 
or sanctioned (Sandler, 1998; Weimann, 2010). 
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Especially thorny social dilemmas are involved when 
measures need to be taken which only pay off in the 
long term, but already incur costs today, e.  g. sustain-
able fisheries (Chapter 4). Seen from an individual 
standpoint, sustainable fishing is not rational, but it 
would be rational from a collective perspective: the 
consequence is otherwise an over-exploitation of fish 
stocks and, over time, a loss of the potential uses of the 
commons (Chapter 4). A distorted incentive structure 
can lead to the development of unsustainable business 
models for the management of the global commons 
and make it impossible to overcome the social-dilemma 
 situation (Section 3.1-1).

On the basis of numerous case studies, Elinor Ostrom 
has studied how local communities have overcome social 
dilemmas relating to local common-pool resources such 
as forests, water supplies, pastures, etc., by develop-
ing rules (Ostrom, 1990, 2009a; Ostrom et al., 1999; 
Cox et al., 2010). Various measures can be derived from 
these studies which are constitutive for designing rules 
on dealing with public and common goods:

 > define clear-cut boundaries between users and 
 non-users, 

 > secure coherence of local social and ecological 
 conditions, 

 > assert the principle of community decision-making,
 > make sure that uses are monitored,
 > set up conflict-resolution mechanisms,
 > establish a regime of sanctions, 
 > ensure that the rights of local users are recognized,
 > establish nested, non-hierarchical levels of decision-

making. 

The sea, as a public and common good, is used by many 
actors with different interests (Chapter 2). This con-
stellation, along with the global interlinkages that have 
expanded strongly in the last 20 years, undermines the 
logic of existing nation-state institutions, because these 
actor-constellations and interlinkages can no longer be 
limited geographically to the latter’s territory and juris-
diction. 

To internalize external effects in the use of the sea 
and in ocean conservation, it is critical that rights of use 
(in the economic sense) of the sea as a public and com-
mon good are defined and assigned (Kaul et al., 1999; 
Costanza et al., 1999; Gawel, 2011). Simultaneously, 
local, regional and national regulations on use should 
be embedded into the global regime on use, and free-
rider behaviour should be suppressed at every level 
of governance. Kaul et al. (1999) write on this subject 
that divisions between national and international poli-
tics need to be overcome. In this context, rules for joint 
decisions should be developed to overcome the social 
dilemmas (Chapter 2). Global cooperation mechanisms 
are another criterion for assessing the governance of 
the ocean as a global public and common good (WBGU, 
2011; Section 3.1.4). 

Ostrom (2009b) speaks in this context of a polycen-
tric form of governance, which she says is necessary in 
view of the challenges associated with global public and 
common goods such as the atmosphere or the oceans. 
This underlines the fact that the global governance 
architecture needs to be geared to a larger number of 
public and private players, from global to local. Global 
collective action requires systemic thinking (Sections 

Box 3.1-1

The oceans as a global public and common 
good – Non-sustainable business models as a 
consequence of false incentives

Up to now, most business models of the maritime indus-
try, such as fishing, transport or mining, have been geared 
towards short-term benefit and are therefore not sustainable. 
The respective users ignore the long-term effects of individ-
ual uses such as fishing, oil and gas extraction or sewage dis-
charge, as well as the interdependencies between the various 
forms of use. This leads to a constellation that is typical of 
negative externalities, in which there are no incentives for the 
individual players to think long-term. Apart from the fact that 
incentives either do not exist or point in the wrong direction, 
the short-term nature of entrepreneurial business models is 
also encouraged by the fact that many current users of the 
seas (be they producers or consumers) are benefiting from 
these business models and lobbying politicians accordingly 
(WBGU, 2011). 

The fundamental conflict between short-term interests 
and profit maximization on the one hand, and long-term, 

sometimes irreversible damage and costs on the other, is also 
a determining factor for other global public and common 
goods; loss of biodiversity, loss of habitat and climate change 
are all caused by short-term-oriented business models and 
the short-termism of political systems. Both the correspond-
ing long-term consequences (such as tipping points, creeping 
overuse) and the costs are passed on to future generations 
(WBGU, 2011). Climate change is a prominent example here: 
despite a scientific consensus, mankind looks likely to breach 
the 2  °C guard rail (WBGU, 2009). 

Nicholas Stern, former chief economist at the World Bank, 
pointed out as early as 2006 that investment in prevent-
ing greenhouse-gas emissions is more cost-effective than 
 measures to adapt to the adverse effects of climate change 
(Stern, 2006). However, investment in prevention would 
have to be made in the present, whereas necessary adjust-
ment measures, especially in Western industrialized nations, 
are only expected in the future. We have to do with a simi-
lar contradiction between short-term costs and long-term 
yields in connection with the use and conservation of oceans 
(WBGU, 2009, 2011).  
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1.4.2.1, 3.3.1), adequate opportunities for the par-
ticipation of societal players, and a division of labour 
according to the subsidiarity principle (Chapter 2). In 
the WBGU’s understanding, the subsidiarity princi-
ple requires that the lower political level must initially 
be responsible for solving problems. The next-higher 
level is only legitimized to act if it can implement and 
finance strategies for a sustainable use of the oceans 
more efficiently (WBGU, 2004:  152). Global bodies of 
rules should leave enough room for manoeuvre in order 
to develop and implement regionally adapted solu-
tions (WBGU, 2011). The WBGU sees subsidiary deci-
sion-making structures as another key criterion for the 
governance of the oceans, because they help improve 
acceptance and effectiveness (Section 3.1.4). All rele-
vant stakeholders should be involved at an early stage 
in designing human interaction with the sea as a global 
public and common good. In this way it is possible to 
guarantee that rules will ‘fit’ and can be implemented. 
Participatory decision-making structures are therefore 
another important criterion for a successful governance 
of the oceans. 

Since global public and common goods always run 
the risk of falling victim to market failure – e.  g. in sit-
uations where a player seeks short-term profit maxi-
mization based on individually rational considerations, 
and the associated external costs are passed on to the 
general public (and in this case especially to future gen-
erations, Box 3.1-1) – ocean governance should cre-
ate incentives to encourage the development of long-
term, sustainable business models (WBGU, 2011). The 
WBGU therefore regards incentives to develop innova-
tions for sustainable and low-risk ocean uses as another 
key criterion for a successful governance of the seas 
(Section 3.1.4). 

The existence of an attractive and efficient incen-
tive structure is also a fundamental prerequisite for 
overcoming nation-state vested interests and getting 
them involved in international cooperation (Chapter 2; 
WBGU, 2011). In other words, in addition to mecha-
nisms for allocating rights of use, rules should also be 
established on distributing both the profits from the 
use of the oceans and the costs of conserving them. 
These distribution mechanisms should be based on 
principles of equity. In the WBGU’s opinion, therefore, 
the governance of the oceans should have fair distri-
bution mechanisms for cost and benefit sharing both 
between countries and between different levels of a 
country’s government (WBGU, 2009).

In some cases, rules are more likely to be complied 
with if all players accept their material and procedural 
design as justified and sensible (Chapter 2; Mitchell, 
1994; WBGU, 2011). The distribution of costs and ben-
efits according to a mechanism whose internal design is 

regarded as fair and which involved as many stakehold-
ers as possible in its development, is much more likely to 
be adhered to than one designed in the opposite man-
ner. Ultimately, however, diverging interests can never 
be completely resolved by negotiations. Incentives for 
non-compliance will thus remain for certain, individual 
actors (Mitchell, 1994). Moreover, new conflicts not 
considered in previously negotiated agreements can 
crop up as a result of changing conditions (e.  g. access 
to new resources in the Arctic made possible by the 
melting of the Arctic ice). Conflict-resolution mecha-
nisms are therefore needed to ensure the coordination 
of dynamically evolving user interests. And last, but 
not least, sanction mechanisms are needed to ensure 
compliance with agreed rules and to exclude free-rider 
behaviour. 

3.1.4 
Touchstones for assessing the existing 
 governance of the oceans

The touchstones for assessing the present governance 
of the oceans are based on the two fundamental per-
spectives or action-guiding principles outlined above: 
the ‘systemic approach’ and the ‘precautionary prin-
ciple’ (Sections 1.4.2, 7.1). Furthermore, the WBGU 
includes the criteria described in Sections 3.1.1 to 3.1.3 
in the assessment and recommends that they be used to 
analyse existing ocean governance at the various levels 
from local to global. These ten criteria take into account 
both the specifics of the oceans and general demands 
on governance. 

 > The sector-specific approaches that are common-
place today should be replaced by a systemic 
approach (Section 3.1.1) in which conservation, use, 
pollution and all interactions between these factors 
in human uses of the seas are integrated in a single 
‘big picture’. The approach comprises four levels. 
First, marine ecosystems are themselves complex 
systems which should be protected and used accord-
ing to an ‘ecosystem approach’ (CBD, 2000, 2004c). 
Second, land/sea interactions should also be taken 
into account. Third, the linkages in the Earth system 
should be considered. Fourth, it should be taken into 
account that there are complex and dynamic interac-
tions between society and nature on all these levels.

 > According to the precautionary principle (Section 
3.1.2), steps based on state-of-the-art science and 
technology should be taken to prevent possible 
environmental damage, even when there is no com-
plete certainty as to the probability and magnitude 
of damage. The application of the precautionary 
principle is particularly important in complex sys-
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tems – to which marine ecosystems and their land/
sea interactions belong – because their reactions to 
influences or disturbances are difficult to predict.

 > Adaptive management (Section 3.1.2) aims to con-
tinuously improve the knowledge base for govern-
ance and to promptly use it in the conservation and 
sustainable use of the oceans. Adaptive management 
aims to broaden our knowledge of the structure and 
dynamics of ecosystems via a learning process and 
thus iteratively improves the protection and man-
agement of the seas.

 > Transparent information (Section 3.1.2) ensures that 
all stakeholders have access to the relevant data. 

 > A clear assignment of user rights (Section 3.1.3) is 
necessary to prevent the overexploitation of the sea 
as a public and common good. This makes it possible 
to exclude certain users and thus to coordinate use 
– either via markets or by negotiations. Furthermore, 
the societal costs of use can be charged to the users 
according to the ‘polluter pays’ principle, so that the 
external costs are internalized.

 > Neither the conservation nor the sustainable use of 
the oceans as a global public and common good will 
be possible without an unprecedented level of global 
cooperation culture and global cooperation mecha-
nisms (Section 3.1.3). Global cooperation forms the 
basis for the development of international treaties 
on marine conservation and use, as well as for the 
joint implementation of these treaties. 

 > Subsidiary decision-making structures (Section 3.1.3) 
– assigning decision-making powers primarily to 
decentralized decision-makers at the regional or 
local level, and secondarily to central international 
agencies – are crucial for the acceptance of global 
and national regulations. Moreover, such an 
 interpretation of subsidiarity makes regulations 
 easier to enforce efficiently.

 > Participatory decision-making structures (Section 
3.1.3) make it possible to reveal interests; they lead 
to decisions that all stakeholders can understand. 

 > Incentives for innovation (Section 3.1.3) encouraging 
a sustainable, low-risk use of the oceans should aim 
to reward stakeholders who develop long-term, 
 sustainable business models on the use and conserva-
tion of the seas – instead of seeking short-term profit 
maximization.

 > Fair distribution mechanisms (Section 3.1.3) should 
aim to ensure an equitable division both of the 
 benefits of marine resource use and of the costs – e.  g. 
of conservation, monitoring, surveillance and sanc-
tions. This applies to costs and benefit sharing both 
between countries and between different levels of a 
country’s government. 

 > Conflict-resolution mechanisms (Section 3.1.3) are 

necessary in order to coordinate the many and com-
plex use interests of different stakeholders (e.  g. gov-
ernments and individuals). 

 > Sanction mechanisms (Section 3.1.3) at the different 
levels of governance are key instruments for ensur-
ing that regulations on use are complied with. 

3.1.5 
Common heritage of mankind 

The concept of the ‘common heritage of mankind’ 
was developed for global public and common goods 
in the 20th century and, in the Zeitgeist of the 1960s, 
enshrined as a concept in four international conven-
tions (the 1967 UN Outer Space Treaty, the 1982 UN 
Convention on the Law of the Sea, the 1961 Antarc-
tic Treaty, and the 1972 World Heritage Convention; 
Baslar, 1998; Taylor, 2012). As an ethical approach of 
legal theory, the concept of the ‘common heritage of 
mankind’ states that global public and common goods – 
such as outer space, the atmosphere, the ocean floor, or 
the Antarctic – belong to all human beings, today and 
in the future, so that national sovereignty rights cannot 
be claimed. What this means for international environ-
mental policy is that the world’s natural resources are 
to be preserved and protected so that they can also be 
used by future generations (Baslar, 1998). 

Common ownership of public and common goods, 
which is linked with the approach of the common 
heritage of mankind, requires a steward, a regime for 
conservation and use that serves exclusively peaceful 
purposes, and regulations on sharing to ensure that the 
benefits and costs of the regime are fairly distributed 
(Wolfrum, 1983; Baslar, 1998; Taylor, 2012). The world 
community is responsible for the preservation and use 
of global environmental goods and, as a user of the glo-
bal environmental goods, must therefore organize and 
design their protection in a cooperative way, and justly 
distribute the benefits of their use and their costs.

The age of the Anthropocene combined with the 
requirements of sustainable development (Section 1.4) 
also leads to a new form of responsibility of the inter-
national community to preserve humanity’s natural 
life-support systems (WBGU, 2011). The Anthropocene 
requires a new ethic to enable humankind to meet its 
organizational responsibility. In relation to the oceans 
this means that the specific properties of the seas must 
be taken into account (Sections 3.1.1, 3.1.2). From the 
sustainable development approach follow the norms of 
intra- and intergenerational justice, which are key to 
the conservation and use of the sea (Section 3.2). Con-
sequently, in the 21st century the sea as a global pub-
lic and common good requires an extended regime of 
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conservation and use in order to fully meet humanity’s 
responsibility in the Anthropocene (Chapter 7). 

The question is, therefore, to what extent the idea 
that the oceans, too, are part of the common heritage of 
mankind (Mann Borgese, 1999) is suitable and strong 
enough as a guiding principle for the conservation and 
use of the sea – an idea already developed in the 1960s 
by Arvid Pardo and Elisabeth Mann Borgese and intro-
duced into the political genesis of UNCLOS (Chapter 2, 
Section 3.2.2, Box 3.2-2). 

3.2
Ocean governance in international law: UNCLOS 

The United Nations Convention on the Law of the Sea 
(UNCLOS) is the most important basis for the conserva-
tion and use of the seas in international law (Wolfrum 
and Fuchs, 2011). The treaty is also referred to as the 
‘constitution of the oceans’ (UN, 2002). It establishes 
a comprehensive regulatory framework for the conser-
vation and use of all the oceans and, as a framework 
convention, standardizes rights and obligations on a 
wide range of different uses of the ocean space and its 
resources (Czybulka and Kersandt, 2000). UNCLOS was 
adopted in 1982 and came into force in 1994, combin-
ing the previously existing laws that were codified in 
the Geneva Conventions on the Law of the Sea. 164 
states and the European Union had ratified the Con-
vention by January 2013. Although the USA contrib-
uted greatly to the formulation of UNCLOS, it has still 
not ratified the treaty (Borgerson, 2009). UNCLOS has 
to be specified in greater detail by national law or inter-
national conventions (Box 3.2-1).

By establishing different zones within the oceans, 
UNCLOS seeks to solve the fundamental conflict 
between the free use of the seas by all states and the 
claims to the sea made by individual coastal states (Box 
3.2-2; Wolfrum and Fuchs, 2011). The principle that 
applies here is that the sovereign rights and jurisdic-
tion of nation states (in particular their rights of use) 
decline, the further from the coastline of the respective 
state the use is located (Vidas, 2010; Maribus 2010). 

The extraction and exploitation of resources on the 
seabed is an exception in this context. Since the seabed 
seaward of the continental shelf, including the non-liv-
ing resources, has been declared part of the common 
heritage of mankind and is administered by the Inter-
national Seabed Authority (ISA), a tax on profits from 
deep-sea mining and compulsory technology transfer 
has been agreed on the initiative of the developing 
countries. 

In addition to the regulations on the status of the 
marine zones and the economic use of the oceans, 

UNCLOS also emphasizes the importance of marine 
environmental protection. However, it is the states 
parties themselves that decide whether they meet the 
protection requirements imposed on them by UNCLOS 
(Wolfrum and Fuchs, 2011).

Compared to the previously existing (use) regime, 
UNCLOS considerably extended the rights of coastal 
states and flag states, thus taking into account a 
‘nationalization’ of the oceans (Shackelford, 2010). 
Only the high seas and the seabed beneath the high 
seas do not fall under national jurisdiction since they 
are territories beyond national sovereignty. UNCLOS 
emphasizes the sovereign rights of states to use their 
natural resources, and its primary aim was to solve the 
19th and 20th century marine conflicts of use over the 
drawing of national frontiers and the appropriation of 
resources. Although these conflicts are still relevant, 
the law of the sea today faces new challenges: the state 
of the oceans, the unbroken trend towards further 
overuse and pollution (Chapter 1), and new opportuni-
ties for tapping marine resources created by new tech-
nologies (Chapter 1; UNGA, 2011; Wolfrum and Fuchs, 
2011). The following analysis focuses on the extent to 
which the international law of the sea, as a multilateral 
treaty, can successfully regulate a ‘responsibility for the 
seas’ in the Anthropocene (Vidas, 2010; Gjerde, 2011) 
and provide a suitable framework for a sustainable use 
of the oceans within the framework of the planetary 
guard rails – or to what extent it perhaps needs to be 
further developed.

3.2.1 
Zoning of the oceans by UNCLOS

UNCLOS divides the oceans into zones, defines the legal 
status of these zones, and standardizes the rights and 
jurisdictions of coastal and flag states that apply in each 
one (Wolfrum and Fuchs, 2011). The scope of UNCLOS 
extends over the entire ocean seaward of the coast line, 
also known as the baseline. According to Article 5 of 
UNCLOS this is usually the low-water line along the 
coast. Alternatively, in localities where the coastline is 
deeply indented and cut into, or if there is a fringe of 
islands along the coast, straight baselines can be laid 
down by joining appropriate points. The extent of the 
individual zones is determined on the basis of the base-
line. The decisive factor when it comes to whether it is 
permissible to use the oceans and marine resources, and 
by whom, is the marine zone in which the use would 
occur. In principle, a state’s jurisdiction decreases, the 
further a location is from the coast. However, the right 
of innocent passage (Article 17 ff. of UNCLOS) applies 
in all marine zones, regardless of whether state sover-



Ocean governance in international law: UNCLOS   3.2

71

eignty applies. The following rules apply to the individ-
ual marine zones (Figure 3.2-1).

3.2.1.1 
Territorial sea
The territorial sea (Articles 2 to 32 of UNCLOS) extends 
up to 12 nautical miles (nm) seaward from the baseline. 
The sovereignty of the coastal state covers this territo-
rial sea and includes territorial jurisdiction over the sea, 
the air space above it, the seabed and the subsoil. The 
coastal state is entitled to use the sea and to enact regu-
lations in this area, e.  g. on the exploitation of resources, 
the installation of offshore wind turbines, and con-
ducting marine research. The coastal states can supple-
ment internationally valid rules with stricter national 
rules on environmental protection, the prevention and 
reduction of marine pollution, discharges, etc., which 
must then be respected by transiting ships (Kimball, 
2001). The coastal state’s jurisdiction over the territory 
and its use is, however, limited by the right of innocent 
passage, which allows ships of all states to pass through 
the territorial sea without the coastal state’s permission. 
To ensure the safety of shipping, the coastal state has 
the option of setting up shipping lanes. However, the 
use and protection of the territorial sea must not lead 
to any hindrance or restriction of the right of innocent 
passage (Proelß, 2004; cf. also  Article 211, para. 4 of 
UNCLOS). In this respect the territorial sea differs from 
the internal waters located on the landward side of the 
baseline (Article 8 of UNCLOS), where there is no such 
restriction of national jurisdiction, since UNCLOS does 
not apply there.

3.2.1.2 
Contiguous zone
The so-called contiguous zone is a border-control zone 
located seaward of the territorial sea. Its exclusive pur-
pose is that of border control, i.  e. to prevent or punish 

infringements of customs, fiscal or immigration laws, 
etc. As a control zone the contiguous zone does not 
have any territorial legal status of its own, so that it is 
located as a rule within the area of the EEZ (Graf Vitz-
thum, 2006). According to Article 33 of UNCLOS the 
maximum extent of the control zone is limited to 24 nm 
seaward of the baseline.

3.2.1.3 
Exclusive economic zone
The exclusive economic zone (EEZ; Articles 55 to 75 
of UNCLOS), which is adjacent to the territorial sea, 
extends up to 200 nm seaward of the baseline and does 
not belong to the coastal state’s territory. Here, the 
coastal state may exercize functionally limited jurisdic-
tion. If the dimensions of the EEZ do not collide with 
either an adjacent or an opposite EEZ, the coastal state 
may establish it by the unilateral act of laying claim to 
it. Otherwise, Article 74 of UNCLOS provides for the 
delimitation of adjacent EEZs by agreement between 
the coastal states concerned. If a coastal state waives 
its claim to an EEZ, it remains entitled to use its conti-
nental shelf regardless of this, if applicable. In this case 
the waters beyond the territorial sea are part of the high 
seas (Graf Vitzthum, 2006).

UNCLOS assigns the rights of use within the EEZ to 
the coastal state with final effect. They comprise, for 
example, the right to exploit the living and non-liv-
ing resources (e.  g. fish stocks, oil and gas resources) 
in the water column, on the seabed and in the subsoil, 
and to build installations or artificial islands (e.  g. oil 
platforms, wind turbines). The powers of jurisdiction 
assigned by UNCLOS to the coastal states are of great 
economic importance. For example, 90  % of all com-
mercially relevant species of fish occur in the EEZs of 
coastal states (Maribus, 2010). For Germany, the spe-
cial significance of the EEZ stems in particular from the 
planned offshore wind turbines which are to be built 

Box 3.2-1

Further specification of UNCLOS with 
implementing agreements 

Due to its nature as a framework treaty, UNCLOS refers in 
numerous provisions to the need for further specification 
by national law or international conventions. However, the 
Convention does not offer a procedure of its own for interna-
tional negotiations to define UNCLOS stipulations in greater 
detail. Implementing agreements are therefore the subject of 
negotiations as multilateral treaties under international law 
and become effective among the states parties through signa-
ture and ratification. Implementing agreements do not alter 
UNCLOS. Should UNCLOS and an implementing agreement 

contradict each other in wording or content, this contradic-
tion must be resolved by interpretation. As a rule, implemen-
tation agreements contain interpretation guidelines which 
ensure the primacy of the underlying framework conven-
tion. Two international implementing agreements have been 
agreed on UNCLOS to date:

 > the Agreement of 28 July 1994 relating to the Implemen-
tation of Part XI of the United Nations Convention on 
the Law of the Sea of 10 December 1982 (seabed regime; 
 Section 3.2.3.2);

 > the Convention of 4 August 1995 for the Implementation 
of the Provisions of the United Nations Convention on the 
Law of the Sea of 10 December 1982 relating to the Con-
servation and Management of Straddling Fish Stocks and 
Highly Migratory Fish Stocks (Section 4.1.4.4).  
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predominantly in the EEZ (KPMG, 2010).
In addition, under Article 56 of UNCLOS the coastal 

state has jurisdiction with respect to scientific marine 
research, so that any projects of third countries require 
its consent. The coastal state is furthermore obliged 
(Article 192 ff. of UNCLOS; Section 3.2.1.3) and enti-
tled to protect and preserve the oceans. Equipped with 
corresponding powers of jurisdiction to preserve the 
marine environment by Article 56, para. 1, letter (b) 
of UNCLOS, the coastal state may, for example, declare 
protected areas. Since the freedoms of navigation and 
overflight, and the freedom to lay submarine cables 
and pipelines, apply in the EEZ, there are limitations 
on what regulations of ocean conservation can achieve. 
Here, only the internationally agreed standards of 
Article 211, para. 6 of UNCLOS apply (Section 3.6.4). 
Coastal states may not introduce stricter rules unless 
certain regions worthy of special protection require 
regulations on discharges, the designation of protected 
areas, or the like. Then, however, approval must be 
obtained from the International Maritime Organization 
(IMO) according to section 211, para. 6, letter (a) of 
UNCLOS (Kimball, 2001).

3.2.1.4 
Continental shelf
The Commission on the Limits of the Continental Shelf 
(Article 76, para. 8 of UNCLOS), which was set up in 
1997, makes recommendations on request by coastal 
states on demarcation in the case of extended conti-
nental shelves. UNCLOS states parties must obtain such 
a recommendation in order to be contractually allowed 
to use an extended continental shelf.

The continental shelf (Articles 76 to 85 of UNCLOS) 
comprises the seabed and its subsoil beyond the terri-
torial sea. However, the continental shelf regime under 
UNCLOS does not relate to the water column, i.  e. the 
waters above the seabed. With regard to the conti-
nental shelf, the coastal state has the sovereign right 
to exploit the natural resources, the right to engage in 
research on the seabed and subsoil, and the right to 
erect installations and buildings. Where areas of the 
continental shelf and the EEZ overlap, the rights of use 
relating to the continental shelf have no independent 
significance, since the rights within the EEZ are more 
extensive. In two situations, however, the rights of use 
on the continental shelf have an independent impor-
tance. First, this is the case in the event that a coastal 
state does not establish an EEZ. For, unlike in the EEZ, 
the rights to the continental shelf exist regardless of 

Box 3.2-2

History of the law of the sea: who owns the sea?

The need to regulate the use of the oceans was recognized 
as early as the 17th century. The growing importance of the 
major seafaring nations’ merchant shipping fleets, the expan-
sion of fishing, and the nascent development of marine miner-
al resources led to conflicts of interest among the great seafar-
ing nations and raised the question of who owned the sea. In 
response to the Portuguese policy of ‘mare clausum’, accord-
ing to which individual states could make individual claims for 
the use of the seas (Portugal claimed a monopoly on maritime 
trade with the East Indies), Hugo de Groot (Grotius) wrote a 
body of rules in 1609 called ‘mare liberum’, which elevated 
the freedom of the seas to a basic principle and postulated the 
freedom of the seas for all seafaring nations (Stumpf, 2006; 
Mann Borgese, 1999; Aure, 2008). The aim was to secure the 
right of free global trade for the Dutch East India Company 
whose advisor Grotius was. In 1625, a time when Britain was 
competing with the Netherlands for dominance in maritime 
trade, the British lawyer John Selden developed a written 
form of the ‘mare clausum’ concept, assigning individual 
claims to the use for the seas to individual states. 

In the 20th century, there was a growing need for a new 
basis of the law of the sea under international law, accord-
ing to which some coastal states no longer recognized the 
common-law rules dating from the 17th century, for exam-
ple the right to claim a three-mile coastal strip as national 

territory. With the demand for energy and raw materials 
rising, the oceans increasingly became a valuable source of 
raw materials starting in the mid-20th century; at the same 
time the technical capabilities for recovering mineral and liv-
ing resources improved. The coastal states tried to bring ever 
larger parts of the sea and seabed under their control and 
extended their coastal strips to as much as 200 nautical miles. 
A conference convened in the 1930s to regulate the width 
of the territorial sea failed to reach agreement. The decisive 
impulse for the expansion of the coastal states’ rights after 
the end of the Second World War came from the USA, when 
President Harry S. Truman proclaimed a new policy on raw 
materials, coupled with an expansion of the coastal zone as 
far as the continental shelf. The background was the discov-
ery of resource deposits off the American coast and improved 
drilling techniques. The American example was soon followed 
by other countries, so that the world’s 200 nm zone (exclusive 
economic zone, EEZ) and the continental shelf became part of 
customary international law (UN, 2011). With the signing of 
UNCLOS in 1982, this practice was then codified under inter-
national law in the course of international negotiations on 
the contractual regulation of the international law of the sea. 

During the long phase of negotiations on UNCLOS ( 1956–
82), demands were made at the UN level that went far beyond 
the scale of regulation of UNCLOS adopted in 1982. For 
example, the then Ambassador of Malta, Arvid Pardo, called 
on the world to classify the oceans as the ‘common heritage 
of mankind’ in a much-publicized speech to the UN General 
Assembly in 1967 (Mann Borgese, 1999).  
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any state act of appropriation. Second, it is the case 
where the continental shelf extends seaward further 
than the 200-nm-wide EEZ due to geological conditions 
(e.  g. off the coasts of Argentina, in the South China 
Sea and in the Arctic). UNCLOS provides for the fol-
lowing arrangement on the seaward limit of the con-
tinental shelf: if the course of the topographic outer 
edge of the continental margin runs at a distance of 
less than 200 nm, then according to UNCLOS Article 76, 
para. 1, the hydrographic boundary of the continental 
shelf is fixed at 200 nm measured from the baseline 
(Graf Vitzthum, 2006). If the outer edge of the conti-
nental margin lies beyond this limit, the coastal state 
concerned can file an application for recognition of an 
extended continental shelf to the Commission on the 
Limits of the Continental Shelf, which was established 
by UNCLOS ( Section 3.2.1.2). If the application is suc-
cessful – e.  g. if corresponding geological evidence is 
submitted – the coastal state can define the outer limit 
of its continental shelf in accordance with the Com-
mission’s recommendation and claim the correspond-
ing rights of use to the extended continental shelf. The 
maximum expansion of the extended continental shelf 
is 350 nm from the baseline, or alternatively no more 
than 100 nm from the 2,500-metre isobath (submarine 
elevations are excepted from this alternative delimi-

tation according to Article 76, para. 6, sentence 1 of 
UNCLOS; Section 3.2.1.5; Box 3.2-3). 

The reason why the Commission on the Limits of the 
Continental Shelf was set up was because UNCLOS’s 
stipulations on the dimensions of the continental 
shelf were vague, and this often led to border dis-
putes. Especially in cases where the geological conti-
nental shelf extends seaward beyond the 200-nm-wide 
EEZ (Section 3.2.1), the clarification of any territorial 
claims by individual states parties by the Commission is 
important (Section 3.2.5; Box 3.2-3). The Commission 
on the Limits of the Continental Shelf also decides on 
the funding of the International Tribunal for the Law 
of the Sea (ITLOS) and the remuneration of the judges. 
In order to settle border disputes between adjacent or 
opposite continental shelves, the Commission on the 
Limits of the Continental Shelf offers the coastal states 
in conflict the option of submitting joint applications in 
order to give the Commission a mandate for a recom-
mendation on the delimitation in the disputed territory.

3.2.1.5 
High seas
The high seas begin beyond the outer border of the 
EEZ and are limited to the water column; i.  e. they do 
not include the ocean floor. Overall, the high seas cover 

Internal
Waters
(landward
of low-water
mark)

Territorial Sea 
(0–12 NM)
No high sea
freedoms, except
innocent passage
for foreign ships

Contiguous Zone
(0–24 NM) Control for customs,
fiscal, immigration and quarantine
purposes

Exclusive Economic Zone (EEZ)
(12–200 NM from baseline) Sovereign
rights for exploration, exploitation, conservation
and management of natural resources

High Seas Freedoms
(From 12 NM seaward) High seas freedoms of navigation,
overflight, laying of submarine cables and pipelines, other 
lawful uses by any state

High Seas
Traditional high seas freedoms,
including taking „living marine
resources“ for fisheries and
uses other than exploitation of
non-living resources on or under
the seabed

High seas freedoms include
taking of living resources on

the seafloor

Subsoil Beneath Continental Shelf

Sea Floor

Continental
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(up to 350 NM
from baseline if
approved)

„The Area“ 
Pursuant to Art. 1
para 1 (1) UNCLOS:
International
management for
non-living resources

Low water
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Figure 3.2-1
Sequence of marine zones under the UN Convention on the Law of the Sea (UNCLOS). 
nm = nautical mile = 1.852  km.
Source: Gorina-Ysern et al., 2004
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about 202 million km², i.  e. 64  % of the total area of 
the oceans. In essence the use of the high seas (Arti-
cles 86 to 120 of UNCLOS) follows the principle of free-
dom of the seas (Box 3.2-2). No state is allowed to sub-
ject any part of the high seas to its sovereignty. Free-
dom of navigation, fishing and marine research applies 
in the area of the high seas. The designation of marine 
protected areas on the high seas by individual states 
is not regulated under UNCLOS, but could be required 
under Article 194, para. 5 of UNCLOS on ocean con-
servation. The freedom of the high seas – i.  e. freedom 
of shipping, fishing, etc. – would have to be observed 
(Proelß, 2004).

3.2.1.6 
The Area
The seabed located below the high seas, the so-called 
Area (Article 133 to 191 of UNCLOS, Annexes III and 
IV), is not subject to any national jurisdiction. The 
Area and its mineral resources are belong to the ‘com-
mon heritage of mankind’ pursuant to Article 136 of 
UNCLOS. UNCLOS provides for a steward and an inter-
national regime of management for the use of min-
eral resources in the Area, i.  e. the mineral resources 
that are located “at or beneath the seabed” (Part XI of 
UNCLOS). This so-called seabed regime is presented in 
Section 3.2.3.2.

3.2.2 
Regulations of UNCLOS on the conservation and 
sustainable use of the oceans

UNCLOS defines requirements (minimum standards) 
for the protection and preservation of the oceans and 
in this way places limits on their use (Wolfrum and 
Fuchs, 2011). These requirements apply to all marine 
zones. The states parties to UNCLOS are obliged to pro-
tect the marine environment “in accordance with their 
capabilities”. No damage must be caused by pollution to 
other states or their environment (Article 194, para. 2 
of UNCLOS), and no damage may be transferred (Arti-
cle 195 of UNCLOS). As regards the use of technolo-
gies or the introduction of invasive species, UNCLOS 
stipulates that states shall take all necessary meas-
ures to prevent and reduce any resultant pollution of 
the marine environment (Article 196 of UNCLOS). In 
addition, UNCLOS contains certain obligations of states 
with regard to international and regional cooperation, 
technical assistance, monitoring and assessing pollu-
tion, enforcement, responsibility and liability (Arti-
cles 197 to 237 of UNCLOS). Furthermore, UNCLOS 
requires that states pass more detailed national legis-
lation regulating their obligation to protect the oceans 

(Article 207 ff. of UNCLOS). UNCLOS provides that the 
states parties agree global and regional conventions on 
marine environmental protection, transfer these agree-
ments into national law and monitor compliance with 
them (Lagoni, 2007). It only establishes a separate 
regime for the seabed (Section 3.2.3.2).

3.2.3 
Institutions of UNCLOS

The UN Convention on the Law of the Sea (UNCLOS) 
led to the establishment of several international insti-
tutions:

 > the Commission on the Limits of the Continental 
Shelf (New York; Section 3.2.1.4);

 > the International Tribunal for the Law of the Sea 
(Hamburg);

 > the International Seabed Authority (Kingston).
Fundamental decisions, particularly on amendments to 
UNCLOS, are taken by the Meeting of States Parties. 
The central task of the Meeting of States Parties is to 
hold negotiations on proposed amendments to UNCLOS 
(Box 3.2-4). Since no such an amendment procedure 
has been carried out to date, the Meeting concerns 
itself primarily with matters of the Commission on the 
Limits of the Continental Shelf and the International 
Tribunal for the Law of the Sea. The Meeting of States 
Parties is supposed to be convened only when needed, 
but it has been held annually since 1994. The Meet-
ing is usually convened in the run-up to the General 
Assembly of the United Nations, taking the opportu-
nity to prepare ocean-related resolutions of the Gen-
eral Assembly. 

3.2.3.1 
International Tribunal for the Law of the Sea 
Article 279 of UNCLOS obliges the states parties to settle 
disputes by peaceful means. The International Tribunal 
for the Law of the Sea (ITLOS, Article 287 of UNCLOS in 
conjunction with Annex VI), which was established in 
1996, serves to settle disputes concerning the interpre-
tation or application of UNCLOS. However, according to 
Article 287, para. 1 of UNCLOS, the states can choose 
other means to settle disputes, so that cases relating 
to the Law of the Sea can also be brought before the 
International Court of Justice or to an arbitral tribunal. 
In practice, ITLOS has jurisdiction in matters relating to 
the prompt release of ships pursuant to Article 292 of 
UNCLOS – although here, too, the parties in the dispute 
have a limited choice (Wolfrum, 2006b:  481). Under 
certain conditions, ITLOS may furthermore have juris-
diction to order provisional measures, so that ITLOS can 
assumed to have a de facto ‘monopoly’ over handling 
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these cases (Wolfrum, 2006b:  470). Regarding disputes 
concerning activities in the Area, moreover, there is a 
Seabed Disputes Chamber at ITLOS, which has exclu-
sive and compulsory jurisdiction for these disputes. 
Furthermore, the Chamber supports the International 
Seabed Authority by preparing legal opinions. Disputes 
outside of UNCLOS can also be assigned to ITLOS, e.  g. 
disputes under the Fish Stocks Agreement (Article 30 
of the Fish Stocks Agreement). The International Tri-
bunal has at least five permanently established cham-
bers, first for the disputes that can be assigned to ITLOS 
under UNCLOS, but also for disputes relating to fish-
eries, the marine environment and boundary disputes 
over the marine zones. The possibilities of legal pro-
tection by the Court of Justice developed positively 
with the extension of the ‘capacity to sue and be sued’ 
to include natural and legal persons, since previously 
only states could go to court as a party. To date, only 21 
cases have been brought before ITLOS (ITLOS, 2013). 
One reason for the rare use of ITLOS to settle disputes 
could lie in the numerous choices under Article 287 of 
UNCLOS, which offers settlement alternatives for most 
disputes under the Law of the Sea.

3.2.3.2 
International Seabed Authority and the seabed 
regime
The International Seabed Authority (ISA; Article 156 
ff. of UNCLOS) was founded in 1994 to manage the 
mineral resources of the Area according to the heritage 
of mankind principle (Article 136 of UNCLOS; Figure 
3.2-2). According to the provisions of UNCLOS and the 

Agreement relating to the Implementation of Part XI of 
the United Nations Convention on the Law of the Sea, it 
has jurisdiction to authorize and monitor activities in 
the Area. Article 136 of UNCLOS declares the Area to 
be the common heritage of mankind. This framework 
principle is made up of four definitive basic statements:

First, “all rights in the resources of the Area are vested 
in mankind as a whole” (Article 137, para. 2 of UNCLOS). 
The states parties may not exercize individual national 
sovereignty. The legal regime does not, therefore, include 
the freedom of nation states to exploit resources as in 
the area of the high seas. Mining projects, especially to 
recover manganese nodules, are to be carried out on the 
basis of the system of use established under international 
law, because the extraction of mineral resources requires 
the mandatory assignment of rights of use by the pro-
vision of a regulatory framework in order to establish a 
secure investment framework (Wolfrum, 2006a:  334). 

Second, “particular consideration” is to be given to 
“the interests and needs of developing states” (Article 
140, 148 of UNCLOS), whose participation in deep-sea 
mining is to be promoted, “having due regard to their 
special interests and needs”. 

Third, the states parties have an obligation to real-
ize equality among the states at the expense of states 
that are financially and technically capable of mining. 
In contrast to the use of the high seas, activities on the 
deep-sea floor have the advantage of being “carried out 
for the benefit of mankind as a whole” (Article 140 of 
UNCLOS). 

Fourth, the creation of the International Seabed 
Authority (ISA) to ensure the monitoring and coop-

Box 3.2-3

Planned extensions of the continental shelf in the 
Arctic: who owns the Arctic?

The countries bordering the Arctic Ocean are the coastal 
states Canada, Denmark, Norway, the Russian Federation and 
the United States of America. With the ongoing retreat of 
the Arctic ice sheet the probability that the exploitation of 
resources in the Arctic Ocean would soon become technically 
feasible and economically attractive has been increasing for 
years. As a result, these countries are trying to lay territo-
rial claims to the seabed and subsoil of the Arctic Ocean. The 
simmering conflict over the territorial division of the polar 
region came to the public’s attention when, in August 2007, 
a Russian submarine anchored a Russian flag to the bottom 
of the Arctic Sea, thus underlining Russia’s claims. Although 
the United States has not acceded to UNCLOS to date, the 
coastal states stated in the Ilulissat Declaration of 2008 that 
they intended to determine the outer limits of their respec-
tive continental shelves in particular according to the rules 
of the Convention on the Law of the Sea. The main point at 

stake about possible extensions to the continental shelf is the 
geological allocation of the Lomonosov and Mendeleev Ridge. 
In its application filed in December 2001, Russia claimed this 
mountain ridge in the polar region as submarine elevations 
which, due to their geological topography, were natural parts 
of the Russian continental margin within the meaning of Arti-
cle 76, para. 6, sentence 2 of UNCLOS (Wolfrum, 2008). Den-
mark objected to this application by Russia in February 2002, 
stating that the borderline between the Danish and Russian 
continental shelf was disputed. As a result, Denmark invoked 
Article 83 of UNCLOS, thus challenging the jurisdiction of the 
Commission on the Limits of the Continental Shelf to decide 
on disputed territories. In the recent past, Russia in particular 
has sought to find a peaceful settlement to the Arctic conflict. 
A conflict with Norway that had been ongoing for decades 
relating to marine borders in the Arctic Ocean has been set-
tled. Russia, Canada and Denmark/Greenland are currently 
jointly striving to find an amicable solution to the Arctic con-
flict. One of the options being considered is a joint application 
to the Commission on the Limits of the Continental Shelf for a 
recommendation on the delimitation of the border (Humrich, 
2011).  
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eration of the states parties involved (Wolfrum, 
2006a:  336) follows from the idea of the common 
heritage of mankind. 

As regards the use of resources in the Area, the pro-
visions of Article 133 of UNCLOS refer only to mineral 
resources that are located “at or beneath the seabed”. 
According to the unequivocal wording of the seabed 
regime, therefore, living resources are not covered and 
are not allocated to the common heritage of mankind, 
but to the freedom of the high seas (Friedland, 2007). 
The marine environment must be protected from dam-
age in the course of mining the mineral resources. To this 
end, the ISA is to adopt rules pursuant to Article 145 of 
UNCLOS to prevent and reduce pollution of the Area as 
a result of mining operations and to protect the natural 
resources. In addition, the general obligations to protect 
the marine environment under Article 194 ff. of UNCLOS 
apply, as do their more detailed description relating to 
activities in the Area in Article 209 of UNCLOS. To date, 
the Authority has accordingly adopted guidelines for 
monitoring possible environmental impacts in relation to 
the exploration of manganese nodules in the Area (UN, 
2001). The designation of parts of the Area as protected 
areas is also possible as a protective measure (Jenisch, 
2010). 

The International Seabed Authority has jurisdiction 
over the deep-sea bed and its mineral resources (Box 
3.2-5) on behalf of all states (Jenisch, 2010). Activities 
in the Area have to be approved by the International Sea-
bed Authority (Friedland, 2007). The company filing the 
application must sign a contract with the International 
Seabed Authority on compliance with the requirements 
laid down in the work plan (Jessen, 2012). Certain unu-
sual aspects for the applicant result from the earmark-

ing of the Area as the common heritage of mankind 
(Jenisch, 2010).

The International Seabed Authority has adopted sev-
eral ‘Regulations’ under the generic term Mining Code 
for the extraction of manganese nodules, polymetallic 
sulphides and cobalt-rich crusts. This Code lays down the 
preconditions for exploration dives and environmental-
protection requirements, taking into account the pre-
cautionary principle and applying ‘best environmental 
practice’ (Regulation 31, subsection 2 of the Manganese 
Nodule Code; Regulation 33, subsection 2 of the Sul-
phide Code), which is defined in relation to the environ-
ment as the application of the most appropriate combi-
nation of control measures and strategies. Only environ-
ment-friendly processes may be approved which ensure 
the regeneration of the vulnerable deep-sea ecosystems. 
Regulation 31, subsection 3 of the Manganese Nodule 
Code also refers to the best available technologies. In 
cases of dispute, the International Seabed Authority can 
institute proceedings at the Seabed Disputes Chamber of 
the International Tribunal for the Law of the Sea. 

3.2.4 
Assessment of UNCLOS

In order to assess the effectiveness of UNCLOS, the 
WBGU uses a number of touchstones for gauging how 
suitable ocean governance is for tackling certain prob-
lems (Section 3.1.4). These touchstones can also reveal 
the shortcomings and weaknesses of UNCLOS and 
help develop ways of improving marine governance 
( Chapter 7). 

Box 3.2-4

Procedure for amending UNCLOS

The UN Convention on the Law of the Sea (UNCLOS) contains 
three different procedures for amendment:

 > the general amendment procedure pursuant to Article 312 
of UNCLOS;

 > the simplified amendment procedure pursuant to Article 
313 of UNCLOS; and 

 > the procedure for amendments to provisions relating to the 
Area according to Article 314 of UNCLOS.

The first prerequisite for an amendment of UNCLOS, regard-
less of the procedure, is that a proposal must be made by a 
state party (Article 312–314 of UNCLOS). If at least half of 
the states parties advocate the proposal in the course of the 
general amendment procedure within 12 months, a meeting 
is convened to amend UNCLOS. In principle, amendments to 
the text of the Convention should be made as far as possible 
by a unanimous decision of the convened Meeting of States 

Parties (Article 312, para. 2 of UNCLOS). Under the simplified 
amendment procedure (Article 313 of UNCLOS), the states 
parties are informed about the proposed amendment with-
out a meeting. The states parties can raise objections both to 
the choice of the simplified procedure and to the proposed 
amendment. The amendment is adopted, however, if no state 
party objects within a year. If there is an objection, the pro-
posed amendment is deemed to have been rejected. A separate 
amendment process is used for activities in the Area; here, the 
states parties are merely informed of the proposed amend-
ment. In order for this proposed amendment to be adopted, 
it must first be approved by the Council of the International 
Seabed Authority and subsequently by the Assembly (Article 
314, para. 1 of UNCLOS). The representatives of the states 
parties in these institutions are authorized to examine and 
approve the proposed amendment. All adopted amendments 
are displayed for 12 months for signature by the states parties 
pursuant to Article 315, para. 1 of UNCLOS, unless otherwise 
stated in the amendment.  
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3.2.4.1 
Systemic perspective
In principle UNCLOS contains a systemic perspective 
in that it lays down an overarching framework for the 
conservation and use of the oceans. Its scope is not lim-
ited to certain marine areas, and its purpose is to create 
a basic order to govern human activities in the oceans. 
UNCLOS itself acknowledges that “the problems of 
ocean space are closely interrelated and need to be con-
sidered as a whole” (Preamble, recital 3). However, this 
is only reflected in individual stipulations. For exam-
ple, when it comes to conservation of fish stocks the 
states parties have an obligation to take into account 
the interdependence of stocks (Article 61, para. 3 of 
UNCLOS) and the effects of fishing activities on asso-
ciated and dependent species (Article 61, para. 4, and 
Article 119, para. 1, letters (a), (b) of UNCLOS). More-
over, fragile ecosystems and the habitats of rare or 
endangered species are to be protected (Article 194, 
para. 5 of UNCLOS). However, this systemic perspec-
tive is watered down by several contrary regulations. 
For example, the division of the oceans into zones with 
different legal regimes means that individual sections 

are considered in isolation, so that the sea is not looked 
at as a whole. Furthermore, the zoning does not corre-
spond to the ecosystem boundaries, which can lead to 
problems in ecosystems that cross zone borders when 
the systemic approach is used (Tsamenyi et al., 2003). 
UNCLOS is also based on a pollution-related approach 
which considers different sources of pollution sepa-
rately (Wolf, 2006). The orientation towards indivi-
dual pollution sources appears useful on the one hand, 
because the causes of pollution can  differ in importance 
and require different  measures. On the other hand, the 
split means that, as a rule, even international or regional 
agreements only cover certain parts of the marine envi-
ronment, such as fisheries, waste disposal, ships’ emis-
sions or similar issues, leading to a further fragmen-
tation of the ocean-conservation regime – although 
this would be difficult to avoid, partly due to the high 
degree of specialization and technicity (Wolf, 2006). 
For example, the IMO is unable to effectively adminis-
ter coordinated measures of marine environmental pro-
tection because of its orientation towards the technical 
reduction of ship emissions (Höfer and Mez, 2003). This 
fragmentation based on sectoral regulation is further 

Figure 3.2-2
The International Seabed Authority approves, reviews and supervises the extraction of mineral resources in the Area. 
Applications to conduct mining operations can be filed by both state and private companies (contractors); private companies 
require the support of a state party (a so-called sponsor state). This sponsor state assumes responsibility under international law 
for the company’s mining activity and is liable for errors of selection and monitoring.
Source: WBGU
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encouraged by the provisions of UNCLOS relating to 
‘competent international organizations’ and the ‘gener-
ally accepted international rules and standards’ (Proelß, 
2004). There are hardly any dovetailing or overarching 
regulations affecting the entire system or interdepend-
encies between individual objects and areas of regu-
lation. Article 194, para. 3, letter (a), and Articles 207 
and 212 of UNCLOS do take into account land/ocean 
and atmosphere/ocean interactions (Chapter 1). They 
stipulate that the states parties are to enact rules and 
take measures to reduce and prevent pollution of the 
sea from the land or the air. However, more complex 
interdependencies are not considered by UNCLOS. 

Similarly, the preservation and management of 
 living marine resources does not demand any consider-
ation of the impact of fishing activities on other ecosys-
tems or other objects of protection such as biodiversity, 
nor do nature-conservation or animal-welfare issues 
need to be considered (Article 61 of UNCLOS). Equally, 
UNCLOS does not contain specific provisions on par-
ticularly sensitive marine organisms such as deep-sea 
species. Precisely because of the intricate relationships 
between marine species and ecosystems, as well as their 
mutual dependencies, removing fish stocks can cause 
damage to other ecosystems (Tanaka, 2011). This nar-
row, sectoral approach is reinforced by the fact that, 
accordingly, the more detailed international or regional 
conventions also only regulate individual pollution sec-
tors. Furthermore, UNCLOS’s systemic component is 
restricted by the fact that not all areas have been proc-
essed in greater detail by treaties. For example, there 
is no treaty providing for the designation of marine 
protected areas at the global level. Similarly, novel – 
especially technological – developments such as CO2 
capture and storage, geoengineering, etc., have hardly 
been covered by UNCLOS implementing agreements up 
to now. UNCLOS also regulates the protection of the sea 

in isolation, without referring to any interaction with 
other conventions dealing with marine conservation, 
such as the CBD. 

Overall, although UNCLOS contains systemic ele-
ments, a sectoral perspective dominates for the most 
part which is characterized by a limited focus on the 
respective use. The complex and dynamic interactions 
within the oceans and marine ecosystems, as well as 
within the Earth system (land/sea, sea/atmosphere, 
climate change) and the societal systems are not given 
sufficient consideration in UNCLOS. 

3.2.4.2 
Precautionary principle
The precautionary principle is not explicitly part of 
UNCLOS. In its definition of pollution (Article 1, para. 
1, no. 4 of UNCLOS), it refers to “effects” which are 
“likely to result”. Although this covers the time element 
of the precautionary concept, it does not require states 
parties to take precautions to avoid risks. In its report 
on sea-floor management, however, ITLOS requires 
the UNCLOS states to apply the precautionary princi-
ple – as part of its standard of care – in the context of 
resource exploitation in the ‘Area’. Regarding the pre-
cautionary principle, ITLOS sees a clear trend towards 
the recognition of the precautionary principle under 
customary international law and derives from this the 
duty of states to make provisions for risks (ITLOS, 
2011:  131, 135). This principle is explicitly stated by 
implementation agreements such as the London Pro-
tocol (prevention of marine pollution, Section 3.3.2.6), 
the OSPAR Convention (ocean conservation in the 
Northeast Atlantic, Box 3.4-1; Article 2, para. 2, let-
ters (a), (b), para. 3, letters (a), (b)), the Helsinki Con-
vention (HELCOM, marine environmental protection in 
the Baltic Sea) and the regulations of the ISA Mining 
Code. Although the precautionary principle is already 

Box 3.2-5

Financial compensation for the use of the seabed

Region of the recognized continental shelf beyond the 
200 nm
The coastal states are obliged to “make payments or contribu-
tions in kind in respect of the exploitation of the non-living 
resources of the continental shelf beyond 200 nm” (Article 
82 para. 1 of UNCLOS). The size of these payments is to be 
staggered over time (from 1  % to 7  % of the value or volume 
of production; Article 82, para. 2 of UNCLOS). The obliga-
tion to pay begins with the sixth year of production and is 
assessed on the basis of annual output. The payments are 
made to the International Seabed Authority, which is subse-
quently responsible for their equitable distribution among the 

states parties of UNCLOS. The interests and needs of devel-
oping countries are to be given special consideration in the 
distribution.

Region of the Area
The issuing of exploration and mining licences is organized 
by the International Seabed Authority. Starting at the begin-
ning of extraction, the licensee pays a charge that is stag-
gered over time, but is not less than an annual fee of US$  1 
 million. The International Seabed Authority must develop an 
equitable method for the distribution of profits in which the 
interests and needs of developing countries are given special 
consideration (Article 160, para. 2, letter (f)(i) of UNCLOS). 
Potential beneficiaries of this distribution method are all the 
states of the world.  
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acknowledged in many regulations and decisions on 
ocean use (e.  g. in the Third Conference on the Pro-
tection of the North Sea in 1990), it is rarely strictly 
applied in practice. 

3.2.4.3 
Adaptive management
Although UNCLOS can be amended and/or further 
developed by the states parties when required, thus 
enabling the treaty to be adapted to new findings and 
circumstances, the regulations on amending the trea-
ty’s text are inflexible, complex and take a long time. 
Since the amendment procedure is laborious (Box 3.2-
4) and offers little promise of success, it has not been 
used to date. In addition, UNCLOS contains no arrange-
ments providing for an adjustment, when necessary, 
in the light of new knowledge or technological devel-
opments. The seabed regime is more flexible, since its 
arrangements are supposed to be regularly reviewed. 
There are no other options for adjustment. In this way 
the framework agreement makes it difficult to practise 
the kind of adaptive management that allows govern-
ance to change when new knowledge comes to light.

3.2.4.4 
Incentives for innovation
Up to now, UNCLOS does not provide for incentives for 
innovation that encourage a sustainable, low-risk use 
of the oceans, e.  g. new, long-term and sustainable busi-
ness models on the use and conservation of the oceans. 
The promotion of marine environmental protection is 
largely limited to the obligation of the states parties 
to enact more detailed laws to protect and preserve 
the marine environment (Article 192 ff. of UNCLOS). 
The regulations of UNCLOS on “technical assistance” 
relate to innovation indirectly at best (Article 202 f. of 
UNCLOS). In the context of development programmes, 
the aim is to promote science, education and technolog-
ical development in the field of marine environmental 
protection. To this purpose UNCLOS provides for know-
ledge and technology transfer to the benefit of devel-
oping countries.

3.2.4.5 
Assignment of rights of use
Under UNCLOS rights of use are assigned by the zoning 
of the oceans into territorial waters, EEZs, continental 
shelf limits and the high seas. Rights to use the resources 
of the Area are not directly assigned by UNCLOS. How-
ever, as a framework convention it legitimizes the Inter-
national Seabed Authority to issue licence contracts to 
explore and/or recover these resources on application. 
There are allocation difficulties, particularly relating to 
the rights to use living resources, as these are not geo-

graphically determined. Accordingly, there is a lack of 
regulations from UNCLOS on the assignment of the liv-
ing resources in the high seas. 

In addition to this assignment of rights of use, 
UNCLOS also contains a model for allocating the costs 
of damage incurred: the ‘polluter pays principle’. Under 
Article 195 of UNCLOS, damage may not be relocated 
to another zone, otherwise states could avoid their 
obligation to bear the costs by shifting the location 
of any damage (Proelß, 2004). This principle requires 
implementation by more specific treaties. The London, 
OSPAR and Helsinki Conventions already refer to the 
polluter pays principle.

3.2.4.6 
Cooperation
The UNCLOS states parties are obliged to cooperate in 
the protection of marine resources, the preservation 
of the marine environment and the establishment of 
standards in the prevention and control of marine pol-
lution from the land. A separate section of UNCLOS is 
devoted to global cooperation for the preservation of 
the marine environment (Article 197 ff.). In the con-
text of the use of resources, states parties are expected 
to cooperate in the Review Conference of the Seabed 
Regime 15 years after the first commercial production 
and in the promotion of scientific marine research in 
the Area. 

3.2.4.7 
Subsidiary decision-making structures
Since UNCLOS has the structure of a framework conven-
tion in which many individual regulations are referred 
to the nation states, a subsidiary decision-making 
structure has in principle been created. In some cases, 
implementing agreements like the FSA also induce the 
creation of regional structures like the Regional Fisher-
ies Management Organizations (RFMOs). 

3.2.4.8 
Transparent information
In the WBGU’s view, the UNCLOS decision- making 
structures are not transparent enough, not least 
because of limited opportunities for participation by 
stakeholders in the marine sector. NGOs are excluded 
from  decisions on exploration or mining licenses by 
the International Seabed Authority. Similarly, the deci-
sions of the Commission on the Limits of the Conti-
nental Shelf on the exact course of the outer limits of 
the continental shelf are taken behind closed doors by 
a commission of experts. Accordingly, the decision- 
making structures of the Commission on the Limits of 
the Continental Shelf reveal transparency shortcomings 
(Jenisch, 2010). 
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The decision-making procedures of ITLOS, by 
 contrast, are transparently structured. Its decisions 
are based on public hearings. The judgments made by 
majority decision must be substantiated and published 
and also take into account the opinions of judges with 
differing views.

3.2.4.9 
Participative decision-making structures
Up to now, participation by the states parties has been 
provided for particularly in the further development 
of the Convention text. However, UNCLOS lacks other 
participation rights and participatory elements. Deci-
sions by the International Seabed Authority on explo-
ration and mining licences are made without the partic-
ipation of NGOs. Although companies or states can be 
involved as applicants in the approval procedure when 
exploration or mining licences are awarded in the Area, 
environmental organizations or other third parties have 
no opportunities to put forward objections. Similarly, 
the International Seabed Authority is not involved in 
proceedings of the Commission on the Limits of the 
Continental Shelf relating to the outer limits of con-
tinental shelves, even though the decision directly 
affects its jurisdiction.

There is also no obligation to enable NGOs to par-
ticipate in judicial proceedings before ITLOS’s Seabed 
Disputes Chamber. Nevertheless, such representatives 
were recently given an opportunity to make a state-
ment during the preparation of an ITLOS opinion (Jes-
sen, 2012). Asking NGOs for statements (amicus curiae) 
is a possible course of action in the context of WTO 
dispute-settlement procedures (de Brabandere, 2011); 
it can therefore possibly be expected from ITLOS in 
future as a legal tradition of international courts.

3.2.4.10 
Fair distribution mechanisms
The criterion of fairness and justice pervades UNCLOS 
as a guiding principle and is already mentioned three 
times in the Preamble alone. UNCLOS provides for an 
equitable use of marine resources, taking into account 
the capabilities and interests of developing countries. 
The developing countries are also given special con-
sideration in ocean conservation in that they only 
have to prevent and reduce contamination in accord-
ance with their capabilities. Similarly, a distinction is 
made between developing and industrialized countries 
in the quality of protection efforts, especially accord-
ing to their different technological and scientific capac-
ities. Aspects of intergenerational justice are taken into 
account by the seabed regime in that the resources of 
the seabed are declared as part of the common heritage 
of mankind, i.  e. also for future generations. The require-

ments of fairness referred to in UNCLOS must be speci-
fied in more detail in implementing agreements. 

3.2.4.11 
Conflict-resolution mechanisms
The resolution of conflicts is clearly regulated in 
UNCLOS (Part XV). The states parties to UNCLOS can 
invoke ITCLOS or an arbitral tribunal formed under 
UNCLOS to settle disputes concerning the interpreta-
tion or application of the Convention (Article 287). If 
the parties cannot agree on the same procedure, then 
an arbitration procedure is provided for to make a deci-
sion. 

3.2.4.12 
Enforcement mechanisms
According to the provisions of international law the 
flag state is primarily responsible for monitoring its 
ships and enforcing the relevant national and interna-
tional regulations (Graf Vitzthum, 2006:  399 ff.). How-
ever, flag-state control is often ineffective. On one 
hand, many flag states barely have the personnel or 
the financial means to monitor compliance with regu-
lations; on the other, they have no interest in impos-
ing the corresponding costs on the ships to ensure that 
as many ships as possible register with them (König, 
1990). Corruption is another obstacle to the enforce-
ment of the existing legal regulations. So-called ‘classi-
fication societies’, which are usually entrusted with the 
task of controlling the ships, apply very lax standards 
in some countries. This is precisely why many operators 
have their ships registered there. These so-called ‘flags 
of convenience’ increased in number rapidly in the 
past, and many of the ships wereoperated by holding 
companies, so that the owners’ true identity remained 
in the dark (Behnam, 2003). 

In addition to the flag states, UNCLOS also grants 
the port states the right to conduct inspections of 
ships sailing under foreign flags. Port states can lay 
down national standards as a prerequisite for entry 
into their ports, because the right of innocent passage 
does not apply here (König, 2002). If the ship’s docu-
ments are not in order, or if there is cause for concern, 
port states have the authority to board and inspect the 
ship (Blanco-Bazán, 2003). However, it lies in the port 
state’s sole discretion whether it intervenes in the case 
of statutory violations that might threaten the marine 
environment. UNCLOS does not lay down any obliga-
tion to take such action. Some port states fear that if 
they exercise strict controls they will be less attractive 
for ships and thus suffer a competitive disadvantage 
vis-à-vis other ports (König, 2002). 

Coastal states also have powers of inspection and 
enforcement in their territorial seas based on their 
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exclusive sovereignty. The possibility of controlling 
ships in the coastal area is reduced to checking the 
ship’s documents. This restrictive way of handling the 
situation is a result of the regime on innocent passage 
through the territorial sea, in which the rights of the 
coastal state to protect the marine environment is an 
exception in the context of the right of passage (Graf 
Vitzthum, 2006:  401 ff.). So although environmental-
protection standards may therefore be stricter in the 
territorial sea than the internationally agreed regula-
tions, this only applies as long as the right of innocent 
passage is not obstructed as a result (König, 2002). A 
vessel may only be prevented from continuing its jour-
ney if it is found to have violated international regula-
tions, causing a threat to the marine environment (Kim-
ball, 2001). The coastal state is only allowed to exercise 
enforcement measures in the exclusive economic zone 
if serious damage to its interests is to be feared. 

In order to exercise their powers of enforcement 
more effectively and efficiently, port states in vari-
ous regions have signed agreements such as the Paris 
Memorandum of Understanding on Port State Con-
trol. These are not based on international treaties, but 
on administrative agreements between the regional 
authorities of affected states. They specify the applica-
ble international rules, but do not introduce any addi-
tional requirements of vessel safety or environmental 
protection. However, they do lay down a percentage of 
incoming ships that must be controlled. The agreements 
not only lead to more effective enforcement, they also 
prevent distortions of competition in the region and 
prevent unilateral actions (Kimball, 2001). However, 
since they are not legally binding, in cases of non-com-
pliance the parties are restricted to exercising political 
or economic pressure or introducing economic incen-
tives (König, 2002). 

In addition, UNCLOS obliges the states parties to 
take measures to protect the marine environment from 
land-based pollution. In principle, this also includes the 
respective state enforcing these measures vis-à-vis pri-
vate actors (Hafner, 2006:  402). However, the states are 
not obliged by UNCLOS to enforce uniform (minimum) 
standards of protection (Birnie and Boyle, 2002:  408). 
Nor does any treaty apart from UNCLOS exist at the 
international level that deals with this source of pol-
lution in a binding and comprehensive way (Graf Vitz-
thum, 2006:  384). 

According to UNCLOS the coastal state is sover-
eign in its use of resources in relation to the continen-
tal shelf and the EEZ – for example by means of oil 
and gas platforms (Proelß, 2010). This also relates to 
operating mobile platforms under a foreign flag in its 
coastal waters. The coastal state enacts security and 
protection standards and has an obligation to enforce 

them ( Article 214 of UNCLOS). There are no uniform, 
international regulations in this regard either (Proelß, 
2010).

3.2.5 
Core problems and challenges of future ocean 
governance

The age of the Anthropocene brings with it new threats 
on a global scale for the oceans as part of the Earth 
system, inter alia as a result of the ongoing physical 
destruction of marine habitats (e.  g. by destructive fish-
ing methods), by overfishing, the massive pollution of 
the seas (e.  g. with plastic waste), as well as warming 
and acidification (Section 1.2). The present pressure 
of use on the oceans is also expected to intensify fur-
ther in the coming years: overall, many new uses of 
the oceans have become   possible for which UNCLOS 
in its present form does not provide sufficient regula-
tory tools. These new uses of the oceans include, for 
example, new shipping routes as the Arctic ice melts, 
prospecting for (and extracting) energy and mineral 
resources, deep-sea fishing, the generation of renew-
able energy on and in the sea, and offshore aquacul-
ture. On the other hand, there is no legal framework 
that protects the marine ecosystems and thus guaran-
tees that the seas are used in an environmentally sus-
tainable way. Exploration in search of fossil fuels is 
penetrating into ever deeper areas of the ocean, and 
the extraction of marine methane hydrates is becoming 
more attractive with the advancement of technology 
and a rising demand for energy. In particular there is no 
international liability regime for operators of offshore 
oil and gas installations or for marine mining. 

There are a number of global treaties that fill in 
details within the framework created by UNCLOS for 
many uses of the oceans (Section 3.2). These ‘imple-
mentation agreements’ are differently equipped in 
terms of their substantive provisions (e.  g. considera-
tion of the systemic approach or the precautionary 
principle, Section 3.1) and their powers to control and 
sanction. The number of states parties that have signed 
up to these implementation agreements vary. For exam-
ple, the London Protocol (marine pollution prevention), 
which explicitly follows the precautionary principle and 
the polluter pays principle, only has 42 states parties. 
Reasons for the comparatively low level of participation 
might include the very precisely formulated bans (e.  g. 
lists of prohibited substances); furthermore, the effec-
tive set of instruments for verifying compliance with 
the rules, and sanctions for states who do not comply, 
might be further reasons why some states are still hold-
ing back from acceding to the treaty. 
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The current zoning of the seas by international law 
under UNCLOS does not reflect the effect of marine 
pollution, which does not stop at zonal borders. By 
dividing the sea into zones with different legal regimes, 
individual sections are considered in isolation and the 
ocean is not seen as a whole. Furthermore, the zon-
ing does not correspond to the ecosystem boundaries, 
and this can lead to problems in border-crossing eco-
systems when the systemic approach is applied. There 
is therefore a lack of an integrated regime of conserva-
tion and use across the marine zones. Freedom of navi-
gation, fishing and marine research applies on the high 
seas. The rights of use in the EEZ comprise primarily 
the exploitation of the fish stocks (90  % of all economi-
cally important species of fish occur here), the use of oil 
and gas resources, and the erection of oil platforms and 
wind turbines. The sustainability of the management 
of the EEZ is neither checked nor sanctioned under 
UNCLOS. 

Finally, the UNCLOS decision-making structures are 
not sufficiently transparent, particularly because of 
limited opportunities for the participation of stakehold-
ers in the marine environment. A reform of UNCLOS 
should therefore also allow for greater involvement of 
civil society.

3.3
Global ocean governance: UN institutions and 
activities

The United Nations Convention on the Law of the Sea, 
or UNCLOS (Section 3.2), often referred to as the ‘con-
stitution of the seas’, lays down the international gov-
ernance framework for the use and conservation of the 
oceans. Various other institutions exist within the UN 
system parallel to, but independent of, UNCLOS which 
have helped shape this framework at a global level in 
the past, and will continue to do so in the future. The 
large number of different institutions involved, most 
of which pursue a sector-based approach focusing on 
specific uses (e.  g. shipping) or environmental assets 
(e.  g. marine biodiversity), has led to a marked frag-
mentation of ocean governance within the UN system: 
“Nevertheless, UNCLOS III leaves many of the details of 
marine resource management to further treaties and to 
domestic law, and these subordinate regimes perpetu-
ate the fragmentation of ocean governance. One exam-
ple of this fragmentation is the number and specificity 
of treaties currently in force that address different liv-
ing marine resources” (Craig, 2012:  91). 

3.3.1 
Actors: UN bodies and specialized organizations 

Where they have a corresponding mandate and suffi-
cient capacity, actors at the UN level make an impor-
tant contribution to a sustainable stewardship of the 
oceans. For instance, they pool and continuously 
enhance knowledge, and on this basis drive forward 
the dynamic development of agreed goals. The follow-
ing sections therefore examine the UN actors currently 
involved in the governance of the oceans and briefly 
outline their key activities. 

3.3.1.1 
UN General Assembly and  UN Secretary-General
The annual General Assembly of the United Nations 
(UNGA) is the most important cross-sector forum for 
international marine policy. It identifies areas where 
action needs to be taken, evaluates ongoing processes, 
and takes decisions on behalf of the international com-
munity on the oceans and the law of the sea in the 
form of resolutions (for example Resolution 61/105 in 
2007 on sustainable fisheries). The current items on the 
agenda of the UNGA relating to the oceans are as fol-
lows (UN, 2012c, 2013b): 

 > the reports of the Secretary-General on topical issues 
of ocean governance;

 > the reports of the Ad Hoc Working Group of the 
Whole on the Regular Process for Global Reporting 
and Assessment of the State of the Marine Environ-
ment, including Socioeconomic Aspects (‘the Regu-
lar Process’);

 > the recommendations of the Ad Hoc Open-ended 
Informal Working Group to study issues relating to 
the conservation and sustainable use of marine bio-
logical diversity beyond areas of national jurisdic-
tion (‘the Ad Hoc Open-ended Informal Working 
Group’);

 > the reports on the meetings of the United Nations 
Open-Ended Informal Consultative Process on 
Oceans and Law of the Sea (UNICPOLOS);

 > the reports of the Marine Environment Protection 
Committee of the IMO.

These reports and consultation processes form an 
important basis for the further development of interna-
tional marine conservation. Most ocean-related reports 
to the UNGA are prepared by the Division for Ocean 
Affairs and the Law of the Sea (DOALOS) of the UN 
General Secretariat. In the light of the pressing need 
for action to protect the oceans, in 2012 UN Secre-
tary-General Ban Ki-moon launched an initiative enti-
tled The Oceans Compact – Healthy Oceans for Pros-
perity (Box 3.3-1). The implementation of the Oceans 
Compact is to be driven forward by an action plan to be 
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drawn up with the support of a temporary, high-rank-
ing Oceans Advisory Group. 

3.3.1.2 
Rio Process
The ‘Rio Process’ began in 1992 with the United 
Nations Conference on Environment and Development 
(UNCED), also known as the Earth Summit, in Rio de 
Janeiro. To date, three sustainability summits have take 
place following decisions by the UNGA (1992, 2002, 
2012). The primary goals of international environmen-
tal and development policy in Chapter 17 of Agenda 
21, which was agreed at the 1992 Earth Summit, 
include the conservation of the oceans, seas and coastal 
areas and the protection and rational, precaution-ori-
ented use and development of their living resources. 
Building on this, at the 2002 World Summit on Sus-
tainable Development (WSSD), the international com-
munity decided to create networks of marine protected 
areas (MPAs) by 2012, also on the high seas (Section 
3.6.2). The outcome document of the ‘Rio+20 Confer-
ence’ in 2012 deals extensively with the oceans. Partic-
ularly worthy of note are its comments on the urgent 
need for action to avoid land-based marine pollution 
with plastic waste, persistent organic pollutants (POPs), 
heavy metals and nitrogen, on avoiding ocean acidifi-
cation and overfishing, and on the need to phase out 
harmful subsidies (UNCSD, 2012). No agreement was 
reached on negotiating a new agreement on the con-
servation and sustainable use of marine biodiversity on 
the high seas in general, and the creation of protected 
areas in particular (Section 3.6.2). However, this topic 
remains on the international agenda (Section 3.3.2.2). 

3.3.1.3 
International Maritime Organization 
The International Maritime Organization (IMO), set up in 
1948, aims to reduce – and, where possible, completely 
prevent – marine pollution by ships and to improve the 
overall safety and security of ships and shipping. The 
IMO is a specialized agency of the UN with 170 mem-
ber states and 3 associate members (2013) representing 
more than 97  % of the world’s merchant tonnage (IMO, 
2011). Its motto is ‘safe, secure and efficient shipping 
on clean oceans’ (IMO, 2013a). 40 international con-
ventions have been developed up to now under the 
aegis of the IMO, including MARPOL and the SOLAS 
convention. The IMO is primarily engaged in updating 
the existing law of the sea and ensuring that applica-
ble laws really are enforced by member states. The IMO 
has an important communication and monitoring func-
tion in international marine policy. 

3.3.1.4 
UNESCO Intergovernmental Oceanic Commission
The UNESCO Intergovernmental Oceanic Commis-
sion (IOC), founded in 1960, has 145 member states 
(as per January 2013). Within the United Nations sys-
tem it is the body responsible for ocean research, ocean 
observation, ocean data, early warning of marine dan-
gers (e.  g. tsunamis) and promoting ocean-research cap-
acity (UNESCO, 2012a). Its aim is to improve the con-
servation of the marine environment given the growing 
influence of humanity on the oceans, and to develop 
the required decision-making processes and ocean-gov-
ernance structures. The IOC organizes the Global Ocean 
Observing System (GOOS) and also acts as the inter-
face for all ocean-related activities conducted by differ-
ent UN institutions and under UN conventions (UNGA, 
UNEP, UNFCCC, CBD, etc.). The IOC supports the ‘reg-
ular process’ for observing the state of the marine envi-
ronment and campaigns for a form of marine spatial 
planning that has been adjusted to meet today’s chal-
lenges. With this in mind it has drawn up a forward-
looking guide to implementing marine spatial planning 
(IOC, 2009). Through GOOS the IOC directly supports 
the Global Climate Observation System and studies the 
influence of climate change on the oceans (acidifica-
tion, warming) and the role of the oceans in the cli-
mate system. The IOC has initiated a number of further 
programmes, including Capacity Development, Tsu-
nami, Ocean Carbon, the Joint Technical Commission 
for Oceanography and Marine Meteorology (JCOMM), 
the International Oceanographic Data and Information 
Exchange (IODE), IOC Law of the Sea, Marine Manage-
ment, and Marine Assessments. 

3.3.1.5 
UN Environmental Programme (UNEP)
UNEP promotes the application of marine ecosystem 
management for the conservation and sustainable use 
of marine ecosystems. The Marine and Coastal Ecosys-
tems Branch (MCEB) is responsible for ocean-related 
matters at UNEP. The MCEB provides a platform of 
institutional and programmatic cooperation on pro-
tecting the regional and global marine environment. 
Through its Regional Seas Programme (RSP), UNEP is a 
key actor in international marine conservation (Section 
3.4.1). UNEP has developed its Marine and Coastal 
Strategy to give it a compass to guide its work. This 
strategy contains a vision for improving the marine 
and coastal-zone environment and for reducing human 
influence of on the seas. It describes land/sea interac-
tions, the state of the marine environment and human 
wellbeing, the relationship between conservation and 
sustainable use, and the vulnerability of coastal zones 
and human populations (UNEP, 2012a). 
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3.3.1.6 
UN-Oceans
UN-Oceans, established in 2003, is a coordination 
mechanism for all ocean and coastal issues within the 
United Nations system (UN-Oceans, 2013). The goals 
of UN-Oceans are, among other things, 

 > to strengthen coordination and cooperation of 
United Nations activities related to oceans and 
coastal areas;

 > to review the relevant programmes and activities of 
the United Nations system;

 > to identify emerging issues that are of relevance for 
the oceans; and

 > to promote the integrated management of oceans at 
the international level.

UN-Oceans maintains a number of task forces – on 
marine conservation; on global partnership for climate 
change; on fisheries and aquaculture; on the reporting 
and evaluation process; on the state of the marine envi-
ronment (the ‘regular process’); and on the protection 
of the marine environment from land-based discharges. 
For example, UN-Oceans provided the joint platform 
for all UN bodies organizing events on ocean-related 
topics during the 2012 ‘Rio+20 Conference’. 

3.3.1.7 
Global Environment Facility (GEF)
The Global Environment Facility (GEF) has 183 mem-
ber states (2013). Its International Waters Focal Area 
finances environmental-protection projects in trans-
boundary waters, especially in developing countries, 
and uses its projects to highlight particular topics (e.  g. 
the high seas, fisheries). The International Waters Focal 
Area is currently promoting the following ocean-related 
topics: international cooperation to reduce the threats 
to international waters; reducing land-based nutri-
ent inputs and other types of land-based marine pol-
lution; and protecting marine and coastal ecosystems 
(GEF, 2013). The GEF also supports collective manage-
ment of trans-boundary surface water basins, ground-
water basins and coastal and marine ecosystems, and 
corresponding political, legal and institutional reforms, 
plus the necessary investments in maintaining ecosys-
tem services. The GEF is the largest financier of trans-
boundary cooperation in international waters, includ-
ing 21 of the world’s biggest marine ecosystems (World 
Bank, 2013:  10). 

3.3.1.8 
World Bank Group
The World Bank Group’s remit is to promote the eco-
nomic development of less-developed nations through 
financial and technical support and advisory services. 
The World Bank publishes a regular World Develop-

ment Report and carries out projects in partner coun-
tries, for example on oceans and coastal management. 
In 2012 it created the Global Partnership for Oceans, a 
global initiative whose purpose is to promote or restore 
the health and productivity of the oceans (Global Part-
nership for Oceans, 2013). Up to now more than 100 
governments, international organizations, NGOs and 
representatives of private-sector interests have lent 
their support to this initiative. The goal is to achieve 
significant development progress in three areas by 
2022: sustainable fisheries and aquaculture, the con-
servation of marine biodiversity and habitats (includ-
ing coastal areas), and the reduction of marine pollu-
tion (Box 3.6-1).

3.3.2 
UN conventions relating to the oceans

A variety of conventions dealing with the conservation 
and sustainable use of the oceans have been estab-
lished under the aegis of the UN. These treaties vary 
widely both in terms of their goals (e.  g. conserving bio-
diversity, protecting the world’s natural heritage, pre-
venting marine pollution) and in terms of their coop-
eration mechanisms: for example whether they include 
sanctions and, if so, how these sanctions are enforced. 
The most important treaties are described below.

3.3.2.1 
Convention on Biological Diversity (CBD)
The objectives of the Convention on Biological Diversity 
(CBD) are to conserve biological diversity and to ensure 
the fair and equitable sharing of the benefits arising 
from the use of genetic resources. 192 states and the 
European Union are currently contracting parties to the 
CBD. With regard to the conservation of marine bio-
diversity, the scope of the CBD covers not only areas 
within the limits of a contracting party’s national juris-
diction, but also actions carried out under a contract-
ing party’s jurisdiction or control beyond the limits of 
national jurisdiction. The provisions of the CBD do not, 
however, relate directly to the components of biological 
diversity, but only to processes and activities carried 
out on the high seas (Article 4, letter (b) of CBD). Arti-
cle 5 of CBD states that contracting parties shall coop-
erate with each other, also with respect to the high 
seas. Overall, therefore, the high seas and the ‘Area’ are 
only subject to the CBD’s protection to a limited extent 
(Glowka, 1994:  26f.), and the obligations on the con-
tracting parties do not go further than those of UNCLOS 
(Friedland, 2007:  161). 

The CBD has no effective sanction mechanisms. 
However, as a framework agreement it can have legally 
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binding protocols added to it. Thanks to its almost uni-
versal membership, the CBD has made a substantial 
contribution to consensus building with regard to the 
oceans. This can be seen, for instance, in the implemen-
tation of the CBD’s Programme of Work on Marine and 
Coastal Biological Diversity (CBD, 2004a), the elabora-
tion of the ecosystem approach (Sections 4.1.3.1 and 
7.1.2), the political objectives in the field of marine 
conservation (Section 3.6.2.1), and the governance of 
international fisheries (Section 4.1.4.1). 

3.3.2.2 
Negotiations on a new implementing agreement 
on marine biodiversity on the high seas
In 2004 the UN General Assembly convened the infor-
mal BBNJ working group (BBNJ stands for Biological 
Diversity Beyond Areas of National Jurisdiction), 
which has since dealt with the conservation and sus-
tainable use of biological diversity on the high seas. Its 
aim is to find ways of closing loopholes in the exist-
ing legislation in this field, including those identified 
by the World Summit on Sustainable Development 
(Section 3.3.1.2; WSSD, 2002) and the Convention on 
Biological Diversity (Section 3.3.2.1; CBD, 2004a). The 
objective is to lay the foundation for negotiating an 
implementing agreement under UNCLOS. This imple-
menting agreement would address three issues: (1) the 
sustainable use of marine genetic resources (including 
access and benefit sharing); (2) nature conservation 
(primarily by means of marine protected areas on the 
high seas); and (3) environmental impact assessments 
(Section 7.3.4.2). Overarching topics such as tech-
nology transfer and capacity building are also on the 
agenda. However, it remains an open question when 
formal negotiations might begin. Through its work and 
its studies, the CBD is doing important scientific and 
technical preparatory work that will make it easier to 
designate marine protected areas on the high seas at a 
later date. In particular, the CBD has already proposed 
selection criteria and made initial suggestions for a list 
of ecologically or biologically significant marine areas 
(EBSAs) that are suitable candidates for marine pro-
tected areas on the high seas (CBD, 2012). 

A prerequisite for successfully negotiating a new, 
ambitious implementing agreement is a strong man-
date – a resolution by the UN General Assembly, say, 
including guidelines on a sustainable form of steward-
ship of biological diversity on the high seas (Druel et al., 
2011). This would strengthen people’s awareness of the 
problem, demonstrate political will on the part of the 
international community, and encourage swifter action 
by states (Cole et al., 2012:  42). However, the prospects 
of success also depend on the behaviour of key actors: 
for example, whether the USA ratifies  UNCLOS, which 

would send out a positive signal. The interests of major 
emerging economies must also be taken into account 
in sufficient measure, so that the designation of new 
marine protected areas is not blocked. As the agreement 
affects areas beyond national juris dictions, achieving as 
broad and universal a consensus as possible within the 
international community is a key precondition for suc-
cessful implementation. If possible, all countries that 
are important actors on the high seas should ratify the 
new implementing agreement (Druel et al., 2011). 

Given the urgent need for action and the fact that 
negotiating and ratifying a new multilateral agree-
ment usually takes many years, parallel measures – 
such as the designation of further marine protected 
areas – should be agreed to stem the ongoing damage 
being done to the marine environment on the high seas 
(Section 3.6.2.1). 

3.3.2.3 
UN Framework Convention on Climate Change 
(UNFCCC)
The goal of the UNFCCC is (1) “To stabilize the green-
house gas concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic inter-
ference with the climate system – such a level to be 
achieved within a time frame sufficient to allow eco-
systems to adapt naturally to climate change;” (2) “To 
ensure that food production is not threatened and to 
enable economic development to proceed in a sustain-
able manner” (Article 2 of UNFCCC). The diverse effects 
of climate change on the marine ecosystems, food from 
the sea, and the economic use of the ocean are there-
fore also within the focus of the UNFCCC’s goal; marine 
conservation is thus one of the arguments used to jus-
tify climate protection. 

In its 2006 special report ‘The Future Oceans’, the 
WBGU argued that preventing a “dangerous acidifica-
tion” of the oceans was also covered by the mandate of 
the UNFCCC (WBGU, 2006). This is disputed by some 
people, however (Kim, 2012). Even so, an approach to 
climate protection that would be ambitious enough to 
prevent a global increase in temperature of more than 
2  °C would most likely also limit the acidification of the 
oceans (Section 1.2.5; WBGU, 2006). 

Another area where the UNFCCC applies to the 
oceans is the obligation it places on its parties to pro-
tect their sinks and stores, explicitly including marine 
and coastal ecosystems (Article 4 of UNFCCC). Under 
the overall heading of ‘blue carbon’ the UNFCCC is cur-
rently discussing the recognition of measures aimed at 
preserving coastal ecosystems as a climate-protection 
measure. However, in view of the multitude of func-
tions performed by coastal ecosystems, and their com-
paratively moderate potential for climate protection, 
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the WBGU considers it unhelpful to focus one-sidedly 
on the aspect of CO2 storage when discussing the pro-
tection of these ecosystems (Box 1.2-1).

Furthermore, the UNFCCC framework creates incen-
tives to invest in renewable energy, e.  g. by means of 
the flexible mechanisms of the Kyoto Protocol or via 
various funds. This could be important for the develop-
ment of renewable energy from the sea, especially in 
developing and newly industrializing countries. 

3.3.2.4 
UNESCO World Heritage Convention and World 
Heritage Marine Programme
The Convention Concerning the Protection of the 
World Cultural and Natural Heritage (or World Heritage 
Convention) was adopted under the aegis of UNESCO 
in 1972. Its aim is to protect the cultural and natural 
heritage of humanity. As per 2012, 190 countries have 
signed up to the Convention. Proposals for new addi-
tions to the World Heritage List are evaluated every 
year. By submitting supporting studies and guidance, 
UNESCO’s World Heritage Marine Programme plays a 
key role here by ensuring the selection of a “represent-
ative, balanced and credible” marine World  Heritage 
List (UNESCO, 2013a). There are currently 745 cul-
tural properties, 188 natural properties and 29 ‘mixed’ 
properties (UNESCO, 2013b). The following coastal 
and marine areas feature on the list of Natural  Heritage 
Sites: 

 > The Wadden Sea (2009; extended in 2011)
 > Galápagos Islands national park and marine  protected 

area (1978; extended in 2001)
 > Phoenix Islands Protected Area (2010)
 > The Ningaloo Coast (2011)
 > High Coast/Kvarken Archipelago (2000; extended in 

2006)
 > Giant’s Causeway and Causeway Coast (1986)
 > Dorset and East Devon Coast (‘Jurassic Coast’) 

(2001)

3.3.2.5 
MARPOL and SOLAS 
The International Convention for the Prevention of 
 Pollution from Ships (MARPOL, 152 member states as 
per February 2013), which was developed under the 
aegis of the IMO in 1973, primarily targets ship owners 
in order to stop operational discharges into the ocean 
by shipping (BSH, 2011). 

Areas of the ocean that are highly frequented as 
transport routes and therefore require protection meas-
ures to prevent marine pollution from oil, noxious sub-
stances and garbage can be designated ‘special areas’ 
(Annex I, II and V of MARPOL), thereby placing them 
under protection. For example, discharging oil from the 

area of the cargo tank is prohibited in ‘special areas’, with 
the exception of clean or segregated ballast (Annex I). 
Other substances that are harmful for the marine envi-
ronment are classified and can also be subject to a ban 
on discharges (Annex II). Annex V regulates the condi-
tions for – and on certain conditions the ban on – dis-
charging or dumping garbage into the marine environ-
ment in ‘special areas’. In addition, member states can 
apply to the IMO to have an area designated a Particu-
larly Sensitive Sea Area (PSSA). This can be substanti-
ated on grounds of the ecological condition of the area 
or its importance for tourism (IMO, 2013c). In these 
areas, specific routes can be made mandatory for ves-
sels, for example (Proelß, 2004), or the regulations of 
Annex I, II, V or VI of the MARPOL Convention can be 
applied (IMO, 2005). In the meantime, designation as a 
PSSA and or as a ‘special area’ is not exclusive; rather, 
an area can meet the requirements for being designated 
as both a ‘special area’ and a PSSA at the same time 
(IMO, 2013c). 

Annex VI of the MARPOL Convention regulating 
exhaust emissions by ships came into force in 2005. 
This Annex sets a limit on the sulphur and nitrogen 
content of fuel used on board ships, which must now 
not exceed 4.5  %. Emissions are limited to 1.5  % in des-
ignated SOx Emission Control Areas (SECAs) such as 
the North Sea and the Baltic Sea (Blanco-Bazán, 2003). 
Article 211 of UNCLOS also stipulates that allowing the 
right of innocent passage must not come at the expense 
of the environment. 

Also under the aegis of the IMO, the fourth version 
of the Safety of Life at Sea Convention (SOLAS; 162 
member states as per February 2013) was drawn up in 
1974 to ensure the safety of shipping. It includes man-
datory technical requirements for ships, such as double 
hulls for vessels that do not exclusively transport liquid 
substances. These standards aim to prevent marine pol-
lution caused by container ships or oil tankers that sink 
or lose their freight. 

3.3.2.6 
London Convention and London Protocol 
The global Convention on the Prevention of Marine 
Pollution by Dumping of Wastes and Other Matter (or 
London Convention, BGBl. II. 1977, p. 165) was agreed 
in 1972 (87 member states as per May 2013). In 1996 
it was extended with the adoption of the London Pro-
tocol (BGBl. II 1998, p. 1,345; 42 member states as per 
May 2013). 

The London Convention (1972) bans the dumping of 
certain substances contained on a blacklist. By contrast, 
the London Protocol declares a general ban on dumping 
with certain exceptions (UBA, 2010).  Exceptions can be 
granted inter alia for dredged material, sewage sludge, 
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fish waste, vessels, platforms and other man-made 
structures at sea, CO2 in geological formations under 
the sea, organic material of natural origin, and bulky 
items. Prior to dumping these materials in the ocean, 
the possibility of disposing of them on land must first 
be examined. The Protocol extends the subject matter 
and geographic scope of application to all vessels that 
have been authorized to fly the flag of a member states 
or have been loaded in that state’s territory (Erbguth 
and Schlacke, 2012).

3.4
Regional ocean governance

The regional level plays a key role in the governance of 
the oceans because it often proves to be the most suit-
able level for tackling problems (Backer et al., 2010). 
Global, universalistic standards and regulations such 
as UNCLOS (Section 3.2) have the advantage of being 
supraregional in their reach and having binding force. 
However, they often lack ‘grounding’ – i.  e. spontane-
ous acceptance by local communities and relevance to 
their everyday lives. Such local communities contrib-
ute local knowledge, but sometimes also an ethnocen-
tric or excessively provincial perspective on global chal-
lenges. Regional integration and alliances are therefore 
needed to ‘localize’ and concretize universalistic stand-
ards such as those of UNCLOS and similar approaches 
of the United Nations and its subsidiary organizations 
(Section 3.3). Regional structures give the tasks of glo-
bal marine policy a greater degree of collective iden-
tity without furthering nationalistic approaches or 
attempts by certain countries to go it alone. A regional 
narrative is able to ‘earth’ real-life aspirations of a ‘good 
life’ and at the same time provide a vital starting-point 
for cross-border cooperation, especially since many 
regional relations transcend borders either by tradition 
or through innovative networks.

While the world’s oceans represent universalistic 
matter per se and were the basis of economic globali-
zation, their cultural and political perception is more 
strongly connected with historical experience. It is not 
surprising, therefore, that many different cooperative 
approaches already exist in the field of marine policy 
dealing with challenges that are regionally specific, or 
at least perceived as such. 

3.4.1 
UNEP Regional Seas Programme

The UNEP Regional Seas Programme (RSP), which 
was set up in 1974, is a central component of ecologi-

cal ocean governance. It aims to counteract the grow-
ing degradation of the world’s oceans and coastal areas. 
The UNEP-RSP does this by promoting cooperation 
between neighbouring countries and encouraging them 
to take comprehensive and specific measures to protect 
their shared marine environment (UNEP, 2013b). The 
main elements of the programme include maintaining 
biodiversity, reducing pollution from the land, building 
governance and management capacity, and promoting 
education and awareness (Sherman and Hempel, 2008).
To date, 13 regional programmes have been developed 
under the umbrella of UNEP-RSP covering significant 
areas of the world’s oceans. 143 countries are partici-
pating in the meantime. Furthermore, five partner pro-
grammes exist (Arctic Region, Antarctic Region, North-
East Atlantic Region, Baltic Sea, Caspian Sea) which 
were developed independently of UNEP-RSP. There is 
cooperation and an exchange of knowledge between 
the UNEP-RSP and these partner programmes, some 
of which are comparatively well developed, to support 
especially the less well developed regional programmes. 
Section 3.4.3 discusses one example of this: coopera-
tion between the North-East Atlantic Region (1982 
Convention for the Protection of the Marine Environ-
ment of the North-East Atlantic, OSPAR) and the West 
and Central Africa Region (WACAF, Abidjan Conven-
tion). 

A core component of each programme is its regional 
action plan. In most cases this is supported by a legal 
framework in the form of a regional convention, as well 
as corresponding protocols dealing with specific issues 
(Rochette and Billé, 2012; Section 3.4.2). 

The UNEP-RSP itself functions as a central platform 
for strengthening the institutional capacity of the indi-
vidual regional programmes. At the same time it aims 
to promote their scientific components and the appli-
cation of the ecosystem approach in regional ocean 
governance, aw well as to raise the political profile of 
the individual programmes (UNEP, 2013b). To this end 
UNEP, through UNEP-RSP, develops guidelines and 
recommendations and identifies best practices, which 
serve as an orientation framework for specific regions. 
For instance, it has developed manuals on the coopera-
tive management of regional seas (e.  g. on practical eco-
system management or financing the implementation 
of conventions and action plans). It also agrees ‘Glo-
bal Strategic Directions’ (UNEP, 2007) which are regu-
larly updated. Their aim is to adjust the management of 
marine areas to bring them in line with changing condi-
tions (‘adaptive management’) and to improve coordi-
nation and coherence between the individual regions. 
For example, the Global Strategic Directions 2008-
2012 underline the need to address the conservation of 
marine biodiversity in areas beyond national jurisdic-
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tion (ABNJ) within the framework of the regional pro-
grammes (Druel et al., 2013). Not least, the UNEP-RSP 
also provides an informal forum for the exchange of 
knowledge between the different regional programmes.

To a large extent the success of the UNEP-RSP and 
the regional programmes is a result of UNEP’s approach 
of making cooperation within the UNEP-RSP itself 
non-binding under international law (Rochette and 
Billé, 2012). Countries are expected to comply with 
the measures they have agreed to without any threat 
of legal sanctions, the aim being to promote regional 
cooperation. UNEP explicitly supports cementing coop-
eration in the individual regions by agreeing additional 
internationally binding conventions and protocols 
(Rochette and Billé, 2012). With the exception of the 
North-West Pacific Region, the South Asian and the 
East Asian Seas Programmes, all regional programmes 
are now backed by internationally binding regional 
conventions (Section 3.4.2). 

The UNEP-RSP is thus first and foremost a coop-
eration forum that is complementary to the interna-
tionally binding regional conventions. The UNEP-RSP’s 

orientation towards UNEP’s Marine and Coastal Strat-
egy and globally agreed goals (e.  g. WSSD, CBD), and 
its integration in the UNEP Marine and Coastal Eco-
systems Branch (MCEB; Section 3.3), aims to ensure 
the coherence of ocean-related activities and the con-
sistent application of an ecosystem-based manage-
ment approach (Sherman and Hempel, 2008). Partic-
ularly noteworthy in this context is the cooperation 
between the UNEP-RSP and the Global Programme of 
Action for the Protection of the Marine Environment 
from Land-based Activities, which is also run under the 
MCEB umbrella. This again highlights UNEP’s particu-
lar emphasis on the regulation of land/sea interaction. 
This interface, which is important in relation to the sys-
temic approach (Section 3.1.3), is insufficiently regu-
lated under UNCLOS (Section 3.2). UNEP’s approaches 
to closing these regulatory gaps therefore deserve a 
positive overall assessment. 

Due to the general lack of empirical studies, it has 
not been possible up to now to make a final evalua-
tion of the UNEP-RSP’s performance in practice (UNEP, 
2010a). However, it does contain approaches for a more 

Box 3.3-1

The Oceans Compact – Healthy Oceans for 
Prosperity

UN Secretary-General Ban Ki-moon launched an initiative 
called The Oceans Compact – Healthy Oceans for Prosperity 
in 2012 (UN, 2012a). The aim of the Oceans Compact is to 
“strengthen UN system-wide coherence in delivering on its 
oceans-related mandates” and to develop a strategic vision 
for the sustainable future of the oceans. The main issues to be 
addressed by the Oceans Compact are the worrying condition 
of the oceans, diminishing ocean productivity and ineffec-
tive ocean governance. The initiative is to be supported by 
corresponding strategies aimed at strengthening cross-sector 
cooperation and coordination at a national, regional and glo-
bal level, including within the UN system. In so doing, it aims 
to focus attention on the cumulative impact on the marine 
environment of activities in different sectors and to promote 
the application of the precautionary principle and the ecosys-
tem approach in international marine policy. It also implicitly 
mentions the idea of world heritage by referring to the need 
for a fair distribution of the yields and benefits of the oceans: 
“We need (...) to develop ways of sharing the wealth of the 
oceans to benefit all” (UN, 2012a:  2).

“To attain the goal of Healthy Oceans for Prosperity, we 
need to discover new and innovative ways to protect ocean 
resources” and to use marine resources more efficiently. 
“Three inter-related objectives advance this goal”:

 > Protecting people and improving the health of the oceans: 
This objective involves adapting to sea-level rise, promot-
ing more sustainable management of coastal areas, reduc-
ing marine pollution and overfishing, and using a green 
economy approach to achieve sustainable development and 
poverty eradication. Finally, another aim is to strengthen 

the implementation of existing agreements.
 > Protecting, recovering and sustaining the oceans’ environ-

ment and natural resources and restoring their full food 
production and livelihoods services: Priorities here include 
restoring overexploited fish stocks, avoiding destructive 
fishing techniques, combating illegal fishing, conserving 
marine biodiversity and halting the spread of invasive alien 
species. In these areas, too, the aims is also to strengthen 
the implementation of existing agreements.

 > Strengthening ocean knowledge and the management of 
oceans: This objective involves promoting marine sci-
entific research (e.  g. on acidification and overfertiliza-
tion) and ocean monitoring to strengthen science-based 
marine  policy, promoting suitable capacities and infra-
structures, supporting the development of the regular ‘glo-
bal  integrated assessment of the state of the marine envi-
ronment including socio-economic aspects’ (or ‘Regular 
 Process’) planned for 2014 (UN, 2012a:  6), and promot-
ing the sustainable use of ocean resources. If this process 
results in a scientifically robust report, this could repre-
sent the start of scientific reporting modelled on that of 
the Intergovernmental Panel on Climate Change (Section 
7.3.1.2). 

Implementation
The implementation of the Oceans Compact is to be driven by 
a results-orientated action plan – the Oceans Compact Action 
Plan – to be elaborated with the help of a time-bound, high-
ranking Oceans Advisory Group. This group will be composed 
of representatives of the UN system, policy-makers, scien-
tists, ocean experts and representatives of business and civil 
society. The aim is to develop a new orientation framework 
for international marine policy in this way. Finally, the Oceans 
Advisory Group is also to present proposals for financing the 
implementation of the Action Plan by mid-2013.  
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systemically oriented, cooperative and adaptive sys-
tem of ocean governance. In particular, the programme 
helps to intensify interregional cooperation. It has also 
been successful with respect to intra-regional coopera-
tion, for instance in establishing regional conventions 
(Section 3.4.2) – which are to a large extent the result 
of prior cooperation within the respective regional pro-
grammes. Nevertheless, some of UNEP’s activities do 
not interact sufficiently with those of other UN actors 
(IOC et al., 2011). This is particularly true of cooper-
ation with the RFMOs, which are responsible for the 
regional management of fisheries (Section 4.1.4.4).

3.4.2 
Regional seas agreements

The Convention for the Protection of the Mediterra-
nean Sea Against Pollution (Barcelona Convention) was 
adopted in 1976 and came into force in 1978. This was 
the first time a framework for regional cooperation that 
was binding under international law was created to pro-
tect the marine environment, in this case the Mediter-
ranean. Many such conventions exist in the meantime. 
They differ – in some cases widely – in terms of their 
geographical reach and regulatory scope, their agreed 
targets and the instruments used to implement them. 
Major differences also exist with regard to their finan-
cial and organizational/institutional capacity. What 
they share, however, is a focus on protecting the marine 
environment, and this is the reason why they play such 
an important role in the sustainable stewardship of 
the oceans. They facilitate a collaborative approach to 
addressing cross-border environmental problems. 
In most regions, the framework for the cooperation is 
provided by a regional convention in which the gen-
eral objectives and principles are established. This is 
also in line with the UNEP-RSP’s approach. However, 
as a rule these objectives and principles are vague, so 
that the member states agree additional protocols on 
specific topics and develop action plans to drive for-
ward the implementation of the objectives (Rochette 
and Billé, 2012).

3.4.2.1 
Task areas 
The range of topics addressed by regional protocols and 
actions has developed largely along the lines of global 
environmental-protection standards (Bodansky, 2009). 
First, legal instruments were agreed for regional coop-
eration on avoiding pollution by oil and other con-
taminants by shipping (Mediterranean, 1976; West 
Africa, 1981; Red Sea and Gulf of Aden, 1982; Carib-
bean, 1983; Western Indian Ocean, 1985, etc.) and on 

avoiding land-based pollution (Mediterranean, 1980; 
Black Sea, 1982; South-East Pacific, 1983, etc.). Grad-
ually the spectrum was extended to include conserv-
ing biodiversity, mainly through by creating protected 
areas (Western Indian Ocean, 1985; South-East Pacific, 
1989; Caribbean, 1990, etc.). More recently, goals that 
go beyond the protection of the marine environment 
have been pursued, albeit still to a limited extent. For 
example, the protocol on Integrated Coastal Zone Man-
agement (ICZM; Section 3.6.3) in the Mediterranean, 
adopted in 2008, also addresses factors of socio-eco-
nomic development. 

The states bordering on the Western Indian Ocean 
are also now working on the development of such an 
ICZM protocol under the Nairobi Convention (Rochette 
and Billé, 2012). There is currently a trend towards 
extending the conservation of marine biodiversity to 
areas beyond national jurisdiction (ABNJ). For instance, 
negotiations are currently underway on a new imple-
menting agreement on marine biodiversity on the high 
seas (Section 3.3.2.2), and marine protected areas on 
the high seas have been designated under the OSPAR 
Convention (OSPAR, 2010c).

Marine spatial planning – a forward-looking instru-
ment that offers ways of balancing different interests 
in a collaborative fashion – is also gaining importance 
in regional cooperation in the light of growing cross-
border competition over use. For example, two projects 
have already been carried out within the framework of 
the Baltic Sea Action Plan, which was developed under 
the Helsinki Convention: BaltSeaPlan and PlanBothnia. 
These are simultaneously serving as pilot projects for 
the development of EU-wide marine spatial planning 
(Section 3.6.2). However, fishery governance is gener-
ally excluded here; the Regional Fisheries Management 
Organizations (RFMOs) established at the regional level 
by the member states of the Fish Stocks Agreement 
(FSA) are responsible for this (Section 4.1.4). Not infre-
quently, this division of responsibilities leads to a lack of 
coordination and coherence in governance within indi-
vidual ocean regions, even where approaches for coop-
eration exist, e.  g. in the case of the North-East Atlantic 
between the OSPAR Commission and the North East 
Atlantic Fisheries Council. 

3.4.2.2 
Institutionalization: governance mechanisms and 
capacity
Equally as important as the regulatory content of the 
regional seas agreements is establishing viable coop-
eration mechanisms and organizational/institutional 
and financial capacities. In order to cement coopera-
tion and dynamically adjust governance to meet chang-
ing challenges, it is essential that regional actors are 
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 strengthened and supplied with the necessary skills, 
e.  g. to pool regional knowledge and develop action 
plans and protocols. 

Some regional conventions have comparatively 
well developed commissions, such as the OSPAR Com-
mission and the Helsinki Commission, which are well 
equipped and staffed in areas such as environmental 
monitoring, evaluation, and assessing risks and impacts. 
Cooperation between member states is also supported 
by regular exchanges in the respective working groups 
that have been established within these two commis-
sions (Backer et al., 2010; OSPAR, 2010c). These work-
ing groups develop options for enhancing the coopera-
tion, which then have to be approved at the meetings 
of ministers that are held about every three years. One 
example is the decision made under OSPAR to desig-
nate marine protected areas in areas beyond national 
jurisdiction.

In all the commissions and secretariats created up 
to now under regional marine environmental conven-
tions, legally binding decisions or regulations have 
to be agreed unanimously by the member states. The 
EU, by contrast, has forms of marine cooperation that 
are based on both majority and unanimous decisions 
( Section 3.4.3). 

The work of the commissions focuses in most cases 
on administrative and financial questions. They often 
lack the resources to provide members states with 
the technical and legal support they need to imple-
ment regionally agreed targets and measures (Rochette 
and Billé, 2012). Under some conventions, e.  g. the 
Barcelona Convention, ‘Regional Activity Centres’ 
have been set up alongside the commissions to carry 
out these tasks for specific subregions (Rochette and 
Billé, 2012). 

3.4.2.3 
Cooperation, coordination, coherence and 
 complementarity
The coordination of regional activities and a skilful 
division of labour (‘complementarity’) are also essen-
tial to meet the demands of the systemic approach. 
Moreover, it must be ensured that regulations agreed 
and activities planned in one region do not lead to neg-
ative external effects in others. Regional cooperation 
can also help to avoid ‘free-rider’ behaviour in other 
regions. Such forms of cooperation currently exist only 
in the areas of environmental monitoring and evalu-
ation, as well as in capacity-building. For example, 
OSPAR (protection of the North Sea and the North-East 
Atlantic) and HELCOM (marine conservation in the Bal-
tic Sea area) are working together to harmonize indica-
tors (OSPAR, 2010c). OSPAR and the Abidjan Conven-
tion are also collaborating on capacity-building in eco-

system  management (OSPAR, 2010c). 
In some cases, coordination within the individual 

ocean regions is problematic. Because competencies 
overlap in some cases – e.  g. between the EU Marine 
Strategy Framework Directive and the conventions 
responsible for European regional oceans (OSPAR, 
HELCOM, the Barcelona Convention, Bucharest Con-
vention) – improved coordination is needed to ensure 
the necessary degree of coherence, i.  e. the coordina-
tion of political and institutional measures (Backer et 
al., 2010). Interaction between EU marine policy and 
these conventions is discussed in Section 3.4.3. Not 
least, it is also necessary to integrate relevant regula-
tions from global agreements (e.  g. FSA, CBD, CITES) 
into regional conventions. The extent to which this has 
been done in the past has varied greatly. 

3.4.3 
EU marine policy

The EU is an important actor in regional ocean govern-
ance. The exclusive economic zones (EEZs) of its mem-
ber states together cover an area of approximately 25 
million km2. In a way they might be described as by far 
the biggest EEZ in the world. According to UNCLOS, 
however, the EEZs are controlled by the individual 
states parties to the Convention, not by the EU. Never-
theless, the EU has ways of influencing the governance 
of European regional seas through its skills in many 
political areas (e.  g. environment, competition). How-
ever, large stretches of some member states’ EEZs in 
overseas territories have hitherto been outside the EU’s 
sphere of influence. The French overseas territories, 
for instance, which have extensive EEZs, have a large 
degree of autonomy from the French central govern-
ment and hence also from the EU.

The EU has issued a number of strategies, action 
plans, guidelines and directives relating to European 
marine regions. These often have a sectoral basis, that 
is to say they apply to a specific use (e.  g. the Com-
mon Fisheries Policy; Section 4.2.3) or relate to specific 
environmental protection goods (e.  g. the FFH Direc-
tive). In addition, the EU has recently made efforts 
towards developing an integrated marine policy (EU 
Commission, 2008). The most important elements are 
currently the 2008 Marine Strategy Framework Direc-
tive (MSFD) and the 2007 Action Plan (known as the 
‘Blue Book on Maritime Policy’). Furthermore, regula-
tions on land-based activities have already been cre-
ated with the adoption of the Water Framework Direc-
tive (Heiskanen et al., 2011). The same applies to the 
NATURA 2000 system of protected areas set up under 
the Flora-Fauna-Habitat and Birds Directives, which 
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covers both terrestrial and marine protected areas 
(SRU, 2012a). 

For this report it is the external impact of EU marine 
policy that is most important. The central question is 
the extent to which EU policies are intermeshed in 
the sense of the systemic approach, and the extent 
to which there is a balance between conservation and 
sustainable use, taking the precautionary principle and 
other considerations into account. The EU has ratified 
the four regional marine environment conventions 
affecting European regional oceans: the Helsinki Con-
vention (HELCOM) for the Baltic Sea, the OSPAR Con-
vention for the North Sea and the North-East Atlantic, 
the Barcelona Convention for the Mediterranean, and 
the Bucharest Convention for the Black Sea (Section 
3.3.2). It has also signed up to the Antarctic Treaty and 
has observer status in the Arctic Council (Box 3.4-1). 

Thanks to its political and economic weight, due in 
no small part to the comparatively well-developed cap-
acity of certain member states in the field of marine 
research, the EU plays a key role particularly in the 
European marine-environment conventions. This is 
especially true of HELCOM, where Russia is the only 
member state out of the nine countries bordering on 
the Baltic Sea that is not an EU member. This is one 
of the chief reasons why the EU views the Baltic Sea 
Action Plan (BSAP) as a pilot project for implement-
ing the goals of the Marine Strategy Framework Direc-
tive (MSFD). To achieve the overarching goal of a ‘good 
environmental status’ formulated there, various pilot 
projects have been – and are still being – developed 
under the Baltic Sea Action Plan and given financial 
support from the Structural and Cohesion Fund and 
the Regional Fund (Schultz-Zehden et al., 2008). Par-
ticularly important are the projects aimed at devel-
oping marine spatial planning for the EU: PlanBoth-
nia and BaltSeaPlan (Schultz-Zehden and Gee, 2013). 
These projects are attempting to reach a cooperation-
based balance of interests between conservation and 
use, applying the instrument of anticipatory planning 
(Schultz-Zehden et al., 2008; Backer, 2011). The stand-
ards developed here are to be made available later for 
use in EU-wide marine spatial planning. 
The development of ‘spatial protection measures’ 
by member states prescribed by the Marine Strategy 
Framework Directive (recital 21, Article 13, para. 4 of 
the MSFD) creates a framework for coordinating sec-
tor-based concepts of marine conservation and use. 
The EU’s 2008 Roadmap for Maritime Spatial Planning 
calls for the creation of a single body to achieve bet-
ter coordination (EU Commission, 2008). The Roadmap 
also includes ten shared principles, according to which, 
among other things, spatial planning should be based 
on an ecosystem approach and developed in a manner 

that is transparent for the public (Section 3.6.2.2).
The EU’s marine policy contains elements of a sys-
temically oriented form of governance, inasmuch as it 
develops an integrated marine policy including marine 
spatial planning, takes into account land-based pollu-
tion through the Water Framework Directive, and coop-
erates with other states under regional marine environ-
ment conventions. However, a number of questions 
remain unanswered. For example, the 2012 Limassol 
Declaration (‘A Marine and Maritime Agenda for Growth 
and Jobs’) gives the impression of giving preference to 
use over conservation (EU, 2012). Furthermore, it is 
problematic that competencies for fisheries, harbours, 
transport, energy generation and the extraction of raw 
materials still remain fragmented, which may well run 
counter to the goal of achieving an integrated approach 
as formulated in the Blue Book on Maritime Policy. 
In many cases, cooperation with neighbouring states 
could be stepped up; this is discussed in Box 3.4-2 with 
reference to the example of the Mediterranean region. 
Another question is the extent to which the EU can 
bring its land-based policy more into line with the cri-
teria formulated in Section 3.1.3 and in so doing take 
a further step in the direction of systemic governance.

3.5
Private ocean governance

3.5.1 
Options and limitations

The conservation and sustainable use of the oceans is 
a public task – one that must be addressed first and 
foremost by the international community and for 
which countries must create a framework in the field 
of marine policy (Chapter 2). At the same time, recent 
decades have seen the emergence of an array of non-
state governance regimes in a wide variety of policy 
fields, including marine policy, in which private and 
semi-governmental actors work together. These activ-
ities can be described as private governance or – where 
private actors collaborate with state bodies – private-
public governance (Falkner, 2003). In this context 
‘governance’ means that the actions of private actors 
acquire public significance – by establishing standards, 
regulations and institutions which affect the actions 
and options of third parties (Cutler et al., 1999:  4). 
 Private governance is functionally significant in areas 
where states’ effective capacity to control and regulate 
is inadequate. Moreover, it can and should create indi-
rect legitimacy precisely in the supra- and transnational 
sphere where parliamentary or federative representa-
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tion is lacking (Pattberg, 2004b). 
One drawback of privatizing (global) policy-making 

is the risk of certain players unilaterally and unlawfully 
asserting their own interests. Other dangers include 
corruption and the systematic neglect of poorly organ-
ized public interests. The legitimacy and effectiveness 
of private governance and private-public partnerships 
should be judged on the basis of whether they are con-
sistent with higher interests of sustainable policy and 
enable them to be implemented better. For this reason, 
networks of private and semi-private governance must 
be subject to strict control measures.

In recent decades, private actors have also gained 
considerable influence in the field of trans- and 
supranational environmental governance (e.  g. forest 
 management). On the one hand, they have offset the 
withdrawal of the state; on the other they have facili-
tated it. The democratic legitimacy of global environ-
mental policy has been indirectly strengthened in this 
way. However, private-public partnerships usually lack 
institutional accountability (Leggewie, 2003; Scholte, 
2011). Not every concern raised or expertise honed in 
civil society leads to appropriate action by government, 
but without local initiatives government action often 
remains just a paper exercise, inspiring neither enough 
acceptance nor resonance (Przeworski et al., 2009; 
Nanz and Fritsche, 2012). 

Self-regulation, especially by companies, cannot 
replace government action in the traditional sense. 
But in many cases businesspeople are more advanced 
than their industrial associations – with which politi-
cians consult and collaborate. The influence of private 
governance thus remains limited, and its ambiguity is 
probably irresolvable; for its effect in offsetting for the 
regulatory weaknesses of policy-makers is as conten-
tious as its potential for legitimacy. 

Co-regulation is a form of private governance (Pat-
tberg, 2007:  3) in which private actors, usually com-
panies, cooperate with non-profit organizations such 
as non-governmental organizations (NGOs). Private-
private partnerships (Pattberg, 2004a) or ‘private co-
regulation’ (Pattberg, 2007:  3) should be distinguished 
from unilateral initiatives by businesses where the cor-
porate actors impose standards on themselves, monitor 
compliance and then, for example, put specially created 
labels on their products. This form of self-regulation is 
often problematic, since the self-imposed obligations 
are frequently insufficient to offer sufficiently effec-
tive protection for such endangered environmental 
goods as biodiversity (Lewis et al., 2010). 

In private-private partnerships, by contrast, an inde-
pendent body such as an NGO is in charge of both certi-
fication and monitoring compliance. The NGOs involved 
generally have the necessary expertise and an addi-

tional ‘moral authority’, lending such initiatives more 
legitimacy and greater credibility (Risse and Börzel, 
2005).

3.5.2 
Example: eco-labels and sustainability labels

Interest in sustainability labels has grown in recent 
years. They provide information about the ecological 
and social conditions where products or services orig-
inate (Lewis et al., 2010). They are awarded through 
a certification process in which a producer, an associ-
ation of producers, or an official body responsible for 
the producers has to prove that certain products com-
ply with the environmental standards connected with 
the eco-label. Awarding seals of quality and regular 
monitoring of compliance with the respective environ-
mental standards can encourage the spread and imple-
mentation of certain environmental standards. 

Consumers can make informed consumer decisions 
with the help of eco-labels, since they indicate ecologi-
cal advantages over another product that is function-
ally just as good. However, it is essential that consumers 
have at least a rudimentary knowledge of the standards 
espoused by the label, and actually taken these into 
account when making their purchase decision. 

Where there is sufficient demand, introducing eco-
labels can trigger sustainable production processes and 
changes in the value chain. Apart from consumers actu-
ally basing their purchase decisions on labels, if they 
are to be successful it is also essential that the compa-
nies are convinced of the advantages of participating in 
certification and labelling processes, since quality labels 
cannot be established without the cooperation of com-
panies (Auld and Gulbrandsen, 2010). 

Fishery eco-labels 
Sustainability labels have been developed for fish-
eries and aquaculture in recent years. Most of these 
labels were born of the realization that state action was 
insufficient to ensure the sustainable management of 
marine resources (FAO, 2011f). The following discus-
sion refers only to eco-labels; it does not consider the 
private labels for fish and seafood used by individual 
supermarket chains. In principle, a distinction can be 
made between labels that relate to the conservation 
of a  single species, and labels relating to all species of 
wild-caught or farmed fish and seafood. The most com-
mon labels aiming to protect a single species focus on 
dolphins. They are supposed to show, for example, that 
tuna are caught using methods that reduce the number 
of dolphins killed as bycatch. Since no independent cer-
tification body exists, there is a lack of clarity about 
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the demands and effects of the different labels – for 
example what precise amount of bycatch is tolerated. 

Although the amount of bycatch during tuna fishing 
is on the decline, the role of eco-labels in this devel-

Box 3.4-1

Regional governance of the Arctic

The Arctic Council – central regional cooperation 
forum
The Arctic Council was formed in 1996 out of the Arctic 
Environmental Protection Strategy (AEPS), which had been 
adopted in 1991. It is the central regional cooperation forum 
for the governance of the Arctic. Its members are the five 
coastal states bordering on Arctic Ocean – Denmark, Canada, 
Norway, Russia and the USA – plus Finland, Iceland and Swe-
den. Originally, cooperation focused on the protection of the 
Arctic’s marine and terrestrial environment, but today attempts 
are also made within the framework of the Arctic Council to 
deal in a cooperative manner with its member states’ sometimes 
conflicting interests with regard to the commercial exploitation 
of the Arctic, as well as security issues.

As a cross-national forum, all decisions in all bodies of the 
Arctic Council are made by consensus (Rules of Procedure, 
1998). Important decisions are taken at the ministerial meet-
ings held twice yearly. Up to now member states have not 
been able to agree on sanction mechanisms. Within the Arctic 
Council, cooperation relevant to the conservation and sustain-
able use of the Arctic Ocean takes place primarily through 
programmes carried out by working groups and task forces, 
which are assigned tasks agreed by unanimous resolutions – 
e.  g. the development of action plans. Significant capacity for 
jointly overcoming shared challenges has been developed in 
this way: in areas such as monitoring and assessing biodiversity 
and the consequences of climate change, conserving Arctic 
flora and fauna and the marine environment of the Arctic, 
disaster prevention and crisis response. Further positive steps 
include the possibilities created by the member states allowing 
participation by other states, indigenous peoples and NGOs, 
who have been granted observer status. 

However, in the Ilulissat Declaration (2008), which deals 
among other things with the conflict over mineral resources 
in the Arctic, the five coastal states bordering on the Arctic 
Ocean underlined their exclusive claim to the Arctic. In so doing 
they allowed a divide to appear, symbolically at least, between 
themselves and the other members of the Arctic Council and 
the indigenous peoples (Winkelmann, 2008; Humrich, 2011). 
Given the emerging shift of interests towards increased com-
mercial exploitation of the Arctic by the coastal states, which is 
in part diametrically opposed to the interests of conservation, 
any institutional strengthening of the cooperation mechanisms 
appears unlikely. Yet in order for governance to be able to meet 
the challenges of protecting the Arctic, a further institutionali-
zation of the Arctic Council is required in addition to increasing 
the above-mentioned capacities for monitoring, prevention, 
protection and crisis response.

Significance of regional cooperation in the Arctic – 
opportunities and limitations
The importance of the regional level of governance for the 
sustainable stewardship of the Arctic Ocean (Section 3.4) 
stems from the distribution of powers – which is regulated 
under UNCLOS but has not yet been finally clarified – 
between the different coastal states, as well as between these 

states and the international community, relating to different 
areas of the Arctic. 

The national sovereignty claims in the Arctic made by 
coastal states stand in the way of a comprehensive conserva-
tion and use regime under international administration along 
the lines of the 1959 Antarctic Treaty. Therefore, if the danger 
of limiting (or even revoking) coastal states’ rights of juris-
diction over their Arctic territories is to be avoided, such an 
administration by the international community would only 
be admissible for the part of the Arctic defined by UNCLOS 
under international law as the high seas. Should the extensions 
of the continental shelf by coastal states under  UNCLOS be 
 successful, this would further limit the possibilities for action 
on the level of global governance (Box 3.2-3). Moreover, there 
is a potential for conflict between coastal states as a result of 
unresolved border issues. Establishing solid mechanisms for 
regional cooperation between the coastal states to ensure the 
conservation and sustainable use of the Arctic is therefore 
highly important. 

Since coastal states in marine areas with ice cover also have 
the right to adopt and enforce national laws and regulations on 
environmental protection beyond their territorial waters (Arti-
cle 234 UNCLOS), the coastal states bordering on the Arctic 
have an extended scope for action, which also requires reliable 
regional cooperation before it can be exploited. 

OSPAR Convention
The jurisdiction of the OSPAR Convention for the Protection 
of the Marine Environment of the North-East Atlantic also 
includes large sections of the Arctic waters. Steps taken under 
OSPAR towards a sustainable stewardship of the oceans – such 
as establishing high standards of conservation in some areas 
of regulation – therefore also have relevance for the Arctic 
(Section 3.4.2). However, given the territorial limitation of the 
OSPAR Convention, its ratification by Canada, Russia and the 
USA is not possible (Proelß and Müller, 2008). This limits the 
contribution of OSPAR to regional governance of the Arctic to 
the areas of jurisdiction of the Arctic coastal states Denmark 
and Norway (both are OSPAR member states) and to parts of 
the Arctic high seas. For the high seas, enforcement of the 
rights of use and conservation standards agreed under OSPAR 
is considerably limited, as they are not binding on countries 
that are not member states. For this reason, up to now the 
OSPAR Convention has played only a minor role in the govern-
ance of the Arctic compared to the Arctic Council.

Furthermore, no use has yet been made in Arctic waters of 
the special possibility under OSPAR of designating marine pro-
tected areas in regions outside national jurisdictions (Section 
3.4.2). However, OSPAR may become more important in future, 
especially if the current negotiations on a new implementing 
agreement relating to marine biodiversity on the high seas 
under UNCLOS are successful (Section 3.3.2.2). In this case 
the jurisdiction of OSPAR would extend over  roughly a quarter 
of the Arctic high seas that would remain after the maximum 
possible extensions of the continental shelf. Given its com-
paratively well developed capacities, OSPAR would appear to 
be a suitable regional forum for designating marine protected 
areas in the region, as well as monitoring and checking them.  
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opment has not been sufficiently researched (Ward, 
2008). 
Fishery eco-labels that cover several species can be 
divided into national and transnational labels. National 
eco-labels include the following: 

 > state labels like those of the Alaska Seafood Market-
ing Institute or Responsible Fisheries Iceland; 

 > eco-labels from industry associations such as Swe-
den’s KRAV, Germany’s Naturland, the Marine Eco-
label Japan, or Britain’s Responsible Fishing Scheme; 
and 

 > eco-labels from NGOs such as the Swiss Fair Fish 
label or the Californian Fishwise label (Accenture 
and WWF International, 2009). 

As far as transnational eco-labels are concerned, the 
Marine Stewardship Council (MSC) label currently has 
by far the biggest reach, followed by Friend of the Sea 
(FOS). Substantial research findings on environmen-
tal impacts are only available for the MSC label and, 
to a very limited extent, for FOS. A study by Froese 
and Proelß (2012) discussed in detail below, claims that 
19  % of the stocks certified by FOS are actually over-
fished. The following section discusses the MSC label. 
It is the oldest, financially strongest and largest trans-
national eco-label in terms of the number of fisheries 
certified. 

The Marine Stewardship Council eco-label
The MSC is a private-private partnership (Pattberg, 
2004a) set up in 1997 by the food company Unilever 
and the World Wide Fund for Nature (WWF) to combat 
global overfishing. It is a certification programme for 
fisheries covering wild-caught fish. Companies, too, can 
be awarded an MSC label – confirming that their fish 
products come from MSC-certified fisheries. The certi-
fication of fisheries is discussed in detail in the follow-
ing subsection. The MSC has operated independently 
of WWF and Unilever as an international non-profit 
organization since 1998. The first fishery was certi-
fied by MSC in 2000 (Gulbrandsen, 2009; Christian et 
al., 2013). According to information provided by MSC 
itself, some 147 fisheries and about 8  % of the global 
catch volume of fish and seafood were certified by the 
MSC in April 2012 (MSC, 2012a). 160 fisheries are cur-
rently certified according to the MSC standard (MSC, 
2013). Certification is carried out by an independent 
certification organization selected by the fishery to be 
certified. The certification standards are not a fixed 
constant. The MSC environmental standard is based 
on three principles: protection of fish stocks, minimal 
impact on the ecosystem, and effective management. 
The MSC has developed 23 criteria for operationalizing 
these principles. However, these are only points of ori-
entation for the certifier and are adapted to each fish-

ery (MSC, 2012b). The certification process is divided 
into a confidential, non-public preliminary assessment 
and the certification process itself. In the preliminary 
assessment, the chosen certification body determines 
whether the fishery meets the prerequisites for certifi-
cation. During the certification process itself, the certi-
fiers check whether the fishery meets the MSC stand-
ards. The result is accessible to the public. 

The awarding of the MSC eco-label identifies and 
publicizes fisheries that are run in a comparatively 
environment-friendly way. Given sufficient customer 
demand, this creates an incentive for comparatively 
less environment-friendly fisheries to become more 
environmentally compatible and to also seek certifi-
cation. Independent monitoring bodies check com-
pliance with the MSC standards on an annual basis. 
A new main assessment process must be carried out 
after five years (Gulbrandsen, 2009). Thanks to inter-
national cooperation with stakeholders from the entire 
value chain (fisheries, processing companies, suppliers, 
retailers, restaurants), the MSC not only has an impact 
on the certified fisheries, but also strives to create a 
market for sustainably caught fish that also integrates 
customer behaviour on land. The costs of certification 
– estimated by the MSC to be between US$   15,000 and 
120,000 – are met by the fisheries. All relevant stake-
holders can lodge comments during the certification 
process and file objections after the results have been 
published (Christian et al., 2013).

Effectiveness and controls by the MSC
The MSC eco-label has achieved considerable market 
penetration and is viewed by various authors as the 
most important global regulator in ocean fishing (Oost-
erveer, 2008; Hale, 2011). The certification process 
documents at least a relative degree of environmental 
sustainability. The majority of certified fisheries are in 
industrialized nations; they are subject to an integrated 
management plan and have access to sufficient data on 
fish stocks (Gutierrez et al., 2011; Wolfrum and Fuchs, 
2011).

A number of studies criticize the MSC eco-label for 
indirectly favouring certain fisheries. One of the pre-
requisites for MSC certification is coordinated action 
by everyone involved in the fishery and the avail-
ability of the required historical data on catches and 
stocks. However, fisheries that meet these conditions 
are not automatically among the ones whose fish stocks 
are most at risk. Since fisheries that are in a compara-
tively good state have a better prospects of being cer-
tified, they are more likely to make the effort to go 
through the certification process (Kaiser and Edward-
Jones, 2006; Oosterveer, 2008; Gulbrandsen, 2009). 
A study involving MSC representatives suggests that 
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most  MSC-certified fisheries were comparatively well 
managed even before they received the MSC eco-label 
(Gutierrez et al., 2012). 

Fisheries that meet most of the prerequisites for 
certification will be excluded from certification if they 
share the fished stocks (‘open access stocks’) with 
other, non-sustainable fisheries. Most certified fisher-
ies are therefore ones that specialize in specific species 
whose stocks move within known areas, that have lim-
ited access and a regulatory framework that is enforced, 
often in cooperation with state authorities and scien-
tists. Furthermore, relatively few fisheries in devel-
oping countries are certified, e.  g. because of the large 
number of ‘data-poor’ stocks – a criticism to which the 
MSC has responded by taking special measures (Kaiser 
and Edward-Jones, 2006; Oosterveer, 2008; Gulbrand-
sen, 2009). 

There has also been criticism both of the absolute 
MSC standards and in relation to the scope for interpre-
tation of the criteria in the certification process. Dur-
ing the certification process, the MSC principles and 
assessment criteria must be interpreted and adjusted to 
the fishery in question by the external examiner. Ulti-
mately this means that every fishery is assessed accord-
ing to a different set of criteria and reference values. 
Ward (2008) notes that certain criteria leave excessive 
room for interpretation. Jacquet et al. (2010) point 
out that professional certifiers have a strong economic 
interest in successful certification. To this extent there 
is an incentive to use relatively weak criteria in order 
to receive more certification contracts: a successful 
certification usually leads to follow-up contracts (for 
monitoring or re-assessment). It is suspected in vari-
ous quarters that this happens in practice, but it has 
not been proven by systematic investigation. There is 
also criticism that in individual cases fish stocks have 
been certified that are in rapid decline. This is possible, 
since the MSC allows certification in cases where there 
is a prospect of stocks recovering (Jacquet et al., 2010; 
Christian et al., 2013). 

The MSC has also been criticized for not generally 
excluding bottom-trawl fisheries or fisheries that pro-
duce fish meal, and for having on occasion certified 
fisheries with high bycatch (Jacquet et al., 2010; Chris-
tian et al., 2013). In one case it has also been demon-
strated that MSC-certified fish were not of the species 
stated in the certificate (Marko et al., 2011). The most 
serious scientifically supported criticism of the MSC, 
however, is of its certification of overfished stocks. In 
their study, Froese and Proelß (2013) concluded that 
31  % of MSC-certified stocks were overfished and 
continue to be overfished. For 11  % of stocks, insuf-
ficient data was available for an evaluation to be made 
(Froese and Proelß, 2013). However, in their evalua-

tion the authors used different definitions of over-
fishing from those of the MSC. The MSC has criticized 
the assumptions underlying the study and its findings. 
Both the MSC and Froese and Proelß (2013) stress that 
their respective evaluation methods are in line with 
the current Law of the Sea and international guidelines 
(Agnew et al., 2013). 

In addition to the above-mentioned criticism, Froese 
and Proelß (2012) also come to the conclusion that 
the majority of MSC-certified fisheries are in a better 
condition than the statistical average of all fisheries. 
Likewise, Gulbrandsen (2009) believes that the effects 
on the environment are positive. Oosterveer (2008) 
 concludes that the MSC has contributed more to the 
protection of fish stocks than the WTO negotiations on 
the abolition of fishery subsidies. 

Eco-labels and the World Trade Organization
The goal of the World Trade Organization (WTO) is to 
create international rules to facilitate and promote free 
trade worldwide. From the WTO’s point of view, eco-
labels must not lead to discrimination as defined by 
the WTO principles. This means that the introduction 
of such labels must not lead to certain trade partners 
being given preferential treatment (principle of most-
favoured-nation treatment) or to domestic products 
being favoured over foreign products (the principle of 
national treatment). Like many other forms of prod-
uct labelling, the WTO treats eco-labels are as a form of 
standard-setting, as they can represent non-tariff bar-
riers to trade. The agreement on technical barriers to 
trade defines standards as rules, guidelines or charac-
teristics for products or related processes and produc-
tion methods. A distinction is drawn between volun-
tary and mandatory standards, the latter being termed 
technical regulation. Further distinctions in standards 
are made between state and private, and between prod-
uct-based and production- or process-based labels or 
marks (Stein, 2009). Non-tariff barriers to trade are 
defined as all barriers to trade that do not fall under 
monetary trade barriers, such as subsidies and customs 
duties.

In general, WTO law becomes relevant and applica-
ble when a standard is initiated by a state or can be 
attributed to a state. Voluntary-obligatory state stand-
ards – where use of the label is voluntary but, if it is 
used, certain prescribed standards must be met (e.  g. 
the EU organic farming logo) – conform to WTO rules 
if they relate to products, i.  e. to certain product char-
acteristics. However, it is not yet clear whether volun-
tary state process-based standards – standards relat-
ing to the production process for a product (e.  g. fish-
ing methods) – conform to WTO rules. Transnational 
voluntary eco-labels like the MSC label refer to the 
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Box 3.4-2

The Méditerranée – basis for stronger 
cooperation in the Mediterranean region?

Shared cultural and political areas of experience, which have 
developed in the course of history, form an important basis for 
regional cooperation. One excellent example is the ‘Méditer-
ranée’, which is of great importance for cooperation between 
the EU and neighbouring coastal states bordering on the 
Mediterranean Sea. Since ancient times, the Mediterranean 
has formed a highly distinctive cultural entity, assuming many 
different forms. It only took on political form tempor arily (as 
the ‘mare nostrum’ of the Roman Empire), but as a region 
of trade and culture it has left its mark on all the countries 
bordering it in Europe, Asia and Africa across the centuries, 
and continues to do so today (Leggewie, 2012). The political 
centre of globalization moved away from the Mediterranean 
region to the North Atlantic sphere from the 16th century 
onwards, and the dynamic of political conflict in the East-
West divide and the Arab-Israeli conflict marginalized the 
Méditerranée in the 20th century, dividing it into spheres 
of influence of the superpowers (Abulafia, 2011). However, 
since the 1990s new approaches have emerged for a Euro-
Mediterranean partnership between the EU countries and the 
states bordering on the Mediterranean Sea in the Middle East 
and North Africa (Jünemann, 2012). 

This reconstruction is significant for the conservation 
and use of the Mediterranean Sea. The European Commis-
sion has recognized that marine conservation leaves much to 
be desired, mainly due to the lack of cooperation between 
Mediterranean countries and the EU’s lack of influence over 
third countries. Many conferences, plans and conventions 
were held under the Barcelona Process and European Neigh-
bourhood Policy between 1995 and 2010, including the ‘Plan 
Bleu’ organization in six regional hotspots (France, Italy, 
 Tunisia, Croatia, Spain and Malta). A Communication by the 
EU Commission (2009b) and a research report on the needs 
of maritime spatial planning published in 2011 also point in 
the right direction – of comprehensive conservation based on 
the principles of sustainability. The Commission recognizes 
that one basic problem is that “a large part of the Mediter-
ranean marine space is made up of High Seas. Approximately 
16% of the marine space is made up of Territorial Sea and 
31% is made up of diverse maritime zones, often contested 
by other coastal States due either to the extent of the claim or 
its validity. This set up means that a large part of the waters of 
the Mediterranean Sea is outside the areas under the jurisdic-
tion or sovereign rights of coastal States. Consequently these 
States do not have prescriptive and enforcement powers to 
regulate comprehensively human activities beyond such 
areas, including for the protection of the marine environment 
and how fishing and the development of energy sources is 
carried out. Beyond these areas, States can only adopt meas-
ures with regard to their own nationals and vessels” (EU Com-
mission, 2009b).

Furthermore, the Commission recognizes two major weak-
nesses: 

“First: in most Mediterranean States, each sectoral policy 
is pursued by its own administration, just as each interna-
tional agreement is performed within its own set of rules, 
rendering an overview of the cumulative impact of mari-
time activities, including at basin level, a difficult objective 
to attain. Second: the large proportion of marine space made 

up of high seas makes it difficult for coastal States to plan, 
organize and regulate activities that directly affect their terri-
torial seas and coasts. The combination of these two elements 
gives rise to a situation where policies and activities tend to 
develop in isolation from each other and without proper co-
ordination among all areas of activity impacting on the sea as 
well as all local, national, regional and international actors” 
(EU  Commission, 2009b).

As ocean-related activities are fundamentally border-
crossing activities, the Commission sees a need for “increased 
co-operation with non-EU Mediterranean partners” (EU 
Commission, 2009b). After all, the International Conven-
tion on the Law of the Sea, which has been ratified by all EU 
countries and all Mediterranean countries with the exception 
of Turkey, Syria, Israel and Libya, also offers good starting 
points. However, there are major gaps with regard to enforce-
ment; there is also a lack of effective controls, especially with 
regard to fisheries. The obligation on EU member states to 
achieve a good environmental status of the Mediterranean 
waters by 2020 (target of the Marine Strategy Framework 
Directive) by means of ‘integrated marine strategies’ and an 
‘ecosystem-based approach’ has not had enough effect up to 
now. Too little attention has been paid to all of the Commis-
sion’s suggestions and decisions since 2009. 

Marine conservation is a strikingly obvious priority activ-
ity of any Euro-Mediterranean cooperation – and, here too, 
it is not just a state or supranational task. The civil-society 
stakeholders concerned about the condition and conservation 
of the world’s oceans can also become active in the Mediterra-
nean – an area where they have been relatively inactive in the 
past. Just in the area of food, for example, these stakeholders 
include the International Union for Conservation of Nature 
(IUCN), the Marine Stewardship Council (MSC), the ‘Follow-
fish’ organization, the fish guides produced by Greenpeace 
and the World Wildlife Fund, and specialized institutions 
like the Global Aquaculture Alliance (GAA). This is an NGO 
promoting environmentally and socially responsible aqua-
culture which issues ‘Best Aquaculture Practices Certification 
Standards’ for plants, shrimp, tilapia, pangasius and salmon. 
OCEAN2012 is an alliance of 185 predominantly European 
organizations which put the EU’s Common Fisheries Policy 
under scrutiny. Finally, there is HEPCA, an environmental 
association sponsored mainly by Egyptian diving centres and 
hotels which thus represents another pillar of a new form of 
Mediterranean policy-making: sustainable tourism, whose 
development is essential for conserving the oceans. Anoth-
er important area of action is Euro-Mediterranean energy 
cooperation, which involves not only large-scale projects 
like Desertec and the construction of a European supergrid 
from the North Cape to the Sahara, but also local projects on 
primary-energy generation using renewable energy; after all, 
this sun-blessed region offers excellent (but hitherto utterly 
neglected) prospects in this field.

If an ambitious historical analogy and a bold vision may be 
allowed in the context of Euro-Mediterranean cooperation, 
then such a cooperation could have the same degree of signif-
icance for the European Union and its neighbours as the Euro-
pean Coal and Steel Community (ECSC) had for ‘core Europe’ 
in the early 1950s. Successful cooperation between these 
nations grouped around the Mediterranean could potentially 
serve as a blueprint for regional integration processes in other 
marine regions. 
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 production process, but are private in nature. They, too, 
are not explicitly regulated by the WTO and it is unclear 
whether they conform to existing WTO rules. Rulings 
by WTO Dispute Settlement Bodies on this matter have 
been ambiguous up to now (Stein, 2009). A number 
of authors believe that voluntary private transnational 
eco-labels cannot be contested under WTO law as long 
as they apply purely to niche markets and do not dis-
tinguish between domestic and imported products 
(Potts and Haward, 2006; Stein, 2009, Bernstein and 
Hannah, 2012). 

However, since there has been no conclusive clari-
fication by WTO bodies, the existing assessments with 
regard to the WTO conformity of voluntary private 
transnational eco-labels are hypothetical in nature. 
They are based on conclusions drawn from existing 
WTO agreements on environmental standards and 
existing rulings by the WTO’s Dispute Settlement Body.

The latest round of international negotiations on 
the WTO began in Doha (Qatar) in 2001. They are still 
ongoing. The Committee on Trade and Environment 
was assigned under the Doha Declaration to investi-
gate the effects of environmental measures on mar-
ket access and the demands made on eco-labels. Eco-
labels are also being discussed in the Technical Barriers 
to Trade Committee and the Committee on the Appli-
cation of Sanitary and Phytosanitary Measures. Up 
to now it has not been finally clarified in these three 
forums how state and private production- and process-
related labels are to be treated. 

One of the most important points at issue is the dis-
tinction between product-related and process-related 
state standards. There is disagreement as to how the 
agreement on technical barriers to trade should reg-
ulate process- and production-related standards. A 
number of developing countries fear that adopting such 
standards would allow industrialized nations to force 
them to adopt the national policies of the industrial-
ized nations on fishing methods or working standards, 
or allow industrialized nations to discriminate more 
strongly against products from developing countries. 
A number of other countries are in favour of adopt-
ing process- and production-related standards because 
they help achieve environmental targets. There is also 
basic disagreement between the negotiating countries 
over whether eco-labels promote international trade 
or restrict it through discrimination (FAO, 2011f). Fur-
thermore, developing countries have expressed gen-
eral displeasure within the WTO negotiations about the 
spread of eco-labels. They are afraid they will be unable 
to meet the expense needed to reach the standards on 
which the labels are based or afford the costs of cer-
tification, and will therefore be excluded from certain 
markets (UNEP, 2005). 

The impact of private labels, including eco-labels 
such as the MSC label, on global trade was discussed at 
the WTO for the first time in 2005 by the Committee on 
the Application of Sanitary and Phytosanitary Meas-
ures. Here, too, developing nations expressed reserva-
tions about the costs of certification. It was also pointed 
out that private standards do not conform to the agree-
ment on the application of sanitary and phytosanitary 
measures, as they generally lack a scientific basis. Dis-
agreement remains as to whether (and how) private 
standards, including eco-labels, should be treated under 
the Agreement on the Application of Sanitary and Phy-
tosanitary Measures. Nor is there agreement on how 
private standards should be treated under the Agree-
ment on Technical Barriers to Trade. Likewise there are 
differing views on whether private standards tend to 
promote or hinder trade (FAO, 2011f).

The MSC itself is a member of the International 
Social and Environmental Accreditation and Labelling 
Alliance, an association of various non-governmental 
organizations like Fairtrade International, which award 
transnational sustainability labels. One of this alliance’s 
aims is to achieve recognition as a legitimate standard-
setting organization under WTO rules (Bernstein and 
Hannah, 2012).

Pros and cons of eco-labels and sustainability labels
Private eco-labels have both advantages and disadvan-
tages as regards their potential contribution to the sus-
tainable use of marine ecosystems. The MSC eco-label 
analysed above already has considerable reach, and 
this reach continues to grow. The greatest potential of 
the MSC lies in its non-public preliminary assessment 
phase, in which fisheries try to obtain the eco-label and 
restructure their activities so as to bring them more 
into line with the principles of sustainability. Since the 
incentive for fisheries to seek certification is driven by 
demand, the success of eco-labels depends very much 
on changing consumers’ purchasing behaviour. The 
large Asian fish markets, for instance, show few signs of 
developing a comprehensive demand for certified fish, 
and voluntary certification programmes are no substi-
tute for sustainable public management of fisheries. 
The discussion on a suitable definition of overfishing in 
the context of the MSC cannot be brought to a conclu-
sion here. Given the increase in the number of differ-
ent eco-labels and certified fisheries, it would appear to 
be a good idea to introduce minimum requirements for 
private eco-labels in fisheries at the EU level. Further-
more, the WTO should clarify as soon as possible how 
private voluntary eco-labels should be classified in 
terms of trade law. 
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3.6
Selected instruments

There is a broad range of instruments available to 
help humanity organize a sustainable way of interact-
ing with the oceans. Three factors determine whether 
a given instrument is suitable to remedy the identi-
fied shortcomings of present-day ocean governance 
( Sections 3.2-3.5):

First, an instrument’s structural design is crucial – 
for instance whether the associated sanctions are suf-
ficiently effective or whether spatial planning has been 
designed in a systemic and cross-sectoral way.

A second critical success factor is the degree to which 
an instrument can be applied at, and integrated into, 
the various levels of governance in ways that properly 
address the issues at stake. Depending on the context in 
which the problem exists, instruments that are applied 
on a small scale can be just as important as cross-border 
and intergovernmental collaboration. 

Third, it is vital that an instrument is designed to 
interact with other instruments. Environmental stand-
ards presuppose a monitoring system, for example, and 
marine protected areas can only be effective if they are 
supported by measures such as accompanying spatial 
planning, adaptive management and standard setting. 
The WBGU believes that the following instruments 
are particularly well suited to remedying the identi-
fied shortcomings in ocean governance, as they sat-
isfy many of the criteria discussed in Section 3.1.3 and 
can have an effect on every conceivable level of ocean 
 governance. 

3.6.1 
Environmental monitoring

Monitoring the state of the oceans is fundamental to 
overseeing marine uses and conservation obligations. 
In turn actors must also be monitored if sanctions are 
to be applied or cases of liability exposed. Monitoring 
is thus the basis on which effective governance must 
be built. At the same time, the transparent recording 
and open accessibility of gathered data allows admin-
istrative decisions to be more easily understood and 
retraced. Without monitoring, adaptive ocean govern-
ance would not be feasible, as the latter requires the 
critical scrutiny and evaluation of existing governance 
practices. Without monitoring, there would be no indi-
cators on the basis of which conclusions could be drawn 
about the quality of existing governance. 

When collecting and analysing data about the state 
of the oceans, it is vital that monitoring and controlling 

activities dovetail perfectly. Only then can the impact 
of the different forms of use on marine ecosystems – 
and wider, systemic effects – be assessed. One must 
also bear in mind that the states parties are responsible 
for monitoring, controlling and enforcing the provisions 
of UNCLOS.

At the UN level, the most important monitoring pro-
cesses in present-day ocean governance are the activi-
ties of the Global Ocean Observing System ( Section 
3.3.1.4), the UNEP World Conservation Monitor-
ing Centre (Section 3.3.1.5), the Intergovernmental 
Oceano graphic Commission (Section 3.3.1.4) and the 
FAO (Section 4.1.4.2). The EU’s monitoring activities 
are grouped together under its Marine Strategy Frame-
work Directive (MSFD) and the Common Fisheries Pol-
icy (CFP). Passed in 2008, the MSFD is an EU direc-
tive which places Member States under an obligation 
to “take the necessary measures to achieve or main-
tain Good Environmental Status in the marine environ-
ment by the year 2020 at the latest” (Article 1 para. 1 
MSFD; EU, 2008). One current project in Germany is 
the Oceans Observation research programme pursued 
by The Future Ocean, a Kiel-based cluster of excellence.

The aim with regard to the high seas is to achieve 
improvements by means of a better exchange of infor-
mation between the national authorities of the coastal 
and flag states (HSTF, 2005, 2006). To this end, the 
International Network for the Cooperation and Coor-
dination of Fisheries-related Monitoring, Control and 
Surveillance Activities (MCS Network) was set up in 
2001 as a voluntary (informal) association of national 
authorities committed to curbing illegal, unreported and 
unregulated (IUU) fishing activities. To date, authori-
ties from more than 40 countries – including Japan, the 
USA, Australia, New Zealand, Norway, Spain, Mexico 
and Canada – have signed up. The network seeks to 
speed up the flow of data when IUU fishing activi-
ties are being tracked (MCS Network, 2012; Section 
4.1.4.5).

Central to a future system of ocean governance is 
the rapid development of a dynamic monitoring system 
based on a set of targets for the state of the oceans. 
The transparent capture of data and open access to 
these data are key requirements if this system is to 
be realized. In the EEZs, practically complete surveil-
lance is possible using patrol boats, patrol aircraft and 
GPS-based vessel monitoring systems. However, pro-
viding the same kind of surveillance on the high seas 
requires above all modern remote-sensing technologies 
such as echo location, radiolocation and satellite posi-
tioning. The latest developments in such technologies 
include unmanned aerial vehicles, over-the-horizon 
radar, modern satellite-imaging systems and synthetic 
aperture radar. Since these technologies are relatively 
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expensive, the cost of an effective system to physically 
monitor and control the high seas can quickly reach 
an estimated magnitude of several hundred million (or 
even billions of) US dollars a year (estimate based on 
the HSTF, 2005, 2006). 

3.6.2 
Marine protected areas and marine spatial 
 planning

3.6.2.1 
Marine protected areas
Marine protected areas (MPAs) are one of the most 
important instruments to preserve marine ecosystems, 
increase their resilience and adaptive capacity, and help 
contain or avoid human interventions in the marine 
environment (such as overfishing or the destruction of 
habitats) by means of rules and bans (WBGU, 2006). 
MPAs also serve to conserve and replenish overfished 
stocks and to protect important habitats and life stages 
(Section 4.1.3.4). 

Worldwide, marine protected areas currently cover 
an area of around 6 million km2, equivalent to about 
1.6  % of the world’s oceans (Bertzky, et al., 2012:  6). 
By comparison, Australia has an area of 7.6 million 
km2. These MPAs are concentrated mainly in coastal 
waters, where 7.2  % of the sea’s area is protected. Rel-
ative to all marine areas under national sovereignty (i.  e. 
coastal waters and EEZs), the proportion of protected 
areas shrinks to 4  %. Coverage of the high seas is sig-
nificantly lower. In 2010 an estimate by Toropova et 
al. (2010:  28) put the figure at less than 1  %. And fully 
protected zones (known as no-take zones or marine 
reserves, where fishing and other activities are prohib-
ited) account for only a tiny fraction of these MPAs 
(Toropova et al., 2010; Gaines et al., 2010). The inter-
national community is thus well short of its target of 
placing 10  % of the world’s seas and oceans under pro-
tection by 2020 (Aichi target 11: CBD, 2010a). Yet even 
this target is not ambitious enough in the WBGU’s view. 
As early as 2006 the WBGU recommended that “at 
least 20-30  % of the area of marine ecosystems should 
be designated for inclusion in an ecologically repre-
sentative and effectively managed system of protected 
areas” (WBGU, 2006:  22; Section 7.3.9.1).

The system of protected areas is far from reaching 
these targets – not only quantitatively, but also qualita-
tively. Ecoregions (large areas of the Earth with charac-
teristic communities of flora and fauna; the World Wild-
life Fund, for example, has designated 232 ecoregions 
in the oceans) and habitats are not properly reflected in 
the existing system of marine protected areas (Spalding 

et al., 2013). In 2010, 44 coastal ecoregions had more 
than 10  % of their total area designated as protected 
areas, while less than 1  % was set aside for protection 
in 102 other coastal ecoregions (Toropova et al., 2010). 
The recently observable trend towards growth is due to 
the designation of a few very large MPAs: eleven of the 
marine protected areas designated since 2003 are larger 
than 100,000  km2 and therefore account for 60  % of all 
MPAs (Toropova et al., 2010). Merging marine pro-
tected areas to form supraregional networks is crucial 
to their effectiveness. Given that many of the species 
in need of protection are spread across extensive geo-
graphical areas, the impact of isolated individual pro-
tected areas is very limited (Gaines et al., 2010). 

Experience with the world’s biggest marine no-take 
zone, a network of protected areas set up at the Great 
Barrier Reef off the east coast of Australia in 2004 and 
covering more than 115,000  km2 (roughly the size of 
Bulgaria), has been extremely positive. Stocks of many 
species of fish had recovered after only two years (Russ 
et al., 2008; McCook et al., 2010). Although creating 
this network of protected areas impaired fishing activi-
ties, it also led to economic benefits, especially for tour-
ism (McCook et al., 2010). Nevertheless, the effective 
management of protected areas also necessitates reg-
ular monitoring to ensure compliance with the rules, 
since no-take zones, too, can be affected by illegal 
fishing (McCook et al., 2010). A meta-analysis of the 
many studies that have been conducted on the impact 
of marine protected areas in different ocean regions 
confirms their positive impact, e.  g. on biomass, stock 
density and biodiversity (Lester et al., 2009). 

Marine conservation on the high seas is a special 
case, because there is currently no central authority 
responsible for establishing and managing marine pro-
tected areas (Sections 3.3.2.2 and 4.1.4.4). Thanks to 
international collaboration, however, it has neverthe-
less been possible to create a number of protected areas 
on the high seas (Bertzky et al., 2012). One significant 
step forward was taken in 2010, when a network of 
protected areas was set up in the north-east Atlantic 
pursuant to the OSPAR Convention (Matz-Lück and 
Fuchs, 2012; Box 3.4-1). As a result, a total area of 
286,00  km2 – more than 3  % of the area covered by the 
OSPAR Convention – is now designated as a protected 
area. Even so, it appears that further protected areas 
are needed in the north-east Atlantic (O’Leary et al., 
2011). By contrast, negotiations at the Commission for 
the Conservation of Antarctic Marine Living Resources 
to establish marine protected areas in the Antarctic 
region are currently making only slow progress due to 
the resistance of individual countries (the CCAMLR is 
the regional fishery-management organization for Ant-
arctic waters; Section 4.1.4.4). 
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The fact that large swathes of the deep sea can be 
regarded as terra incognita makes it difficult to desig-
nate protected areas on the basis of scientific criteria, 
but it certainly does not hinder the non-sustainable use 
of the stocks that live there (Davies et al., 2007; Villa-
sante et al., 2012; Section 4.1.2.3). The FAO’s concept 
on vulnerable marine ecosystems (VMEs) and the FAO 
guidelines on deep-sea fishing (FAO, 2009b) offer valu-
able information on designating MPAs in the deep sea. 

There are efforts to achieve a substantial improve-
ment in the protection of biological diversity on the 
high seas – partly with marine protected areas – by 
negotiating a special UNCLOS implementation agree-
ment. This process is discussed in Section 3.3.2.2. 

Marine protected areas are key elements of ocean 
conservation, but they can hardly achieve their goals 
as stand-alone measures. Effective marine protected 
areas and networks should be reinforced and expanded 
in general. Given the existing regulatory loopholes the 
need for action is particularly urgent on the high seas 
and on behalf of endangered deep-sea habitats. It is 
also important to integrate the MPAs into a more com-
prehensive management system for marine areas – a 
system that also includes socioeconomic development 
goals (Spalding et al., 2013). Wherever possible, marine 
protected areas should therefore be seen in the context 
of marine spatial planning, which divides the oceans 
up into zones with varying intensities of use (Section 
3.6.2.2). 

Marine spatial planning can also help to avoid use 
conflicts between regions (Gaines et al., 2010). In par-
ticular, it can help reduce fishery yield losses, or even 
increase fisheries’ yields. A clear allocation and valida-
tion of user rights can reduce fishermen’s resistance to 
the creation of protected areas or even succeed in elic-
iting their support (Smith et al., 2010a). For this rea-
son, MPAs should also be integrated into sustainable 
fishery-management strategies (Section 4.1.3). 

3.6.2.2 
Marine spatial planning
Spatial planning is the public-sector practice of divid-
ing up space by assigning legally binding uses or 
 functions to each space or planning area (Weiland and 
 Wohlleber-Feller, 2007). In the course of the spatial 
planning process, due account is given to economic, 
social and ecological concerns, each of which is weighed 
against the others. In marine spatial planning, the idea 
is to allocate human activities at sea, in the sea, on and 
in the seabed in such a way that these activities further 
the realization of the ecological, social and economic 
aspects of political and legal planning goals. 

As a cross-sectoral instrument, marine spatial plan-
ning aims to reduce conflicts over space between sector-

specific uses and marine conservation efforts. In addi-
tion, it helps estimate the cumulative effects of differ-
ent human uses in the same ocean region. This  elevates 
marine spatial planning to a systemic  instrument that 
transcends the sector-specific management of uses. 
Marine spatial planning can also be designed in an 
 adaptive way – so that it can be refined and improved as 
new knowledge is gained about marine ecological inter-
relationships. It follows that spatial planning  concepts 
should be regularly updated and adapted in line with 
changing conditions. Ideally, marine spatial planning 
should be kept free of preconceived expectations, and 
that presupposes the political will to relocate existing 
uses, where necessary, based on the outcomes of the 
spatial planning process. 

Numerous coastal states – especially those in Europe, 
but also Canada, the USA, Australia, New Zealand and 
China – already operate cross-sectoral marine spatial 
planning in their coastal waters and/or EEZs (UNESCO, 
2012b). The vast majority of countries have designed 
their spatial planning concepts merely as expert recom-
mendations for the relevant decision-makers. These soft 
laws are not binding for administrations or courts and can 
therefore give no legal certainty to the actors concerned. 
Only Belgium, China, Germany, the USA and the United 
Kingdom have integrated marine spatial  planning into 
national law, making it compulsory and legally enforce-
able.

With few exceptions, there is no spatial planning for 
the high seas. These exceptions are confined to a few 
marine protected areas on the high seas (in the Mediter-
ranean, for example), and their primary objective is spe-
cies protection (meaning that they have a purely sectoral 
focus). To date, there is no cross-sectoral spatial planning 
on the high seas (Ardron et al., 2008).

Marine spatial planning is a forward-looking planning 
instrument which anticipates future actions and future 
ocean uses and, in so doing, applies the precautionary 
principle to identify potential conflicts at an early stage. 
In this way, marine spatial planning can make provision 
for the potential risks of zoning. Because it weighs up the 
potential for conflict and integration between  different 
uses and across different sectors, marine spatial  planning 
promotes a systemic approach to ocean governance. If 
spatial planning is evaluated as outlined above, and if 
it is also designed to be adaptable to changes in the 
 environment and the level of knowledge, it will further 
the goal of dynamic, adaptive ocean governance. Backed 
by the force of law, spatial planning furthermore  creates 
the legal certainty needed to underpin long-term invest-
ment. To this end, both the avoidance of conflicts by 
adopting a cross- sectoral approach to planning and the 
binding allocation of specific uses to marine spaces create 
greater legal  certainty for uses that are in line with plans. 
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3.6.3 
Integrated coastal-zone management

Shaped by the definition used by the European Com-
mission, integrated coastal-zone management (ICZM) is 
an informal process which coordinates all developments 
in coastal areas within the limits set by their natural 
dynamics and capacity (EU Commission, 1999). This 
process is designed to be dynamic, continuous and iter-
ative. It is also to be guided by the principle of sustain-
ability. The aim of ICZM is to strike a balance between 
the development and use of coastal regions on the one 
hand and the conservation and restoration of coastal 
ecosystems on the other (EU Commission, 1999).
Worldwide, the ICZM programmes under national law 
are as many and varied as the interests and conflicts 
inherent in regional coastal development. The con-
cept of coastal-zone management was pioneered by 
the USA, where cross-cutting planning focusing spe-
cifically on coastal regions was already under discus-
sion as long ago as the 1960s. In 2002 a study identi-
fied more than 700 ICZM projects worldwide with the 
involvement of 145 coastal states (Sorensen, 2002).
The ICZM concept was mentioned in international law 
for the first time in the Agenda 21 (UNCED, 1992b). 
Internationally, specific concepts for coastal-zone man-
agement have been developed and implemented, in 
particular under the aegis of the UNEP’s Regional Seas 
Programme (Section 3.4). In regional international law, 
recommendations for the establishment of coastal-zone 
management can be found in both the Helsinki Con-
vention and the OSPAR Convention (Wille, 2009). 

There is deep disagreement within the scientific 
community on how the terms ‘integration’ and ‘man-
agement’ should be defined and interpreted (Wille, 
2009). In the context of integration as defined in 
ICZM, a distinction is usually drawn between the hori-
zontal and vertical dimensions. Horizontal integration 
embraces on the one hand ICZM’s cross-sectoral func-
tion, and on the other a cross-cutting spatial view of 
onshore and offshore issues and how they interact with 
each other (Cicin-Sain and Knecht, 1998). Vertical inte-
gration takes into account the comprehensive incorpo-
ration of all administrative levels (Clark, 1996). 

However broad the understanding of the scope of 
the management concept, ICZM is first and foremost 
an informal instrument whose aim is to forge net-
works between (private and public-sector) players in 
the relevant coastal areas in order to initiate a process 
of dialogue. This process serves to identify long-term 
development opportunities and, by accommodating 
the interests of all stakeholder groups, seeks to develop 
optimal overall solutions (BMU, 2006). In practice, this 
debate focuses mostly on aspects of economic devel-

opment and coastal protection (SRU, 2004). Unlike 
marine spatial planning, ICZM is a highly procedure-
oriented instrument which, although limited to coastal 
zones, goes beyond spatial concerns and can thus be 
used to manage the interests of competing user groups. 
While ICZM can submit suggestions for formal planning 
instruments, unlike spatial planning it is not a formal, 
binding instrument of planning and decision-making 
(BMU, 2006).

Localized at the land-sea interface, ICZM is the ideal 
instrument with which to explore and, where appro-
priate, find solutions to numerous conflicts in land/
sea interaction. Problems like the discharge of pollut-
ants and nutrients into the sea can be addressed and 
solution approaches or countermeasures developed in 
the course of the ICZM process. ICZM can thus lead to 
a systemic expansion of ocean governance to include 
land-based issues and consider land/sea interactions. 
The fact that ICZM is usually effected on a small scale 
ensures that local actors who are directly affected can 
broach specific regional problems and, ideally, con-
tribute to finding balanced solutions. The highly spe-
cific nature of such solution strategies improves their 
acceptance among regional players, and with it the like-
lihood that they will indeed be implemented.

However, its informal nature means that ICZM is no 
substitute for formal planning instruments. Since ICZM 
lacks transparency and regulatory force and is non-
binding, the ideas it generates must be complemented 
by legally binding marine spatial planning (SRU, 2004).

3.6.4 
Environmental standards

As a rule, environmental laws do not cast their conser-
vation goals in stone. Rather, they prescribe an envi-
ronmental status – an environmental quality objective 
– that is worth maintaining or targeting (Salzwedel, 
1987). One example is the maximum sustainable yield 
(MSY) enshrined in fishing legislation (e.  g. FSAs). 
Environmental standards then flesh out the bare bones 
of this vague environmental status. On the one hand, 
they do this by defining thresholds and guidelines for 
the resources requiring protection. This makes the qual-
ity of the defined environmental status quantifiable. In 
fisheries policy, for example, MSYs are further speci-
fied by the introduction of quotas and by defining total 
allowable catches (TACs; Section 4.1.4). On the other 
hand, they define technical ground rules and measure-
ment methods to ensure that efforts to  verify compli-
ance with these thresholds are standardized. Environ-
mental standards simplify the enforcement of envi-
ronmental law by limiting discretionary leeway and 
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expressing environmental statuses in hard numbers 
(Schulze-Fielitz, 2011). Depending on their binding 
force, environmental standards can be classified as 
(strictly binding) thresholds or as guidelines (whose 
binding nature is graded according to a scale; Vogt-
Beheim, 2004). As technical norms or material thresh-
olds, environmental standards initially reflect a non-
binding scientific consensus about the environmental 
issues at stake. They become legally binding when they 
are regularly incorporated into national regulatory law 
(e.  g. through references to technical norms in specific 
bodies of law) or by being enacted as positive law.

The UN Convention on the Law of the Sea (UNCLOS, 
specifically Article 192) places signatory states under 
an obligation to protect and conserve the marine envi-
ronment. Furthermore, the obligations listed in Articles 
192 ff. of UNCLOS demand that states use resources 
sustainably and in an environment-friendly manner, 
and that they reduce the pollution of the seas from 
explicitly named sources. However, since it is a regula-
tory framework, UNCLOS does not specify these stipu-
lations in greater detail. It does not define quotas either 
for catches of fish or for the extraction of resources, 
nor does it define quantitative limits on marine pollu-
tion. Instead, the task of specifying environmental pro-
tection is left to the states parties, so that the level of 
conservation, for example, is at the discretion of these 
states. Under the currently valid marine international 
law, environmental standards are reflected in particular 
in the fields of maritime shipping (e.  g. annexes I-VI of 
the MARPOL Convention) and fishing (e.  g. quotas for 
individual species of fish as prescribed by regional fish-
eries management organizations). Moreover, the envi-
ronmental stipulations under UNCLOS already feature 
mechanisms for incorporating international environ-
mental standards. For example, Article 210, paragraph 
6 of UNCLOS states that national environmental regu-
lations must not be less effective than the global rules 
and standards.

Establishing international environmental stand-
ards in UNCLOS could harmonize the level of protec-
tion afforded – to the benefit of the marine environ-
ment worldwide. Harmonized environmental standards 
would make it easier to verify compliance with treaty 
obligations, allowing states parties and, where appro-
priate, environmental associations to exercise more 
effective mutual control.

3.6.5 
Environmental liability

To be liable is to be legally accountable for damage 
caused by oneself or third parties. A distinction is drawn 

between fault-based liability, which presupposes intent 
or negligence on the part of the author of the damage, 
and liability without fault, which is rooted in the dan-
gerous nature of an otherwise permitted action. Envi-
ronmental liability in particular seeks to compel par-
ties that cause damage to the environment to pay the 
cost of remedying that damage (EU Commission, 1999). 
Here, a further distinction is made between the liable 
party’s obligation under civil law to compensate other 
legal entities for damage done to them, and the regu-
latory requirement that the liable party remedy dam-
age done to the environment (Ehlers, 2006). Liability 
for damages under civil law is regulated by the respec-
tive national tort law – where appropriate in conjunc-
tion with private international law. However, a separate 
public legal basis is needed in order to establish reme-
diation obligations. The aim of this regulatory remedia-
tion obligation is to prevent damage to the environment 
happening in the first place. By insisting that any dam-
age caused must be remedied at the polluter’s own cost, 
the aim is to create an incentive for parties with the 
potential to cause environmental damage to act with 
extreme caution when engaging in hazardous activities 
(UBA, 2007).

In international marine environmental law, the key 
regulations governing liability for pollution of the sea 
are enshrined in Articles 192 and 235 of UNCLOS. 
These articles stipulate that states have the obligation 
to protect and preserve the marine environment and 
are liable in accordance with international law. Pursu-
ant to Article 235, paragraph 2 of UNCLOS, states are 
obliged to ensure that legal recourse is available for 
compensation in respect of damage caused by pollution 
of the marine environment. In international law, the 
states parties have fulfilled this obligation, in particu-
lar in the shipping sector. The International Convention 
on Civil Liability for Oil Pollution Damage (1992), for 
example, establishes liability without fault for the own-
ers of tanker vessels if oil pollution is caused by their 
ship. Other similar conventions exist for hazardous and 
noxious substances (the HNS Convention), for bunker 
oil (the Bunker Oil Convention) and for the transporta-
tion of hazardous waste (the Basle Protocol). However, 
these additional liability conventions have yet to come 
into force because they have not been ratified (Ehlers, 
2006).

At present, there are no international liability regu-
lations governing pollution caused by offshore activi-
ties. However, what is known as the OPOL Agreement 
does create a voluntary obligation under civil law under 
which offshore industries assume liability without fault 
up to US$   120 million for pollution of the marine envi-
ronment.

On the high seas there are no valid rules  governing 
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liability for polluting the environment. The conven-
tions cited above apply only in territorial waters and/
or in coastal states’ EEZs. The 1993 Lugano Convention 
sought to apply a cross-sectoral approach to liability 
for damage resulting from activities dangerous to the 
environment. However, since it, too, has not been rati-
fied, it is highly unlikely that this convention will come 
into force.

In regional international law, the most important 
regulation on the remediation of environmental dam-
age is the EU Directive on ‘environmental liability with 
regard to the prevention and remedying of environ-
mental damage’ (EU, 2004). This directive harmonizes 
environmental-liability law across the EU Member 
States. However, it governs only the regulatory aspects 
of environmental liability, targeting the avoidance and 
remediation of environmental damage without estab-
lishing claims for compensation under private law. The 
application of the Directive for the marine environment 
is also subject to geographic constraints: it covers water 
pollution only up to the seaward boundary of the ter-
ritorial sea, so that within European EEZs only damage 
to biological diversity is covered (Ehlers, 2006).

Liability regulations that make the polluter pay the 
cost of remedying environmental damage could improve 
ocean governance in two ways. On the one hand, they 
would make the actors concerned more cautious and 
prudent, as the threat of potential liability gives them 
a financial incentive to avoid polluting the environ-
ment. This effectively reinforces the importance of 
the precautionary principle to the actors involved. On 
the other hand, the cost of remedying pollution of the 
marine environment would be assigned to the polluter 
instead of being shared by the community. Assigning 
costs according to the ‘polluter pays principle’ consti-
tutes an equitable form of cost distribution and is thus 
also in line with the common heritage of mankind prin-
ciple. If the polluter is unable to foot the bill, the state 
that approved the harmful action or the responsible 
flag state could face residual liability. 

3.6.6 
Sanctions

Sanctions are coercive measures used to enforce compli-
ance with legal obligations. Sanctions play a role above 
all in associations of nation states when one member 
state fails to meet its obligations. In the supranational 
context of the EU, financial penalties are a common 
sanction (e.  g. within the framework of EU infringement 
proceedings; Article 258 ff. of TFEU). Under interna-
tional law, suspensions are an option and can lead to 
the exclusion of the infringing state from the associ-

ation of states or the international treaty. Under the 
WTO regime, financial sanctions can also be imposed in 
the form of penal tariffs, once a court of arbitration has 
established violations of international trade law. Sanc-
tions are likewise applied to secure peace and ensure 
compliance with humanitarian law. In accordance with 
Article 39 ff. of the UN Charter, further possible forms 
of sanction include economic embargos and the use of 
armed force.

Coercive measures of international treaty law are 
agreed separately in the respective treaties. Where no 
such agreement has been reached, Article 60 of VCLT 
can be applied as a general provision of international 
treaty law. Under this provision, serious treaty viola-
tions can lead to the state that is in breach having its 
participation in an international treaty suspended or 
terminated.

In international environmental law, the termination 
of a treaty is an undesirable outcome. On the contrary, 
sanctions should be agreed which increase the likeli-
hood of compliance with the treaty. The types of sanc-
tion described above are alien to existing international 
treaties on the conservation of the marine environment 
(UNCLOS, FSAs, etc.). One possible model might be to 
adapt the European Union’s infringement proceedings 
(pursuant to Article 258 ff. of TFEU) to the interna-
tional context. In international law, sanctions are coer-
cive measures to enforce treaties whose sole purpose is 
to achieve compliance with treaty provisions. They are 
thus a key instrument for improving the effectiveness 
of international treaties.

3.6.7 
Class actions

Class actions enable non-governmental organizations 
to take legal action against the violation of objec-
tive legal norms in order to help protect or enforce 
the public interest (Kloepfer, 2004). In their capacity 
as a collective legal remedy, class actions have a spe-
cial status in the European culture of protecting the 
rights of the individual. This is because they allow 
access to the courts (or out-of-court mediation bod-
ies) in cases where it would normally only be possible 
to assert the violation of rights in personam (Erbguth 
and Schlacke, 2012). In the context of environmental 
law, class actions have so far risen to greatest prom-
inence in countries where lawsuits are traditionally 
filed by damaged parties and where non-governmental 
organizations had little access to legal protection until 
the Aarhus Convention came into force in 2001. Class 
actions also serve to improve the enforcement of envi-
ronmental law, because the organizations represented 
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use them to check the legality of administrative actions 
(Kloepfer, 2004).

With the signing of the Aarhus Convention, the EU 
and its Member States undertook to offer the pub-
lic concerned and associations recognized by Member 
States recourse to court or out-of-court proceedings in 
order to prosecute violations of environmental legis-
lation. To translate this obligation into reality, the EU 
ratified the Public Participation Directive (EU, 2003) 
which places the EU Member States under an obliga-
tion to give environmental-protection organizations 
access to judicial proceedings. As a result, the conser-
vation of the marine environment can already be real-
ized through class actions within the EU. Outside the 
EU, class actions exist in isolated cases depending on 
national legislation. To date, class actions are not per-
missible as a way of enforcing international environ-
mental-protection treaties.

Class actions can be used as an instrument to 
improve contractual fidelity in the protection of the 
marine environment. However, this applies only if 
environmental associations are recognized as inter-
national legal subjects, or if they are at least granted 
commensurate procedural and material rights. Since 
signatory states regularly fail to impose sanctions to 
punish violations of environmental-protection trea-
ties, enforcement of these treaties is lacking (e.  g. FSAs; 
Section 4.1.4). Class actions could enable environmen-
tal-protection organizations to take breaches of treaties 
to court, thereby improving the effectiveness of marine 
protection treaties.

3.6.8 
International financial transfers

Agreements to share burdens and arrange  international 
funding are another element of an effective ocean 
 governance regime. The protection and sustainable use 
of the oceans generates costs, e.  g. for human resources 
and technical equipment in the fields of  administration, 
monitoring, control and enforcement. Beyond this, 
 individual countries and actors also incur costs, at 
least temporarily, in the form of loss of revenue (e.  g. 
from fishery or the extraction of raw materials). On 
the other hand, the benefits of the sustainable use and 
 conservation of the oceans are enjoyed by the entire 
global community. International cooperation on ocean 
 governance will therefore only come about if the burdens 
of ocean conservation are shared as fairly as possible 
between all states.

Various ethical principles can be applied when con-
sidering how to share these burdens (WBGU, 2002, 
2010). The polluter pays principle charges the costs to 

those countries that make the greatest use of the seas 
and therefore necessitate protective measures in the 
first place. In accordance with the precautionary prin-
ciple and the principle of equality, however, all coun-
tries alike must share responsibility for the future of 
the oceans, i.  e. even those that make less intensive use 
of the sea – not least because most countries contrib-
ute indirectly (e.  g. via trade, consumption, tourism and 
other land-based activities) to the destruction and deg-
radation of marine ecosystems. According to the ability 
to pay principle, a larger share of the financial burden 
should be borne by those countries whose economic 
performance puts them in the best position to do so. 
Lastly, the principle of equivalence can be cited, accord-
ing to which countries should participate in funding to 
the extent that they will later benefit from the services 
financed. 

Based on these principles, international financing 
instruments (in the form of international funds, for 
instance) would need to be negotiated along the lines 
of other international environmental treaties (such as 
UNFCCC and CBD) in the interests of sustainable global 
ocean governance. International financial transfers can 
boost the willingness of countries to cooperate in an 
international regime (Barrett, 2001, 2007). For exam-
ple, transfers from economically strong nations to coun-
tries with smaller income levels can make it possible for 
the latter countries to comply with ocean-conservation 
regulations. This arrangement indirectly makes less-
well-off countries more willing to agree to an ambitious 
governance regime for the conservation and sustain-
able use of the oceans. Up to now, the conservation 
and sustainable use of the oceans has received financial 
support from international financing mechanisms such 
as the World Bank and the Global Environment Facility 
(GEF), in cooperation with other UN organizations such 
as the FAO and the UNDP (Box 3.6-1; Section 3.3.1). 
In principle, the funds thus supplied are a suitable way 
to leverage additional funds from private investors. On 
the whole, however, the roughly US$   200–400 million 
made available each year (Box 3.6-1) is not enough to 
finance a global and sustainable form of ocean govern-
ance (Table 7.3-1).

3.7
Conclusions

Existing governance protects the oceans 
inadequately 
The state of the oceans is deteriorating, despite the exist-
ence of numerous international treaties ( Chapter 1). 
Incomplete implementation, an ocean governance 
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that is too fragmented and a lack of viable options for 
imposing sanctions are the main reasons. Yet most of 
the problems associated with the subject of the oceans 
lack neither political attention nor focused activities in 
the form of programmes, projects, plans of action or 
treaties within the UN system. The WBGU has identi-
fied three key reasons why existing ocean governance 
is not effective enough. 

First, there is an implementation problem in many 
areas of international marine policy. Progress has been 
made in developing ocean governance: for example, 
there are now two implementation agreements trans-
lating the overall UNCLOS framework into more con-
crete terms (Section 3.2). Many other soft law instru-
ments have also been fashioned. Overall, however, their 
degree of implementation varies very considerably and 
in most cases is unsatisfactory. The example of fishery, 
which is discussed in detail in Chapter 4, makes this 
point especially clear.

There is also a lack of consistent implementation in 
the designation and establishment of marine protected 
areas. The aim of the Convention on Biological Diversity 
– to provide effective protection for 10  % of the world’s 
marine areas by 2020 – appears scarcely reachable. 
Very few of the marine areas already under conserva-
tion enjoy a sophisticated level of protection. Nonethe-
less, efforts are being made to step up the implementa-
tion of marine conservation. For example, it is hoped 
that a plan of action will drive forward implementa-
tion of UN Secretary-General Ban Ki-moon’s ‘Oceans 
 Compact’ initiative. 

Second, the WBGU notes that ocean governance is 
excessively fragmented. As a result of the profusion of 
international treaties and organizations on the use and 
conservation of the oceans, responsibility and author-
ity in international marine policy are spread far and 
wide. In the majority of cases, the individual treaties 
and organizations only have a mandate for specific sec-
tors. The framework convention UNCLOS, for example, 
delegates many details of marine-resource management 
to implementation agreements and applicable national-
state law. This fragmentation becomes especially appar-
ent in the handling of marine bioresources. Integrated, 
cross-sectoral approaches (which take account of the 
ecosystem approach, for example) are often completely 
lacking, and those that do exist are not rigorously 
implemented by the institutions of ocean governance. 
While it is desirable to have marine issues anchored in 
as many institutions as possible in the sense of ‘ocean 
mainstreaming’, a prominent institutional figurehead is 
also needed to safeguard the ‘interests’ of the oceans. 
There is a need for action here.

In some cases, steps have already been taken 
towards the necessary coordination and bundling 

of measures to conserve the oceans and ensure their 
sustainable use. The UN Oceans coordination mecha-
nism, for instance, does this on a global scale, while 
UNESCO’s Intergovern mental Oceanographic Commis-
sion (IOC) adopts the same approach in research. On 
the whole, however, this form of bundling does not 
seem to be succeeding to the necessary extent. Even 
within the EU there is a need for coordination due to 
overlapping areas of competency between the Marine 
Strategy Framework Directive and the various conven-
tions responsible for Europe’s regional seas (OSPAR, 
HELCOM, the Barcelona Convention and the Bucharest 
Convention). 

The conservation and sustainable use of the oceans 
is enshrined in many parts of the UN system, e.  g. using 
a large number of consultation processes and reports. In 
its capacity as the most important cross-sectoral forum 
for international marine policy, the General Assem-
bly of the United Nations places this issue high on its 
agenda. At present, the oceans are also one of the core 
topics in the Rio Process, which has been ongoing since 
1992. In 2012 the UN Secretary-General then sent a 
clear message that the international community must 
concern itself with the state of the oceans by launching 
the Oceans Compact. 

There is a lack of coordination, coherence and com-
plementarity both between the individual UN organi-
zations (despite efforts such as those undertaken since 
2003 within the framework of UN Oceans) and between 
players at the lower levels of governance. Equally, there 
is a lack of systematic dovetailing and, in particular, of 
coherent and complementary coordination between the 
individual levels of governance. The only visible man-
ifestations – such as efforts to apply globally agreed 
principles and goals at the regional level – are still at an 
embryonic stage. 

Third, ocean governance lacks reporting obligations 
and effective enforcement and sanctioning mecha-
nisms. For a variety of reasons, states parties fail to 
implement international regulations. In many cases, 
the latter are translated into national law either inade-
quately or only after long delays. In other cases, imple-
mentation fails due to a lack of political will or a lack 
of resources.

Similarly, existing conflict-solving mechanisms such 
as the International Tribunal for the Law of the Sea and 
courts of arbitration are inadequately dimensioned, 
given the manifold problems facing the world’s oceans. 
There are, for example, hardly any strategies defining 
what to do when rules are violated in areas of the high 
seas that are beyond the scope of national sovereignty. 
At this level, there is no superordinate steward with the 
right to take legal action. 
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UNCLOS is in need of reform
UNCLOS offers room for the further elaboration of sus-
tainable ocean governance – and the regulatory gap on 
the high seas is particularly wide. An analysis of inter-
national marine policy in its present form shows that 
UNCLOS has created a ‘constitution for the oceans’ 
which in many ways offers a platform for the reform 
of ocean governance in the direction of sustainability. 
For this to happen, some of the weaknesses of UNCLOS 
must be remedied. While UNCLOS sees the oceans as an 
ecosystem, it falls short of a strictly systemic approach, 
making no provision for land-sea interactions, for 
example. 

The zoning of the oceans into coastal waters, EEZs 
and the high seas runs counter to the ecosystem 
approach enshrined in UNCLOS. Such zoning does allo-
cate rights of use and conservation obligations, but 
it provides an inadequate basis for monitoring and 
enforcing environmental standards outside of coastal 
waters. Two exceptions are the London Convention 
(1972) and the London Protocol (1996) on the preven-
tion of marine pollution, both of which have worldwide 
scope. The Convention on Biological Diversity likewise 
tackles marine-conservation issues from a systemic 
perspective. Since it is a framework convention, how-
ever, it has no sanctioning mechanisms at its disposal. 

The biggest shortcoming in governance concerns the 
high seas, parts of which are unregulated, and where 
regulations do exist they are not implemented with suf-
ficient rigour. For example, the UN Fish Stocks Agree-
ment (FAS), one of the UNCLOS implementation agree-
ments, covers only a part of fish stocks on the high 
seas (Section 4.1.4.4). Since participation is weak and 
implementation only partial, a regime of open access – 
which is conducive to overfishing – continues to prevail 
in many areas of the high seas in practice. 

Rights of disposal over the oceans as a public and 
common good are too vague
The rights of disposal over the oceans, a public and com-
mon good, are insufficiently defined and allocated. As 
a result, there are not enough incentives for a sustain-
able interaction with the blue continent. The respec-
tive users often ignore the long-term environmental 
effects of individual uses such as fishing, oil and gas 
extraction or sewage discharge, as well as the interde-
pendencies between the various forms of use. Individ-
ual players have few incentives to act in a long-term-
oriented way that is in the interests of sustainable use. 
In order for external effects to be internalized in the 
use of the oceans and marine conservation, it is cru-
cial that countries or the international community find 
regulations which clearly define and allocate rights of 
disposal. Simultaneously local, regional and national 

regulations on use should be embedded into the glo-
bal regime on use, and free-rider behaviour should be 
 minimized at every level of governance. One example 
of this kind of regime is the FSA, which, together with 
the RFMOs, is responsible for the conservation and 
management of straddling and highly migratory fish 
stocks (Section 4.1.4.4). At the same time, this regime 
illustrates the magnitude of the challenge of effectively 
preventing free-rider behaviour in the marine environ-
ment (Section 4.1.4.5). 

Insufficient use is made of available instruments 
Many instruments of ocean governance, such as marine 
spatial planning, the designation of marine protected 
areas, coastal-zone management and environmental lia-
bility, are not yet being used by all countries, and some 
are not sufficiently integrated into international treaties. 

When it comes to conserving and managing the high 
seas, one problem is that there is no superordinate stew-
ard like the International Seabed Authority that is able, 
for example, to apply marine spatial planning or desig-
nate protected areas. At this level, regional treaties offer 
opportunities to apply both instruments and thereby 
avoid conflicts over usage.

Marine spatial planning also opens up the possibil-
ity of organizing marine conservation on a systemic and 
cross-cutting basis: from the management of individual 
fish stocks to the management of entire ecosystems; 
from due provision for individual drivers of overex-
ploitation of the oceans to the integration of all forms 
of human influence on the sea; from the management 
of individual marine protected areas to the regional and 
supraregional networking of protected areas. This point 
constitutes another platform for the further development 
of ocean governance in the direction of sustainability. 

Links between marine science and marine policy are 
too weak
As things stand, marine research is not systematically 
integrated into the decision-making processes of an 
international marine policy focused on sustainability. 
For this reason, the UN’s plans to publish a regular glo-
bal report on the status of the marine environment as 
of 2014 (‘Regular Process’: Section 3.3.1; Box 3.3-2) 
are especially promising. This could be the beginning of 
a kind of scientific reporting like that carried out by the 
IPCC on the problem of climate change. 

Ideas for future ocean governance 
If a regime of sustainable use and conservation is to take 
shape for the oceans in general and the high seas in par-
ticular, it is important first to extend the idea that the 
oceans are the common heritage of mankind to include 
all areas of the sea and all marine resources. UNCLOS 
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already establishes this concept for the seabed on the 
high seas. Second, the precautionary principle, which 
is already taken into account in regional marine con-
servation treaties and the FSA, for example, should be 
anchored within UNCLOS. Building on the precautionary 
principle, a third step could be to tackle other important 
elements of forward-looking ocean governance and cre-
ate the appropriate instruments. Examples include adap-
tive management, a systemic approach and programmes 
to promote innovation. Although there are binding 
marine treaties under international law with effective 

sanctioning mechanisms which are also monitored and 
enforced (by the International Maritime Organization 
[IMO], for example), these treaties are limited to cer-
tain individual areas of use. Examples include the MAR-
POL Convention and the London Protocol. Many inter-
national marine-policy agreements, especially UNCLOS 
and its implementation agreements, are binding under 
international law, but most have no sanctioning mech-
anisms to deal with non-compliance or violations. Nor 
is regular reporting compulsory in most cases. 

Box 3.6-1

Existing international funds and programmes to 
finance the conservation and sustainable use of 
the oceans

In the past, the World Bank and the GEF have collaborated 
with other UN organisations such as the FAO and the UNDP 
to support a number of programmes and projects in sustain-
able fishery management, sustainable aquaculture, marine 
protected areas, coastal protected areas and integrated 
 coastal-zone management (ICZM). 

Funding from the World Bank, PROFISH and ALLFISH
According to former World Bank President Robert Zoellick, 
the World Bank invested a total of about US$  1.6 billion in 
the fields of coastal-zone management, fisheries management 
and marine protected areas in 2012 (World Bank, 2012b). 
One important element of the funding provided by the World 
Bank is the PROFISH programme (The Global Programme 
for Fisheries), a multi-donor trust fund whose mandate is 
to promote sustainable fisheries management in Africa, Asia 
and Latin America. PROFISH was founded in 2005 and is 
administered by the World Bank. In addition, ALLFISH (The 
 Alliance for Responsible Fisheries), a public-private partner-
ship between the fish- and seafood-processing industry and 
the World Bank, FAO, GEF and International Coalition of 
 Fisheries Associations set up in 2009, aims to advance the 
cause of sustainable fisheries and aquaculture, especially 
in developing countries. There is also the Strategic Partner-
ship for a Sustainable Fisheries Investment Fund in the Large 
Marine Ecosystems of Sub-Saharan Africa (endowed with 
US$  60 million, financed by the GEF; World Bank, 2009) and 
the Capturing Coral Reef and Related Ecosystem Services 
Partnership (World Bank, 2012a). 

GEF funding priorities: ‘international waters’ and 
 ‘biodiversity’
In line with its focus on international waters and biodiversity, 
the GEF currently supports several projects relating to the 
oceans, including the establishment and running of marine 
protected areas. However, the total funding made  available 
for GEF grants relating to the oceans over the past two dec-
ades (1991-2012) totalled only about US$   700 million (Sher-
man and McGovern, 2012; UNDP and GEF, 2012b, c). In 
this period, the GEF’s ‘international waters’ funding  priority 
accounted for around US$  450 million, although US$  176 
million of this amount was earmarked for inland waterways 

(i.  e. rivers, lakes and aquifers), so that only grants totalling 
US$  274 million were channelled into marine and coastal 
conservation (UNDP and GEF, 2012c). If these grants are 
 combined with further investment support provided by the 
World Bank and other project co-financing arrangements, a 
total of US$  4.1 billion has been made available by the GEF 
since 1991 for the conservation of marine ecosystems, includ-
ing measures to reduce land-based discharges into the oceans 
(UNDP and GEF, 2012a; Sherman and McGovern, 2012). This 
figure is equivalent to roughly US$  200 million per annum.

In collaboration with the FAO, the World Bank, UNEP, 
CBD, UNCLOS and a number of regional fisheries manage-
ment organizations, the GEF has launched the ‘Programme 
on Global Sustainable Fisheries Management and Biodiver-
sity Conservation in Areas Beyond National Jurisdiction’ to 
 support management of the oceans outside of national ter-
ritorial waters. This programme is endowed with US$   50 mil-
lion, plus co-financing amounting to US$  223 million. It com-
prises four subprojects focusing on tuna fishing and deep-sea 
organisms. What is known as the GEF’s ‘Oceans Partnership 
Fund’ is also part of the programme (GEF, 2012). 

The leverage effects connected with GEF grants are esti-
mated by the UNDP at between 57:1 and 2,500:1 (UNDP and 
GEF, 2012a). In other words, experience shows that for every 
dollar the GEF has made available as a grant for marine and 
coastal conservation, at least US$  57, and perhaps as much as 
US$  2,500, has been invested in addition by private players. A 
leverage effect of 8:1 is assumed in the case of public-sector 
investment in the creation and running of marine protected 
areas (UNDP and GEF, 2012a).

Global Partnership for Oceans
The World Bank launched the Global Partnership for Oceans 
in early 2012 (Section 3.3). The aim of this partnership is 
to bundle and selectively deploy knowledge and funds to 
improve the state of the oceans. Over a five-year period, a 
total of at least US$  300 million in public funds is to be bun-
dled to mobilize leverage totalling US$  1.2 billion in private 
funding. According to the World Bank, the focus should be on 
sustainable fisheries management, sustainable aquaculture, 
the conservation of coastal ecosystems and the  reduction of 
land-based discharges into the oceans (World Bank, 2012a). 
The aim is for the moneys generated in the course of this part-
nership to trigger governance reforms in individual countries, 
maintain marine protected areas, and support the exchange of 
information and experience between countries (World Bank, 
2012b). 



108



109

Fishing is one of the oldest uses to which the oceans 
have been put. To this day, fish and seafood play an 
important role in providing many people with nutrition 
and protein. Aquaculture – the cultivation of fish on 
land or in coastal areas – also has a tradition that dates 
back thousands of years and today supplies nearly half 
of the fish products consumed by humankind. Both 
branches of industry have caused damage – severe 
damage in some cases – to marine ecosystems. This 
chapter explores how changes in governance can help 
place fishing and aquaculture on a sustainable footing 
in future, thus enabling both to contribute to the trans-
formation towards sustainability. 

To this end, this chapter not only investigates fish-
ing (Section 4.1) and aquaculture (Section 4.2) in isol-
ation, but also examines how each interacts with the 
other (Section 4.3). For example, the most important 
fish-farming methods used in marine aquaculture are 
dependent on marine fish caught in the wild, which 
indirectly increases the pressure on marine ecosystems. 
Section 4.4 examines the systemic effects of global 
environmental changes on fishing and aquaculture. For 
both sectors, these effects will gain in importance in the 
future. The focus here is on the anthropogenic effects 
on the oceans of other branches of industry: emissions 
of greenhouse gases and CO2 leading to climate change 
and ocean acidification, and inputs of other harmful 
substances causing eutrophication, dead zones and the 
pollution of marine ecosystems. 

Fish is not the only product of fisheries and aqua-
culture. They also deliver other marine animals (sea-
foods such as crustaceans, molluscs, snails and squids) 
and, in aquaculture, algae. The topic of whales is not 
dealt with here, as they have been scarcely relevant to 
human nutrition since the moratorium declared by the 
International Whaling Commission in 1986. Both fish-
ing and aquaculture should always be seen in the con-
text of other uses (such as energy generation, tourism 
and nature conservation). 

4.1
Marine fishery

4.1.1 
Status and trends of fisheries

From a global perspective, marine fisheries are in a very 
worrying state (Froese et al., 2012; Beddington et al., 
2007; FAO, 2012b:  13; Maribus, 2013). There is broad 
scientific and political consensus that the global limits 
of use have already been reached or even exceeded. 
Urgent action is therefore needed to conserve or 
replenish fish stocks (WSSD, 2002:  para. 30a; Worm et 
al., 2009; Mora et al., 2009; FAO, 2010b;  Costello et al., 
2012b). So far, few countries are making real progress 
towards sustainable management of their fish stocks. 
The EU has slowly begun to move in the direction of 
sustainability (Section 7.4.1.7). 

Marine fisheries experienced a tremendous upswing 
in the latter half of the 20th century (FAO, 2011a). 
Annual landings of fish rose from 16.8 million tonnes in 
1950 to 86.4 million tonnes in 1996. Since then, catches 
have stagnated at around 80 million tonnes a year, with a 
slight downwards trend (Figure 4.1-1; FAO, 2012b:  11). 
However, stagnating yields certainly do not mean that 
a stable, sustainable state has been reached in which 
stocks and catches are in equilibrium. On the contrary, 
catching the same amount of fish requires a greater glo-
bal fishing effort, and this has indeed increased by 54  % 
since the 1950s ( Anticamara et al., 2011). The more 
readily accessible natural stocks are increasingly being 
depleted by fishing. Fisheries are compensating by 
switching to other stocks (‘serial depletion’; Srinivasan 
et al., 2012). The limits of what is technically possible in 
the fishing industry are being pushed back further and 
further by ever-more-advanced methods for locating 
and catching fish (Berkes et al., 2006). Today, indus-
trial fishing fleets can sail to very remote regions of 
the high seas (such as the South Pacific) in search of 
new fish stocks. They are increasingly fishing the eco-

Food from the Sea 4
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logically fragile stocks that populate the deep sea with 
all the signs pointing towards overexploitation, even 
though a precautionary approach would be especially 
important for these stocks (Davies et al., 2007; Norse 
et al., 2012;  Villasante et al., 2012). In future, the fish-
ing industry will find it increasingly difficult to reach 
current catch volumes, as there are hardly any remote 
or unused regions of the ocean left (Swartz et al., 2010; 
see Box 4.1-1 on the Arctic). There is little room to 
expand the scope of fishing activities (Jackson, 2008; 
FAO, 2011a; Worm and Branch, 2012) – all the more so 
since fishery is limited by the available amount of glo-
bal marine primary production, and these limits already 
becoming clearly noticeable (Chassot et al., 2010). 

Using the FAO’s official figures as the basis (FAO, 
2012b:  11), 30  % of global stocks are overfished. 57  % 
of stocks are already fully exploited (in terms of the 
maximum sustainable yield, or MSY; Box 4.1-5). Only 
12.7  % of global stocks theoretically still have the cap-
acity to cope with higher catch volumes, and the pro-
portion of overused stocks has increased continually 
(Figure 4.1-2). This observation is corroborated by a 
global survey of experts which concludes that the over-
all effectiveness of stock management is lagging a long 
way behind international targets (Mora et al., 2009; 
Figure 4.1-3). 

Accordingly, Worm et al. (2009) come to the conclu-
sion that nearly two thirds of well-studied stocks are in 
need of replenishment. However, the study also shows 
that, in some regions, improved management – lead-
ing to lower rates of use – have enabled stocks in these 
regions to recover. The FAO (2011a; 2012b: 13) like-

wise reports positive case studies in a number of indus-
trialized countries (USA, New Zealand, Australia: the 
California Current and several shelf areas; Box 4.1-6). 
 Costello et al. (2012b) have added an estimate on stocks 
that are poorly studied. Two thirds of these ‘data-
poor’ stocks, most of which are located in the waters 
of developing countries, could also deliver larger yields 
and make valuable contributions to nutrition if they 
were replenished. On the whole, these small unassessed 
fisheries are in a significantly worse condition than the 
assessed fisheries, and the trend towards depletion 
continues. Yet developing countries, too, have posi-
tive case studies to report (e.  g. Namibia: Box 4.1-7). So 
clearly, it is possible to realize an effect ive and sustain-
able management of fish stocks. 

Finding indicators for sustainable stock manage-
ment is of crucial importance in this context. The most 
commonly used concept is still the simple MSY, i.  e. the 
maximum sustainable yield of a stock over an extended 
period of time. This measure is incorporated into many 
international agreements (e.  g. UNCLOS, FSA, the FAO 
Code of Conduct, WSSD; Section 4.1.4) and national 
laws. It forms the basis on which many stocks are man-
aged (Box 4.1-5). From a scientific perspective, how-
ever, it has now become apparent that an MSY calcu-
lated in isolation for individual species usually leads to 
too high a figure being put on estimates of appropriate 
rates of use, partly because it does not take the inter-
actions within the ecosystem into account (e.  g. Larkin, 
1977; Worm et al., 2009; from a historic perspective: 
Finley, 2011). The concept has therefore been elabo-
rated (Box 4.1-5), but is still mostly used in its simple 
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form when it comes to hands-on management. 
Widespread problems include inadequate data about 

stocks and a lack of scientific capacity. Only a small 
number of countries have a robust scientific base with 
which to underpin their fisheries management (Mora 
et al., 2009). This is often a problem even in indus-
trialized regions (SRU, 2011b) and is considerably 
worse in developing and newly industrializing coun-
tries due to capacity problems (CEA, 2012). The only 
comprehensive global fisheries database is operated by 
the FAO and depends primarily on the data submitted 
by countries. Some countries (especially China) consist-
ently report catch figures that are too high, while oth-

ers report figures that are too low. Still others submit 
no data at all (Pauly and Froese, 2012). Taking not only 
the FAO data but all available data sources together, the 
picture of the state of fisheries painted above could turn 
out to be too optimistic overall (Froese et al., 2012). 
This conclusion is made all the more serious, given that 
between one seventh and one third of catches do not 
appear in the statistics at all because they are made ille-
gally (Agnew et al., 2009; Section 4.1.4.5). In addition, 
substantial quantities of the fish caught are unwanted 
bycatch, most of which is immediately thrown back 
overboard (Kelleher, 2005). 
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Development (since 1950) of global marine fish stocks for which fishing data are available (n=1006).
Source: Pauly, 2013
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Box 4.1-1

Fisheries in the Arctic Ocean 

The Arctic is particularly sensitive to anthropogenic climate 
change. In recent decades, temperatures in the Arctic summer 
have been higher than at any time in the past 2,000 years 
(AMAP, 2011). One consequence of this warming is that the 
sea ice in the Arctic Ocean is melting more quickly; it has 
already shrunk significantly in terms of both surface area 
and volume (Box 1.2-3). Within a few decades, the waters of 
the Arctic will probably be ice-free at the end of each sum-
mer, with thick multi-year ice increasingly giving way to thin 
single-year ice (Doney et al., 2012). 

Far-reaching and rapid changes in both the Arctic terres-
trial and marine ecosystems have already been observed as a 
consequence of anthropogenic climate change (Post, 2009; 
Doney et al., 2012). Dramatic structural changes have been 
observed among benthic communities near Spitzbergen, for 
example (Kortsch et al., 2012). Shrinkage of the Arctic ice 
also allows algae living under the sea ice to proliferate. These 
algae then become detached and are deposited on the deep 
sea-bed, which they deprive of oxygen, possibly triggering 
a considerable effects on the benthic communities (Boetius 
et al., 2013). In their review of the changes to the Arctic 
marine ecosystems induced by climate change, Wassmann 
et al. (2011) conclude that many species, including many 
fish species, are shifting their range towards the North Pole. 
Since the ecological conditions for species are changing, they 
react with increases or decreases in their populations, or with 
behavioural changes. In some cases, drastic structural changes 
(regime shifts) have also been observed in marine ecosystems. 
However, the quality of forecasts suffers from the fact that 
there has been comparatively little scientific investigation of 
the Arctic region and its ecosystems in the past (Wassmann 
et al., 2011). 

Fishing grounds in the far north already rank among the 
most productive in the world today and are of great economic 
importance to a number of Nordic countries (e.  g. Greenland, 
Iceland, the Faroe Islands and Norway; AMAP, 2011). The 
Atlantic herring alone yields annual catches totalling 2 million 
tonnes, while 1.2 million tonnes of Alaska pollock are caught 
every year in the Bering Sea, along with 1 million tonnes of 
Atlantic cod in the Barents Sea. In recent decades, an aver-
age of around 6 million tonnes of fish a year has been landed 
from Arctic and sub-Arctic waters, contributing about 10  % 
to the word’s supply of edible fish (CAFF, 2013). Yet despite 
these large numbers, most sub-Arctic fish stocks are in good 
condition; they are among the more carefully managed stocks 
in the world. 

Shrinking sea ice will have a considerable impact on eco-
nomically important fish stocks, both directly, by affecting 
their migratory movements, and indirectly via impacts on 
lower trophic levels in the Arctic marine ecosystems (e.  g. pri-
mary production and zooplankton), which have an effect on 
the fish stocks’ food supply (AMAP, 2011). The reactions of 
small pelagic species of fish in the North Atlantic (such as 
capelin and herring) are swift and pronounced, and they are 
quickly shifting their populations northwards (Rose, 2005). 
Similar shifts have also been observed in other regions (e.g. 
in the Pacific part of the Arctic; Grebmeier et al., 2010) and 
among other species (such as cod, pollock and snake pipefish; 
Wassmann et al., 2011). As a result, production conditions 
will improve for a number of stocks (such as Atlantic cod), 
possibly opening up potential for new and important fisheries 

in parts of the Arctic (ACIA, 2005). A study by Sherman et al. 
(2009) points to the indirect effects of relatively rapid warm-
ing in the Northeast Atlantic to explain rising fishing yields in 
this region. In the long term, this could be a significant advan-
tage for industrial fisheries, whereas its effects on small-scale 
fisheries is complex and difficult to judge, partly because 
some stocks (such as the Greenland halibut) are expected to 
decline (e.  g. Greenland halibut; AMAP, 2011), leaving them 
more vulnerable to overfishing (Brander, 2007). 

Different species react very differently to climate change. 
Accordingly, the effects on fish stocks are very complex and 
diverse, varying from region to region. They can also have a 
profound effect on ecosystem structures (CAFF, 2013). Given 
the current status of scientific knowledge, these impacts can 
only be forecast qualitatively and with a considerable degree 
of uncertainty (Reist et al., 2006). The impact on fish stocks 
as a whole will depend essentially on the extent of climate 
change and the quality of fisheries management (ACIA, 
2005), although adaptability is being impaired by a lack of 
scientific knowledge (Reist et al., 2006). 

Alongside climate change, other anthropogenic factors 
may also have an impact on fishing; these are explained in 
detail in Section 4.4. The most important factors with regard 
to Arctic fishing are ocean acidification (Section 1.2.5), 
which is intensifying particularly rapidly at high latitudes, 
and the increasing risk of oil pollution due to intensified 
prospecting for oil reserves in the Arctic region (Box 5.1-2). 
Taken  together, these factors pose a serious challenge to the 
 management and governance of fishing activities. 

Anthropogenic changes to nature and their effects on fish 
stocks require changes in the way fisheries are managed. In 
the future, marine research and the monitoring of fish stocks 
should be closely linked to flexible and adaptable practices 
of fisheries management (Brander, 2010). Since the Arctic 
waters are mostly within the EEZs of Arctic states (Figure 
7.3-1), this is first and foremost a task for national govern-
ments. 

One example of how the precautionary approach can be 
applied within an EEZ is the decision by the US North Pacific 
Fishery Management Council to ban commercial fishing in the 
US Arctic waters north of the Bering Sea for the time being, 
the rationale being that not enough is yet known about the 
effects of global warming in this region (CAFF, 2013). Since 
there are currently no significant commercial fisheries in the 
central part of the Arctic Ocean and not enough is known 
about the region, this approach is to be welcomed and can 
serve as an example for other Arctic regions. 

Given that these changes will also affect straddling 
stocks, bilateral agreements will also have to be amended or 
 renegotiated in some cases. In the Barents Sea, for example, 
fish stocks are expected to increase in the wake of climate 
change. Agreements between Russia and Norway will there-
fore probably have to be adapted accordingly (AMAP, 2011). 

International fisheries governance also faces new chal-
lenges. Some of the boundaries of the Arctic states’ EEZs are 
disputed, for example, leaving it unclear who has jurisdiction 
over the fish stocks (Box 3.2-3). However, new opportuni-
ties for fisheries could also arise in the Arctic regions of the 
high seas (Molenaar and Corell, 2009). Large sections of these 
Arctic waters are not covered by any of the regional fisheries 
management organizations (RFMOs) responsible for strad-
dling stocks (Section 4.1.4.4), because no fishing on a signifi-
cant scale has been possible in these regions up to now. One 
exception is the North Atlantic, which is covered by NASCO, 
NEAFC and NAFO (Figure 4.1-12). In any case, constructive 
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Regional patterns
Around 90  % of marine fisheries’ yields come from the 
EEZs of coastal states (FAO, 2012b:  94). Only about 
10  % originates from the high seas (Figure 4.1-4). 
According to Worm and Branch (2012), the picture in 
industrialized countries is one of well assessed stocks 
with a low but stable biomass (below the MSY). In EU 
waters, 47  % of stocks are fished beyond the MSY (EU 
Commission, 2012a). In other words, the obligation 
under UNCLOS and FSA to manage stocks in line with 
the MSY is not being complied with. There is therefore 
a substantial need for action in Europe (SRU, 2011b; 
Froese, 2011; Section 7.4.1.7). In most newly industri-
alizing and developing countries, the average biomass 
is higher, but lack of fishery monitoring and manage-
ment capacity gives rise to concerns that stocks will be 
quickly depleted unless extensive reforms take effect 
(Worm and Branch, 2012; Section 4.5). At the same 
time, even industrialized countries that manage their 
own stocks sustainably cover a large or even predom-
inant proportion of their consumption of wild fish by 
importing it from developing and newly industrializing 
countries (e.  g. the figure for the EU is roughly 60  %; 
Markus, 2012; Section 4.1.4.8).

Outlook 
The world’s population will continue to grow until 
the middle of the century, not least in tropical coastal 
regions, where fish is particularly important for local 
food security. On top of this, industrialized coun-
tries and the high-income groups of developing and 
newly industrializing countries are showing a growing 
 preference for fish. The FAO (2012b) therefore expects 
demand for fish products to rise sharply in future. 
Marine wild fisheries will not be able to satisfy this 
demand (Jackson, 2008) for two reasons: first, yields 
are not going to increase any further, despite greater 
fishing effort; and second, the intensity of fishing 
needs to be eased off significantly, at least for a time, if 
stocks decimated by overfishing are to recover (Pauly 
et al., 2003). Dealing with the pressure of this demand, 
while at the same time initiating the necessary trans-
formation of fisheries towards sustainability will thus 
be a major challenge in the future. While this would 
probably lead to a temporary decline in catch volumes 
between now and 2020, higher yields could be achieva-
ble by mid-century (UNEP, 2011b; similar forecasts for 
the EU: Froese and Quaas, 2013). The practice of artifi-
cially increasing marine primary production in  suitable 
maritime zones by means of artificial upwelling (bring-
ing water from the depths to the ocean surface) is still at 
an early stage of research (Box 4.1-2). One thing is cer-

Figure 4.1-4
Regional breakdown of marine fishery yields between 2000 and 2007. The figure shows mean annual catches per 0,5  °x0,5  ° 
grid cell.
Source: Sumaila et al., 2011
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cooperation between the existing RFMOs operating in Arctic 
waters is certainly advisable.

The Arctic Council (Box 3.4-1) has had no mandate for 
fisheries up to now, nor is there any sign that this will change 
in the foreseeable future. The option of extending the cover-
age of the existing RFMOs into the hitherto unregulated 

regions, or of setting up new RFMOs, is therefore worth con-
sidering (AMAP, 2011; CAFF, 2013). However, the danger is 
that these governance processes of negotiating appropriate 
regulations might be too slow – and could be outflanked by 
the fishermen themselves, who can move quickly to exploit 
new opportunities and regions (Molenaar and Corell, 2009).
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tain: persisting with the management practices used up 
to now spells doom for fisheries: declining biomass and 
yields accompanied by increasing ecological, economic 
and social risks (World Bank and FAO, 2009; Section 
4.1.2.2, 4.1.2.3). 

4.1.2 
Importance and effects of fisheries

4.1.2.1 
Food and food security
Seafood is a source of high-grade protein and an impor-
tant element in many people’s diets (Smith et al., 2010; 
de Schutter, 2012a). Marine fisheries and marine aqua-
culture together produced 98.2 million tonnes of fish 
and seafood in 2011, with fisheries accounting for the 
lion’s share of 78.9 million tonnes. By contrast, aquacul-
ture dominates production in fresh water, yielding 44.3 
million tonnes, ahead of fisheries’ 11.5 million tonnes 
(FAO, 2012b:  3). Since literature on the subject does 
not often distinguish clearly between these sources, the 
contribution made by aquaculture and fisheries to food 
and food security are examined together in this section.

In terms of calories, fish products account for a very 
small share of the world’s food supplies. Spread across 
the global population, the 131 million tonnes of fish 
products consumed every year translates into approxi-
mately 360 g per person per week; the share of wild 
fish caught at sea is just over 210 g. However, as a 
source of protein, fish products are substantially more 
important. In 2007 fish contributed around 17  % of the 
animal protein consumed by the global population and 
more than 6  % of its total protein intake. About three 
billion people use fish products to meet almost 20  % of 
their consumption of animal protein; for around 4.3 bil-
lion people the figure is roughly 15  % (FAO, 2012b:  5). 

However, these global averages obscure the fact 
that fish is an indispensable element in ensuring 
food security and a regular supply of animal protein 
in some countries and regions (Figure 4.1-5). In low-
income food-deficit countries (LIFDCs), fish accounts 
for approximately 20  % of human consumption of ani-
mal protein. Given the fact that small-scale fisheries’ 
data (Section 4.1.2.4) are often incomplete in the offi-
cial statistics, however, the actual figure is probably 
higher (FAO, 2010b:  67). In some countries, such as 
Ghana, Indonesia, Sierra Leone, Sri Lanka, the Solo-
mon Islands, Bangladesh, the Democratic Republic of 
Congo and Cambodia, fish protein accounts on average 
for more than 50  % of humans’ intake of animal protein 
(MA, 2005b). The figure can be as high as 90  % in small 
island developing states (SIDS) and poor coastal com-

munities in developing countries (Noone et al., 2012). 
Furthermore, fish is important and often underesti-
mated as a source of essential vitamins and minerals. 
In these countries, it therefore plays a key part in local 
food security (Roos et al., 2007; FAO, 2010b:  64). 

The overfishing experienced to date and the danger 
that further fish stocks could collapse is therefore jeop-
ardizing the oceans’ important contribution to global 
food supplies. According to the analysis conducted by 
Srinivasan et al. (2010), around 20 million people could 
have been saved from malnutrition in 2000 if it had not 
been for the overfishing that had already taken place. 
Frid and Paramor (2012) are convinced that fishing will 
only be able to maintain its role as a key supplier of 
protein to the growing global population in the future 
if it is managed sustainably. 

4.1.2.2 
Socioeconomic significance and effects
Fish is not just an important ingredient in many people’s 
diet, it is also a valuable trading commodity. Around 
three quarters of global fish production is intended for 
direct human consumption. Most of the remainder is 
used to make fish oil and fish meal, primarily for aqua-
culture or as animal feed (FAO, 2012b). The first-sale 
value of marine wild fisheries is over US$  80 billion per 
annum (FAO, 2010b), and the entire market for fish 
products is estimated at around US$  400 billion (World 
Bank and FAO, 2009). About a quarter of this is traded 
on the world market. Fisheries’ median contribution to 
the global gross domestic product (GDP) is 1.3  % (World 
Bank et al., 2010). Imports flow primarily into indus-
trialized countries: Japan, the USA, Spain, France and 
Italy together import nearly half of all traded fishery 
products. A quarter of exports come from China, Thai-
land, Vietnam and Chile (2008 figures; FAO, 2010a; 
Section 4.1.4.8). Taken together, developing countries 
supply about half of total exports. For this group of 
countries in general – and for many LIFDCs in particu-
lar – this is an important source of foreign exchange. In 
the course of globalization, fish trading is increasingly 
being concentrated in the hands of a small number of 
large trading companies (FAO, 2009a:  44). The value of 
global fish exports is twice as high as that of coffee, the 
leading agricultural export, and has grown much faster 
in recent decades in response to rising demand (FAO, 
2010b).

From an economic perspective, the management of 
fisheries is very unsatisfactory. Catches in the EU, for 
example, could be about 80  % higher than they currently 
are if fisheries management was sustainable (Froese and 
Proelß, 2010). Drawing a comparison with the finance 
industry, EU Fisheries Commissioner Maria Damanaki 
(2011) thus referred to fish stocks as “underperforming 
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assets” which, if better managed, could deliver substan-
tially higher macroeconomic returns. The World Bank 
and the FAO (2009) have estimated that global fisheries 
lose US$  50 billion a year as a result of non-sustainable 
management and the resultant depletion of stocks. This 
amount only covers the macroeconomic losses resulting 
from the inefficient management of fish as a resource, 
i.  e. the net benefits forfeited by fisheries because of 
overfishing and fishing-fleet overcapacity. The loss of 
biological diversity and ecosystem services as a con-
sequence of current fishing practices is not included in 
the World Bank and FAO estimate, as this loss is diffi-
cult to translate into monetary terms. 

The widespread subsidies are an important con-
tributing factor to the poor level of efficiency 
(Section 4.1.4.7). Today’s marine catch yield could be 
achieved with about half the current global fishing 
effort. The non-sustainable management of stocks also 
causes fisherfolk and the fish industry painful economic 
losses. Conversely, national economies could benefit 
considerably from the replenishment of stocks (Sumaila 
et al., 2012; OECD, 2012b). Although the economically 
optimal road to stock replenishment takes time, it also 
leads to much higher yields (Costello et al., 2012a).

Marine fisheries directly safeguards the employ-
ment and livelihood of about 34 million people world-
wide (FAO, 2011a), and over 95  % of these jobs are in 
the small-scale fishing sector in developing countries 
(Section 4.1.2.4). Poverty is widespread in the coastal 
communities of these countries, especially in sub-Saha-
ran Africa, South and Southeast Asia. For many coastal 

communities, therefore, overfishing and the decline in 
catch yields constitutes an existential problem, as their 
livelihoods depend directly on fish resources (Section 
4.1.2.4). In addition, these communities are particu-
larly vulnerable to climate change (Section 4.4.1). Since 
every employed fisherman generates several additional 
jobs in the processing and trading of fish products and 
supports several dependent family members, the total 
number of people who depend on the fishing sector is 
several hundred million (FAO, 2010b:  iii). 

Employment in the fishing sector has grown faster 
than the global population and employment in tradi-
tional agriculture, although the employment rate will 
probably continue to decline due to the structural tran-
sition in capital-intensive countries (Europe, USA and 
Japan), e.  g. as a result of technological progress. As in 
agriculture, yields per job are substantially higher (by a 
factor of almost 10) in industrialized countries than in 
developing countries (FAO, 2010b:  7). 

By no means least, fisheries and fish products are 
a formative element of the culture and lifestyle in 
many countries (e.  g. Asia, Scandinavia and the Iberian 
 peninsula), without which life would be inconceivable 
for many people (FAO, 2011a; Section 1.1.1). 

4.1.2.3 
Ecological significance and effects
More and more historical studies are showing that the 
impact of fisheries on marine ecosystems has been 
underestimated for many years, and that this impact 
has grown considerably more severe as the fishing 
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Figure 4.1-5
Contribution of fish to animal protein supply (average from 2007 to 2009). 
Source: FAO, 2012b:  83 
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Box 4.1-2

Artificial upwelling: increasing primary marine 
production by pumping deep-sea water to the 
surface

Artificial upwelling is a technique by which the nutrient-rich, 
cold deep-sea water is brought to the surface layers of the 
ocean to boost primary production there. The technology can 
serve a variety of purposes: 

 > Artificial upwelling can ‘fertilize’ surface water in order to 
increase primary production and, via the food chain, ulti-
mately increase the production of desired species of fish 
or seafood (‘cultivation of the ocean desert’; Maruyama et 
al., 2004).

 > The difference in temperature between the cold deep-sea 
water and the warmer surface water can be exploited to 
generate energy (ocean thermal energy conversion, OTEC; 
Vega, 2002; Section 5.2.1.2). 

 > It is also possible to combine higher marine primary pro-
duction with energy generation. There are visions of a new 
‘blue revolution’ (McKinley and Takahashi, 1991; Taka-
hashi, 2000) and of ‘open-ocean ranches’ in which energy 
is generated (by OTEC power plants) and the nutrient-rich 
deep-sea water brought to the surface is simultaneously 
used for other purposes, e.  g. for aquaculture or for fertiliz-
ing the surface water (Matsuda et al., 1998, 1999). 

 > Artificial upwelling can indirectly influence the production 
of seafoods (in this case mussels). Experiments have been 
conducted in Norway in which deep-sea water has been 
used to stimulate the growth of non-toxic algae in order 
to protect mussel farms from algal toxins (McClimans et 
al., 2010).

 > The sequestration of CO2 from the air can be stepped up 
to help protect the climate. This form of geoengineering is 
intended to stimulate greater primary production, which 
is supposed to lead to more carbon being exported to the 
deep sea (Lovelock and Rapley, 2007; Karl and Letelier, 
2008; Oschlies et al., 2010).

 > Layers of water close to the surface can be cooled by 
water brought up from the deep sea in order to weaken 
hurricanes or help coral reefs to survive during periods of 
 climate change (Kirke, 2003).

Technologies
Relatively little energy is needed to overcome the density 
differences between cold deep-sea water and warm surface 
water. The following technical methods are used to bring 
nutrient-rich water from the deep sea to the surface:

 > Pumps driven either by external energy (e.  g. coupled with 
an OTEC power plant; McKinley and Takahashi, 1991) or 
by wave power (Liu et al., 1999; Kirke, 2003; Lovelock and 
Rapley, 2007; Kenyon, 2007). 

 > Injecting air and transporting deep-sea water upwards 
together with the movement of the air bubbles (Liang and 
Peng, 2005; McClimans et al., 2010).

 > ‘Perpetual salt-fountain mechanism’: Due to the physi-
cal properties of layering with its different densities and 
 temperatures, a long pipe would facilitate a constant, slow 
flow of deep-sea water to the surface without any need for 
an external energy supply (Stommel et al., 1956; Huppert 
and Turner, 1981; Maruyama et al., 2004).

Increasing primary marine production: potential
Marine ecosystem production is greatest where natural pro-

cesses channel large quantities of nutrient-rich, cool deep-sea 
water to the surface. These upwelling zones account for 90  % 
of the oceans’ global natural production (Gauthier, 1997). The 
most productive fishing grounds in the world are situated in 
these natural upwelling zones, which are located off many 
coasts. The best-known example is the anchovy fishery off 
the west coast of South America, which is ultimately fed by 
the cool Humboldt Current. Despite the pronounced fluctua-
tions caused by El Niño, on average Peru’s anchovy stocks 
form the basis of the highest-yield fishery in the world (FAO, 
2011a:  10) and are the world’s biggest source of fishmeal.

The idea behind artificial upwelling is to create a similar 
effect in suitable regions and on a small scale by artificially 
bringing deep-sea water to the surface and using it there as 
the basis of a productive food chain (Kirke, 2003). Unlike 
conventional fisheries, artificial upwelling thus has similari-
ties with agriculture, which also improves the production of 
biomass by artificially adding nutrients. There are two main 
differences, however: 

First, in agriculture it is mainly plants that are cultivated 
and harvested. Where grasslands are grazed by livestock, the 
target organism is never higher than the second trophic level. 
By contrast, in the ocean the food chain usually  passes through 
three or even four steps before it arrives at the desired organ-
ism for harvesting: (1) phytoplankton ( primarily microalgae 
that build up biomass with the aid of nutrient inputs and sun-
light); (2) zooplankton (small crustaceans, larvae etc. that eat 
the algae); (3) planktivorous fish, such as anchovies or sar-
dines, which feed mainly on zooplankton; and (4) predatory 
fish that eat planktivorous fish. As a result, the conversion 
losses are much greater and efficiency levels correspondingly 
lower. However, mussel farms based on diatom blooms would 
equate to a two-link food chain (Roels et al., 1979; Liu, 1999; 
Aure et al., 2007). 

Second, controlling artificially created or modified marine 
ecosystems is considerably more difficult than it is on land. 
A farmer can manage very precisely what grows where and 
how. However, a marine ecosystem using artificial upwelling 
can be controlled at best by intelligently choosing the depth 
of the water used and hence the balance of nutrients between 
nitrogen, phosphorous, silicon and carbon. This is in turn a 
crucial factor for the composition of species resulting from the 
stimulated phytoplankton production, for the impact on the 
carbon cycle and, ultimately, also for the carbon sink func-
tion. 

A considerable amount of research needs to be done 
before far-sighted visions can be realized (the ‘Laputa 
project’; Maruyama et al., 2004): careless application could 
end up ‘buying’ additional biological production at the cost 
of releasing extra CO2 emissions from the deep sea into the 
atmosphere. That said, research in this direction would appear 
interesting even without immediate applications, as it facili-
tates the testing and improvement of the existing ecosystem 
models (Karl and Letelier, 2008). 

Combining fisheries with energy generation
One option could be to use artificial upwelling to stimulate 
the production of algae to make biofuels. It is also conceivable 
to cultivate macroalgae and then use the biomass to produce 
biomethane (Section 5.2.1). One advantage of this combina-
tion is that, since nutrient-rich deep-sea water would be used, 
it would not be necessary to add either energy-intensive 
nitrate or phosphate, which is extracted from ever scarcer and 
more expensive mineral deposits. Phosphate is threatening to 
become a limiting factor in agricultural production aimed at 
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effort has increased in recent decades (e.  g. Lotze et al., 
2006; Roberts, 2007; Starkey et al., 2008; Holm et al., 
2010). The studies reveal many examples of large fish 
stocks that have collapsed due to overfishing. Overfish-
ing is regarded is one of the main causes of biodiversity 
loss in marine ecosystems (Jackson et al., 2001; Worm 
et al., 2009).

These effects have long been underestimated not 
only because analysing stocks and ecosystem struc-
tures in the ocean is so difficult and laborious, but 
also because of what is known as the ‘shifting base-
line syndrome’. Each generation of fisherfolk and fish-
ery scientists takes the state and composition of stocks 
at the beginning of their career as the basis on which 
they evaluate observed changes. When the next gen-
eration starts work, stocks have already declined, and 
these smaller stocks implicitly serve as the new basis for 
comparison. This successive practice makes it difficult 
to notice degradation (Pauly, 1995; Roberts, 2007:  xii). 

The dramatic effects of industrial fishing are by now 
well documented: the fish biomass in biotic communi-
ties typically declines by 80  % in the space of 15 years 
(Myers and Worm, 2003). It follows that stocks of large 
predatory fish in particular must have been considerably 
larger in the past than they are today. Fisheries prefer to 
concentrate on species such as tuna and cod, which are 
on a high trophic level in marine food webs. Since the 
introduction of industrial fishing, these species have 
been decimated to such an extent that their worldwide 
biomass has shrunk by around 90  % (Myers and Worm, 
2003; Ward and Myers, 2005; Baum and Myers, 2004). 
The NRC’s 2006 report considers this  figure exagger-
ated, but itself still cites figures of 65-80  %.

One consequence of overfishing is that a smaller 
proportion of fish reach sexual maturity. Spawning 

therefore declines, reducing the overall number of 
offspring. Age and size structures thus experience a 
shift, with the result that commercially overexploited 
fish stocks are dominated by juveniles (Pauly et al., 
1998). Fishing also puts severe selection pressure on 
the fished populations, which adapt in such a way that 
the fish are younger and smaller when they reproduce 
for the first time (e.  g. Olsen et al., 2004). These evo-
lutionary changes induced by fishing exert a negative 
effect on the reproductive capacity of the fish stocks. 
Even if there was a moratorium on all fishing activities, 
these trends would probably only be reversed slowly 
– which has a disadvantageous effect on the resilience 
and sustainable management of these stocks (Barot et 
al., 2002).

The loss of biomass is not the only issue, however, 
because selective fishing can also fundamentally alter 
the composition of the ecosystems affected. Sharks 
and rays, which play an important role in marine eco-
systems, are currently in particular danger and have 
already suffered serious losses due to overfishing 
(mainly for shark’s fin soup) and because of bycatch 
(Myers et al., 2007; Field et al., 2009). Around 17  % 
of shark and ray species are endangered, and a further 
13  % are on the verge of being classified as endangered 
(Vié et al., 2008). Like sharks, swordfish and tuna spe-
cies are high up on the marine food web. Their high 
market value makes them vulnerable to overfishing, 
with the result that several of these species are already 
endangered according to the IUCN’s Red List criteria 
(Collette et al., 2011). Since large predatory fish are 
particularly important for maintaining the structure of 
the ecosystem, reducing their stocks on a large scale has 
a massive impact (Bascompte et al., 2005) which can 
cascade down through the entire food web (Jensen et 

securing global food supplies (WBGU, 2011:  47). 
A visionary concept known in the context of artificial 

upwelling as the ‘blue revolution’ involves linking OTEC 
power plants with platforms on the open sea where aqua-
culture or even the industrial production of biopharmaco-
logical products could be based (McKinley and Takahashi, 
1991). Assuming the use of a 40 MW OTEC power plant, the 
authors’ rough calculations arrive at annual production fig-
ures of 80,000 dry tonnes of kelp or more than 3,000 tonnes 
of fish. The concept of an ‘ultimate ocean ranch’ aims in a 
similar direction (Matsuda et al., 1998), as do publications by 
Ouchi and Nakahara (1999) and by Toyota and Nakashima 
(1987). Japan has a number of test installations with numer-
ous pipelines that pump deep-sea water to the surface for a 
variety of purposes (Takahashi, 2000). 

Challenges to governance
Using artificial upwelling for fisheries in EEZ waters also 
involves new challenges to governance. At the very least 

there is a need in particular to prepare guidelines to com-
plement UNCLOS, although it would not seem imperative to 
negotiate a corresponding implementing agreement (Proelß 
and Hong, 2012). There is also a need to link together fishing 
rights, investment outlay and running costs for the upwelling 
installations to prevent classic free-rider behaviour, e.  g. ena-
bling fishermen to benefit without investing anything. 

Further research needed into environmental effects 
Artificial upwelling is a visionary concept which, at least in 
theory, opens up the possibility of making ‘desert regions’ of 
the open sea more productive. The technology is at an early 
stage of research and still far from being ready to implement. 
The following core problems remain unsolved: (1) the effect 
on the marine carbon cycle in order to ensure a net export of 
carbon to the deep sea; (2) the effect on the dynamics of the 
deep-sea water (Kirke, 2003); (3) the ability to predict the 
influence on ecosystem reactions (Karl and Letelier, 2008).
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al., 2012; Frank et al., 2005) and trigger a further loss 
of biological diversity. This in turn poses a threat to eco-
system services (Estes et al., 2011; Worm et al., 2006). 

The increase in fishing effort has already measurably 
changed the structure of pelagic ecosystems, leading to 
a shift in yields away from large predatory fish that 
live near the bottom of the sea (demersal fish) towards 
small fish that inhabit the water column (pelagic fish) 
and live off plankton (Pauly et al., 1998; Essington et 
al., 2006). In extreme cases, this can cause the entire 
ecosystem to tip into a new state, which can prevent 
a return to original productivity levels for a long time 
(Jensen et al., 2012; Frank et al., 2011). One example 
of the possible consequences is that some pelagic eco-
systems are experiencing increasingly high concentra-
tions of jellyfish (Richardson et al., 2012). In the con-
text of the Anthropocene (Chapter 1), human inter-
ventions in the marine ecosystems by pelagic fisheries 
might be regarded as a worldwide ‘experiment’ whose 
individual ecological consequences are scarcely under-
stood at present (Jackson, 2008; Jensen et al., 2012).

The fishing methods used have widely differing 
effects on ecosystems and their biological diversity. 
Fishing methods that are not very selective cause dam-
age to ecosystems because of the unwanted bycatch of 
fish that are too small, species that are not targeted, 
benthic organisms, marine mammals (such as dolphins), 
turtles, seabirds and creatures threatened by extinc-
tion, many of which are thrown back overboard dead 
or fatally injured. Estimates of bycatch volumes are 
vague, ranging from 7.3 to 27.0 million tonnes a year; 
the trend is declining (Alverson et al., 1994; Kelleher, 
2005; Zeller and Pauly, 2005). If bycatch is defined as 
‘unused or unmanaged catches’ in the broadest sense, 
one global estimate by Davies et al. (2009) puts the vol-
ume as high as 38.5 million tonnes a year, or more than 
40  % of all wild-caught marine fish. 

Furthermore, there are destructive methods – first 
and foremost bottom trawling – that can cause seri-
ous damage to marine habitats (Jennings and Kaiser, 
1998). The increasing spread of deep-sea fishing, too, 
poses particular challenges for sustainability, as most 
deep-sea ecosystems are very sensitive and not very 
resilient: organisms in such ecosystems do not repro-
duce until late in life, so that great care must taken 
when fishing there (Ramirez-Llodra et al., 2011; Norse 
et al., 2012). Certainly, deep-sea fishing in its current 
form cannot be described as sustainable – a criticism 
that must equally be levelled at the EU (Davies et al., 
2007; Villasante et al., 2012). Some destructive meth-
ods even go so far as to use poison or explosives in coral 
reefs, and both are still practised in Southeast Asia and 
East Africa (Burke et al., 2011:  26; Figure 4.1-10). Fur-
thermore, between one seventh and one third of the 

global fishing catch is the result of illegal, unreported 
and unregulated (IUU) fishing (Agnew et al., 2009; 
Section 4.1.4.5). Developing countries in particular lose 
yields of considerable value to illegal fishing in their 
EEZs. In sub-Saharan African countries, for example, 
total catches are roughly 40  % higher than the reported 
figures (Agnew et al., 2009). It is not unusual for ille-
gal fishing operations to utterly ignore sustainability 
 considerations (Section 4.1.4.5). 

Overall, therefore, a great deal of biological diver-
sity is being lost as a result of current fishing prac-
tices, which also threaten or destroy marine ecosystem 
services (MA, 2005a). Not least, these practices leave 
marine ecosystems less resilient to global environ-
mental changes such as climate change or acidification 
(Section 4.4). Yet many of these destructive methods 
can be made less harmful by technical improvements, 
or be prevented by rigorous implementation of existing 
regulations (Beddington et al., 2007; Section 4.1.3.4). 

If destructive fishing methods are no longer used 
and sustainable management is introduced, fish stocks 
and marine ecosystems can recover (Worm et al., 2009). 
An increase of 8-40  % in global yields is thought to be 
possible (Costello et al., 2012b). However, the amount 
of time required varies: some fish stocks (small, plank-
tivorous species such as sardines and anchovies) can 
replenish their stocks in a short space of time, whereas 
large predatory fish and above all deep-sea fish take 
longer (MacKenzie et al., 2008). There are even exam-
ples where stocks have not recovered many years after a 
ban on fishing has been introduced, as in the case of cod 
stocks off the coast of Newfoundland, which collapsed 
due to mismanagement (Walters and Maguire, 1996). 
Similarly, where sensitive ecosystems like those in the 
deep sea are damaged, regeneration can be expected to 
take a very long time (MA, 2005a;  Ramirez-Llodra et 
al., 2011). In many cases, however, after a temporary 
reduction in catch volumes while sustainable fisheries 
management is being introduced, just a few years later 
yields will be bigger than before (Worm et al., 2009; 
Froese and Quaas, 2013). 

4.1.2.4 
Small-scale marine fisheries in the global context
Since small-scale marine fisheries are especially impor-
tant to food security in many developing countries 
(Section 4.1.2.1), this section examines the specific 
challenges facing this type of fishing. 

Three factors distinguish small-scale fisheries in 
developing countries from industrial-scale fisheries: 
(1) the socioeconomic background of the fisherfolk 
( relatively low incomes); (2) the fisherfolk’s skills (rela-
tively little technology but a good command of their 
craft; boats usually under 12 m long); and (3) the great 
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importance of fisheries for food and people’s liveli-
hoods in the respective region (FAO, 2012b; FAO and 
WFC, 2008; Figure 4.1-6). Since the methods used vary 
considerably from country to country, technology use 
alone does not constitute a suitable criterion for defin-
ing small-scale fisheries. For example, some small-scale 
fisherfolk use motorized, others non-motorized boats. 
Nor does small-scale fisheries necessarily imply a sub-
sistence economy, as many operators produce their 
goods for regional, national and global markets (FAO 
and WFC, 2008).

Relevance to food security
Every year, small-scale marine fisheries catch more 
than 30 million tonnes of fish for human consumption 
(Jacquet and Pauly, 2008; Figure 4.1-6). Since most 
of these fisheries are located in regions where fish 
accounts for a large proportion of the local population’s 
protein intake, they are extremely important to food 
security (Section 4.1.2.1). The employment figures are 
substantial as well: the number of small-scale marine 
fishermen is estimated at 12–14 million (Jacquet and 
Pauly, 2008:  384; World Bank et al., 2010). 

=

Fish and other sealife
discarded at sea

 8–20 million t Very little

Annual catch for
human consumption

Annual catch reduced
to fishmeal and oils

35 million t
Almost none

Annual fuel oil 
consumption

about 37 million about 5 million t

Catch per tonne of fuel
consumed

 1–2 t  4–8 t

LARGE SCALE
FISHERY

SMALL SCALE
FISHERY  

Subsidies

about 0.5 million

5–7 billion US$25–27 billion US$

Number of fishers
employed

about 30 million t about 30 million t

about 12 million

=

Figure 4.1-6
Comparison of large-scale industrial marine fisheries and small-scale fisheries. The numbers refer to the global level.
Source: Jacquet und Pauly, 2008
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If the entire value chain from catching to consum-
ing fish is taken into consideration, approximately 52 
million employees worldwide – and 85  % of all jobs in 
the marine fishing sector – depend directly on small-
scale fisheries (World Bank et al., 2010). It is estimated 
that women, who are usually employed in fish process-
ing, account for over a third of the total labour force in 
small-scale marine fisheries (World Bank et al., 2010). 
The Millennium Development Goals (MDGs) stress that 
the equality of women plays a pivotal role in the fight 
against poverty (UNGA, 2001). In the light of such 
high employment figures, small-scale fisheries thus 
also contributes to the realization of MDG 3 (‘Promote 
 gender equality and empower women’). 

Advantages over industrial fisheries 
Comparative analyses show that subsidies for indus-
trial fisheries (at US$  25-27 billion per year) are four to 
five times higher than for small-scale fisheries (Figure 
4.1-6; Jacquet and Pauly, 2008). On the other hand, 24 
times as many people are employed in small-scale fish-
eries. Given that a large proportion of small-scale fish-
eries work close to the coast with boats that have lit-
tle or no motorization, fuel consumption per harvest-
ing unit is about four to five times higher in industrial 
fishing. While industrial fishing generates substantial 
bycatch volumes every year (Section 4.1.2.3), small-
scale fisheries throw few fish back into the sea. In other 
words, small-scale fisheries work much more effec-
tively; they are more labour-intensive but consume less 
energy. From a global perspective, small-scale marine 
fisheries operate more sustainably than industrial fish-
eries (Jacquet and Pauly, 2008), although this does 
not apply in every individual case. Small-scale fisher-
ies, too, can engage in destructive practices (such as 
dynamite fishing), as a result of inadequately regulated 
 collective actions, while overcapacity can lead to over-
fishing (Marí, 2012). The key question of whether a 
fisheries operation is sustainable cannot, therefore, be 
answered only by pointing to its size; it is also neces-
sary to look at how usage is regulated. 

Challenges
Small-scale marine fisheries are under huge pres-
sure. Industrial fisheries, land-based pollution, cli-
mate change and discriminatory national and inter-
national trading policies are some of the most impor-
tant aspects (Jacquet and Pauly, 2008). Further chal-
lenges arise from the fact that small-scale fisheries are 
entangled in all kinds of complex political and economic 
processes around the world. This situation was exacer-
bated, for example, by the relocation of fishing effort 
from industrialized countries to developing countries 
in the 1990s, with the result that international fishing 

fleets have since then also been decimating the stocks 
traditionally used by small-scale fisheries. Figure 4.1-7 
shows how industrialized and newly industrializing 
countries have relocated fishing operations from their 
own EEZs to the territorial waters of developing coun-
tries as demand has risen and fish yields have fallen. 
The external dimension of the EU’s Common Fisheries 
Policy (CFP) is an example of how developing coun-
tries have so far gained disproportionately few bene-
fits from fisheries agreements with industrialized coun-
tries, and of how small-scale fisheries can be negatively 
influenced by industrial fishing operations. The EU is 
aware of this problem and has initiated an extensive 
process of reforming the external dimension of its CFP 
(Sections 4.1.4.6 and 7.4.1.7). 

Small-scale marine fisheries can make a significant 
contribution to exports, generating 60  % of  Senegal’s 
export volume, for example (World Bank et al., 2010). 
However, this requires a certain administrative and 
logistical infrastructure: e.  g. access to markets, a know-
ledge of market demand, and cold chains in order to 
comply with quality standards. However, the regula-
tory frameworks (laws, administration and infrastruc-
ture) for fisheries management are inadequate in many 
developing countries (Alder and Sumaila, 2004; Worm 
et al., 2009; Section 4.1.3). Because of the heavy sub-
sidies they receive, the EU’s fleet can often sell fish on 
African markets more cheaply than small-scale local 
fisherfolk (Marí, 2012). Another rival to small-scale 
fisheries on local markets in Africa is the bycatch, 
which is sold by joint ventures (Ngembo, 2008). 

Due to global and local entanglements, political 
strategies on small-scale fisheries face the challenge of 
having to be coordinated and implemented across many 
different levels. Because small-scale fisheries often 
have deep local and cultural roots, there is a need to 
developed suitably adapted solution strategies involv-
ing considerable responsibility and participation on the 
part of the local communities.

For many years fisheries management in developing 
countries followed the modernization paradigm. In the 
meantime, co-management has proved to be a success-
ful principle (Kurien, 1998). In the context of fisheries, 
co-management involves partnership and collaboration 
between the state, civil society and private enterprise. 
Its primary goal is to achieve strong participation on 
the part of local communities, and reliable access rights 
for small-scale fisheries play a pivotal role in this con-
text. This point is given special emphasis in the current 
draft of the FAO’s guidelines for small-scale fisheries 
(Box 4.1-3; FAO, 2012a). 

On the subject of incentive mechanisms in the fish-
ing sector, rights-based approaches in particular, such 
as individual transferable quotas (ITQs), have attracted 
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a lot of attention (Cancino et al., 2007; Section 4.1.3.3). 
Rights-based approaches are controversial for small-
scale fisheries, however. Together with many NGOs, 
Olivier de Schutter, UN Special Rapporteur on the Right 
to Food, believes that the rights-based approach runs 
the risk of edging out traditional fishing rights, thereby 
effectively encouraging ‘ocean grabbing’ by powerful 
companies (de Schutter, 2012b; UN, 2012b). As an 
alternative, de Schutter proposes setting up exclusive 
fishing zones that give small-scale fisherfolk privileged 
access. This kind of zoning could minimize competi-
tion between industrial and small-scale fisheries while 
 prioritizing food security (UN, 2012b). 

Territorial use rights in fisheries (TURFs), such as 
those set up in Chile (Cancino et al., 2007), illustrate 
how zoning can serve as an instrument to regulate 
small-scale marine fishing. TURFs have proved their 
worth in particular in the fight against illegal fishing 
and as a way to collect monitoring data (Hilborn and 
Hilborn, 2012:  89). Over and above incentive mecha-
nisms, good leaders and social capital in particular are 
crucial success factors (Gutiérrez et al., 2011). The par-
ticipation of the local population is thus a fundamental 
prerequisite for sustainable small-scale fishing. 

Other challenges for small-scale marine fishing 

include the systemic effects that result from interac-
tion with land use (Box 4.1-4) or from climate change 
and pollution (Section 4.4). 

Conclusions
It is difficult to overestimate the socioeconomic impor-
tance of small-scale fisheries in developing countries. 
Numerous examples show that global policies and busi-
ness practices can have a negative impact on small-
scale fisheries. Accordingly, action must be taken in 
many policy areas to ensure that small-scale fisheries 
can remain a key asset in the fight against poverty and 
for food security. In the process, different instruments 
will usually have to be combined to do justice to each 
specific local context. The WBGU’s recommendations 
for action on this issue can be found in Section 7.4.1.8. 

4.1.3 
Sustainable fisheries management: methods and 
instruments

The situation of marine fisheries is extremely unsatis-
factory (Section 4.1.1). Although considerable efforts 
have been made in some regions of the world, over-

Figure 4.1-7
Relocation of fishing activities from industrialized nations to African countries during the 1990s (blue: from Western Europe; 
red: from Russia incl. the countries of the former Soviet Union; yellow: from Asia).
Source: based on Alder and Sumaila, 2004; Worm et al., 2009
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fishing is still a major problem, and efforts to replen-
ish stocks are not always successful (Beddington et al., 
2007). 

The following two sections begin by discussing 
approaches and instruments for sustainable fisheries 
management, before subsequently tackling the issue of 
international fisheries governance. The term ‘govern-
ance’, as used in Chapter 3, has a rather broad defini-
tion and also subsumes the concept of fisheries man-
agement, which is described here, in accordance with 
the FAO (1997a), as an integrated process whose pur-
pose is to safeguard the permanent productivity of 
resources, among other things. 

In its discussion of fisheries management, the WBGU 
concentrates first and foremost on the most important 
instruments and trends of the last few years. Due to 
higher-level considerations, some topics that are impor-
tant in this context are dealt with at other points in the 
report. This is true, for example, of ecological certifi-
cation, which is important as a supplementary instru-
ment for placing commercial fisheries on a more sus-
tainable and ecosystem-friendly footing (Worm et al., 
2009; Gutiérrez et al., 2012). This question is discussed 
in Section 3.5.2. Marine spatial planning and marine 
protected areas – two further vital frameworks for the 
fishing sector – are discussed in Section 3.6.2. 

4.1.3.1 
Ecosystem approach and precautionary principle 
as the basis for sustainable fishing
The primary aim of classic fisheries management is 
to maximize the yield of individual target species. It 
pays little heed to trophic interactions or to the side 
effects of fisheries on ecosystems (Pikitch et al., 2004). 
Even the most frequently used indicator, the maxi-
mum sustainable yield (MSY; Box 4.1-5), relates to the 
respective, individual target species. The multi-spe-

cies approach goes a step further, seeking to also make 
provision for the predator/prey relationships between 
 different  target species. 

The ecosystem approach in fisheries goes far beyond 
merely analysing the target species and constitutes a 
paradigm shift for the fishing industry (Francis et al., 
2007). It is posited on the understanding that marine 
ecosystems are complex systems which can, in some 
cases, be significantly influenced and damaged by 
fishing activities (Wolfrum and Fuchs, 2011; Section 
4.1.2.3). In the context of sustainable development, the 
overriding goal of the ecosystem approach is to keep 
ecosystems healthy and working properly, so that both 
the present and future generations can benefit from 
their ecosystem services (FAO, 2003). It follows that 
the use of fish stocks, too, must be placed into the con-
text of the ecosystem concerned (Pikitch et al., 2004). 
This is especially true where different target species are 
managed in one and the same ecosystem (Essington et 
al., 2006). Since social objectives often conflict with 
each other with regard to ecosystems, it is imperative 
to involve the relevant stakeholders in the management 
process (Cochrane and Garcia, 2009: 2). 

Even though different terms are used (‘ecosystem 
management’, ‘ecosystem-based management’, ‘eco-
system approach to fisheries’) and there are no stand-
ard definitions, the ecosystem approach has achieved 
widespread recognition in the fisheries sector and 
serves as the basis for the management of marine eco-
systems (Garcia et al., 2003). The Convention on Bio-
logical Diversity has coined the phrase ‘ecosystem 
approach’ and fleshed out its meaning (CBD, 2000, 
2004c). In terms of content, the key international fish-
eries agreements over the past 20 years have also been 
built on this foundation. For example, the FAO Code 
of Conduct for Responsible Fisheries contains detailed 
stipulations on implementing the ecosystem approach 

Box 4.1-3

The FAO’s guidelines for small-scale fisheries 

Under the aegis of the FAO, the first draft of the Internation-
al Guidelines for Securing Sustainable Small-Scale Fisheries 
was presented in May 2012 (FAO, 2012a). These guidelines 
should be seen as a supplement to the FAO’s Code of Conduct 
for Responsible Fisheries (FAO, 1995). They aim to boost the 
contribution made by small-scale fisheries to poverty reduc-
tion, food security and economic growth. Numerous interest 
groups were consulted when the guidelines were being drawn 
up, including representatives of small-scale fishery associa-
tions, civil-society organizations and governments. 

Part 1 of the guidelines outlines the general principles of 
small-scale fisheries. Part 2 discusses how small-scale  fisheries 

can be integrated into various areas of political action – e.  g. 
access to resources, social development, working conditions, 
value chains, gender issues, disaster risks and climate change. 
Part 3 spells out what is needed for implementation, above 
all with regard to policy coherence, research and monitoring. 

Given that the socioeconomic importance of small-scale 
fisheries is systematically underestimated and given only 
weak political support, the WBGU believes this to be a valu-
able initiative on the part of the FAO. The guidelines provide 
a comprehensive framework with which to guide the actions 
of policymakers on the core issues of sustainable small-scale 
fisheries. Both the guidelines for small-scale fisheries and the 
FAO’s Code of Conduct propose voluntary obligations. 
Accordingly, implementation will hinge largely on resolute 
action by national governments (Section 7.4.1.8).
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(Section 4.1.4.3), as does the UN Fish Stocks Agree-
ment (Section 4.1.4.4). 

One central aspect of the ecosystem approach is 
the application of the precautionary principle (Section 
7.1.3; Pikitch et al., 2004), because decisions to imple-
ment sustainable fisheries management are often 
fraught with considerable uncertainties that can poten-
tially conceal negative and irreversible consequences 
for fish stocks, ecosystems and people (FAO, 2010b). 
Fisheries operate within a complex, networked sys-
tem of different aquatic ecosystems which are subject 
to constant change, due in part to substantial natural 
fluctuations, but also to human influence. To date, we 
have only a partial understanding of the overall com-
plex of the many functions of the marine ecosystems, 
of anthropogenic effects and their potentially irreversi-
ble consequences (Section 3.1.1). The fisheries data are 
also often incomplete or not representative (Section 
4.1.3.2). Precisely because of this complexity, the eco-
system approach can often only be implemented to a 
limited extent and only be introduced step by step. 

It is therefore all the more important to follow the 
precautionary principle in sustainable fisheries man-
agement. Despite a lack of certainty about the nature, 
extent and probability of possible risks or irreversible 
damage, this principle seeks to facilitate prophylac-
tic action so that such damage can be avoided in the 
first place by risk evaluation and suitable management 
measures (FAO, 1996). The importance of precaution-
ary measures is all the greater, the less detailed the 
knowledge about ecosystem interactions is (Pikitch et 
al., 2004). 

In practice, introducing an effective and sustain-

able system of fisheries management within the frame-
work of an ecosystem approach involves severe chal-
lenges and can be a slow process at times (Garcia et 
al., 2003; Cochrane and Garcia, 2009). Apart from the 
lack of financial resources, institutional capacity and 
knowledge, implementation often runs into difficulties 
relating to the large number of stakeholders and their 
participation (FAO, 2003). In many areas, implemen-
tation of the ecosystem approach and the precaution-
ary principle is still in its early stages. One study of 33 
countries concluded that no country shows evidence 
of ‘good’ implementation overall. Only four countries 
were classed as ‘adequate’ while, in the view of the 
authors, more than half failed (Pitcher et al., 2008). 
Even though some developing countries scored higher 
marks than many industrialized countries, most of the 
former reveal serious weaknesses. There is therefore 
a need for capacity building in the context of devel-
opment cooperation. Implementing the ecosystem 
approach also encounters particular difficulties regard-
ing the management of fish stocks in the high seas 
(Section 4.1.4.4). 

4.1.3.2 
Knowledge-based fisheries management
Scientific monitoring, the modelling of stocks and a 
knowledge of ecosystem interactions (Beddington et 
al., 2007) form the basis of sustainable fisheries gov-
ernance and effective management. This scientific 
basis is needed in order to assess the development of 
stocks and to define sustainable catch volumes (Section 
4.1.3.3). Furthermore, measures such as setting up 
marine protected areas, the temporary closure of fish-

Box 4.1-4

Interaction between small-scale fisheries, land 
use and global economic processes in Ghana

A case study in Ghana illustrates the far-reaching indirect 
interactions linking small-scale fisheries both with land and 
ocean use and with local and global economic processes 
(Brashares et al., 2004). The analysis of a time series from 
1970 to 1998 showed that, in years with low fish stocks, 
the density of 41 species of game in six nature-conservation 
areas near the coast declined dramatically. The latter phenom-
enon was caused by an increase in poaching: whenever the 
supply of fish ran low, the local population turned to other 
sources of protein, or compensated for the loss of income 
from the sale of fish by selling game products instead. The 
low fish stocks were caused by three main factors: (1) natural 
fluctuation; (2) population density in the coastal areas (more 
than half of Ghana’s inhabitants live no more than 100 km 
from the coast); (3) the fishing activities of industrialized 
countries in Ghana’s EEZ. Taken together, these three factors 

led to a threat to stocks of game in the nature-conservation 
areas studied. In effect, nature-conservation efforts on land 
were being undermined, at least partly, by the fisheries of 
industrialized countries.

This example illustrates, first, the direct importance of 
marine fish to food security in many developing countries; 
second, the direct effects that a shortage of marine fish 
resources can cause on the land; and third, the potentially far-
reaching indirect consequences of industrial fishing activities 
for small-scale fisheries. 

The study highlights the need for an integrated approach 
to fisheries management: the possibilities both on land and at 
sea must be taken into consideration to ensure an adequate 
supply of protein for the local population. Where there is 
overfishing, improving the land-based supply of protein 
could ease the pressure on this resource. Where game is hunt-
ed unsustainably, the potential afforded by fisheries and 
aquaculture must be carefully weighed up. Furthermore, the 
interactions between marine industrial fisheries and marine 
small-scale fisheries must be taken into account.



4 Food from the Sea

124

Box 4.1-5

What is sustainable fishery? The concept of 
maximum sustainable yield

The problem of overfishing can easily be explained by looking 
at the yield curve and the concept of ‘maximum sustainable 
yield’ (MSY), which is regarded as a key criterion for sustain-
able fishery. The yield curve (Figure 4.1-8) shows how catch 
volumes in a state of equilibrium (i.  e. after many years of 
fishing) depend on the exploitation rate (the proportion of 
fish biomass removed from stocks each year). 

On the left-hand side of the diagram (i.  e. where the 
exploitation rate is low), the yield (total catch: blue curve) 
initially plots a steep growth trajectory as fishing activity 
increases. If catches continue to increase, the curve flattens, 
and even greater pressure from fishing ultimately causes 
the yield to decline, because ever fewer fish are there to be 
caught. The apex of this curve is the maximum sustainable 
yield – ‘ sustainable’ in this case only in the sense that this 
yield can be repeated permanently, because this is the equi-
librium state. 

The diagram actually depicts the maximum multispe-
cies sustainable yield (MMSY). In other words, it takes into 
account not just one species of fish, but a whole series of rel-
evant species and their interactions. Although the basic con-
cept of the yield curve can be readily understood when focus-
ing on a single species of fish (MSY), the MMSY constitutes 
an important step forward because it accommodates the fact 
that some species serve as food for others and, hence, that 
catching such a species can negatively impact on the devel-
opment of other fish stocks. The MMSY thus comes closer to 
an ecosystem approach to fisheries management. An unregu-
lated fishery in which individual fishermen seek to maximize 
their individual yields will inevitably find its equilibrium far 
to the right of the MMSY, leading to the collapse of many 
fish stocks. Fishermen will continue to fish as long as their 

individual yield justifies the effort and expense they put in 
to it (Gordon, 1954; Box 4.1-9). However, what constitutes 
rational economic action for the individual is decidedly sub-
optimal for long-term overall yields – a fundamental problem 
known in economic circles as the ‘tragedy of the commons’ 
(Hardin, 1968). In addition, the diagram shows the impact on 
the total biomass of stocks of all species of fish (green curve), 
the average maximum size of fish (yellow) and the number of 
collapsed fish stocks (red). Subsidies shift the point at which 
the effort and expense begins to be no longer worthwhile for 
the individual fisherman further to the right of the diagram. 
In other words, they lead to even more overfishing and even 
lower overall yields.

The economic optimum – i.  e. the point at which the ratio 
of fishing effort to yield is optimized and returns are maxi-
mized – is a point to the left of the MMSY. It lies along the 
flatter part of the blue curve ahead before maximum – the 
marginal utility (extra yield) to be gained by increasing the 
fishing effort becomes very small as of this point. It is urgent-
ly recommended that fishing quotas be set well to the left of 
the MMSY, and not only for economic reasons:
1. Because of scientific uncertainties when putting a fig-

ure on the MMSY, a safety margin should be observed to 
avoid inadvertent overfishing with all the resultant nega-
tive economic and ecological consequences.

2. A low level of pressure from fishing is an essential pre-
condition if stocks are to recover. Exploitation rates 
should therefore be significantly below the MMSY point, 
at least during the recovery phase.

3. Close to the MMSY the yield curve is flat. This means 
that sustainable yields scarcely decline even if the pres-
sure from fishing operations eases. There is a broad arc of 
the curve in which yields exceed 90  % of the maximum 
possible yield: in the example shown in the diagram this 
applies to exploitation rates of between about 25  % and 
60  %. Between these points, however, the green and red 
curves are steep, meaning that utility – in the form of 
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eries, sustainable fishing methods, etc., also depend on 
a solid scientific basis. 

Even so, only 7  % of coastal states have so far built 
up this kind of solid scientific basis for sustainable fish-
eries management (Mora et al., 2009). In global terms, 
scientifically based estimates of MSYs simply do not 
exist for most stocks (Martell and Froese, 2012). The 
EU also still has a lot of catching up to do in this area: 
the data situation is inadequate on nearly two thirds 
of its stocks, especially on those that are of little com-
mercial significance (EU Commission, 2012a). As a 
rule, industrialized countries have more capacity than 
developing countries for ensuring high-quality scien-
tific assessment and advice (Worm and Branch, 2012). 
For this reason, developing countries in particular have 
a real need for methods to assess stocks and catch vol-
umes which can function with small amounts of data. 
Initial approaches to estimating the MSY based on the 
normally available catch volume data have already 
been developed (Wetzel and Punt, 2011; Martell and 
Froese, 2012). However, there is disagreement in sci-
entific circles as to whether catch volumes are suitable 
as a tool for estimating fish stocks (Pauly, 2013; Hilborn 
and Branch, 2013). Nevertheless, general rules for deal-
ing with data-poor stocks can be derived. For example, 
where knowledge is lacking, it is especially important 
to apply the precautionary principle, i.  e. it is expedi-
ent to add a generous safety margin when using rough 
estimates of the MSY (Pikitch et al., 2004; Punt et al., 
2012). 

Not least due to the growing pressure of demand on 
yields, it would appear necessary to increase develop-
ing countries’ capacity to improve the scientific basis of 
fisheries management (Worm and Branch, 2012). Fur-
thermore, improving the available basic data is of great 
importance to assessing the global situation of fisher-
ies. The most important global pool of data on fisher-
ies is maintained and regularly evaluated by the FAO 

(2012b). However, inadequate compliance with report-
ing duties on the part of FAO’s member states gives rea-
son to doubt the quality of this data. Over half of the 
data supplied by developing countries and a quarter 
of the data from industrialized countries is described 
as unsatisfactory (Garibaldi, 2012), leading to calls for 
improvement (Pauly and Froese, 2012). As a general 
rule, the transparency and accessibility of fisheries data 
must be ensured if scientists and NGOs are to be able 
to validate it. 

4.1.3.3 
Instruments for the sustainable management of 
fish-stocks
Once the stocks have been assessed in their ecological 
context on a scientific basis, the next step is scientifi-
cally-based policy advice, with the aim of developing 
concrete proposals to policymakers for measures and 
the application of relevant instruments to ensure a sus-
tainable management of fish stocks. 

One core problem, however, is that such scientific 
recommendations are not always implemented by gov-
ernments. In particular, scientific recommendations on 
catch volumes are routinely ignored in many coun-
tries. In the EU, the recommendations of the Inter-
national Council for the Exploration of the Sea (ICES) 
were exceeded for decades before efforts at reform 
began (Daw and Gray, 2005). Regional fisheries man-
agement organizations on the high seas (RFMOs; 
Section 4.1.4.4), too, experience similar difficulties in 
translating scientific recommendations into practical 
policies (Polacheck, 2012). In addition to scientific esti-
mates, government agencies are exposed to all kinds of 
other factors and interests in the political arena, and, 
taken together, these tend to encourage overexploita-
tion. By no means the least of these is the ongoing sub-
sidies and the resultant overcapacity of fishing fleets 
(Section 4.1.4.7). Yet it is of critical importance to the 

 significantly larger fish stocks – is very considerable even 
in the equilibrium state (after recovery). At a exploita-
tion rate of 25  %, virtually no fish stocks have collapsed, 
whereas half of stocks have collapsed at a exploitation 
rate of 60  %, even though the yield differs only mini-
mally between these two points (Worm et al., 2009). Ulti-
mately, this is also the reason why the economic optimum 
lies to the left of the MMSY. In every respect it is better 
to catch a small percentage of a sizeable fish stock at low 
cost and effort than to invest a lot of money and effort 
in catching a high percentage of a decimated fish stock.

4. A lower fishing effort operating within larger stocks also 
reduces the damage done to the ecosystem, for example 
as a result of the bycatch of seabirds, turtles and marine 
mammals.

5. Larger stocks are more robust and offer secure yields, 
even under conditions such as climate change, ocean 
acidification and other stress factors.

Fisheries managers who think ahead will manage stocks in 
such a way that they remain on the left-hand (rising) side of 
the yield curve, rather than the unstable right-hand side, 
where yields are in decline and stocks threaten to collapse. A 
suitable instrument for achieving this goal is, for example, a 
system of fishing quotas that is based on scientific data 
(Section 4.1.3.3). Where sufficient data is not available, the 
fishing effort can be limited (e.  g. by granting licenses only to 
a limited number of fishermen) and the development of yields 
can be monitored. Declining yields point to overfishing, to 
which an appropriate response could be to tighten the limita-
tions imposed on the fishing effort. 
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sustainability of fisheries that scientific recommenda-
tions are implemented in practical policies in as undi-
luted a form as possible using a transparent and par-
ticipatory process (e.  g. definition of quotas, multi-year 
management plans; Mora et al., 2009). 

Of the many instruments for regulating fishing 
activities, only the most important ones can be cited 
here. The FAO recommends recording the status, objec-
tives, instruments, rules and players in a fisheries-man-
agement plan (FAO, 1997a). Such a plan should have 
a long-term orientation, but should also be regularly 
adapted to changing conditions of the fishery sector. 
These management plans are regarded as one of the 
most important cross-cutting tools in fisheries manage-
ment within the framework of the ecosystem approach 
(Cochrane and Garcia, 2009). Case studies show that 
sustainable fisheries management is possible in prin-
ciple in both industrialized and developing countries 
(Box 4.1-6, 4.1-7).

Catch limitations
Defining a sustainable total allowable catch (TAC) for a 
given fish stock lays the basis for the definition of quo-
tas. In line with international objectives, the maximum 
sustainable yield (MSY; Box 4.1-5; Section 4.1.4.1) 
should be chosen as the basis for the TAC, although it 
is advisable to add a safety margin on top (Box 4.1-5; 
Worm et al., 2009; Froese et al., 2011). Long-term 
management plans are regarded as a suitable tool pri-
marily for replenishing exhausted stocks, with defined 
annual TACs being allowed to fluctuate only within 
defined corridors. The TACs are also intended to serve 
the objectives of the plans (SRU, 2011a).

In the simplest cases a total quota is defined for all 
stakeholders. This approach is problematic because it 
encourages the individual fishermen to compete with 
each other in a ‘race to fish’ in order to fully exploit 
the entire quota as quickly and effectively as possible 
(Grafton et al., 2006) and thus maximize their own 
share of the TAC. It also creates an incentive to build 
up overcapacity (Eikeset et al., 2011). In addition to 
total catch volumes, minimum landing sizes are also 
frequently defined for fish. 

The practice of splitting the TAC into individual quo-
tas for the individual players (e.  g. fishermen, boats, 
cooperatives) and, in particular, into individual trans-
ferable quotas (ITQs) is intended to avoid this prob-
lem by creating an incentive for fishermen to support 
the lasting protection of stocks in order to increase 
their future yields. An analysis of fisheries statistics in 
more than 11,000 fishing zones found that introducing 
ITQs greatly reduced the probability of the fish stocks 
 collapsing (Costello et al., 2008). The conditions that 
must be met if ITQs are to be applied successfully are 

tough, however: not only is an in-depth knowledge of 
stocks and ecosystems required, as with quota regula-
tions in general, sufficient institutional capacity is also 
needed to allocate the quotas and monitor compliance 
(Mora et al., 2009; Essington et al., 2012). 

ITQs are by no means exempt from criticism, and 
they are certainly not a panacea for sustainable fishing 
(Bromley, 2009; Essington, 2010). Although introduc-
ing them may reduce fluctuations in yields, it seems to 
have little influence on overexploitation and the bio-
mass of stocks (Melnychuk et al., 2012; Essington et 
al., 2012). The problems include the initial allocation 
or regular auctioning of quotas, the duration of rights 
of use (Costello and Kaffine, 2008), and the risk that 
quotas will become concentrated in the hands of just 
a small number of players over the years (Roberts, 
2012:  280). The latter threat can be prevented by limit-
ing the maximum share for any individual player, or by 
reserving certain contingents for certain players, such 
as small-scale fisheries (Section 4.1.2.4; International 
Sustainability Unit, 2012). Either way, additional regu-
lations over and above ITQs are always needed as part 
of an ecosystem approach in order to minimize the risks 
and side-effects of fishing activities for the marine eco-
systems (e.  g. bycatch and habitat destruction; Section 
4.1.3.5).

Transferable quotas are a useful option in devel-
oped regions with a large proportion of technologi-
cally advanced or industrial fisheries and in areas 
where primarily one target species is fished (Costello 
et al., 2012b). At present, less than 3  % of the total 
value of all catches worldwide are managed using ITQs 
(e.  g. in New Zealand, Australia, the USA, Iceland, Chile 
and Peru). However, there is potential for ITQs to be 
used effectively in about half of all EEZs (Diekert et al., 
2010; Figure 4.1-9).

Multi-year management plans aim to help avoid 
the annual political quota-fixing negotiations and to 
improve the implementation of scientific recommenda-
tions in practised policy. For European fishing activi-
ties, Froese et al. (2011) have recommended ‘harvest 
control rules’: based on the MSY and adding a safety 
margin of 30  % relative to the stock size, these rules 
can provide a simple way of defining permitted annual 
catch volumes. The regulations would then only have to 
be reviewed every few years. 

Regulations governing fishing effort and fishing 
techniques
Fishing quotas regulate fisheries’ yields directly by 
stipulating the volumes that may be caught (‘output 
regulation’). Conversely, input regulations focus on 
the actual fishing effort, i.  e. the methods used to catch 
fish. Examples include the number of days on which 



Marine fishery  4.1

127

fishing is permitted, closed seasons during which fish-
ing is prohibited, and the number, size or equipment of 
boats or their fishing gear (e.  g. the mesh size used in 
nets). These rules are much simpler to formulate and 
monitor and are therefore advantageous in complex 
situations, e.  g. where several species and ecosystems 
are affected and adequate knowledge is not available 
(Eikeset et al., 2011). The downside is that the effects 
on catch volumes and stocks are difficult to estimate, 
one reason being that there is an incentive for fisher-
folk to improve fishing efficiency within the existing 
system of regulations. The study by Melnychuk et al. 
(2012) shows that, compared to quotas, input regula-
tion achieves poorer results in terms of avoiding over-
fishing. As a rule, therefore, knowledge-based output 
regulation should be preferred (SRU, 2011a). 

From a global perspective and also in many regions, 
fishing-fleet overcapacity is regarded as one of the 
main drivers of overfishing. Subsidies for the fishing 
industry play a major role in fuelling such overcapacity 
(Section 4.1.2.2). The World Bank and the FAO (2009) 
estimate that today’s yields could be caught with half 
of the current fishing effort. They therefore argue that 
subsidies should be phased out. The overall context and 
the links between these issues are explored in greater 
detail in Section 4.1.4.7. To reduce overcapacity, ‘buy-
back programmes’ are being operated that give fisher-
men a certain sum of money for every vessel or item 
of fishing gear that is retired from service, as well as 
for terminated licenses (Eikeset et al., 2011:  200). From 
a global perspective, the aim is to avoid having these 
boats and this equipment sold abroad where they might 

further aggravate the problem of overfishing (Worm 
et al., 2009), or to ensure that premiums are used to 
modernize the fleet (resulting in fewer, more effective 
vessels). Buy-back programmes are regarded as com-
paratively expensive and their impact is disputed. They 
seem to be most effective in areas where the number 
of vessels and fishing licenses is readily manageable 
( Eikeset et al., 2011).

Participatory approaches to fisheries management 
The policy of quotas being set by central government 
agencies which the actors concerned often perceive as 
‘far removed’ and as ‘outsiders’ runs the risk of culti-
vating inner resistance to ‘imposed’ regulations among 
the fisherfolk affected by them (Eikeset et al., 2011). It 
therefore makes sense for the relevant stakeholders to 
participate in all decision-making processes when new 
regulations are introduced (Ostrom, 2009a). Stakehold-
ers are defined here as individuals or groups who have a 
claim on the fish stocks or an interest in fisheries man-
agement (Berkes, 2009:  65). 

Participation requires trust-based cooperation 
between fishery managers and fisherfolk. While not 
always easy to organize, such cooperation is today 
widely regarded as a key success factor for sustainable 
fisheries (Cochrane and Garcia, 2009:  7).

Distinctions are drawn between several differ-
ent participatory approaches: co-management, com-
munity-based management (CBM) and territorial use 
rights in fisheries (TURFs). Co-management is the term 
used to describe the sharing of decision-making power 
and responsibility between government agencies, local 

Figure 4.1-9
Cartographic depiction of the EEZs in which catch shares (or individual transferable quotas) are currently used for fisheries 
(green), those in which they potentially could be used (yellow), and those where use appears difficult, since the necessary 
political and institutional conditions are not met (red).
Source: Diekert et al., 2010, modified
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users and other stakeholders acting as partners in 
fisheries management. Ideally, the institutional struc-
ture enables an adaptive approach (Section 3.2.4.3) 
to co-management, so that the use of experimental 
approaches can constantly generate new knowledge 
in the course of management (Armitage et al., 2009; 
Berkes, 2009:  65). In view of global environmental 
changes and the resultant need for greater resilience, 
adaptive co-management is an important approach 
to dealing with uncertainties and responding to new 
 situations (Daw et al., 2009). However, it requires close 
collaboration between administrators and scientific 
institutions (Eikeset et al., 2011). 

Community-based management (CBM) goes one 
step further and leaves the process to the stakehold-
ers for them to organize it themselves. This approach 

can be very successful, especially at the local level in 
smaller communities whose members have tightly knit 
relationships and where social control helps ensure that 
jointly agreed rules are enforced (Andrew and Evans, 
2011). TURFs are an instrument that can be used to 
grant use rights to individuals or groups in geographi-
cally delimited areas with the result that, as with CBM, 
self-organization on the part of the users becomes 
possible (Charles, 2009). Like CBM, TURFs are espe-
cially well suited to small, clearly delimited fishing 
grounds in coastal areas that have local (i.  e. non-migra-
tory) fish stocks (Eikeset et al., 2011; International 
 Sustainability Unit, 2012). 

According to Ostrom (2009a), self-organization sce-
narios are more likely to succeed in relatively small com-
munities where the fisherfolk have already noticed that 

Box 4.1-6

Case study in sustainable fisheries I – Australia

Australia’s fisheries stand out for the especially sustainable 
way in which they manage their fish stocks. The number 
of stocks classed as ‘not overfished’ has tripled since 2004 
( Wilson et al., 2010). Australia landed around 170,000 
tonnes of fish in 2010 (FAO, 2012g). Average annual imports 
of fish products totalled over 400,000 tonnes between 2005 
and 2007, while about 70,000 tonnes were exported during 
the same period. Australia’s per-capita consumption of fish, at 
26 kg per year, puts the country slightly below the average for 
industrialized nations of 29 kg per year (FAO, 2012g). Around 
80  % of the economic value generated originates from waters 
under national or regional regulatory control (DAFF, 2005).

National measures are decided on the basis of risk assess-
ments in order to comply with the FAO’s Code of Conduct for 
Responsible Fisheries (DAFF, 2005). While many regulations 
have been recently passed and follow the FAO’s resolutions, 
deep-sea fishing was banned off parts of the west coast as 
early as the 1970s and 1980s (Fletcher et al., 2011), indicat-
ing that Australia historically has a deep-seated awareness 
of the ecological value of its territorial waters. The world’s 
biggest no-take zone has been set up in the Great Barrier 
Reef world heritage site (Section 3.6.2.1). Australia also aims 
to maximize the profits of successful fisheries management 
for its population and to optimize its management of living 
resources. To this end, a series of management instruments, 
such as quota systems and access restrictions, are used to 
keep fish stocks at a sustainable level, protect the relevant 
ecosystems, and ensure compliance with the principles of 
 sustainable development (AFMA, undated). 

The ecosystem approach was adopted for a single region 
(on the west coast) in a pilot study and operationalized in 
close cooperation with representatives of all the relevant 
 sectors. Successful implementation led to application of the 
ecosystem approach, subject to provisions for specific region-
al considerations, along the entire coast of Western Australia 
(Fletcher et al., 2011).

One significant factor in the success of Australia’s  fisheries 
management to date is seen to be the fact that existing regu-

lations are backed by the force of law under the Fisheries 
Management Act of 1991 and the Torres Strait Fisheries Act 
of 1984. The Australian Fisheries Management Authority 
(AFMA) was established in 1992 as a division of the Depart-
ment of Agriculture, Fisheries and Forestry specifically 
for this purpose. Besides enforcing national guidelines, the 
AFMA also oversees compliance with existing international 
treaties that are relevant to Australian fisheries. Fishing 
licenses are granted by the AFMA and renewed annually. The 
authority is also responsible for collecting data on yields and 
the fishing effort.

Special attention is paid to fighting IUU fishing activi-
ties (Section 4.1.4.5), both within Australian waters and in 
adjacent regions of the high seas that are regulated by cor-
responding RFMOs. An Australian action plan was adopted in 
2005 to implement the FAO’s action plan against IUU fishing 
(FAO, 2001). This national plan involves monitoring vessels 
that fish under the Australian flag but outside the country’s 
national waters, and close cooperation with neighbouring 
countries such as Papua New Guinea and France regarding 
the Sub-Antarctic region (DAFF, 2005). 

Instruments to ensure effective enforcement include 
training courses for fishermen, the participation of decision 
makers in developing management rules, a monitoring sys-
tem, a comprehensive reporting system for landed catches, 
and the extensive and constant deployment of local patrols. 
Vessel monitoring systems (VMS) are widely used and allow 
the positions of fishing boats to be tracked. A broad list of 
sanctions has been defined, ranging from reminders to fines 
to license withdrawal and criminal prosecution. Moreover, the 
officials responsible are authorized to halt fishing activities, 
board vessels for inspection and have them towed away if 
they are discovered to be violating the rules (AFMA, 2010).

According to their own information, ‘Management Advi-
sory Committees’ play a major role in successfully enforcing 
existing guidelines under the AFMA (undated). These com-
mittees comprise representatives of the fishing industry, 
 fisheries management, the scientific community, environ-
mental associations and, in some cases, the government. They 
provide a forum where the interests of individual stake-
holders are represented. They also increase the likelihood of 
acceptance of the guidelines to be enforced.
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the resource on which they are economically depend-
ent is beginning to become scarce. It is also helpful if 
individual stakeholders in the community can assume 
a leadership function and if the community can deter-
mine its own rules. Similarly, the existence of social 
norms of cooperation, reciprocity and fairness simplify 
the process of self-organization. 

Participatory approaches have proved their worth 
in small-scale fisheries in particular (Section 4.1.2.4; 

 Cinner et al., 2012; Gutiérrez et al., 2011). Yet it is 
believed that the ecosystem approach could also be 
implemented in the USA if decentralized governance 
were to be introduced together with co-management 
and greater participation (da Silva and Kitts, 2006). 
Positive experience has been gained with TURFs 
in Vietnam and Chile, for example (International 
 Sustainability Unit, 2012). Costello et al. (2012b) con-
clude that TURFs, fishing cooperatives and co-manage-

Box 4.1-7

Case study in sustainable fisheries II – Namibia

Among the developing countries, Namibia is regarded as a suc-
cessful model of sustainable fishing. Between 2005 and 2007 
its annual catches averaged just under 500,000 tonnes, of 
which nearly 400,000 tonnes was exported. Imports totalled 
a little over 20,000 tonnes (FAO, 2012g). The high export rate 
makes fisheries a major source of income for the country. In 
1998 revenues from fisheries accounted for around 10  % of 
GDP, although this proportion fell to 6  % in 2005 as a result of 
restrictions on permitted fishing quotas (FAO, 2012f). Even 
so, an average of 30  % of total export revenue is attributable 
to fishing (World Bank, 2009). Per-capita consumption aver-
ages 13.3 kg per year (FAO, 2012g). 

To maximize income from fisheries, domestic capacity for 
processing fish products has been ramped up since Namibia 
gained independence in 1990. A large proportion of value 
creation now takes place within the country’s own borders. 
This process has become known as the ‘Namibianization’ of 
the fishing industry and is accompanied by targeted trainee 
programmes designed to improve competitiveness relative to 
foreign fleets (TEN, 2012). 

Before Namibia’s independence in 1990, its territorial 
waters were supervised by the International Commission 
for the South-East Atlantic Fisheries (ICSEAF). However, 
yield data recorded by ICSEAF in the 1970s and 1980s are 
regarded as unreliable, since no controls were carried out and 
politically motivated disinformation is suspected (Hampton, 
2003). Even so, the data do trace a sharp decline above all 
in hake and lobster yields between 1960 and 1980, which is 
attributable to overfishing of these stocks (Hampton, 2003). 
Generally speaking, stocks in Namibia’s territorial waters are 
believed to have been heavily overfished prior to independ-
ence (FAO, 2012f).

The Namibian EEZ was proclaimed in the wake of inde-
pendence in 1990, and a comprehensive system of fisheries 
management was set up on the basis of scientific  appraisals 
(World Bank, 2009). At present, fisheries management is 
under the jurisdiction of the Ministry of Fisheries and Marine 
Resources (MFMR), which was set up in 1991 and is advised 
by the Ministry’s National Marine Information and Research 
Centre (NatMIRC; UNEP). A White Policy Paper Towards 
Responsible Development of the Fisheries Sector, published 
in 1992, defined long-term objectives for the sustainable 
use of fish stocks, ultimately leading to the Sea Fisheries 
Act of 1992. Following a revision of this act, fisheries are 
now  legally regulated by the Marine Fisheries Act of 2010. 
Successes have already been recorded: fishing yields have 
increased by 40  % since the 1990s.

The principal management instrument is the granting of 
fishing rights based on a quota system for the most heavily 
fished stocks, which limits the catch volume each year (TAC). 
A charge is made for fishing quotas, so that free access to this 
general resource is no longer given. The quotas are sold exclu-
sively to licensed fishermen who have a ‘right of exploitation’. 
These licenses are granted for periods of 7 to 20 years, one of 
the criteria being the nationality of the applicant. At present, 
about 80  % of the vessels that fish in Namibia’s EEZ sail under 
the Namibian flag (FAO, 2012f). Other stocks are also control-
led via these licenses, as well as by limits to the fishing season 
and a restriction on permitted bycatch. A charge is levied in 
the latter case (FAO, 2012f). The quotas are not transferable 
– a decision designed both to combat the centralization of 
the industry and to further encourage its ‘Namibianization’ 
(Huggings, 2011).

Clearly defined access rights and effective enforcement 
of regulations backed by law are cited as the reasons for 
 successful fisheries management under which fishing quotas 
are complied with. Legal backing for the current regulations 
is attributable in particular to a strong political will which, 
in the years following the declaration of independence, pri-
marily targeted the Spanish fishing fleet, which used to fish 
without licences in Namibian waters (World Bank, 2009). 
When the government instructed the estimated 100 vessels 
that were fishing illegally in Namibian waters to leave, it still 
had no means to monitor compliance. The government there-
fore chartered a private helicopter in order to arrest Spanish 
fishermen and take them to court (Huggings, 2011). Today, 
enforcement is assured by the presence of observers on all 
major fishing vessels. These observers are also responsible for 
gathering data and are funded by compulsory contributions 
from the fishing industry (World Bank, 2009). In addition, 
the MFMR has two patrol ships and one patrol aircraft (FAO, 
2012b). VMS systems were recently installed. A large propor-
tion of the fisheries-management effort is paid for out of tax 
revenues from fisheries and additional compulsory contribu-
tions. 

Other favourable factors include the topography of the 
country and, linked to this, the comparative lack of a fishing 
tradition in Namibia. The country has only two ports, and the 
coast borders directly on the desert. When independence was 
declared, therefore, there were very few fishermen, and the 
number of vessels to be regulated was manageable, as were 
the landing points for catches (World Bank, 2009). Further-
more, there were no interest groups that could have present-
ed an obstacle (Huggings, 2011). Heavy government control 
with the aim of ‘Namibianizing’ the industry is criticized in 
some quarters, as it potentially does not choose the optimal 
form of distribution in economic terms (Huggings, 2011).
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ment approaches – in conjunction with no-take zones 
– are probably more suitable instruments than quota 
systems for data-poor stocks in developing countries. 
Small-scale marine fishing in developing countries is 
discussed in greater detail in Section 4.1.2.4.

4.1.3.4 
Minimizing the ecological risks and side effects of 
fisheries

Marine protected areas as an instrument of 
sustainable fisheries
Marine protected areas (MPAs) are one of the most 
important instruments of marine ecosystem conser-
vation and should be used within the framework of 
marine spatial planning. Both instruments are outlined 
in context in Section 3.6.2. At this point in the report, 
the focus is solely on the importance for fishing of no-
take zones (NTZs), which represent exceptions even in 
marine protected areas. In most MPAs fishing is per-
mitted within prescribed rules, and sometimes corre-
sponding restrictions and bans are hardly enforced. 
NTZs are not only of crucial significance to the con-
servation of biological diversity, they can also serve as 
an instrument of fisheries management under certain 
circumstances (Gell and Roberts, 2003). Given suitable 
planning and implementation, NTZs can create areas of 
refuge that give overfished stocks a chance to regen-
erate. Not only can greater amounts of fish biomass 
build up in these zones, stocks there contain a greater 
number of large fish which can produce proportionally 
more offspring than smaller specimens (Lester et al., 
2009; Francis et al., 2007). In this way, adjacent fish-
ing areas can be supplied with migrating fish and lar-
vae, although these effects are not always easy to prove 
(Pelc et al., 2010; coral reefs: Harrison et al., 2012).

The impact of NTZs depends on the ecological situa-
tion. In the case of highly migratory fish stocks that can 
be caught with little bycatch or other ecosystem dam-
age, they have only a very limited effect. In the case of 
multi-species fisheries targeting fish that tend to stay 
in one place (e.  g. on reefs: Jeffrey et al., 2012), involv-
ing a lot of bycatch and using fishing methods that have 
harmful side-effects (e.  g. bottom trawling), NTZs offer 
considerable advantages for the protection of ecosys-
tems and, given suitable planning, also for fisheries. 
Careful planning and adaptive management are ne-
cessary if the potential of NTZ is to be fully exploited 
(Hilborn et al., 2004). The positive effects on fishing 
can be improved if the NTZs are of an appropriate size 
and if they are intelligently integrated into networks of 
marine protected areas (Gaines et al., 2010; Halpern et 
al., 2010). Merely designating NTZs is not enough on 
its own, however. This should always be done in com-

bination with complementary instruments of fisheries 
management (Section 4.1.3.3; WBGU, 2006). The fish 
biomass within protected areas is usually larger and 
offers tempting incentives for illegal fishing activities, 
which can jeopardize the positive effects. Monitoring 
and compliance enforcement are therefore of crucial 
importance if NTZs are to be effective (Lester et al., 
2009; Section 4.1.3.5). 

Avoiding unwanted bycatch
As a rule, fisheries do not only catch selected specimens 
of the desired targeted species, but also other organ-
isms which accidently get caught in nets or on hooks 
(such as target specimens that are too small to keep, 
other species of fish, benthic organisms, marine mam-
mals, turtles and seabirds; Section 4.1.2.3). In many 
regions, including the EU at present, this ‘bycatch’ is 
thrown overboard dead or dying (Kelleher, 2005); it is 
regarded as a major driver of marine biodiversity loss 
and should be avoided wherever possible within the 
framework of an ecosystem approach (Section 4.1.3.1). 
Fishing gear even continues catching organisms after 
it has been lost or discarded – for example when nets 
are left drifting in the sea (ghost fishing; FAO, 2005b). 

Mortality as a result of bycatch can also have a sig-
nificant influence on estimates of stocks. However, 
this data can only be incorporated into the models if 
the bycatch is registered. That is why monitoring the 
bycatch is another essential measure. 

In many fisheries, the bycatch can be reduced rela-
tively easily by technical methods – by following cer-
tain practices or avoiding certain regions or seasons. 
It cannot be avoided altogether, however (Bjordal, 
2009:  184 ff.). Long-line fishing in Antarctic waters 
is an example of a special success story: thanks to 
 regulations adopted by CCAMLR, the regional fisheries 
management organization responsible in these waters, 
technical measures have made it possible to reduce 
bycatch of albatrosses by more than 99  % (Small, 
2005). The promotion and compulsory introduction of 
selective, ecosystem-friendly fishing gear is essential if 
unwanted bycatch is to be avoided. 

In Norway, the bycatch must be landed and off-
set against fishing quotas. The same solution has also 
been proposed in the EU as part of the fisheries reform 
(Section 7.4.1.7). Such a system could give fishermen an 
incentive to optimize their fishing practices and equip-
ment with the aim of reducing the amount of unwanted 
biomass they catch in their nets. As well as minimizing 
bycatch, this management measure can improve control 
over (and data on) overall mortality and the state of fish 
stocks (BfN, 2009). The German Advisory Council on the 
Environment (SRU, 2011a:  23) recommends introducing 
a general ban on discards for all fish species in the EU.
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Bans on destructive and wasteful fishing methods
Destructive fishing methods that threaten to do serious 
or irreversible damage to marine ecosystems should be 
prohibited, and such bans should be strictly enforced 
(BfN, 2009). This applies above all to destructive fish-
ing using dynamite or poison which, despite exten-
sive bans, is still practised in some regions (Burke et 
al., 2011; Ferse et al., 2012; Figure 4.1-10). Fishing – 
especially using heavy bottom-trawl nets – can cause 
extensive damage to the seabed, the habitat structures 
it contains, and their biotic communities (Puig et al., 
2012). Yet this method is still used even in sensitive 
ecosystems like rocky seabeds and reefs. Less damag-
ing methods (pulse fishing) are already being tested 
(SRU, 2011a), and the use of passive methods (traps) 
with much less harmful effects offers interesting alter-
natives. The impact of destructive fishing methods on 
the deep sea (e.  g. on cold-water corals and seamounts; 
Ramirez-Llodra et al., 2011) is described in Section 
4.1.2.3.

One example of a particularly wasteful fishing 
method is shark finning, in which only the fish’s fins 
are used (to make soup) and the dying body is often 
thrown overboard (Lack and Sant, 2006). This is one 
reason why sharks are regarded as particularly endan-
gered (Section 4.1.2.3). Second only to Indonesia, the 
EU (above all Spain) catches the most sharks and is the 
biggest exporter of shark fins to Hong Kong and China. 
Existing legal loopholes in the European fishing indus-
try must therefore be closed as a matter of urgency 
(Fowler and Séret, 2010). 

4.1.3.5 
Monitoring and enforcement
Section 3.7 noted that the failure to enforce existing 
agreements was a core problem that could be found in 
all areas of ocean governance. Especially the monitor-
ing, control and surveillance (MCS) of fisheries (Berg 
and Davies, 2011) is a huge challenge in view of the 
vast expanse of the oceans and the fact that fisherfolk 
often operate in isolation, yet have a global reach. 

Where there is a sufficiently strong social network 
between fisherfolk, compliance with regulations can 
often be ensured on the basis of social control, so that 
fisherfolk keep to the rules voluntarily. This condition 
is met above all in small-scale fisheries. If the stake-
holders consider the rules, monitoring and enforcement 
of fisheries management to be fair and acceptable, this 
will make it easier to enforce these rules effectively in 
practice (Berg and Davies, 2011). In developing coun-
tries, where small-scale fisheries predominate, moni-
toring and enforcement faces different challenges to 
those in industrialized countries. This is partly because 
there is less technical and financial capacity available, 
but partly also because the number of stakeholders is 
larger and the level of organization higher. Participa-
tory approaches are of great importance in this con-
text. Section 4.1.2.4 examines the issue of small-scale 
 fisheries in greater detail. 

In industrial fisheries, the use of classic surveillance 
instruments will more often be successful. Table 4.1-1 
provides an overview of the most important instru-
ments, what they cost, and what their comparative 
advantages and disadvantages are. Monitoring and 

Figure 4.1-10
Global observations of blast and poison fishing. The areas of threat shown are based on survey observations and expert opinion. 
Yellow: moderate; red: severe.
Source: Burke et al., 2011
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enforcement are particularly necessary to curb the 
widespread activities of IUU fishing (Section 4.1.4.5).

Incentives encouraging illegal practices are highly 
dependent on the quality of enforcement and sanc-
tions. The severity of fines, confiscation of vessels and 
nets, and loss of licenses are of critical importance: 
refusing to comply with the rules must not be allowed 
to pay off economically (FAO, 1995:  para. 7.7.2). 

4.1.3.6 
Costs and financing the transition towards 
sustainable fisheries
According to the UNEP (2011b), one-off investments 
totalling at least US$  190-280 billion would be needed 
to establish sustainable fisheries management world-
wide and increase global yields from 80 to 90 million 
tonnes by 2050. These estimates take account of fac-

Table 4.1-1
Examples of instruments used to monitor fishing activities. 
*Vessel monitoring systems (VMS) are electronic devices which can communicate the location, direction and speed of a vessel 
to the supervisory authorities in real time. 
Source: based on Berg and Davies (2011), modified and supplemented

Timing of 
measure

Instrument Advantages Disadvantages Costs

Before fishing Licenses for fishermen, 
monitoring of boats and 
fishing gear

Make it easier to 
check compliance with 
 regulations

Illegal gear can be 
 hidden

Low

During fishing Inspection of logbooks Supplies valuable data Not all fishermen in 
all countries can read/
write; logbooks can be 
forged

Low

Supervision of fisheries 
using vessels

Enables verification 
and the imposition of 
 sanctions at sea

Limited range/coverage High

Use of aircraft and 
 helicopters 

Covers wide areas No monitoring of 
catches or gear; no way 
of imposing sanctions 
at sea 

High

Observers on board Can monitor all activities 
at sea; supply reliable data 
(including catches and 
discards)

Only possible on large 
vessels 

Moderate

Cameras on board Monitor catches and 
discards

Only limited monitoring 
possible

Low/moderate

VMS* Can monitor vessels in 
real time 

Not all vessels have 
VMS installed; risk of 
forgery

Low/moderate

Satellite imaging Can cover the entire area Regular use and analysis 
is expensive; validation 
is needed

Low/moderate

Coastguard, navy Can take on relevant 
duties at no extra cost in 
some cases; can monitor 
national borders

Only limited availability 
and knowledge

High

During landing Inspectors monitor 
catches when they are 
landed or transshipped; 
plausibility checks

Can check compliance 
with quotas and even 
make arrests in ports

Transshipment at sea is 
difficult to monitor; no 
monitoring of discards

Low

After landing Monitoring of the market 
and sales (e.  g. mean size)

Good source of informa-
tion on landed volumes 
and demand

Origins of a catch are 
difficult to verify

Low

Monitoring of exports 
and/or transportation

Good source of informa-
tion about landed volumes 
in high-priced fisheries

Only parts of catches 
are exported

Low
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tors such as a reduction in the global fishing-fleet cap-
acity via buy-back programmes, compensation pay-
ments for, and retraining of, fisherfolk, general man-
agement costs and research efforts. In addition, the 
running costs of fisheries management (including the 
introduction and management of quota systems, net-
works of marine protected areas, monitoring and con-
trol programmes) would have to be increased by 25  % 
(from US$  8 billion to US$  10 billion worldwide per 
annum) to secure sustainable fishing in the long term. 
However, it is estimated that redesigning the fishing 
sector in this way will yield benefits that are three to 
five times the cost of the necessary initial investment 
at current prices (UNEP, 2011b). 

Levying user charges (e.  g. for fishing licenses, catch 
fees, bycatch taxes and port charges) could  create 
selective incentives for a reorientation of management 
towards sustainability. A system of bonuses and penal-
ties could further reinforce these incentives: e.  g. user 
charges could be reduced for fisheries or aquaculture 
operations that are operated in a verifiably  sustainable 
way. Conversely, where sustainability rules are vio-
lated, the perpetrator could be required to pay some 
form of ‘punitive duty’. Furthermore, the granting of 
access rights to certain fishing grounds could be linked 
to conditions such as the use of sustainable fishing gear 
or low-carbon fuels, for example. Giving the fishing sec-
tor a sustainable and long-term focus may temporarily 
involve lower revenues. Government instruments and 
financial assistance would therefore make sense to 
cushion the transition towards sustainable fisheries 
management: 

 > Payments for ecosystem services (PES): Good experi-
ence has already been gained with this instrument in 
the field of forest conservation and the management 
of water catchment areas (Pagiola et al., 2002). In 
the context of sustainable fisheries, too, PES could 
be introduced to encourage fisherfolk to use sustain-
able fishing methods or avoid fishing in certain areas 
or at certain times (e.  g. in marine protected areas or 
during closed seasons; Mohammed, 2012; Niesten 
and Gjertsen, 2010). One example is the Defeso pro-
gramme in Brazil, where fisherfolk receive compen-
sation during seasonal bans on fishing. To avoid 
abuse, PES payments should be linked to conditions 
that are easy to monitor, and be limited to a small 
group of users (Wunder, 2005). The conservation 
services provided by the recipients of PES should be 
continuously monitored, with payments being 
linked to the success of these services (Niesten and 
Gjertsen, 2010). 

 > Compensation payments: The primary purpose of 
paying compensation for the non-use of marine 
resources is to share burdens. Unlike PES, compen-

sation payments are limited to a specific period. 
Their aim is to cushion one-off, temporary social 
hardships resulting, for example, from the designa-
tion of a protected area or cuts in fishing quotas in 
certain fishing grounds (e.  g. compensation and 
retraining of employees in directly affected or 
downstream industries, offers of social welfare serv-
ices, advisory services, buy-back programmes for 
fishing licenses, boats or fishing gear, etc.). It is 
important to ensure that the catch volume and the 
fishing effort as a whole are limited by regulation 
and that the withdrawn licences, boats and fishing 
gear are not simply replaced by new ones (Niesten 
and Gjertsen, 2010). When rezoning the Great 
 Barrier Reef Marine Park, for example, the Austral-
ian government invested AU$230 million to offset 
the loss of revenue suffered by the local fishing 
industry and downstream industries. 

 > New business models: Many of the additional costs 
incurred as a result of sustainable fisheries manage-
ment can be cushioned by using modified business 
models such as new cooperative organization mod-
els. One example is for a number of small fishing 
operations to join together to form a ‘licence bank’ 
(Ecotrust Canada, 2008; The Nature Conservancy, 
2011), bundling their own investments with seed 
capital from an investing partner or a national devel-
opment bank. They can then use this start-up capital 
to attract other private investors. ‘Fisheries trusts’ 
are a very similar model. They pool funds from pri-
vate foundations, cheap government loans and addi-
tional bank loans (Manta Consulting, 2011) and use 
the money collected in this way to purchase fishing 
licences, which are then ‘leased’ for a fee to the fish-
ermen. A proportion of the profits generated by the 
fishing operation is then paid out as a dividend to 
the external financial backers. Such a model also 
enables quite small fishing outfits with limited capi-
tal to acquire shares in fishing licenses. The ‘licence 
banks’ set up to date in Canada and the USA have 
consciously set themselves sustainability targets 
(such as the use of sustainable fishing gear). Mem-
bers who fail to comply are threatened with sanc-
tions (Ecotrust Canada, 2008; The Nature Conserv-
ancy, 2011). The system’s long-term performance 
has not yet been evaluated.

4.1.4 
International fisheries governance: institutions 
and focal points

This section introduces only the most important 
international institutions, conventions, soft law and 
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instruments whose purpose is to regulate fisheries. 
The  institutional framework and the basis for these 
 governance structures is provided by the United Nations 
Convention on the Law of the Sea (UNCLOS), which is 
outlined in Section 3.2 and, in relation to fishing, in 
Box 4.1-8. The WBGU restricts its attention here to 
the aspects that are currently shaping and dominating 
the political debate. It examines the international and 
global perspectives and therefore only touches on the 
European dimension in relation to cross- border effects 
and  external impacts. The instruments of  private gov-
ernance and, in particular, the ecolabels are discussed 
in Section 3.5. As explained at the beginning of Chap-
ter 4, whaling as such is not discussed here as it is now 
scarcely relevant to human food supplies.  However, 
damage to the whale population caused by fishing 
activities (e.  g. bycatch of cetaceans) is so  serious that 
it is the subject of special regional agreements (e.  g. 
ASCOBANS to protect cetaceans in the North and  Baltic 
Seas, and ACCOBAMS for the Black Sea, the Mediterra-
nean and the adjacent Atlantic zones). Examining this 

issue would, however, exceed the framework of this 
report. 

4.1.4.1 
Political objectives
There has been a political consensus for decades on calls 
for fisheries to be restructured to make it more sustain-
able. The topic has also been discussed at the United 
Nations, in particular within the framework of the ‘Rio 
Process’ and by the UN General Assembly (Section 
3.3.1). At the first UN Conference on the Human Envi-
ronment in Stockholm in 1972, it was already ascer-
tained that many fish stocks had been damaged because 
regulation was too slow (UNCHE, 1972). In the context 
of marine fisheries in the EEZs, many of the problems 
that remain unresolved in many regions to this day – 
e.  g. overfishing, illegal fishing, overcapacity, destruc-
tive fishing practices and the degradation of ecosystems 
– were already cited at the Rio de Janeiro Earth  Summit 
in 1992. In the Agenda 21 then adopted, the states 
committed themselves to the conservation and sustain-

Box 4.1-8

UNCLOS and fisheries

UNCLOS lays down the framework for sustainable fishing, 
defining varying rights and duties for the different marine 
zones (Section 3.2). Article 61, para. 2 of UNCLOS spells out 
the obligation that the maintenance of the living resources 
in the EEZs must not be “endangered by over-exploitation”. 
Article 62, para. 1 goes on to stipulate that coastal states 
“shall promote the objective of optimum utilization of the 
 living resources” in their EEZs. Article 62, para. 3 targets a 
maximum sustainable yield (MSY; Box 4.1-5), but one which 
takes account of ecosystem interactions. In other words, 
UNCLOS places coastal states under obligation to take steps 
to conserve and manage the resources in their EEZs and to 
define catch volumes which safeguard the continued exist-
ence of the living resources (Proelß, 2004:  108). However, 
adequate protection is not guaranteed by these provisions, 
since the criterion of “over-exploitation” is not specified fur-
ther and it is therefore left to the discretion of coastal states 
to decide on the quotas (Proelß, 2004:  108).

For the high seas, the provisions of UNCLOS follow the 
lead given by the 1958 High Seas Fisheries Convention, pay-
ing no attention to the already evident shortcomings in the 
implementation of this convention (Oda, 1983). Article 116 
initially gives each state the right for its nationals to engage 
in fishing on the high seas. This right is linked to a condi-
tion, however: Article 117 stipulates that “All States have 
the duty to take, or to cooperate with other States in taking, 
such measures for their respective nationals as may be neces-
sary for the conservation of the living resources of the high 
seas.” This form of enforcement is weak, since it is left solely 
to the flag states and is not monitored by any other institu-
tion. Moreover, Article 118 requires states to cooperate “in 
the conservation and management of living resources” and 

to enter into corresponding negotiations or establish regional 
fisheries organizations in cases where identical stocks are 
exploited simultaneously. Article 119 obliges states to com-
ply with the MSY on the basis of the best available scientific 
evidence. It also refers to the need to take ecosystem inter-
actions into account, i.  e. it goes beyond a narrow focus on 
target stocks only. States are also required to exchange sci-
entific information and statistical data on fisheries. Wolfrum 
and Fuchs (2011) note that Article 119, para. 1 “[can] also 
be understood to mean that states are not themselves under 
an obligation to guarantee the conservation of stocks at the 
necessary minimum level, but merely that they must not 
obstruct actions by other states to conserve stocks.” The pro-
visions on straddling and highly migratory stocks are vague, 
as they are limited to calls for international cooperation 
between nation states. For this reason, the UN Fish Stocks 
Agreement (FSA) was adopted in 1995 as an implementing 
agreement on UNCLOS in order at least to close the regula-
tory gaps relating to straddling and highly migratory stocks 
(Section 4.1.4.4). 

Overall, UNCLOS thus only creates the framework for sus-
tainable fisheries governance (Section 3.2; Box 3.2-1). This 
framework must be filled with specific content by means of 
national regulations in the EEZs and by institutional arrange-
ments on the high seas, particularly for the conservation of 
stocks in the context of the ecosystem approach. For example, 
in contrast to mineral resources in the ‘Area’, UNCLOS makes 
no provision whatsoever for the allocation of living resources 
on the high seas (Oda, 1983). Nor does UNCLOS provide 
adequate instruments to enforce its regulations or to impose 
sanctions. Similarly, no steward is appointed to administer 
biological resources. However, UNCLOS is one of the few 
international environmental treaties that prescribe a compul-
sory dispute-settlement mechanism (Wolfrum and Fuchs, 
2011). 
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able use of the marine biological resources in their EEZs 
(UNCED, 1992a). At the World Summit on Sustainable 
Development (WSSD or ‘Rio+10 Conference’) held in 
Johannesburg in 2002, this abstract political agree-
ment was fleshed out and given a time line. Here, the 
states approved the ambitious goal of making fisheries 
sustainable – i.  e. managing fish stocks on the basis of 
the maximum sustainable yield (MSY; Box 4.1-5) – by 
2015 (WSSD, 2002:  para. 30a). 

This objective was reaffirmed, and indeed rein-
forced (UNCSD, 2012:  para. 168 ff.), at the UN Confer-
ence for Sustainable Development (UNCSD or ‘Rio+20 
Conference’). The aim is to reach the maximum sus-
tainable yield (MSY) in the shortest possible time, 
e.  g. using knowledge-based management plans, even 
if this temporarily leads to a loss of revenue or even 
the closure of fisheries in the case of overfished stocks. 
Another objective is to stamp out destructive fish-
ing practices and illegal, unreported and unregulated 
fishing. Efforts to combat bycatch and other harmful 
ecosystem effects are to be stepped up. At the same 
conference, the decision was taken to negotiate a new 
implementing agreement for the conservation and sus-
tainable use of biological diversity on the high seas 
(Section 3.3.2.2). 

The Convention on Biological Diversity (CBD) like-
wise tackled the issue of fisheries, for example in its 
programme on marine and coastal biodiversity (CBD, 
2004a; Section  3.3.2.1). As part of the convention’s 
Strategic Plan, the parties in 2010 set themselves the 
political target of achieving sustainable management of 
all fish stocks by 2020 in such a way that overfishing 
would be avoided (CBD, 2010a). 

Although these targets are not legally binding, their 
political importance and impact is nevertheless consid-
erable. Not least the European Commission has commit-
ted itself to these targets and uses this as an argument 
for a thorough reform of fisheries policy (EU Com-
mission, 2011c), since the Rio+20 targets cannot be 
achieved with existing management practices (Froese 
and Quaas, 2013). As things stand, then, the aim of 
achieving sustainable human interaction with marine 
biological resources is well established in international 
politics. Even so, getting this aim implemented in prac-
tical policies still causes considerable problems (Veitch 
et al., 2012). 

4.1.4.2 
The Food and Agriculture Organization of the 
 United Nations
The Food and Agriculture Organization of the United 
Nations (FAO) is also responsible for fisheries and 
aquaculture (Section 3.3.1). It functions as the central 
repository for stock and catch data from fisherfolk in 

all the world’s marine regions. The FAO does not gather 
this data itself, however, but depends on the delivery 
of data by authorities and fisheries institutions in the 
member states, and by the regional fisheries manage-
ment organizations. This data is then collated, proc-
essed and published by the FAO without an assessment 
of its own. ‘The State of World Fisheries and Aquacul-
ture’, a biannual publication, is of particular importance 
in this regard (FAO, 2012b). 

The FAO’s collection of data on fishing is regarded 
as the most comprehensive in the world (Costello et al., 
2012b). In some regions, however, neither the scope nor 
the quality of the data is adequate to serve as a basis for 
a global picture of fisheries management. The gaps in 
data can be very large, particularly in  developing coun-
tries: nearly two thirds of them  supply  inadequate data 
for lack of sufficient financial and personnel capacity. 
Yet the industrialized countries also have some catching 
up to do: nearly a quarter of the data they supply is also 
incomplete (Garibaldi, 2012). There is therefore a need 
to improve both the data that governments transmit to 
the FAO and the quality of the FAO database (Pauly and 
Froese, 2012). Data on the biomass of stocks in particu-
lar is extremely valuable for knowledge-based fisher-
ies management (Branch et al., 2011; Section 4.1.3.2, 
8.3.3.1). Assessing the corresponding ‘data-poor’ 
stocks is very difficult (Costello et al., 2012b; Worm 
and Branch, 2012). To simplify the tasks of fisheries 
management where data is scarce, new approaches are 
being developed with the aim of creating alternative 
bases for assessment (Martell and Froese, 2012). 

The FAO’s Committee on Fisheries (COFI) operates 
Sub-Committees on Aquaculture and Fish Trade and 
is the most important intergovernmental forum where 
member states meet regularly to discuss and negotiate 
recommendations and agreements. Together with the 
UN Convention on the Law of the Sea (Section 3.2) and 
the UN Fish Stocks Agreement (Section 4.1.4.4), the 
 conventions drawn up under the aegis of the FAO form 
the backbone of global fisheries governance. Two of the 
most important ones are the FAO’s non-binding Code 
of Conduct for Responsible Fisheries (Section 4.1.4.3) 
and its binding Agreement on Port State Measures to 
Prevent, Deter and Eliminate Illegal, Unreported and 
Unregulated Fishing (Section 4.1.4.5). In addition, the 
FAO’s non-binding guidelines serve to broaden the 
scope of global fisheries governance, especially in rela-
tion to topical issues. They include its ‘International 
 Guidelines for the Management of Deep-Sea Fisher-
ies in the High Seas’, FAO, 2009b; its ‘International 
Guidelines for Securing Sustainable Small-Scale Fisher-
ies’, FAO, 2012a; Box 4.1-3; and its ‘Voluntary Guide-
lines on the Responsible  Governance of Tenure of Land, 
Fisheries and Forests’, FAO, 2012d). 
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4.1.4.3 
The FAO Code of Conduct for Responsible 
 Fisheries
The FAO Code of Conduct for Responsible Fisheries 
(CoC) was ratified unanimously by all 188 FAO member 
states in 1995. The Code was formulated in response 
to the widespread realization that fisheries need to be 
developed in the direction of an ecosystem approach 
(Cury and Christensen, 2005). The Code seeks to pro-
mote sustainable fisheries management with a long-
term perspective in all marine regions and inland waters 
(FAO, 1995). It provides a series of principles and rules 
relating not only to fishing methods, sustainable man-
agement (including the conservation of marine ecosys-
tems) and the development of stocks, but also to wider 
issues such as fish processing and trading and fisheries 
research. Principles of responsible aquaculture are also 
covered in Article 9 of the Code (Section 4.2.3.1). The 
Code provides an integrated and comprehensive frame-
work for sustainable fisheries and aquaculture that is 
widely recognized and accepted (Garcia, 2000). It is the 
first and only international instrument of fisheries gov-
ernance of its kind (Hosch et al., 2011). 

Among other things the Code calls on states to pre-
serve aquatic ecosystems, to apply the precautionary 
principle, to base decisions on the best available sci-
entific evidence, to ensure that conservation measures 
are implemented and enforced, and, in their capacity 
as flag states, to exercise their powers of enforcement 
effectively. It makes provision for an ecosystem-ori-
ented approach to management, urging that manage-
ment measures should ensure the conservation not 
only of target species, but also of other species belong-
ing to the same ecosystem and of species dependent 
on the target species (Article 6.2 of CoC). It aims to 
extend the knowledge base and pursues integrative 
approaches (Bavinck and Chuenpagdee, 2005). The 
Code supports transparent decision-making processes 
and calls for the participation of fisherfolk, industry 
and environmental organizations (Article 6.13 of CoC), 
thereby getting important stakeholders involved (Frie-
drich, 2008). It also includes detailed rules and meas-
ures for sustainable fisheries management (based inter 
alia on the MSY; Box 4.1-5) aimed at giving orientation 
and assistance to governments as they develop their 
national regulations.

The Code is not a static body of rules and regula-
tions. It can be revised and extended by the FAO (Ede-
son, 1996). In addition, the FAO’s Fisheries and Aqua-
culture Department has developed technical guidelines 
to facilitate the implementation of the Code. On the 
basis and within the framework of the Code, the FAO 
has also drawn up four likewise non-binding interna-
tional plans of action which contain rules to prevent 

bycatch of seabirds, protect sharks, manage fishing 
capacity and prevent illegal, unreported and unregu-
lated (IUU) fishing. Section 4.1.4.5 takes a closer look 
at IUU fishing. 

Implementation is monitored by means of regular 
surveys of FAO member states and by summarizing 
evaluations by the FAO’s Committee of Fisheries (COFI). 
In its capacity as an international political instrument, 
the Code has remained relevant and adaptable both to 
the conditions in the various countries and to develop-
ments in the fishery sector (Hosch et al., 2011). Plans 
of action and guidelines create opportunities to tackle 
complex issues in greater depth and to respond flexibly 
to topical questions within the framework of the Code. 
With this content the Code meets the requirements of 
a number of the touchstones for assessing the existing 
governance of the ocean in the context of sustainability 
(Section 3.1.4).

Coll et al. (2013) regard the Code as an important 
instrument which is implemented only very weakly 
overall, albeit with regional variations. However, where 
the Code is successfully implemented locally, it does 
have positive effects with regard to the sustainability of 
fisheries management – irrespective of the geographic 
location of the countries concerned (Coll et al., 2013). 

A regional study involving nine developing coun-
tries from Africa, Asia and the Caribbean shows that the 
successful translation of the Code into national political 
regulations is widespread (Hosch et al., 2011). How-
ever, the poor or non-existent implementation of these 
national regulations and the failure to enforce them 
locally represent major problems. Such poor imple-
mentation cannot be explained by a lack of scientific 
knowledge alone (Cury and Christensen, 2005). Hosch 
et al. (2011) cite short-sighted socioeconomic consid-
erations, administrative inertia and a lack of political 
will as reasons for the poor implementation. 

A study by Pitcher et al. (2009) underlines these 
insights: of 53 countries studied, not one earns a good 
grade for implementation. Overall, the lack of com-
pliance with the Code is referred to as disappointing. 
There is a positive correlation in this context between 
the quality of implementation, the developmental 
state of the countries and the World Bank’s govern-
ance index, which seeks to measure aspects likes politi-
cal stability, the efficiency of institutions, corruption 
and violence. Lack of capacity alone, however, is not 
enough to explain the flawed implementation. After all, 
Namibia (Box 4.1-7) and South Africa are both devel-
oping countries, but both are also in the top group with 
better implementation ratings than all the EU countries 
(Pitcher et al., 2009). 

In many countries, therefore, there is a broad gulf 
between good intentions and concrete results ( Doulman, 



Marine fishery  4.1

137

2007; Mora et al., 2009). Overall, the most  significant 
shortcomings appear to be a failure to translate inter-
national regulations into national ones and, above all, a 
failure to enforce regulations at the local level.

4.1.4.4 
Fisheries governance on the high seas: the UN 
Fish Stocks Agreement and regional fisheries 
 management organizations 

UN Fish Stocks Agreement
Although about 60  % of the world’s oceans are seaward 
of the EEZs, the volume of fish caught on the high seas 
only amounts to a small fraction of global yields. Even 
so, it should be noted that around two thirds of glo-
bal yields come from stocks that are not only found 
in EEZs, but also cross into the high seas, migrate over 
long distances between EEZs and the high seas (across 
entire oceans in some cases), or are only found on the 
high seas (Figure 4.1-11; Munro et al., 2004:  7). Access 
to stocks in the high seas used to be largely free and 
unregulated. The UN’s 1958 Convention on Fishing 
and Conservation of the Living Resources of the High 
Seas (UN, 1958) did little to change this and was largely 
ignored in practice (Oda, 1983). The provisions of 
UNCLOS – e.  g. on the conservation of living resources 
and the principle of cooperation (Wolfrum and Fuchs, 
2011; Box 4.1-8) – build on the failed 1958 convention 
but are themselves too vague and have been  unable to 
avert the ‘tragedy of the commons’ (Hardin, 1968) with 
regard to fish stocks in the high seas. The resultant 
overfishing (Box 4.1-9) has affected stocks in the high 
seas as a whole, i.  e. including those that overlap with 
the EEZs. Accordingly, attempts at sustainable manage-
ment of these stocks based solely on national regula-
tions in EEZs have not appeared very promising (Lodge 
et al., 2007:  3). 

These problems were placed onto the agenda of the 
United Nations Conference on Environment and Devel-
opment in Rio Janeiro in 1992 (UNCED, the ‘Rio Earth 

Summit’). In response, the UN Convention relating to 
the Conservation and Management of Straddling Stocks 
and Highly Migratory Fish Stocks (UN Fish Stocks 
Agreement, FSA) was signed in 1995 and took effect 
as an implementing agreement of UNCLOS in 2001 
(UN, 1995; Section 3.2). The USA was a driving force 
in negotiations surrounding the FSA. Although some 
countries were highly sceptical at the outset, accept-
ance of the FSA does seem to have improved markedly 
in the meantime (Balton and Koehler, 2006). Today, 80 
countries have acceded to the FSA (UN, 2013a). Japan, 
South Korea and Indonesia are among the prominent 
fishing nations that have been added in recent years. 
China, the biggest fishing nation in the world, has not 
signed up. 

The FSA limits itself to ‘straddling and highly 
migratory’ stocks. Straddling stocks have a range that 
crosses the boundaries between an EEZ and the high 
seas. Highly migratory stocks (primarily tuna, sword-
fish and sharks; Figure 4.1-11) have a very extensive 
range which includes different EEZs and the high seas. 
The FSA is not responsible for discrete high-seas stocks, 
irrespective of whether they live pelagically, in the deep 
sea or on the seabed. In practice, these stocks, which 
are found exclusively in the high seas, are still exposed 
to an open-access regime. Overfishing is thus inevita-
ble and has already taken place in some cases (Munro, 
2010:  44). This represents an obvious regulatory gap in 
international fisheries governance (Molenaar, 2007). 

The FSA aims to strengthen the provisions of 
UNCLOS, specify them more clearly and implement 
them more effectively by making conservation and 
management compatible both in EEZs and on the high 
seas. The specific provisions relate primarily to strad-
dling and highly migratory stocks that can be found in 
the high seas and for which the FSA is thus responsi-
ble in terms of access, conservation and management. 
The coastal states retain the sovereign rights to man-
age those parts of these stocks that are in their EEZs, 
but are also expected to apply the general principles of 
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Figure 4.1-11
Different types of stocks relevant to the high seas. 
Source: FAO, 2005a, modified
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conservation and management of these stocks within 
their EEZs (Article 3.2 of FSA). Article 6 of the FSA, 
which explains the precautionary approach in more 
detail, and Article 7 on the compatibility of conser-
vation and management measures also apply explic-
itly to those parts of straddling and highly migratory 
stocks that are found in EEZs. This coverage is intended 
to ensure that the same principles apply for conserva-
tion and management on both the coastward and sea-
ward sides of the 200-nautical-mile limit (Lodge et al., 
2007:  3). Accordingly, the FSA “codifies important new 
developments in international environmental law that 
were not (yet) taken into account during the UNCLOS 
negotiations” (Wolfrum and Fuchs, 2011).

The general principles (Article 5 of FSA) include the 
following: knowledge-based management with the aim 
of optimizing management; using the maximum sus-
tainable yield not as a target but as a minimum stand-
ard (MSY; Box 4.1-5; Annex II para. 7 of FSA); applying 
the precautionary principle; assessing impacts on other 
species in the ecosystem; avoiding bycatch, wasteful 
methods and pollution; conserving marine biological 
diversity; preventing or eliminating overfishing and 
overcapacity; taking into account the interests of small-
scale fishers; collecting and sharing data such as ves-
sel positions, catches of target and non-target species, 
fishing effort, etc.; promoting research and techno-
logical development for conservation and management 
purposes; and effectively monitoring measures. These 
general principles thus embrace key elements that are 
today regarded as the basis for modern sustainable fish-
eries management (Section 7.4.1.1). Although the term 
‘ecosystem approach’ had not been formulated at the 
time when the FSA was developed, the preamble and 
Article 5, letters (d) to (g), of the FSA include content 
which is today subsumed under the term. However, the 
FSA comprises only a very generally worded provision 
on developing plans to protect species and habitats, but 
no explicit provisions on the creation and management 
of marine protected areas (Section 3.6.2). 

To improve enforcement, the FSA adopts innova-
tive approaches, e.  g. by tightening up the duties of flag 
states (Article 18 of FSA), and, given certain precon-
ditions, even authorizing personnel from FSA states 
parties to board and inspect fishing vessels operating 
under the flag of any FSA state party (Article 21 of 
FSA). 

The FSA formulates regulations on intergovernmen-
tal cooperation in much greater detail than UNCLOS. 
In particular, its provisions on regional fisheries man-
agement organizations (RFMOs) are more detailed and 
more precise. As a result, the FSA forms the new global 
institutional framework for RFMOs (McDorman, 2006). 
The FSA has considerably strengthened the position of 

the RFMOs, which are still regarded as key institutions 
to help regulate intergovernmental cooperation (Lodge 
et al., 2007:  4). RFMOs are discussed in detail in the 
next section. 

On the whole it is fair to say that the provisions of 
the FSA with regard to sustainable fisheries manage-
ment constitute a major step forward from UNCLOS, 
and that they meet the requirements of nearly all the 
touchstones for ocean governance in the context of sus-
tainability (Section 3.1.4).

A Review Conference in 2006 examined the effec-
tiveness of the FSA (Article 36 of FSA). It became 
clear that many countries, including non-states parties, 
regard the provisions of the FSA as a kind of funda-
mental standard for the sustainable management of fish 
stocks (Balton and Koehler, 2006). The outcomes of the 
conference strengthened the role of the RFMOs; it was 
urged that they be subjected to regular ‘performance 
reviews’ to assess the status of implementation. It was 
also recommended that the provisions of the FSA should 
be applied to discrete high-seas stocks. Apart from the 
special problems faced by developing countries, the 
most important recommendations were the call for 
overcapacity and subsidies to be phased out, for IUU 
fishing practices to be combated (see Section 4.1.4.5 
for more details), and for an ecosystem approach to be 
implemented (ENB, 2006). The Review Conference was 
resumed in 2010 with a focus on flag states, many of 
which inadequately enforce the provisions of the FSA. 
Attempts to put marine protected areas on the agenda 
have failed so far (ENB, 2010; UNGA, 2010). 

One remaining regulatory gap is the FSA’s limited 
scope, which leaves discrete high-seas stocks (including 
their deep-sea species) unprotected (Figure 4.1-11). 
This gap has been recognized and there are signs that 
regional solutions could be implemented relatively 
quickly within the framework of the RFMOs. However, 
fundamental solutions requiring an amendment to the 
FSA or UNCLOS can only be implemented in the long 
term (Sections 7.2.2.2 and 7.3.4.3). A move to expand 
the provisions still further to include all stocks in the 
EEZs would make sense, but would undoubtedly be a 
very long-term project. 

One major deficit is the fact that up to now coun-
tries have been reluctant to ratify the FSA (Molenaar, 
2011). Although the FSA was adopted in 1995, the 
level of participation has hitherto been low compared 
to UNCLOS, even though many major fishing nations 
have signed up. The battle against IUU fishing prac-
tices in particular will become easier as more countries 
add their signatures (Section 4.1.4.5). With a view to 
the touchstones listed in Section 3.1.4, one shortcom-
ing is that the FSA’s mechanisms for resolving conflicts 
and imposing sanctions are rarely applied in practice. 
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The various options which the FSA offers for conflict 
 resolution can be applied only if both parties give their 
consent. In most cases, attempts are made to resolve 
conflicts via diplomatic channels instead of through the 
courts. Since the FSA is an implementing agreement of 
UNCLOS, certain conflicts are excluded a priori from 
solutions that use these mechanisms. For example, no 
coastal state can be sued for setting fishing quotas in 
its own EEZ at its own discretion, even if another state 
regards these quotas as too low or too high. Another 
shortcoming is reflected in the fact that instruments 
aimed at conserving biological diversity (such as MPAs) 
are only used hesitantly. 

For the FSA, as for other fishery regimes, the big-
gest challenge is undoubtedly the general lack of local 
enforcement. The insufficient financial and technical 
capacity of developing countries is one factor in this 
situation. Another is the complicated process involved 
when RFMOs that already existed when the FSA was 
agreed adjust to the FSA’s standards and procedures. 
The following section examines the RFMOs in greater 
detail. By no means least, there is also the problem of 
‘flags of convenience’, countries that scarcely worry 
about their obligations in respect of their high-seas 
fishing fleet (HSTF, 2006:  38). 

Summing up, it is fair to say that the FSA’s provisions 

provide a good basis and contain many approaches and 
instruments that are conducive to modern sustainable 
fisheries management. However, serious shortcomings 
exist in terms of its reach (the number of governments 
that have ratified it), its geographical scope and its 
implementation. Since the high seas are in a poor con-
dition and subject to rapid change, adding more states 
parties to the FSA and dynamically developing its con-
tent and objectives are among the most important tasks 
for the future (Section 7.3.4.3). There appears to be 
broad global consensus on the problems and possible 
solutions. However, rather ineffective mechanisms for 
resolving conflicts and a failure to enforce regulations 
remain a weakness, leaving the agreement dependent 
on the political will of the states parties. At present, 
both the condition and the governance of the high seas 
are very poor. 

Regional fisheries management organizations
Without the cooperation of the countries involved in 
managing fish stocks on the high seas, these stocks are 
threatened with overuse (Box 4.1-9). Although the 
freedom of fishing on the high seas is already restricted 
by UNCLOS in the form of a generally formulated call 
for cooperation to conserve stocks (Henriksen, 2009; 
OECD, 2010; Box 4.1-8), it has become apparent that in 

Box 4.1-9

High-seas fisheries: cooperation and 
sustainability

Fish stocks can be regarded as a renewable natural resource 
and as natural capital. To conserve them permanently as a 
natural resource, the yield – i.  e. the catch volume – must 
be smaller than the growth in stocks. Reducing catches to a 
level below the maximum sustainable yield (MSY; Box 4.1-5) 
implies waiving a certain catch volume and can be referred 
to as an investment. As with all investments, these too are 
undertaken in the hope that the non-utilization of capital in 
the present will result in its preservation or even maximiza-
tion in the future. When there is overfishing, stocks decline 
and yields threaten to drop towards zero in the long term 
(Gordon, 1954). 

In open-access fisheries that are regulated unsuccessfully 
or not at all, there is often no investment in the form of suit-
able reductions in fishing activities. As in the case of bluefin 
tuna in the East Atlantic, for example, the consequence is that 
catch volumes decline due to shrinking stocks that are in dan-
ger of collapsing unless drastic action is taken (Bjørndal and 
Brasão, 2006).

As Gordon (1954) already pointed out over 50 years ago, 
it is irrational for an individual fisherman in an open-access 
fishery to invest in conserving fish resources. If he reduces his 
yields, he can expect to achieve nothing – other than increas-
ing the volumes caught by other fishermen. An individual 
fisherman therefore has a powerful incentive to regard fish 

stocks as a finite resource in much the same way as ore depos-
its that can be mined. According to Gordon, open-access fish-
ing does not reach equilibrium until the stocks have collapsed. 

The situation of fishermen in an open-access situation, if 
they do not cooperate with each other, is similar to the pris-
oner’s dilemma in game theory. If they were to cooperate and 
agree to invest in the interests of sustainable management, 
this would be the most beneficial strategy for all parties in 
the long term. If they do not cooperate, investing appears 
disadvantageous from the perspective of each individual 
 fisherman, because every other fisherman can benefit from 
his investment as a ‘free-rider’. In the short term, therefore, 
it appears to be more advantageous for all participants not to 
invest in conserving fish stocks, but to maximize their own 
yields without considering the impact on long-term yields, 
until such time as stocks collapse. In the short term, this solu-
tion is the best one for the individual fisherman. In the long 
term it is the worst strategy for all fishermen (Lodge et al., 
2007).

The current state of fish stocks in the high seas largely 
corresponds to what Gordon (1954) expected, because coop-
eration between the players concerned often functions poor-
ly or fails completely. In order to safeguard long-term yields 
of renewable fish resources on the high seas and to replenish 
stocks, huge investments – in the form of a temporary reduc-
tion in fishing – are unavoidable (Munro, 2010). However, 
this will not be possible without effective cooperation and, in 
particular, stronger enforcement mechanisms between the 
states involved. 
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regions where functioning regional cooperation mecha-
nisms are lacking, this leads to overfishing and disputes 
over resources. Today, regional fisheries management 
organizations (RFMOs) are the central institutions of 
fisheries governance on the high seas. They provide 
forums where states can negotiate terms for cooper-
ation on the conservation and sustainable use of fish 
stocks. There are two groups of RFMOs: one manages 
straddling stocks, while the other focuses on highly 
migratory stocks that cover large expanses of the sea, 
and in some cases entire oceans (Figure 4.1-12). 

The provisions of the FSA today constitute the de 
facto minimum standard for RFMOs, a standard which, 
above all, means paying greater attention to sustain-
able management. That said, about three quarters of 
the RFMOs were already established (and some of 
them with very different rules) when the FSA was rat-
ified in 1995. Many of these organizations therefore 
only meet the FSA’s requirements partially or not at all 
( McDorman, 2005). Moreover, by no means all RFMO 
members are also states parties of the FSA; these coun-
tries are therefore not bound by the FSA’s provisions 
(OECD, 2009:  20). Conversely, decisions made by these 
RFMOs, because they may include countries that are 
not FSA states parties, are not always fully compatible 
with the spirit or the provisions of the FSA, especially 
since not all the major fishing nations have ratified the 
FSA (Lodge et al., 2007). 

Even after the FSA, one core problem remains 
regarding fishing on the high seas: that non-RFMO 
members are not bound by the RFMO’s rules, and that 
excluding them from using the stocks managed by the 
RFMOs is problematic. In addition, many RFMOs do 
not define catch volumes strictly enough on the basis 
of the scientific assessment, since there is significant 
political resistance in some quarters against reduc-
ing quotas, above all for valuable fish stocks such as 
tuna (MacKenzie et al., 2008). Furthermore, scientific 
work is often impeded by a lack of data. On the other 
hand, with a view to the touchstones for ocean gov-
ernance discussed in Section 3.1.4, many RFMOs have 
adopted the precautionary principle and the ecosystem 
approach as the basis of their management practice. 
Similarly, a number of RFMOs apply a flexible, adap-
tive approach (Mooney-Seus and Rosenberg, 2007). 

Up to now, when new members joined an RFMO, 
the total catch volume has sometimes been increased 
to enable the newcomers to participate – contrary to 
 scientific recommendations – rather than reallocating 
the existing catch volume, which would have led to 
reductions in the shares allocated to the existing mem-
bers (Lodge et al., 2007; OECD, 2010:  40). This practice 
is diametrically opposed to the requirements of sustain-
able management. Yet even where the agreed rules and 

quotas are adequate, there is still the problem of ensur-
ing that the RFMO members and their fishing vessels 
comply with the rules. The monitoring and enforcement 
of agreed management measures is inadequate in many 
RFMOs, although there are also positive examples that 
can serve as best practices (e.  g. CCAMLR, CCSBT and 
ICCAT; Mooney-Seus and Rosenberg, 2007). In some 
cases, the fact that most RFMOs lack well-functioning 
mechanisms to resolve conflicts and apply sanctions 
has led to overfishing. The problem of IUU fisheries is 
discussed separately in Section 4.1.4.5. Last but not 
least, some RFMOs do not have adequate rules against 
bycatch, or else existing rules are not properly enforced 
(Small, 2005). 

Given these overall conditions, it is not surprising 
that many RFMOs are not doing a very good job of 
meeting their newly defined obligations under the FSA. 
Hilborn (2007) gives a damning verdict: “The existing 
governance regimes for high-seas fisheries have failed 
totally.” Having analysed the performance of RFMOs, 
Cullis-Suzuki and Pauly (2010), too, conclude that 
they have failed when measured against their duties 
and their own standards. Accordingly, fish stocks in 
the high seas are in a very poor condition: nearly a 
third of highly migratory stocks and about two thirds 
of straddling stocks are overused or exhausted (OECD, 
2009). Largely as a result of mismanagement, most of 
the long-lived and economically attractive species of 
tuna and swordfish in particular are already endan-
gered (Collette et al., 2011), so that replenishing stocks 
could take many years (bluefin tuna: MacKenzie et al., 
2008). The FAO is more diplomatic in its assessment: 
“The RFMOs, the cornerstones of international fisher-
ies governance, are struggling to fulfil their mandate…” 
(FAO, 2009a:  69). Not least in the light of this reali-
zation, the external and internal pressure on RFMOs 
to improve their performance has increased sharply in 
recent years (OECD, 2009:  17). NGOs that have explicit 
rights of participation according to the FSA (Article 
12) are playing a special role in this context (e.  g. PEG, 
2010; WWF, 2007). 

Since the turn of the millennium, a series of con-
ferences have called for the RFMOs to be reformed 
to make them more effective with regard to sustain-
ability and the prevention of IUU fishing (Ceo et al., 
2012). Finally, the UN General Assembly formulated 
a specific call for official performance reviews of the 
RFMOs, which further intensified the political pressure 
(UNGA, 2006). Since then, studies by such organiza-
tions as Chatham House (Lodge et al., 2007), the OECD 
(2009) and the FAO (Ceo et al., 2012) have provided an 
empirical basis and formulated recommendations which 
can give the RFMOs some orientation in their reform 
efforts. The FSA review conference, which resumed 
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Figure 4.1-12
Regional fisheries management organizations (RFMOs) of relevance to the high seas: (a) RFMOs that manage straddling stocks; 
only the share of RFMOs in the high seas is shown; (b) RFMOs that manage highly migratory stocks (e.  g. tuna). 
Source: FAO, 2013d
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in 2010, again showed that countries, UN institutions 
and NGOs today broadly agree on the goals of RFMOs, 
how they should operate, and the direction and con-
tent of the reform process. However, all the actors are 
well aware that not all the problems can be resolved 
at the regional level. One example is the overcapacity 
of global fishing fleets, which is driven primarily by 
subsidies, an issue that must be regulated by the WTO 
( Sections 4.1.4.7 and 4.1.7.8).

Several RFMOs have now begun – and some have 
already completed – the reform processes needed to 
comply with the FSA, the FAO Code of Conduct for 
Responsible Fisheries (Section 4.1.4.3), the FAO Action 
Plans (Section 4.1.4.2) and the FAO Agreement on Port 
State Measures (Section 4.1.4.5), albeit with vary-
ing degrees of success (OECD, 2009; Ceo et al., 2012). 
 Success stories (such as NAFO and CCAMLR) do show, 
however, that the necessary transition is possible. The 
following points are cited as preconditions for success-
ful RFMOs (Mooney-Seus and Rosenberg, 2007; Lodge 
et al., 2007; OECD, 2009; Ceo et al., 2012): 

 > Ratification of the FSA by all the member states of 
an RFMO and bringing all RFMO agreements into 
line with the FSA would create the common legal 
basis that is needed for the governance of high-seas 
fisheries. This would also create a common point of 
departure for the development of a strategic vision 
and shared objectives within each RFMO. 

 > The aim of the conservation and sustainable use of 
stocks within the framework of the ecosystem and 
precautionary approach should not only be stipu-
lated, it should be given top priority in RFMO prac-
tice when use rights are allocated. The great chal-
lenge in this context is to allocate fishing rights in 
such a way that all member states benefit from the 
cooperative solution without overstepping the limits 
of sustainability for stocks and ecosystems. 

 > Political interventions in the scientific processes of 
RFMOs appear to be no rare occurrence (Polacheck, 
2012). More transparent processes can play a part in 
ensuring that permitted catch volumes are not much 
larger than the corresponding scientific recommen-
dations. Important preconditions include collecting 
and disseminating the necessary data (e.  g. catch 
volumes, bycatch, fishing effort) and ensuring the 
transparency and public accessibility of this data for 
independent audits. Joint data management across 
RFMOs would also make sense. 

 > Clearly defined mechanisms for dispute settlement 
are an important institutional instrument in order to 
strengthen confidence in, and the credibility of, the 
RFMOs. Regular, transparent performance reviews 
which draw on external expertise – preferably based 
on criteria jointly agreed by the RFMOs – are a good 

way of identifying deficits and initiating the neces-
sary change towards an adequate conservation of 
fish stocks. 

 > IUU fishing practices should be combated by appro-
priate RFMO regulations, for example by imple-
menting port-state measures, flag-state controls, 
monitoring and surveillance measures, the mutual 
recognition of vessel lists, etc. (Section 4.1.4.5). 

 > The RFMOs can learn a lot from each other, espe-
cially by collecting and disseminating best practices. 
The joint conferences that have been held for a 
number of years are useful in this regard. 

However, given the fact that overall progress is slow, 
and bearing in mind the fundamental nature of the 
problems, one must ask whether a fundamental reform 
of the governance of fishing activities on the high seas 
might not be necessary. Hilborn (2007) proposes that 
all marine bioresources seaward of the 200-nautical-
mile limit be declared as the common heritage of man-
kind in a UN convention. The criticism levelled by Oda 
(1983) at the UNCLOS fishing regime for the high seas 
also concludes with the expectation that the concept of 
the common heritage of mankind will also be brought 
into the debate on high-seas fishing. The WBGU’s 
approach to a fundamental reform of fishing on the 
high seas is outlined in Section 7.2.3.1, which is also 
based on the concept of the common heritage of man-
kind (Section 3.1.5). 

4.1.4.5 
Illegal, unreported and unregulated fishing 
All in all, between about one seventh and one third of 
global catches are attributable to illegal, unreported 
or unregulated (IUU) fishing, and in some regions 
this poses a threat to the sustainable management of 
stocks (Agnew et al., 2009). IUU fishing is a collec-
tive term for widely differing types of fishing. In the 
‘International Action Plan to Prevent, Deter and Elimi-
nate Illegal, Unreported and Unregulated Fishing’ (FAO 
Action Plan; FAO, 2001), the term illegal fishing refers 
to vessels fishing in the EEZ of a coastal state with-
out a licence or in violation of the coastal state’s reg-
ulations; to vessels fishing under the flag of an RFMO 
member state in that RFMO’s waters, but violating the 
RFMO’s regulations; and to fishing activities that vio-
late national law or international obligations. The FAO 
Action Plan defines unreported fishing as fishing activ-
ities that are reported either incorrectly or not at all to 
the relevant national authorities, even though report-
ing is prescribed by national law; or as fishing activi-
ties within an RFMO’s territory that are reported either 
incorrectly or not at all to the RFMO in contravention 
of the latter’s stipulations. Unregulated fishing refers 
to fishing activities conducted in an RFMO’s territory 
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by vessels that are either without nationality or flying 
the flag of a state that is not a member of the RFMO; 
or to fishing activities conducted in areas or targeting 
stocks for which there are no applicable conservation 
and management measures, but that violate the obli-
gations of states under international law to conserve 
marine bioresources (FAO, 2001). 

IUU fishing takes place on the high seas when fish-
ing boats flying the flag of states that have not ratified 
the FSA, or are not members of the relevant RFMO, do 
not keep to the respective rules. However, IUU fish-
ing can also have a major impact in EEZs where coastal 
states lack the capacity to prevent fishing boats from 
other countries from entering their waters and fish-
ing without a licence (Agnew et al., 2009). It is no rare 
occurrence for the catch volumes agreed in bilateral 
agreements to be exceeded, or for unlicensed methods 
to be used, in the EEZ of a coastal state by fishing boats 
from partner countries (Section 4.1.4.6; HSTF, 2006). 

Unlicensed fishing activities by a coastal state’s ‘own’ 
fishing boats in its EEZ are also classed as IUU fishing. 
However, such infringements fall under the jurisdic-
tion of the coastal state itself and are not discussed any 
further in this report, since they have no international 
dimension. 

Agnew et al. (2009) estimate the global extent of 
IUU fishing at 11-26 million tonnes per annum (exclud-
ing discards) with a value of US$  10-23.5 billion. If the 
global catch volume from IUU fishing were counted 
like that of an individual country, it would come sec-
ond only to China’s catch volume. Developing countries 
are especially vulnerable to IUU fishing. Total catches 
in West Africa, for example, are estimated to be 40  % 
larger than the catches that are reported (Agnew et al., 
2009). One key problem in such countries is the lack 
of institutional and financial capacity with which to 
combat IUU fishing. The high market prices for highly 
migratory tuna and swordfish represent very power-
ful incentives for criminal behaviour (OECD, 2004:  11; 
WWF, 2007). This is one reason why the responsible 
RFMOs are fighting IUU fishing, as it creates a  further 
obstacle to their generally ineffective management 
(Section 4.1.4.4).

IUU fishing can threaten the sustainability of a stock, 
because IUU fishing operations have no regard either 
for agreed catch volumes or for the ecological side-
effects of their often destructive and wasteful fishing 
methods (e.  g. bycatch; OECD, 2005:  34). The ecologi-
cal consequences, which can be considerable, are dif-
ficult to assess, however (Agnew et al., 2009; HSTF, 
2006). Illegal fishing also reduces the income of legal 
fisherfolk and deprives the relevant government agen-
cies of legitimate fees and taxes (OECD, 2005:  34). In 
the countries of sub-Saharan Africa, the loss of income 

due to IUU fishing is estimated at US$  1 billion a year – 
roughly a quarter of Africa’s total exports (HSTF, 2006). 
There are also negative effects on the living conditions 
of small-scale fisherfolk in developing countries, who 
are particularly hard hit by the illegal catches of for-
eign industrial fishing vessels (HSTF, 2006). This in 
turn can affect food security for people living in coastal 
areas (Section 4.1.2.4). In addition, IUU fishing vessels 
often ignore social and safety standards for their crews 
(Whitlow, 2004). Lastly, IUU fishing distorts report-
ing on catch volumes and thus makes it more difficult 
to produce scientific assessments of stocks or sustain-
able fishing quotas (Polacheck, 2012; Le Manach et al., 
2012). 

IUU fishing is made possible primarily by inadequate 
overall governance with insufficient implementation 
and monitoring, as a result of which non-cooperative 
behaviour is allowed to pay off (Box 4.1-9) and illegally 
caught fish can find its way onto the world market. 
For species sold at high prices (such as the Patagonian 
toothfish), illegal fishing can be between two and eight 
times as profitable as legal fishing (HSTF, 2006:  23). At 
the same time, IUU fishing is encouraged by overcapac-
ity in the global fishing fleet, which is largely caused 
by subsidies (Section 4.1.4.7). When fishing boats are 
surplus to requirements in one fishing area, people 
will always look for new opportunities in other ocean 
regions. These will then be ‘opened up’ at least to some 
extent by IUU fishing (OECD, 2010:  35 ff.). 

UNCLOS neither systematically combats nor pre-
vents IUU fishing because the supervision of fishing 
vessels and their activities is entrusted primarily to the 
flag states, and some of these countries violate their 
obligations – wilfully or through negligence (‘flags of 
convenience’). Belize, Honduras, Panama and St. Vin-
cent have the biggest fishing fleets of the flag-of-con-
venience states (Gianni and Simpson, 2005:  4). Under 
a flag of convenience, IUU fishermen have little to 
fear from sanctions because many of these states do 
not join RFMOs to avoid being bound by their regula-
tions. About 2,900 large fishing vessels – equivalent to 
around 17.5  % of the global fleet in terms of tonnage 
– fly flags of convenience (HSTF, 2006:  36). Other flag 
states are unable to provide effective supervision of 
their ships, not due to any malicious intent, but because 
they lack the capacity.

In order to do anything about this failure, there is 
a trend – among RFMOs, for example – towards plac-
ing greater emphasis on the obligations of port states 
( Tarasofsky, 2007). Port-state measures aim to prevent 
the landing of illegal fish in ports (either straight from 
the fishing boats or after transshipment at sea) and thus 
to make it more difficult for IUU catches to reach the 
global markets. For example, vessels that have already 
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been involved in IUU activities in the past and are on 
corresponding lists can be denied access to ports and 
to the services available there (refuelling, repairs, etc.). 
The effectiveness of port-state regulations depend 
above all on the involvement of the states and the qual-
ity of implementation. Flothmann et al. (2010) criti-
cize the ineffectiveness of port-state measures taken by 
the RFMOs and the lack of coordination between them. 
For example, RFMOs do not do enough to communi-
cate, coordinate and standardize lists of IUU vessels 
( Tarasofsky, 2007; Berg and  Davies, 2011). Further-
more, port states fail to check the lists in three quar-
ters of cases. Until such time as port-state measures 
are implemented seamlessly in an entire region, IUU 
vessels will always be able to find alternative options 
(Flothmann et al., 2010). Other trade-related measures, 
such as bans on imports or exports, are discussed in 
Section 4.1.4.8.

There is a proven correlation between a lack of 
national governance capacity and the extent of illegal 
fishing in EEZs (MRAG, 2005; Agnew et al., 2009). The 
risk of discovery, the small scale of penalties threat-
ened and the low risk of enforcement stands in no rela-
tion to the profits that can be made, so that there is no 
effective deterrent to IUU fishing. A full catch can be 
worth more than the fishing vessel itself (Sumaila et al., 
2006), so that even the confiscation of the vessel does 
not constitute adequate punishment. 

IUU fishing on the high seas is a well organized and 
very lucrative global business. Indeed, boats are built 
specifically for the purpose of IUU fishing: just under 
24 metres long to avoid being bound by the rules of the 
IMO and some RFMOs on ‘large’ fishing vessels (Gianni 
and Simpson, 2005). The owners of fishing vessels that 
fly flags of convenience are mostly domiciled in the 
following countries: Taiwan, Honduras, Panama, Spain 
and Belize. If a list of countries is compiled showing 
where the owners of fishing vessels sailing under flags 
of convenience come from, it is topped by the EU coun-
tries added together. Spanish companies domiciled on 
the Canary Islands account for about half of this fleet. 
Most of the companies domiciled in Honduras, Panama, 
Belize and St. Vincent are probably front companies 
whose owners are based in other countries (Gianni and 
Simpson, 2005:  4). The global range of the fishing boats 
and the ease with which they can switch to another flag 
of convenience under a different vessel name owned by 
a rapidly changing chain of different front companies 
makes it much easier for them to ply their illicit trade 
and more difficult to identify the real profiteers behind 
them (Mooney-Seus and Rosenberg, 2007; Flothmann 
et al., 2010). Reflagging is effective because fish-
ing boats are currently under no obligation to have a 
number allocated by the International Maritime Organ-

ization (IMO), which would make unambiguous identi-
fication possible. There are many documented cases of 
forged catch documentations, certificates of origin and 
logbooks, reprogrammed electronic positioning equip-
ment, mixing of legal and illegal catches, corruption, 
bribery and similar practices. For an in-depth analysis 
of the workings and drivers of IUU fishing along with a 
number of case studies, see for example HSTF (2006), 
OECD (2004, 2005), and Gianni and Simpson (2005). 

Political objectives and instruments against IUU 
fishing
IUU activities peaked in the 1990s and have since been 
slowly declining (Agnew et al., 2009). Since about the 
turn of the millennium, this ruthless exploitation has 
increasingly been attracting the attention of interna-
tional forums. In 2001 the ‘International Action Plan to 
Prevent IUU Fishing’, which is not binding under inter-
national law, was passed within the framework of the 
FAO (FAO, 2001; OECD, 2005:  113). It includes a list 
of concrete measures (including cooperation,  controls 
and sanctions) which focus on a variety of actors (e.  g. 
coastal states, flag states, port states and RFMO mem-
ber states). To date, however, few states have  actually 
gone ahead with voluntary implementation in the 
form of national action plans, a fact that raises doubts 
about the effectiveness of this non-binding  instrument 
(Billé et al., 2011). Only if the FAO Action Plan were 
implemented across the board by countries would it 
be an effective weapon against IUU fishing (OECD, 
2005:  113), as this could make it difficult for IUU fish 
to access the world’s markets. 

The World Summit on Sustainable Development held 
in 2002 (‘Rio+10’) issued an urgent appeal for the imple-
mentation of the FAO Action Plan and for  monitoring and 
enforcement of the related  measures (WSSD, 2002:  para. 
30, letter (d)). At about the same time, the RFMO reform 
process began to gather momentum (Section 4.1.4.4). 
In 2009 the FAO’s binding Agreement on Port State 
Measures to Prevent, Deter and Eliminate Illegal, Unre-
ported and  Unregulated  Fishing (PSMA; FAO, 2009c) 
was agreed, which  contained specific measures and obli-
gations on the part of port states (e.  g. to cooperate, 
exchange information, inspect  vessels, and ban IUU fish-
ing vessels from entering ports and landing catches). It 
was signed by 23 states, but only four states and the 
EU have ratified it to date. When the PSMA comes into 
effect, the states parties will be under obligation to close 
their ports to illegal fish and to refuse IUU fishing boats 
access to port services ( Flothmann et al., 2010). Accord-
ing to PEG (2012), the agreement would have the poten-
tial to become an effective weapon in the fight against 
IUU fishing if it were to receive sufficiently broad sup-
port and be fully implemented. 
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The lack of effectiveness of the RFMOs is reflected 
not least in the failure to contain IUU fishing activities. 
Conversely, RFMO measures can at least partly defuse 
the IUU problem (Section 7.4.1.5; Cullis-Suzuki and 
Pauly, 2010). Some RFMOs are already applying port-
state measures and banning vessels that engage in or 
support IUU fishing from landing their catches or even 
entering the ports.

In 2010 the parties to the Convention on Biological 
Diversity agreed to the target of implementing sustain-
able and legal fishing based on the ecosystem approach 
and eliminating IUU fishing by 2020 (Aichi-Target 6: 
CBD, 2010a, b). Most recently, the topic was raised 
again at the UN Conference for Sustainable Develop-
ment in 2012 (the ‘Rio+20 Conference’). At this con-
ference, countries – in their various roles as coastal 
states, flag states and port states – were placed under 
obligation to take action against IUU fishing (UNCSD, 
2012:  para. 170). Ultimately, however, these global 
objectives constitute nothing more than an appeal. 

Few countries have national legislation that directly 
targets IUU fishing and makes all trade with illegally 
acquired species a punishable offence. One exception 
is the USA’s Lacey Act, which prohibits every individ-
ual from buying or trading in fish caught in a manner 
contrary to the legal provisions or legislations of other 
countries. This act has led to convictions with lengthy 
prison sentences and fines of up to millions of dollars 
(HSTF, 2006:  33). 

In the European Union, the IUU Regulation came 
into force at the start of 2010. Its intention is to prevent 
IUU fish from accessing the EU market. The system of 
controls includes port inspections, catch certificates for 
the entire procurement chain, an EU-wide black list of 
IUU vessels and states that tolerate IUU fishing, reg-
ulations on dealing with third countries which refuse 
to cooperate, and sanctions (see detailed discussion in 
Markus, 2012). Access to EU ports and the transship-
ment and landing of catches requires prior registration, 
validated catch certificates and inspections. On the 
basis of this regulation, eight third-party states were 
threatened for the first time in 2012 with being put on 
the black list of IUU states if they remained uncoop-
erative (Damanaki, 2013). However, it is too early for 
a definitive assessment of the effectiveness of the IUU 
Regulation (Markus, 2012). 

Interpol, too, is now concerning itself with the sub-
ject and launched the ‘Project Scale’ initiative in early 
2013 with the aim of detecting, suppressing and com-
bating fishery-related crimes (Interpol, 2013). These 
activities bring it home ever more clearly what illegal 
fishing really is: a crime

Conclusions
IUU fishing is a complex and dynamic problem for 
which there are no easy or fast solutions. If progress is 
to be made, a large number of stakeholders must coor-
dinate their efforts at different levels of governance. 
 Several reports and commissions have looked into the 
subject and proposed solutions since the turn of the 
millennium (e.  g. OECD, 2004, 2005, 2010; MRAG, 
2005; HSTF, 2006). These proposed solutions are 
briefly  summarized in the following. 

Solutions to the problem of IUU fishing on the 
high seas depend essentially on the implementation 
of the FSA, the PSMA and the FAO Code of Conduct 
for Responsible Fisheries, as well as on institutional 
improvements to the RFMOs (Section 4.1.4.4). Yet 
ultimately, it is national governments, in their various 
roles, that must summon the political will for reforms – 
be it by ratifying and implementing the FSA and PSMA, 
by taking action to combat IUU activities as member 
states of an RFMO, by taking their obligations as flag 
or port states seriously, or by ramping up their moni-
toring and surveillance capacity and phasing out sub-
sidies. Diplomatic pressure on flag and port states that 
fail to cooperate can be a useful instrument. Port-state 
measures undertaken by RFMOs, countries or the EU, 
including import bans, can be effective instruments 
to combat IUU fishing. They are especially effective if 
coordinated on a supraregional or global scale. 

IUU fishing can also be made more difficult by 
means of improved cooperation and exchanges of infor-
mation between governments and institutions, more 
extensive documentation and reporting obligations, 
and heavier fines. These steps require a central ship-
ping register for all high-seas fishing vessels (includ-
ing those less than 24 metres long) and support vessels 
(for transshipping catches, supplying fuel, etc.) with an 
unequivocal IMO number, technical data and history 
of owners, instances of renaming, reflagging and any 
IUU activities, as well as a shared ‘black list’ of IUU 
fishing vessels and a ‘white list’ of vessels licensed by 
the RFMOs. Harmonized minimum standards for docu-
mentation and shared global RFMO databases detailing 
catches (including reliable proof of origin), the fishing 
effort, transshipments at sea and the landing of catches 
in ports are also recommended. Sophisticated technical 
methods for the monitoring and control of vessels, their 
activities and their catches are already available: exam-
ples include vessel monitoring systems (VMS) and sat-
ellite-based and airborne surveillance (e.  g. Brooke et 
al., 2010). Nevertheless, effective coastguards and the 
on-board presence of inspectors remain indispensable. 

Many poor developing countries often need assist-
ance with capacity building to meet their obligations 
in combating IUU fishing. Depending on the nature of 
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a given measure, the costs of monitoring and enforce-
ment vary considerably. Licensing, controls (e.  g. of log-
books on land) and electronic monitoring with cameras 
or VMS tend to be less expensive. Having inspectors 
on board costs more. By comparison, building up an 
effective fisheries inspectorate or coastguard service 
that is equipped with ships and aircraft is very cost-
intensive (Table 4.1-1). Fishermen who operate legally 
have an interest in helping to combat illegal fishing 
activities, for example by reporting sightings of IUU 
vessels. In West Africa, this is now done in the form 
of the  Community Sciences Programme, supported by 
the World Bank, to combat IUU activities (Community 
 Sciences, 2013). 

With regard to IUU fishing, the biggest deficit in 
governance lies in the fact that countries that do not 
ratify an international agreement are not bound by its 
provisions. The provisions of the FSA, the PSMA and 
the FAO Action Plan are very promising. Ultimately, 
however, they can only have an effective and compre-
hensive impact if all the relevant countries involved in 
fishing activities actually accede to these agreements 
or undertake a voluntary obligation to apply the meas-
ures agreed in the Action Plan. Practical implementa-
tion remains weak at the present time. Despite visible 
progress in recent years, IUU fishing will remain a chal-
lenge to the international community for as long as it 
remains profitable to the perpetrators (OECD, 2010:  15). 

One way out of the institutional difficulties could 
be to declare the high seas and their bioresources to 
be the common heritage of mankind (Hilborn, 2007), 
as is already the case under UNCLOS for the mineral 
resources of the seabed (Section 3.2). Access could then 
be linked to clear, harmonized and verifiable regula-
tions. The OECD (2005:  51) believes this to be a viable 
option and expects this approach to build a more solid 
platform for the effective use of economic instruments, 
even though a reform of UNCLOS to this end is unlikely 
to be achieved in the short to medium term (Section 
7.2.3.1). 

4.1.4.6 
The external dimension of the EU Common 
 Fisheries Policy
The EU’s fisheries policy – and in particular the renewed 
process of reforming its Common Fisheries Policy (CFP) 
begun in 2009 – has been discussed exhaustively by 
the German Advisory Council on the Environment 
(SRU, 2011b; Salomon et al., 2013) and is therefore 
only touched on briefly at the beginning of Section 
7.4.1.7 in this report. From its global perspective the 
German Advisory Council on Global Change (WBGU) 
restricts its analysis to the cross-border effects of Euro-
pean fisheries – in particular to the ‘external  dimension’ 

of the CFP and the problem of imports (Section 4.1.4.8).
In addition to regulations governing fishing activ-

ities within the EU’s waters, the CFP also covers the 
activities of the EU fleet in waters outside of Europe. 
The latter is referred to as the policy’s ‘external dimen-
sion’ (SRU, 2011b). The external dimension includes 
fishing both on the high seas and in the EEZs of non-EU 
countries. It also includes participation in international 
agreements and institutions (UNCLOS, FSA, RFMOs; 
Sections 3.2, 4.1.4.4) and the fight against IUU fish-
ing (Section 4.1.4.5), which are not discussed in this 
section. 

The EU is committed to the principle of complying 
with the same sustainability criteria in non-European 
waters as in its home waters. Between 2004 and 2006, 
fishing on the high seas accounted for about 20  % of 
the EU’s total fishing yield, while 8  % was accounted for 
by fisheries agreements with non-European countries 
(EU Commission, 2011e). 

Alongside the ‘Nordic fisheries agreements’, on the 
basis of which the EU cooperates with partner coun-
tries (Norway, Iceland, Faroe Islands; EU Commission, 
2011f) to manage shared stocks in the North Sea and 
North-East Atlantic, the most important agreements 
from a development-policy perspective in the context 
of this report are the EU’s fisheries partnership agree-
ments (FPAs) with developing countries. At the end of 
2012, the EU was committed to 20 of these agreements, 
although five of them were currently inactive (EU Par-
liament, 2012). The annual budget of €    160 million 
for these agreements is comparatively small. Annual 
payments to individual partner countries range from 
€    385,000 (Cape Verde) to €  70 million (Mauritania; 
EU Commission, undated, 2012b). Most of the FPAs 
have been signed with African countries. Initially, the 
agreements between the EU and developing countries 
were exclusively commercial in nature, paying financial 
compensation in return for EU access to fish resources 
(Kaczynski and Fluharty, 2002). In the meantime, how-
ever, these agreements have been replaced by contracts 
which support sustainable fishing practices and are 
designed to help build up local fisheries and develop 
opportunities for cooperation. 

However, there is still a long way to go before these 
FPAs become fully focused on sustainable fisheries, and 
the situation varies from country to country. Most of 
the agreements include quotas on the number and size 
of vessels. In many partner countries, however, fish-
stocks monitoring is based on inadequate data. Since it 
is not unusual for both partners to fish the same stocks, 
the small-scale fisheries are frequently damaged by the 
foreign fleets, thus putting the local population’s food 
security at risk (Marí, 2012). At the same time, fish 
from heavily subsidized European fisheries can often 
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be sold on African markets at much lower prices than 
the produce of small-scale local fisheries. This has far-
reaching socioeconomic consequences for the local 
population (Marí, 2012). Bycatch, too, is often sold at 
dumping prices, which can do huge damage to the fish-
ing industry in partner countries (Ngembo, 2008). The 
inadequate administrative structures and surveillance 
technology in many developing countries often make it 
impossible to guarantee that catches are monitored and 
inspected. This opens the door to illegal fishing by for-
eign fleets, especially as there are often no sanctions if 
contractually defined fishing quotas are exceeded. 

Some of the money that flows within the framework 
of FPAs is contractually tied to being used in devel-
oping the partner country’s fisheries policy. Under the 
terms of FPAs, for example, the EU commits itself both 
to strengthening the fishing sector in partner countries 
and to helping to build up a scientific system for moni-
toring the fish stocks. To establish the development of 
the partner countries’ fisheries policy as a key aspect of 
FPAs, the European Commission recommends that the 
corresponding sum be made available in a way that is 
independent of payments for resource access (EU Com-
mission, 2011f). The contribution to the development of 
partner countries’ fisheries policy varies between 25  % 
and 100  % of the total transfer payments (EU Commis-
sion, 2012c). In practice, however, it is difficult – nor 
does it lie within the EU’s sovereign rights – to ascertain 
whether the money paid under the aegis of FPAs really 
is used effectively to strengthen the national fisheries 
sector and build up corresponding administrative struc-
tures. This requires functioning, transparent adminis-
trative structures. Moreover, money is not necessar-
ily passed on to the lower levels of administration or 
to local fisheries associations ( Tindall, 2010). To some 
extent, partner countries can also become financially 
dependent on FPAs. 

Since the EU’s negotiating position is usually 
stronger than that of developing countries, it seems 
questionable in some cases whether the financial sup-
port provided constitutes fair compensation for the 
fisheries, especially when measured against the value 
of the fish caught (Kalaidjian, 2010). The fact that the 
EU fleet often does not properly meet its accountabil-
ity obligations is indicative of the imbalance that exists 
between the EU and third countries (Marí, 2010). On 
the other hand, many partner countries do not disclose 
the extent to which quotas outside the remit of the FPA 
with the EU are sold to other countries (EU Parliament, 
2012). Since other fleets apart from those of the EU 
also operate in foreign EEZs, multiple sales and result-
ant overfishing cannot be ruled out. To ensure a sus-
tainable fishing practice, the surplus should always be 
calculated based on the cumulative fishing effort of all 

licensed fleets. This lack of transparency on the part of 
the partner countries makes it impossible to lay down 
sustainable quotas on a scientific basis. Not least, this 
behaviour is inconsistent with the Cotonou Agreement 
signed in 2000 (EU, 2000). 

Reform of the external dimension 
Via the FPAs, the EU is partly responsible for the fish-
ing crisis in other regions of the world, e.  g. West Africa. 
The European Commission is essentially aware of the 
problem. In 2009 the green paper on the ‘Reform of 
the Common Fisheries Policy’ (EU Commission, 2009c) 
 initiated a consultation process with public partici-
pation. In 2011 the European Commission then pub-
lished a communication on the reform of the CFP ana-
lysing the shortcomings of FPAs, among other issues 
(EU  Commission, 2011f). The European Commission 
saw significant weaknesses in the poor data situation 
on the state of fish stocks, a lack of transparency in 
the terms of FPAs, and inadequate options for partner 
countries to use the EU’s transfer payments to improve 
their respective fisheries sector (EU Commission, 
2011f). The EU aims to redesign the existing architec-
ture of the FPAs in such a way that they can contrib-
ute to all aspects of sustainability, both in the EU and in 
the partner countries. Fearing painful economic losses 
for their fishing fleets, however, many EU countries are 
resisting this process. 

The European Commission’s Communication on 
the External Dimension (2011f) includes extensive 
 proposals on redesigning the agreements as part of its 
reform of the CFP. Its principal demands are for agree-
ments to be concluded based on the best available 
 scientific  information; for observance of human rights 
to be a condition of all agreements; for ship owners’ 
financial  participation to be increased; and for admin-
istrative structures to be strengthened in terms of sur-
veillance, control and competency. Overall, however, 
the external dimension should not only support the 
build-up of administrative structures on the ground, 
but also ensure  compliance with ecological and social 
standards by including development-policy aspects 
(food security, national fisheries policies, value chains) 
to a greater extent (EU  Commission, 2011f). 

One problem in this regard is that coordination of 
the CFP within the EU – and hence the involvement of 
the institutions responsible for the various aspects of 
sustainable fisheries – is relatively weak. Much greater 
cohesion is needed in particular between the EU’s 
 Directorate-General for Maritime Affairs and Fisheries 
(DG Mare) and its Directorate-General for Development 
and Cooperation (DG Devco). In addition, substantial 
improvements in coherence are needed between the 
EU’s CFP and fisheries policies in the individual  member 
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states (Carbone, 2008).
If the EU nevertheless manages to give its FPAs a 

more sustainable design, they could be transformed 
into powerful partnerships for economic and devel-
opment policy, creating a win-win situation for both 
parties. The analysis of weaknesses in the existing CFP 
conducted by the EU Commission (2009c) is largely 
accurate; and the reform proposals, supplemented by 
the European Parliament as described above (2012), 
are comprehensive and promising. The FPA between 
Mauritania and the EU launched in 2012 also gives 
reason for optimism (Box 4.1-10). The EU’s efforts to 
reform the CFP are deserve explicit praise. However, 
only implementation will show whether the proposals 
represent more than just lip service. The WBGU out-
lines its recommendations for action on the external 
dimension of the CFP in Section 7.4.1.7. 

4.1.4.7 
Subsidies in the fishing industry
Seen from the sustainability perspective there is sub-
stantial overcapacity in the fishing industry, and its 
unregulated deployment poses a threat to fish stocks. 
On the one hand, this situation is due to technological 
development: the fishing capacity of large trawlers – 
which are also fish-processing factories – has increased 

roughly six-fold since 1970, while earnings per ship-
ping unit have declined by two thirds (World Bank and 
FAO, 2009). On the other hand, government subsidies 
are one of the main reasons for the development and 
use of existing fishing capacity. 

Widespread forms of subsidies in the fishing indus-
try include, among other things, concessionary loans, 
tax breaks, fuel subsidies, exemption from fuel taxes, 
decommissioning programmes for ships, fixed mini-
mum prices, investments in infrastructure and income 
support (World Bank and FAO, 2009). Narrow defini-
tions limit subsidies to direct financial transfers from 
the government to fishery employees or fishing oper-
ations. Broader definitions describe subsidies as all 
measures – including things that governments do not 
do – which increase benefits to fishing operations in 
the short, medium or long term (Schrank, 2003). One 
attempt at an exact definition of subsidies can be found 
in Article 1 of the WTO Agreement on Subsidies and 
Countervailing Measures. Here, subsidies are defined 
as the direct or possibly direct transfer of funds from 
governments to individuals or companies; government 
revenue that is foregone; the provision by govern-
ment of goods and services for less than market prices 
(with the exception of infrastructure); and government 
 support for prices and income (WTO, 1994). 

Box 4.1-10

The new Protocol to the EU’s Fisheries 
Partnership Agreement with Mauritania

In July 2012 Mauritania and the EU initiated a new Protocol 
to their Fisheries Partnership Agreement (FPA) for a period 
of two years. Unlike the previous agreement, it contains a 
number of important innovations:

 > The scientific basis for the determination of quotas has 
been improved.

 > The coastal pelagic zone for exclusive use by small-scale 
fisheries has been extended from 13 to 20 nautical miles.

 > The ship owners’ financial contribution to the FPA has been 
substantially increased. 

 > Irrespective of payments for access rights (€  67 million 
per annum), the EU will also provide €  3 million a year to 
 support the national fisheries sector.

 > Vessels sailing under an EU flag are only allowed to fish 
within the framework of the FPA. 

 > Inside the Mauritanian EEZ, EU fishing vessels are obliged 
to hire Mauritanian nationals to make up 60  % of their 
crews. 

 > A human rights clause has been introduced: the FPA can 
be immediately terminated if human rights are violated in 
any way. 

 > All fish caught in Mauritania’s EEZ must be landed, 
 provided that the Mauritanian infrastructure can ensure 
adequate refrigeration and processing. 

 > 2  % of the fish caught by the EU fleet is to be made avail-
able (with no financial compensation) as a contribution 
to food security for the local population (EU Commission, 
2012b). 

On the last point, civil-society representatives have pointed 
out that catches made available by the EU fleet to ensure local 
food security could potentially have a negative influence on 
small-scale fishermen’s market situation (Pêchecops, 2012). 
For this reason, the WBGU recommends that this measure be 
carefully evaluated. Another criticism is that the contribution 
in support of the Mauritanian fishing sector has been greatly 
reduced. While the previous protocol provided for €  20 mil-
lion a year, the current one specifies only €  3 million. On the 
other hand, the amount set aside to support the Mauritanian 
fishing sector in the current protocol is independent of the 
payments made for access rights. Despite these isolated criti-
cisms, the protocol has been largely welcomed by Maurita-
nian civil society (Pêchecops, 2012).

This new FPA protocol could show the way forward for 
future agreements, not least because the innovations listed 
above are backed up by detailed provisions on monitoring, 
control and enforcement. The plans for compulsory reporting 
and regular controls will enable swift action to be taken in the 
event of any undesirable developments. Before the protocol 
is ratified, it must first be approved by the European Parlia-
ment. After that, it is up to the EU and the Mauritanian gov-
ernment to jointly and rigorously implement the agreements 
and, in so doing, to prove that FPAs can be a suitable instru-
ment for promoting sustainability in the fisheries sector. 
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Scale of subsidies 
Worldwide, total government subsidies to the fish-
ing industry in 2003 were estimated at US$  25-29 
 billion, of which an estimated US$  16 billion was used 
to increase fishing capacity (Sumaila et al., 2010). 
The OECD estimates that its member countries made 
‘ government financial transfers to fisheries’ amounting 
to about US$  7.3 billion in 2010 (OECD, 2012c). The 
global subsidies are of considerable importance, since 
they account for about a third of the fishing indus-
try’s total gross revenues of US$  80-85 billion world-
wide (Sumaila, 2012). Roughly 80  % of subsidies are 
paid out in industrialized countries (World Bank and 
FAO, 2009). Sumaila et al. (2010) estimate that sub-
sidies paid by 12 fishing nations (Japan, South Korea, 
Russia, Spain, Australia, Ukraine, Faroe Islands, Esto-
nia, Iceland, Lithuania, Latvia and France) for bot-
tom-trawl fishing on the high seas – a particularly 
problematic method from an ecological point of view 
(Section 4.1.2.3) – come to a total of US$  152 million, 
of which fuel subsidies account for US$  78 million. 

The World Bank and the FAO (2009) put the fig-
ure for subsidies that directly influence the build-up 
of fishing capacity at over US$  10 billion in 2000. Five 
types of subsidies are included in this calculation: fuel 
subsidies; the purchase of fish in the event of surplus 
supply; subsidies for vessel construction and moderni-
zation; tax breaks: and the expansion of fishing grounds 
by means of agreements to access the waters of third 
countries (World Bank and FAO, 2009). 

Effect of subsidies
Depending on their nature and design, subsidies cre-
ate incentives to increase fishing capacity and corre-
sponding fishing activities by increasing fishermen’s 
income, altering the cost/yield ratio, reducing invest-
ment risks, making fish products cheaper, or boosting 
demand. If, in the next step, catch and bycatch volumes 
increase as a result, this can cause long-term damage to 
fished stocks and marine ecosystems. Ultimately, sub-
sidies help ensure that fisheries can continue operation 
even when it would not make commercial sense to do so 
without the subsidies (Pauly et al., 2002; Brown, 2007; 
World Bank and FAO, 2009; Markus, 2010; UNDP and 
GEF, 2012a).

The impact of subsidies on fish stocks and marine 
ecosystems can be seen in the changes they cause to 
the behaviour of fishermen (Schrank, 2003). Whether 
and how a certain subsidy contributes to overfishing 
also depends on the nature of the fishery, the biological 
state of the stocks, the existence of a system of fisher-
ies management, the effectiveness of monitoring and 
enforcement mechanisms, and the prevailing socio-
economic conditions (Markus, 2010). A badly designed 

subsidy can likewise contribute to overfishing. One 
example of this is decommissioning programmes that 
have no restrictions on the reinvestment of the decom-
missioning bonus in more modern vessels or fishing 
gear (Markus, 2010). 

The contribution made by subsidies to overfishing is 
increased when there is no effective, sustainable national 
and international fisheries management. For at least in 
theory it is conceivable to actively promote fisheries – 
through income support or fleet modernization meas-
ures, for example – while simultaneously enforcing 
sustainable fisheries-management practices, thus caus-
ing only limited damage to fish stocks and ecosystems. 
Support measures on the one hand and limits on fish-
ing activities on the other must therefore be weighed 
very carefully for reasons of environmental protection. 
The WBGU believes that in many cases the decline in 
catch volumes needed to effect the transition towards 
sustainable management would only be temporary, and 
that catch volumes could increase again within limits 
under certain circumstances, once stocks have recovered 
under a system of sustainable management. Fishermen’s 
incomes are also more secure and predictable in the long 
term under a sustainable fisheries-management regime. 
Direct payments could be made to support the fishing 
industry during the transitional phase when catch vol-
umes are being reduced until sustainable management is 
fully operational (UNEP, 2011b; Section 4.1.2.4).

Whenever subsidies are granted, free-rider effects 
must always be expected. There are also other reasons 
for the build-up of overcapacity, such as management 
mistakes or an expectation of growing demand. For this 
reason, abolishing subsidies does not inevitably lead to a 
reduction in fishing capacity, even though this effect is 
to be expected in many cases due to the scale and impor-
tance of subsidies for individual fisheries. The impact of 
a subsidy thus depends on the context. 

Helpful and harmful subsidies
It is possible to distinguish between helpful and harmful 
fishing subsidies depending on their impact on the state 
of fish stocks and the marine environment (Kahn et al., 
2006; UNEP, 2011b). Helpful subsidies lead to invest-
ments in natural capital such as fish stocks even if they 
are used for economic gain. In other words, helpful sub-
sidies boost the growth of overfished stocks by apply-
ing conservation measures and prevent overfishing by 
introducing sustainable fisheries management. Harm-
ful subsidies increase fishing capacity and contribute 
towards reducing investment in natural capital. This is 
the case when fishing capacity grows to a size at which 
catch volumes lead to overfishing and fisheries are no 
longer able to manage fish stocks sustainably (Kahn et 
al., 2006; Heymans et al., 2011).
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Phasing out harmful subsidies 
National and international fishery policies should 
ensure that fishing capacity is brought into line with 
the long-term, sustainable availability of stocks. In the 
light of the continuing overfishing of certain stocks and 
the existing overcapacity in fishing fleets, reducing or 
abolishing harmful subsidies is an effective way to com-
bat overfishing. 

Coastal states can identify harmful subsidies in a 
three-step process. Step one: assess the state of a fish-
ery and define sustainable management thresholds. 
Step two: determine and assess the effect of existing 
fishing activities on fish stocks, and identify those 
aspects of the fishing industry that cause damage. Step 
three: examine how existing subsidies affect the fishing 
industry and the defined management thresholds; then 
make suitable adjustments (Markus, 2010). Despite the 
known difficulties in applying this process – such as 
exactly defining the thresholds of sustainable manage-
ment (Section 4.1.3) and determining the effects of cer-
tain subsidies – it is nevertheless a suitable guideline 
for political action. 

As in other branches of industry, the beneficiar-
ies themselves are usually named as being the biggest 
obstacles to reducing subsidies in the fishing industry. 
Subsidies involve economic benefits. Over time – espe-
cially if the subsidies are not limited in time from the 
outset – the recipients gradually come to regard them 
as status-quo entitlements, i.  e. as payments to which 
they have a right. Since cuts could lead to economic dis-
advantages, the recipients use political means to oppose 
any reduction, let alone phasing-out of subsidies. 

The task of reducing subsidies is also made difficult 
by the fact that average incomes in the fishing indus-
try remain comparatively low, despite the moderniza-
tion of fishing methods, due to dwindling catch vol-
umes and stagnating fish prices. As a result, representa-
tives of the industry actively lobby for subsidies (World 
Bank and FAO, 2009; UNDP and GEF, 2012a; Sumaila, 
2012). 

Since cutting subsidies in the fishing industry can 
be linked to losses of income and jobs, it should, where 
necessary, be accompanied for a limited period by com-
pensation, retraining and labour-market measures. 
These measures can be funded out of the money that 
is now no longer needed for the subsidies (UNDP and 
GEF, 2012a). The funds freed up in this way could also 
be used to support innovative measures such as ‘fishing 
for plastic’ or ‘fishing for data’ (Sumaila, 2012).

Both Norway and New Zealand, for example, have 
had positive experience with reducing fishing subsidies. 
In Norway, fishing subsidies were cut by 85  % between 
1981 and 1994 and replaced by financial support for 
alternative income options. In New Zealand, subsi-

dies were reduced in the mid-1980s as part of a wider 
reform of fisheries. Neither case had any negative long-
term effects on the economy as a whole (International 
Sustainability Unit, 2012). 

In practice, it has also become clear that overcapac-
ity is a major obstacle to introducing and implement-
ing sustainable fisheries management (UNEP, 2008; 
Markus, 2012). Whatever means a management plan 
uses to achieve its ends, effectively reducing yields 
runs contrary to the short-term interests of the fishery, 
since it must either cut back capacity or make less use 
of it, leading to income losses. On the other hand, scal-
ing back harmful subsidies and the resultant effects on 
overcapacity makes it easier to introduce sustainable 
fisheries management. 

International negotiations and the WTO
Although many subsidies only affect a given nation’s 
territorial waters and its fish stocks, there is also an 
international dimension to the harmful effects of 
national subsidies. Where national government subsi-
dies contribute to the overfishing of a highly migratory 
fish stock, the subsidized national fishing industry ben-
efits economically, while the consequences of possible 
damage to fish stocks and ecosystems must also be 
borne by other countries (Sumaila, 2012). 

Since the late 1990s, civil-society stakeholders and 
the Friends of Fish group of countries (Argentina, 
 Australia, Chile, Columbia, Ecuador, Iceland, New Zea-
land, Norway, Pakistan, Peru and the USA) have been 
calling on the WTO to look into the issue of fishing sub-
sidies. In 2001 the final declaration of the WTO nego-
tiations in Doha gave the WTO a mandate to conduct 
negotiations to clarify how fisheries subsidies might 
be treated within the WTO framework. Similarly, the 
final document of the World Summit for Sustainable 
Development in Johannesburg (WSSD or ‘Rio+10 
 Conference’) contains a passage calling for agreement 
on the treatment of fisheries subsidies within the WTO 
(WSSD, 2002:  para. 86). At the 2005 WTO Ministerial 
Conference in Hong Kong, agreement was reached that 
future WTO rules should include a ban on all subsidies 
that lead to overcapacity and overfishing (UNEP, 2008). 
At the ‘Rio+20 Conference’, the international commu-
nity again agreed to abolish subsidies that contribute 
to IUU fishing, overfishing and overcapacity (UNCSD, 
2012). However, the WTO’s specific negotiations in the 
context of the Doha Round have come to a standstill 
(Section 4.1.4.8). 

Conclusions
It makes sense and is necessary to phase out harm-
ful subsidies. In the context of sustainable fisheries 
 management, there are no valid arguments why gov-
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ernments should support fishing for stocks that are 
either already overfished or threatened by overfish-
ing. Subsidies create an incentive to overfish, especially 
when catch volumes are in decline. The World Bank and 
the FAO (2009), too, have called for global fishing fleets 
to be halved, arguing that the additional costs to the 
fishing industry are disproportionate (Section 4.1.3.6; 
Munro, 2010). Phasing out harmful subsidies can help 
reduce fishing capacity and thereby ease the pressure 
on fish stocks. The funds released when subsidies are 
reduced could be used to finance the implementation 
of more a effective system of fisheries management, 
compensation for fishermen over a limited period, or 
research and development activities. In developing 
countries, due consideration must always be given to 
the local population’s food security when scaling back 
subsidies. 

4.1.4.8 
International trade and trade policy
Section 4.1.2.2 showed that both the volume and the 
value of internationally traded fish and fish products 
have increased significantly over the past ten years 
(FAO, 2009a, 2012b). Part of this increase is attrib-
utable to technological developments in the stor-
age, processing and transportation of fish and the 
ever increasing use of information and communica-
tion technologies in logistics. Further contributions 
have been made by the growing integration of devel-
oping and newly industrializing countries into the glo-
bal market and the associated international division of 
labour (FAO, 2009a, 2012b; Markus, 2012). On top of 
these factors comes a growing demand for fresh fish 
and fish products. In industrialized countries, demand 
has increased as a result of price cuts for aquaculture 
products and health-conscious eating habits. In newly 
industrializing countries, income growth has driven 
stronger demand and led to changes in eating habits 
(Section 4.1.2.1; FAO, 2012b; Markus, 2012). Grow-
ing demand for fish products in industrialized countries 
is primarily being met by imports of fish and aquacul-
ture products. 

The EU, the USA and Japan are the biggest importers. 
Imports cover 60  % of fish consumption in both the EU 
and the USA and 54  % in Japan (FAO, 2012b; Markus, 
2012). Within the EU, Spain, France, Italy, Germany, 
the UK and Sweden rank among the major importing 
countries. All in all, the EU – including internal trade 
within the single market – is the world’s biggest market 
for imported fish products, and an increasing propor-
tion of these come from aquaculture (Section 4.2; FAO, 
2009a). Excluding internal trade, the EU imported fish 
products worth US$  23.7 billion from third countries in 
2010, a figure equivalent to 26  % of total global fish 

imports in that year (FAO, 2012b). Developing coun-
tries (e.  g. China, Vietnam and Thailand) were major 
suppliers of fish and fish products in 2010, account-
ing for more than 50  % of global exports (FAO, 2012b). 
Since 2002 China has increasingly been assuming a 
special role in the international trade in fish and fish 
products. It is not only the leading exporter, accounting 
for 12  % of global exports in 2010, but also increasingly 
a significant importer, having built up a fish-processing 
industry over the past ten years (FAO, 2009a, 2012b). 
Other important exporting countries include Norway, 
the USA, Canada and Chile, as well as the EU. Within 
the EU, Denmark, the Netherlands and Spain are the 
biggest exporters (FAO, 2012b). 

International trade in fish and fish products has 
brought forth not only a new division of labour between 
developing and industrialized countries, but also new 
value chains that are increasingly being vertically inte-
grated by large fisheries, international food corpora-
tions and restaurant companies (FAO, 2012b; Markus, 
2012). By engaging in direct investments, large fish-
ing companies are seeking to gain direct access to fish 
resources and fish stocks in the EEZs of developing 
countries, and also to build up a local processing indus-
try in these countries. At the same time, international 
food corporations and restaurant companies are also 
using direct investment to gain influence in the fish-
processing industry, in order to enforce private stand-
ards. These private standards are intended to help avoid 
overfishing and combat illegal fishing (Section 3.5; FAO, 
2009a; Markus, 2012). With the aid of direct invest-
ment it is to some extent possible to bypass export-
ing countries’ restrictive trade policies, for example in 
the form of export duties (Markus, 2012; WTO, 2010). 
The process of internationalization is leading to a form 
of market concentration whose the effects on sustain-
able fisheries and aquaculture are currently unclear. 
 Considerable research is still needed in this field. 

Impact of international trade
Two-country economic models can be used to show 
that an international fish trade under a regime with free 
access to fish stocks leads to overfishing, and that the 
benefits of specialization do not accrue to both coun-
tries (Asche and Smith, 2010; WTO, 2010). The speci-
fication and allocation of ownership rights is a pre-
condition if both countries are to reap welfare gains 
from international trade. There is also empirical evi-
dence suggesting that the international trade in fish 
in countries operating a sustainable fisheries-manage-
ment system does not have a negative impact on stocks 
(Markus, 2012). At least in theory, the introduction 
of EEZs (Section 3.2) has solved the problem of free 
access to the waters of coastal states (Asche and Smith, 
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2010). This does not apply to the high seas, however, 
as UNCLOS does not define any ownership rights in this 
area. Use of the high seas is limited only by general pro-
visions on the conservation of living resources accord-
ing to the maximum sustainable yield (Box 4.1-5) and 
the equally general principle of cooperation between 
the states (Box 4.1-8). The more detailed provisions 
of the FSA and the RFMOs apply only to their respec-
tive states parties or member states (Section 4.1.4.4). It 
 follows that the current state of fish stocks in the high 
seas corresponds largely to that of a free-access regime 
(Box 4.1-9). 

As shown in the preceding sections, ownership rights 
are a prerequisite for the sustainable management of 
fish stocks, but they are not a sufficient condition if the 
rights of ownership or use cannot be enforced (Sections 
4.1.2.3 and 4.1.3; Asche and Smith, 2010). If owner-
ship rights cannot be enforced, the free-rider prob-
lem remains (Section 3.1), and the result is overfish-
ing, which can be exacerbated by international trade 
(Asche and Smith, 2010; WTO, 2010). If negative 
external international effects cannot be internalized by 
national measures or international agreements, then 
trade-policy measures are regarded as the second-best 
solution (WTO, 2010). The introduction of an import 
tax in the two-country model leads to a reduction in 
the demand for fish in the importing country and thus 
can theoretically contribute to sustainable management 
of fish stocks in the exporting country (WTO, 2010). 
The same effect could also be achieved by imposing an 
export tax in the country specializing in fish produc-
tion. However, the positive effect of this trade-policy 
measure depends on alternative economic sectors in the 
exporting country. 

Another possibility is to introduce ecolabels to des-
ignate goods produced in an environment-friendly way 
(Section 3.5). In this case, consumers can decide which 
fish or fish products they wish to buy: either more 
expensive fish products from sustainable fisheries and 
aquacultures, or less expensive fish products that do 
not comply with sustainability standards (Section 3.5). 
Where such a voluntary instrument is used, the effect 
of this trade-policy measure depends on the purchas-
ing power and preferences of consumers in the import-
ing country (WTO, 2010). In theory it can be shown 
that, for trade with natural resources (assuming that 
the overuse of the resource is simultaneously avoided), 
bilateral trade agreements with transfer payments or 
regional integration (as in the EU or NAFTA) together 
with a common fisheries policy are beneficial to the 
welfare of the countries that participate (WTO, 2010). 
Both alternatives are cooperative solutions that maxi-
mize overall welfare in the countries concerned.

The international trade regime for fish products
International fish-trade policy is subject to the regu-
latory system of the World Trade Organization (WTO), 
whose goal is to eliminate barriers to trade. Under 
the WTO’s rules, fish products are regarded as nor-
mal industrial goods and are not covered by the sep-
arate  Agriculture Agreement (Asche and Smith, 2010; 
Markus, 2012). For this reason, the General Agreement 
on Tariffs and Trade (GATT) is most relevant treaty. 
Alongside GATT, the Agreement on Subsidies and 
Countervailing Measures (ASCM), the Agreement on 
the Application of Sanitary and Phytosanitary Meas-
ures (SPS), and the Agreement on Technical Barriers to 
Trade (TBT) number among the other WTO regulations 
that are potentially relevant for fish products. 

One of the aims of GATT is to reduce tariffs in the 
long run and avoid distortions of competition caused 
by discrimination or preferential treatment. Exceptions 
and principles on the protection of the environment 
or of fish as a resource are conceivable, provided that 
compliance with the requirements laid down in Article 
XX of GATT is assured (Markus, 2012; WTO, 2010). 

Subsidies in the fishing industry are estimated at 
just under a third of global gross revenues from fish 
production (Section 4.1.4.7). Since they distort produc-
tion and trade, the ASCM could be applied, although 
it contains no rules that are specifically tailored to 
 fisheries (Markus, 2012). To date, ASCM has not been 
 relevant to the international fish trade (Section 4.1.4.7; 
Markus, 2012).

As the fish-processing industry is increasingly 
being offshored to developing and newly industrializ-
ing countries, the SPS Agreement is becoming increas-
ingly important in relation to trade with fish and fish 
 pro d ucts, because many developing countries do 
not have the capacity to meet the import standards 
demanded by industrialized countries (FAO, 2009a).

The TBT Agreement has been applied in one case 
which went to arbitration at the WTO and became known 
as the Shrimp/Turtle Case. The USA had demanded 
that all imports of shrimps be caught using a technol-
ogy that would enable turtles inadvertently caught 
along with them to escape from the nets. In 1997 India, 
 Pakistan, Malaysia and Thailand brought the matter 
before the WTO and won their case – because the USA 
had discriminated between WTO member states, hav-
ing provided technical and financial assistance to some 
countries to enable them to meet these import require-
ments (Asche and Smith, 2010). However, measures 
to protect endangered species or the environment are 
generally permitted even if they restrict trade, provided 
that the legal requirements of Article XX of GATT are 
met and compliance with minimum requirements such 
as non-discrimination and information obligations is 
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assured (Markus, 2012). That is why, when Malaysia 
filed a further suit with the WTO in the Shrimp/Turtle 
Case in 2001, the USA this time won on the basis of 
Article XX GATT, having this time designed its import 
policy in a non-discriminatory way.

Parallel to the WTO rules there are also trade-restrict-
ing agreements on the protection of fish stocks and the 
environment. To date there has been no open dispute 
between the WTO and other agreements under inter-
national law (WTO, 2010; Markus, 2012). The agree-
ments of relevance to the fish trade are the  Washington 
 Convention on International Trade in Endangered 
 Species of Wild Fauna and Flora (CITES), trade-restrict-
ing measures by regional fisheries management organ-
izations, the Agreement on Port State Measures to 
 Prevent, Deter and Eliminate Illegal, Unreported and 
Unregulated Fishing, and the FAO’s Code of Conduct 
for Responsible Fisheries (Sections 3.3, 4.1.4.3, 4.1.4.5; 
Markus, 2012).

The EU’s fish-trade policy
Because of its standing as the world’s biggest import 
market for fish products, the EU exerts a major influ-
ence on fisheries in other countries through world 
trade. Up to now, the goals pursued by the European 
fish-trade policy with third countries have been those 
of supplying the EU with fish products, advancing eco-
nomic development, and implementing its policies on 
health and the environment. In some cases, import 
restrictions involving selected developing countries 
have been phased out (Cotonou Agreement and, today, 
economic partnership agreements). In other cases, 
however, there have been replaced by non-tariff trade 
barriers in the form of quality and hygiene standards 
(Markus, 2012). 

Within the EU, the internal market facilitates the 
free movement of goods and prohibits member states 
from introducing import or export duties, import or 
export restrictions or discriminatory taxes. At present, 
the trade in fish between the member states can only 
be controlled by the ‘Council Regulation establishing 
a Community system to prevent, deter and eliminate 
illegal, unreported and unregulated fishing’. In accord-
ance with this regulation, member states are authorized 
to withdraw illegally caught fish from the market. The 
same applies to fish imported from other member states 
(Markus, 2012). 

In principle, the EU’s fish-trade policy with third 
countries gives it a way of promoting sustainable fish-
eries at the international level. The EU should step up its 
use of this possibility in future, too, especially as it is a 
member of eleven RFMOs and represented at 17 RFMOs 
(Section 4.1.4.4; Markus, 2012). Within the framework 
of its bilateral and multilateral agreements with export-

ing countries, for example, the EU could support the 
development of sustainable fisheries management by 
means of transfer payments (Section 4.1.4.6). It could 
analyse the development of trade flows in fish products 
into the EU and their effects in the exporting states at 
regular intervals in order, where appropriate, to com-
bat overfishing. This would also involve studying the 
effects of direct investment, treaties with third coun-
tries, and private fishing activities in the waters of third 
countries. The EU has committed itself to taking steps 
to conserve fish stocks in the context of its implemen-
tation of fish-stocks management rules under interna-
tional law (UNCLOS, FSA and RFMOs; Markus, 2012). 
One example of such a measure is the ‘Regulation on 
certain measures in relation to countries allowing non-
sustainable fishing for the purpose of the conserva-
tion of fish stocks’, which was adopted by the Council 
and the European Parliament in 2012 (Markus, 2012). 
Armed with such a far-reaching instrument – which can 
restrict imports from such countries, for example, while 
simultaneously being consistent with WTO rules – the 
EU can exert considerable international pressure on 
exporting countries which fail to provide the targeted 
level of protection for the maximum sustainable yield.

Within the framework of the ongoing Doha Round 
of negotiations, the EU should give its backing to the 
initiative launched by the Friends of Fish group and 
actively support the abolition of subsidies in the fishing 
industry (Section 4.1.4.7). In addition, the EU should 
show a strong commitment to ensuring that measures 
such as ecolabels and import restrictions to protect the 
environment are in line with current valid WTO rules. 

While the specific recommendations for action con-
tained in Section 7.4.1.7 provide important ways to tar-
get greater sustainability, it should be remembered that 
international trade-policy instruments are only a sec-
ond-best solution in order to achieve sustainable fish-
eries worldwide.

4.2
Aquaculture

Aquaculture has a tradition that goes back millennia. 
For example, integrated fish-farming practices have 
existed in China for 4,000 years. However, only in 
the last few decades has aquaculture developed into a 
major, global industry (Frankic and Hershner, 2003). In 
2010 it contributed almost half (47  %) of humanity’s 
consumption of fish and seafood (FAO, 2012b:  24, 26). 
Aquaculture production has been growing rapidly over 
the last 40 years, with the global annual growth rate 
averaging around 8  %. Growth between 2006 and 2008 
was still high at 5  % (FAO, 2010b:  18). 
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At the same time, per-capita consumption of aqua-
culture products has increased more than tenfold since 
1970 – to 8.7 kg in 2010 (FAO, 2012b:  26). Since yields 
from fisheries are stagnating (Section 4.1.1), aquacul-
ture production looks likely to overtake landed catch 
volumes in the near future and become the most impor-
tant global source of fish and seafood. In this chap-
ter the term ‘aquaculture’ is used to mean both land-
based and marine aquaculture (mariculture). Since both 
the number of farms and the quantities produced by 
marine aquaculture worldwide are small compared to 
land-based aquaculture, most studies do not analyse 
mariculture separately, and figures on the develop-
ment of marine aquaculture are rarely available. The 
Food and Agricultural Organization (FAO) is an excep-
tion here (2012b:  3); it breaks down some of its global 
statistics according to inland and marine aquaculture 
(Table 4.2-1).

Aquaculture has the potential to continue expand-
ing production in the coming decades, thus contribut-
ing to world food security and to meeting the grow-
ing demand for aquaculture products. However, aqua-
culture at present involves significant negative effects 
on the environment in many areas. Depending on 
what form it takes, aquaculture can cause considerable 
 environmental stress. Also, feeding the farmed organ-
isms can, in some species, require several times more 
fish than is ultimately produced (Section 4.3). Progress 
has already been made in addressing these problems, 
and there is great potential for making aquaculture 
more sustainable by means of improved management 
and technological development. Political decision- 
makers and civil society can provide important stimuli 
in this respect.

4.2.1 
Definitions and principles 

Aquaculture is defined as the cultivation of aquatic 
organisms involving controlled intervention in the 
breeding process with the aim of increasing production. 
The cultured organisms include fish, mussels and other 
molluscs, crustaceans, aquatic plants, as well as croco-

diles, turtles and amphibians.
Unlike the situation in fisheries, organisms bred in 

aquaculture are the private property of the respec-
tive producers according to the FAO’s definition (FAO, 
2013a). Since part of this chapter focuses on the interac-
tions between aquaculture and fisheries (Section 4.3), 
Section 4.2 concentrates on the production of animals. 
Cultivation of plants and algae are only mentioned 
briefly (Box 4.2-1). 

Production systems used in aquaculture differ accord-
ing to the type of feeding strategy. Extensive cultivation 
requires no external additions to the feed; it is based 
on naturally occurring food sources and is considered 
to have little impact on the environment in most cases 
(FAO, 2013b). Filter feeders such as  mussels are often 
grown extensively. They hang on lines in nutrient-rich 
waters, feed on plankton from the surrounding sea water, 
grow and are eventually harvested. Fish and other organ-
isms can also be cultivated extensively; they are given 
little or no additional feed, and stocking densities are 
low. Semi-intensive systems involve little feeding or fer-
tilizing (FAO, 2013b) and are often combined with agri-
culture; as forms of a subsistence or local economy they 
are often ecologically more  sustainable than intensive 
systems. Intensive systems are completely dependent 
on the provision of additional feeds, either fresh or in 
processed form (FAO, 2013b). This production method 
can generate high yields in a small space, as in the case 
of salmon farming in Chile. However, intensive aquacul-
ture can also cause ecological damage, e.  g. by polluting 
the water, interfering with adjacent wild stocks or using 
large amounts of resources. 

Aquaculture farms range from small subsistence 
ponds in Africa to international companies with annual 
turnovers in excess of US$  1 billion (Bostock et al., 2010). 
According to the FAO (2012b:  25), about 600 aquatic 
species are cultivated globally in fresh, brackish or 
marine water. 

Distinctions are made between freshwater aquacul-
ture in cages, tanks and ponds, brackish-water use in 
coastal basins and lagoons, floating cage farms installed 
near the coast, and other open-water cultures such as 
long-tube, long-line or lantern cultures (Bostock et al., 
2010). 

Table 4.2-1
Global aquaculture production in millions of tonnes (excluding aquatic plants).
Source: FAO, 2012b:  3

2006 2007 2008 2009 2010 2011

Inland 31.3 33.4 36.0 38.1 41.7 44.3

Marine 16.0 16.6 16.9 17.6 18.1 19.3

Total 47.3 49.9 52.9 55.7 59.9 63.6
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In addition, offshore aquaculture is also practised – 
on a small scale up to now. This method is exposed to 
a variety of harsh conditions and is usually located at 
least 8 nautical miles from the coast. However, there is 
no uniform definition of offshore aquaculture, and the 
crucial factors tend to be the harsh conditions rather 
than the distance from the coast (Buck et al., 2004; 
Ryan, 2005; Troell et al., 2009). Offshore aquaculture 
uses either nets floating on the surface, cages anchored 
to the sea floor, or hanging systems for growing mussels 
(Naylor and Burke, 2005; Bostock et al., 2010). Breed-
ing marine organisms in brackish water or marine envi-
ronments is also known as mariculture (CBD, 2004b).

Furthermore, some countries such as South Korea, 
Iceland and Germany have developed sea-water culture 
systems using tanks on land. The water circulation is 
connected with the open sea by means of pumps, so 
these systems are not completely isolated (Bostock et 
al., 2010). 

Different groups of organisms have very different 
needs when it comes to rearing and feeding, and this 
can in turn be a determining factor for environmentally 
compatible production. A choice can be made between 
filter feeders (e.  g. mussels) and plant-eating (herbiv-
orous), omnivorous, carnivorous or waste-processing 
(detritivorous) species. 

Filter feeders, detritivorous and herbivorous species 
occupy a lower trophic level in the aquatic food web, 
the carnivorous ones a higher level. Mussels and some 
freshwater fish are produced without feed additives. In 
2010 this form of aquaculture accounted for about a 
third (by volume) of all animal aquaculture products 
for human consumption (FAO, 2012b:  29). Much of the 
feed of the carnivorous species consists of fresh fish or 
fish meal and oil produced from wild-caught fish, so 

that some forms of aquaculture contribute to the over-
fishing of wild stocks (Section 4.3.1).

The biggest share of global aquaculture production 
does not consist in the production of carnivorous spe-
cies, which are bred mainly in mariculture operations. 
In 2010 almost 62  % of the quantity and 58  % of the 
value of animal aquaculture products were grown in 
lakes or freshwater ponds; almost 92  % were fish with 
a mostly herbivorous and omnivorous diet. By way of 
contrast, marine aquaculture made up more than 30  % 
of the quantity and just under 30  % of the value. In 
terms of quantity, 76  % of marine aquaculture output 
comes from the breeding of molluscs, especially mus-
sels, 18  % is fish, and less than 4  % marine  crustaceans. 
Brackish-water culture in 2010 made up just under 
8  % of the total quantity, but almost 13  % of the value, 
mainly due to economically valuable shrimp farm-
ing, which accounts for more than 57  % of brackish-
water aquaculture. Freshwater and diadromous fish 
accounted for approximately 34  % of the total value 
(FAO, 2012b:  34  ff.). In 2006 species at lower trophic 
levels (including plants, filter feeders, herbivorous and 
omnivorous fish) made up about 74  % of global produc-
tion (Tacon et al., 2010:  98). 

4.2.2 
State of aquaculture and trends

4.2.2.1 
Growth and regional overview
Aquaculture is the world’s fastest-growing animal food 
sector. In 2010 output totalled 60 million tonnes (not 
including plants and products not bred for human con-
sumption) and had a value of US$  119 billion (FAO, 

Box 4.2-1

Algae cultivation and use

Aquaculture also includes the farming of algae, which have a 
very wide range of uses: as food and dietary supplements for 
people; in agricultural animal husbandry and aquaculture; as 
a fertilizer for soil; for treating wastewater; and in the medi-
cal and pharmaceutical field (Olsen et al., 2008; Hasan and 
Chakrabarti, 2009; Paul et al., 2012). 

Since the 1970s, algae cultivation has grown at an average 
rate of 7.7  % a year. East and Southeast Asia dominated the 
market in 2010 with nearly 99  % of total output. The big-
gest producer was China with 58  %, followed by Indonesia 
with 21  % and the Philippines with just under 10  % (FAO, 
2012b:  41). 

19 million tonnes of algae worth US$  5.7 billion were pro-
duced in 2010. 98.6  % of global production was dominated by 
marine macroalgae such as Japanese kelp and other species of 

sea grass. Freshwater microalgae (mainly cyanobacteria such 
as Spirulina spp.) only made up a very small proportion (FAO, 
2012b:  40). Macroalgae accounted for 23  % of the biomass 
produced by global aquaculture, but only 8  % (2007) of the 
traded value (Paul et al., 2012:  268).

Algae are rich in proteins, vitamins and minerals. Mac-
roalgae therefore have a very long tradition as a human food 
and are especially widespread in Asia (MacArtain et al., 
2007). They are also increasingly being used as additives in 
animal feed (e.  g. for fish; Section 4.3.3) because of their pos-
itive effects on the growth and development of the farmed 
fish. Microalgae are used mainly as a feed in animal  husbandry 
and aquaculture (Hasan and Chakrabarti, 2009). In addition, 
marine macroalgae contain valuable lipids, which could in fact 
be used more as a feed in aquaculture. Since their fat content 
only makes up about 2  % of their dry matter, and intensive 
use would require the use of modified industrial processes, 
algae are not yet used as a source of fat (Olsen et al., 2008). 
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2011c, 2012b:  24; Figure 4.2-1). In order to meet the 
per-capita consumption of 280 g of fish per week rec-
ommended by the British Scientific Advisory Commit-
tee on Nutrition, annual per-capita consumption would 
need to increase from 17 kg (live weight equivalent) 
of fish to 23.3 kg. In order for this increase not be off-
set by additional yields from fisheries, 40 million more 
tonnes of fish would have had to be produced in aqua-
culture in 2008. 

It is estimated that 23.4 million people were directly 
employed in aquaculture and secondary industries like 
processing, marketing and sales in 2005; 92  % of these 
were in Asia. Assuming an average family size of five 
people, aquaculture thus contributed to the livelihoods 
of about 117 million people (FAO, 2011c:  62).

Aquaculture records its highest growth rates in 
developing countries, above all in Asia. Average annual 
growth rates in industrialized countries have declined 
from 2.1  % in the 1990s to 1.5  % in the 2000s (FAO, 
2012b:  29). Between 2000 and 2010, worldwide fresh-
water aquaculture posted growth rates of 7.2  % per 
year, while marine aquaculture grew by 4.4  % per 
annum in the same period (FAO, 2012b:  34). 

The majority of freshwater fish cultivation takes 
place in Asia and is dominated by the production of 
carp species; almost 71  % of these were produced in 
China in 2008 (Hall et al., 2011:  10; FAO, 2011c). For 
several years there has been a trend towards the culti-
vation of tilapia and pangasius (Bostock et al., 2010). 

Despite the development of larger farms, the majority 
of aquaculture production in the Asia-Pacific region is 
still generated by small farmers (FAO, 2011c). In indus-
trialized countries, production concentrates on eco-
nomically high-value species of fish, more than 90  % of 
which are at a high level of the food chain: e.  g. Atlantic 
salmon in marine aquaculture and rainbow trout (Tacon 
et al., 2010:  99). However, aquaculture production has 
been stagnating or declining in some industrialized 
countries, e.  g. in the USA, the UK and Japan. Norway is 
an exception; here, the cage culture of Atlantic salmon 
grew by an average of 7.5  % a year in the 2000s (FAO, 
2012b:  29). Global production of aquaculture salmon 
has almost quadrupled since the early 1990s (Naylor 
and Burke, 2005).

Of the world’s ten leading nations – which con-
tribute nearly 88  % of the volume and about 82  % of 
the value of the globally cultivated fish and seafood 
– eight are from Asia. The biggest non-Asian produc-
ers are Norway and Egypt. China alone accounts for 
61  % (2010 figures: FAO, 2012b:  27 ff.; Table 4.2-2). 
The reasons usually given for the rapid expansion of 
China’s aquaculture production are economic growth, 
population growth, the presence of traditional aqua-
culture practices, increasing export opportunities, and 
relatively weak regulation (Bostock et al., 2010). A 
considerable proportion of China’s aquaculture produc-
tion is exported. There is some scepticism about the 
reliability of the figures reported from China, although 

Figure 4.2-1
World aquaculture production from 1980 to 2010 (in millions of tonnes); trends in types of production (freshwater, brackish 
water and marine water). The coloured areas show the absolute production; the lines show the relative share. 
Source: FAO, 2012b:  34
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data collection and reporting to the FAO have improved 
(Rawski and Xiao, 2001; Pauly and Froese; 2012; FAO, 
2012b). Incomplete and unreliable data are still a prob-
lem in other countries, too, especially in developing 
countries, yet the data are supposed to provide infor-
mation, for example, on production and development in 
the aquaculture sector, or on environmental and health 
hazards (Hishamunda et al., 2012).

Due to the limited availability of fresh water and 
space on land, coastal sea-water and brackish-water 
aquaculture is expected grow more strongly in the 
future. This will aggravate the competition for space on 
the coasts (Duarte et al., 2009; Bostock et al., 2010). 
Furthermore, the growth of marine fish farming is still 
limited by the production of fish feed, because this 
is still dependent on fish meal and fish oil from wild-
caught fish (Section 4.4). Much of the growth of marine 
aquaculture takes place in what are often weakly reg-
ulated coastal waters of developing countries (Adger 
and Luttrell, 2000; Buck et al., 2008). The density of 
breeding farms in coast-based aquaculture produc-
tion can vary by a factor of up to 50 (Figure 4.2-2). 
The differences suggest that there is still considerable 
development potential along hitherto little-used coasts. 
However, there are no estimates of future global yield 
potential, partly because offshore aquaculture is still in 
its infancy.

4.2.2.2 
Contribution to food security and poverty 
 reduction
Products from aquaculture and fisheries are among the 
most intensely traded agricultural commodities world-
wide, and with a global export value of US$  92.8  billion 
in 2007 they are second only to fruits and vegetables 
(US$  150.9 billion; WFC, 2011a:  18). Developing and 
newly industrializing countries, especially China, Thai-
land and Vietnam, are the main producers of aquacul-
ture and fishery products worldwide. They accounted 
for 80  % of global production and 50  % of the glo-
bal export value of these products in 2008 (US$  50.8 
 billion; FAO, 2011c). The developing and newly indus-
trializing countries are net exporters of aquaculture and 
fishery products, and their main markets are Japan, the 
USA and the EU. 

Since FAO statistics on the international trade in fish 
products do not distinguish between fisheries and aqua-
culture, aquaculture’s share of global trade is  difficult to 
determine (FAO, 2011c). Estimates for China made in 
2006 suggest that 39  % of the production  volume and 
49  % of the production value of China’s aquaculture 
production was exported (Fang, 2007:  200). 

Aquaculture can make a contribution to food se-
curity and poverty reduction in developing countries. 
This contribution involves several factors: the con-
sumption of these products; increases in income as a 
result of employment or sales; reductions in the price 
of competing products such as wild fish compared to 
a market without aquaculture products; local exten-
sions of the value chain; the location of complementary 
industries; and increased consumption in other areas 
(Gordon and Kassam, 2011; WFC, 2011a). 

Cultivation in small cultures in people’s gardens or 
backyards plays an important role in developing coun-
tries, especially in Asia (Kongkeo and Davy, 2010). 
However, although subsistence aquaculture farmers can 
increase the food security of their households (espe-
cially in Africa), their low level of productivity means 
that they do not make major contributions to food 
 security at the national level (Beveridge et al., 2010). 

According to the FAO’s assessment, aquaculture’s 
contribution to food security is widely recognized and 
consists mainly in providing poorer people with afford-
able freshwater fish, employment and income effects, 
and the promotion of women (FAO, 2011c). Critics 
point out, however, that the effects are not inevitably 
beneficial and depend greatly on the respective context 
(WFC, 2011a).

Several studies document such positive effects. A 
study in Bangladesh found positive effects on income, 
consumption and employment among poor households 
practising aquaculture (Jahan et al., 2010). Case stud-

Table 4.2-2
The world’s top ten aquaculture producers in 2010. Each 
country’s aquaculture production is shown in millions of 
tonnes and as a share of global production.
Source: FAO. 2012b:  28 (figures roundes)

Country Amount Share

[millions of 
tonnes]

[%]

China  36.73  61.4

India  4.64  7.8

Vietnam  2.67  4.5

Indonesia  2.30  3.9

Bangladesh  1.30  2.2

Thailand  1.29  2.2

Norway  1.01  1.7

Egypt  0.92  1.5

Myanmar  0.85  1.4

Philippines  0.74  1.2

Others  7.40  12.4

Global 59.87 100
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ies, for example in Malawi and China (Dey et al., 2000, 
2006), show that households that practise aquaculture 
consume fish more frequently than households that do 
not. Another relevant aspect is that in many parts of 
the world women play an important role in the pro-
duction and marketing of fish and seafood from aqua-
culture. When women receive additional income from 
aquaculture, they tend to use it more frequently than 
men to improve food security in their households. How-
ever, this has not yet been sufficiently proven by stud-
ies (Kawarazuka and Béné, 2010). Taking gender issues 
into account is an important prerequisite for improved 
food security and poverty reduction (WFC, 2011a). 

Whether aquaculture develops beyond self-suffi-
ciency or supplying local markets depends on numer-
ous factors. Apart from access to suitable areas for cul-
tivation, it requires market demand and competition, 
access to technologies, infrastructure, a trained work-
force, a functioning institutional system, and a suffi-
cient willingness to invest. 

In many cases, the necessary conditions for the 
development of aquaculture are not given, however. 
Lack of access to water, land, capital or credit, inade-
quate technical or other specialist knowledge, and high 
risks (such as loss of stock) that must be insured are 

real obstacles, especially for poor sections of the popu-
lation (WFC, 2011a; Stevenson and Irz, 2009). In some 
countries, however, initial actions to specifically sup-
port capital-poor and small-scale aquaculture farmers 
are being taken (Box 4.2-2).

Especially in Africa and Latin America, aquaculture 
development is hindered by weak demand, poor infra-
structure and insufficient quality controls for export 
products (Bostock et al., 2010). In Asia, by contrast – 
where demand is rising due to a growing urban popu-
lation, a dynamic private sector exists, and there has 
been investment in research, development and infra-
structure – many small and medium-sized enterprises 
have become established over the last 15 years serving 
the domestic and international markets (WFC, 2011a). 

In general, aquaculture’s potential contribution to 
food security depends greatly on the context of insti-
tutional, political, economic, social and natural factors 
(Stevenson and Irz, 2009). For example, the success of 
aquaculture development as an effective  strategy for 
fighting poverty remains controversial (WFC, 2011a). 
Although there is often potential for poverty reduction, 
it is often not the poorest who benefit, but more highly 
capitalized farmers (Beveridge et al., 2010). Aquacul-
ture creates employment opportunities, but because 
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Figure 4.2-2
Mean production quantities from coastal aquaculture systems in different countries as function of coastline length for the 
period 2005 to 2007.
Source: Bostock et al., 2010
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the wage level is very low, they often do not help peo-
ple escape from poverty, but usually simply replace 
one source of income with another. Indeed, informal 
rights of access and rights to use resources are often 
destroyed by the privatization of land for aquaculture 
development. It is primarily farm owners, better trained 
employees and wholesalers who benefit. In addition, 
poor sections of the population are often hit particu-
larly hard by the environmental damage caused by 
aquaculture; after all, they are especially dependent 
on freely accessible natural resources, and these can be 
impaired by the introduction and expansion of aqua-
culture. As a consequence, where the aim is to improve 
the supply of fish to poorer sections of the population, 
politicians currently prefer to encourage investments in 
larger enterprises, rather than promote resource-poor 
small-scale aquaculture (WFC, 2011b; Box 4.2-2). 

4.2.2.3 
Environmental risks from aquaculture and 
 conflicts over use at the coasts
Existing aquaculture practices have led to a number of 
problems that could involve risks for the ecosystems 
affected – and even the industry itself – if there is 
further expansion and regulation is weak. For exam-
ple, shrimp farming in Mozambique recently suffered a 
total loss following a disease outbreak (FAO, 2012b:  9). 
The main target of criticism here is the often unregu-
lated development of intensive production systems for 
shrimp and carnivorous fish such as salmon and tuna 
(Tacon et al., 2010).

Intensive breeding involves the risk that water bod-
ies and the seabed become contaminated. Nutrients 
from feed residues and faeces accumulate, which can 

lead to eutrophication and subsequently to a lack of 
oxygen in the water column and on the seabed. The use 
of chemicals such as pesticides, herbicides, antiparasitic 
agents and antibiotics can contaminate the sediment 
and the water column and harm the organisms that live 
in them (Frankic and Hershner, 2003;  Hernando et al., 
2007). 

The high stocking density in intensive cultures facili-
tates the spread of parasites and diseases. Genetically 
modified or exotic organisms repeatedly escape from 
the farms into the marine environment and can trans-
mit diseases and parasites or spread genetically modi-
fied material into wild populations (Naylor et al., 2000; 
Youngson et al., 2001; Stickney and McVey, 2002). 
Similarly, the transfer and introduction of mussels and 
oysters, the cultivation of which is considered less 
harmful to the environment, can also disturb the sur-
rounding ecosystems if parasites or other species are 
unintentionally imported and enabled to spread (ICES 
WGMASC, 2011). Moreover, the risk of diseases break-
ing out within intensive cultures has led to the use of 
large amounts of pharmaceuticals. Antibiotic sub-
stances can have a detrimental effect on fish, land ani-
mals, human health and the environment in general, 
especially if resistance to antibiotics grows amongst 
pathogens (Cabello, 2006). 

Seafood from aquaculture that is contaminated 
with antibiotics has already led to critical debates in 
the consumer countries and to deliveries of goods 
being stopped (Ronnback et al., 2002). The very strong 
expansion of aquaculture production and correspond-
ing farms in some regions can also pose a threat to the 
surrounding ecosystems (Telfor and Robinson, 2003). 
Especially where ecosystems straddle borders, the 

Box 4.2-2

Promotion of small-scale aquaculture: aqua  
clubs in Asia

Poorer populations can also run aquaculture farms if they 
are supported by public or private funding, assured access to 
resources like land and water, and given assistance in hedging 
against risks (WFC, 2011b). 

Various forms of self-organization are particularly prom-
ising. One example is aqua clubs in Asia. These are regional 
associations of producers that can range from self-organized 
self-help groups (often made up of local neighbouring farms) 
to official supraregional networks. They cooperate with 
national and international insurance companies (Subasinghe 
et al., 2009). 

Such an association can reduce costs, e.  g. by joint pur-
chasing (leading to quantity advantages), build up partner-
ships with the public or private sector, improve access to 
financial resources, and enable knowledge transfer. They can 

also make it easier for their members to reach the necessary 
quality standards of national and international markets by 
changing the production process (Padiyar, 2005; FAO, 2011c; 
WFC, 2011b). Consumer expectations (product quality, food 
safety, environment-friendly production) can be better met 
by cooperating with small farmers and applying best-manage-
ment practices (BMPs; de Silva and Davy, 2010). Export- 
relevant product certification becomes easier. BMPs and joint 
management can also help local associations to set up rules 
on minimizing negative environmental effects or preventing 
the spread of disease. Cooperation can ultimately also prevent 
conflicts (Padiyar, 2005; Bondad-Reantaso et al., 2008). 

In general, promotion measures are more likely to be 
 successful if they meet the following conditions: if they 
 support small, owner-operated farms; if there is small-scale 
investment; if production is in line with demand; if the  species 
bred are at a lower trophic level; if farmers and families par-
ticipate in development; and if locally adapted methods and 
technologies are used (FAO, 2011c). 
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above-mentioned environmental problems can lead to 
conflicts between the neighbouring states. The problem 
is exacerbated when there is no cross-border coopera-
tion between authorities and producers.

Section 4.3 discusses the problem of the dependence 
of certain forms of aquaculture on fishing as a supplier 
of feed and the related harmful effects on wild fish 
stocks and ecosystems. 

One problem that is being aggravated by the growing 
appropriation of coastal regions is conflicts resulting 
from uses that compete for the same space. Compet-
ing uses can include tourism, port development, recrea-
tional and commercial fishing and nature conservation, 
e.  g. the protection of mangrove forests (Stickney and 
McVey, 2002; Buck et al., 2004; Bostock et al., 2010; 
Box 4.2-3).

There can also be conflicts over use if aquaculture 
farms make it difficult or impossible for local commu-

nities to access the resources of coastal regions. The 
destruction of mangrove forests can threaten village 
communities who depend on these forests for their live-
lihoods (Ronnback et al., 2002). Since property rights 
are often unclear and wetlands historically undervalued 
in developing and newly industrializing countries, this 
can promote forms of use that are not sustainable and 
put poorer sections of the population at a disadvantage 
(Adger and Luttrell, 2000). Moreover, negative envi-
ronmental effects of aquaculture can spread to adjacent 
land uses and cause economic damage, e.  g. by reducing 
rice harvests (Ahmed and Lorica, 2002).

However, many of the problems in aquaculture 
should become largely preventable as technical devel-
opment progresses. Hall et al. (2011) show that the 
aquaculture sector has taken on – and in some cases 
solved – several of the above-mentioned problems. 
According to Asche (2008), most damage is done when 

Box 4.2-3

Mangrove forests: importance and the threat 
from aquaculture

Mangroves are salt-tolerant plants that form forests in the 
tidal regions of tropical and subtropical coasts (Seto and 
 Fragkias, 2007). They perform important ecosystem services 
such as protecting coasts from hurricanes and erosion, stabi-
lizing sediments, controlling floods and providing nutrients 
for the marine food web (MA, 2005a). Mangroves provide 
important habitats for many species and are of great impor-
tance as ‘nurseries’ for many commercially used species. Peo-
ple fish for fish, crab, shrimp, molluscs and seaweed in man-
grove forests, providing a source of income and food security. 
Mangroves are also important suppliers of building materials, 
firewood and charcoal, as well as other products such as tan-
bark, fibres, pet food and traditional medicinal products (Seto 
and Fragkias, 2007; FAO, 2007; Primavera and Esteban, 2008; 
Krause, 2010).

Mangroves are highly endangered, and efforts to con-
serve them face serious competition from other uses such 
as aquaculture, agriculture, salt production, urbanization, 
infrastructure development and tourism (FAO, 2007). It is 
estimated that only 15.2 million hectares still remain (2005) 
of the 18.8 million ha of mangrove forests that existed 
worldwide in 1980; this corresponds to a fall of about 20  % 
(FAO, 2007:  9  ff.), although the speed of loss was slower 
between 2000 and 2005 compared to the previous decades 
(FAO, 2007). In 2002 the largest share – about 6 million ha 
or approximately 38  % of the global area – was to be found 
in Asia. However, the highest losses were also here, totalling 
more than 1.9 million ha since 1980 (FAO, 2007:  9  ff.). Man-
grove forests are particularly threatened by the expansion 
of aquaculture, although it is difficult to make a systematic 
assessment of the destruction of mangrove forests and their 
conversion into aquaculture farms – for political reasons and 
for lack of capacity (Seto and Fragkias, 2007). In Asia the 
main causes of mangrove decline lie in over-exploitation and 
conversion to shrimp farms (FAO, 2007).

At the beginning of the 20th century, the Philippines were 
covered by approximately 450,000 ha of mangrove forests 
(Primavera and Esteban, 2008). Half of the 279,000 ha of 
mangrove area lost between 1951 and 1988 was converted 
into aquaculture ponds (Primavera, 2000:  93). In Thailand, 
this loss affected about 55  % of the mangroves between 
1961 and 1993 (Menasveta, 1997). Globally, shrimp cultiva-
tion was responsible for about 38  % of the loss of mangrove 
forests in the last two decades of the 20th century (Valiela et 
al., 2001:  812). 

From the ecosystem perspective, the economic value of 
mangrove forests for the environment and society is estimated 
as being higher than the value of shrimp farms for society as 
a whole. Barbier et al. (2008:  322) show for Thailand that the 
economic value of mangroves for coastal protection, coastal 
fisheries and as a source of wood is about US$  17  million, 
i.  e. much higher than the value of a shrimp farm using all 
the available space (about US$  10 million). However, the total 
economic value of all uses (shrimp farms and ecosystem serv-
ices) would be highest (US$  17.5 million) if only a small area 
of   mangrove forest were converted into shrimp farms. 

To counteract the advancing deforestation, several coun-
tries have been carrying out reforestation programmes and 
protecting mangrove forests for years (FAO, 2007). However, 
reforestation is often not very successful. In their analysis 
of reforestation projects in the Philippines since the 1980s, 
 Primavera and Esteban (2008), for example, show that despite 
strong financial support the survival rate of the planted man-
groves is only around 10-20  %. This is mainly due to unsuit-
able choices of species and locations. 

Another alternative for the protection of mangrove forests 
is to develop a mangrove-friendly form of aquaculture, since 
the plants could process the effluent from the shrimp instal-
lations (e.  g. Bush et al., 2010; Ha et al., 2012). Seaweed, 
 mussels and fish, for example, can be bred within mangrove 
forests, which is a good technique for small farmers and in 
mangrove conservation areas. Integrated forestry/fishery/
aquaculture systems exist, for example, in Hong Kong, Viet-
nam, the Philippines and Indonesia (Primavera, 2006). 
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the intensification of a production system is beginning, 
and tends to decrease as more and more control is gained 
over the production process. The example of Norwegian 
salmon farming illustrates the possibility of reducing 
the use of antibiotics as yields increase ( Figure 4.2-3). 
The reason for this is primarily the development of new 
vaccines (Hall et al., 2011:  55). Also, the fall in organic 
pollution from Norwegian salmon farms was achieved 
by the development of pollution-reducing technologies 
( Tveterås, 2003).

However, often the self-regulation of the aqua-
culture sector does not begin until after considerable 
 damage has already been done – in response to public 
pressure or for fear of a loss of image. A critical  public 
and government intervention before damage occurs, 
therefore, play an essential role in shaping sustainable 
aquaculture. 

An important question in this context – and one that 
has not yet been adequately answered by research – is 
whether an ecologically responsible form of aquacul-
ture production based on resource conservation would 
be able to meet the ever-growing demand for aquacul-
ture products. It might be more sensible (recalling the 
discussion on meat consumption) to strive for a lower 
general level of consumption, especially in industrial-
ized and newly industrializing countries, in order to 
minimize negative environmental effects – certainly in 
situations where food security and protein supply are 
not the most important factors.

4.2.2.4 
Promoting ecologically sustainable aquaculture 
Certain forms of aquaculture are ecologically more sus-
tainable than others. Breeding filter feeders, herbiv-
orous freshwater fish or extensive polycultures is more 
environment-friendly than the intensive cultivation of 
marine predators or shrimp. This is because carnivorous 
species are fed with fish meal and oil from wild-caught 
fish, and antibiotics, chemicals, faeces and uneaten 
feed residues can cause serious environmental pollu-
tion in intensive cultures (Frankic and Hershner, 2003; 
Naylor and Burke, 2005; Bostock et al., 2010). How-
ever, much progress has already been made towards 
improving environmental compatibility, particularly 
in the case of salmon farming in northern Europe and 
Canada (Frankic and Hershner, 2003). 

Improving practices in aquaculture can consider-
ably reduce the environmental impact. In addition to 
replacing fish meal and oil with vegetable feeds, for 
 example (Section 4.3), three main developments are 
looking promising in this context: the integration of 
aquaculture systems; the use of largely closed, land-
based aquaculture systems (recirculating systems); and, 
under certain conditions, offshore aquaculture systems

Integrated production systems have a long tradi-
tion, especially in Asia, and can play a bigger role in the 
future (Soto et al., 2008). There are several different 
methods involving integrated systems. For example, 
terrestrial and aquatic systems (agriculture and aqua-
culture) are often combined, as in breeding fish in rice 
fields (Halwart and Gupta, 2004). Another example is 
integrated multitrophic aquaculture (IMTA), in which 
species from different trophic levels are bred together 
in the same body of water (Troell et al., 2009). IMTA 

Figure 4.2-3
Norwegian salmon farming: use of antibiotics and salmon production, 1980 to 2011.
Source: Asche et al., 2010; updated Asche, 2013 (pers. comm.)
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systems are comparatively environment-friendly, since 
accumulating waste materials are recycled or used as 
food by other organisms. Fish need supplementary 
feeding in some cases, mussels or seaweed extract feed 
residues and fish excrement as nutrients from the water 
(Chopin et al., 2010a). The use of seaweed for produc-
ing bio-fuel is regarded as having a promising future 
(Issar and Neori, 2010; Section 5.2.1). Industrial-scale 
marine IMTA systems are already commercially suc-
cessful in China and are approaching the commerciali-
zation stage in other countries (e.  g. Chile, Ireland, the 
UK, Canada). Corresponding research is being con-
ducted in many other countries (Troell et al., 2009; Bos-
tock et al., 2010; Chopin et al., 2010b). 

Multitrophic systems can also be used to reduce 
eutrophication in coastal areas, since the organisms 
extract nutrients from the waters in a process called 
nutrient bioextraction. Research on the effects of these 
systems on the marine environment is already being 
conducted in several countries such as the USA and 
Sweden (Landeck Miller and Wands, 2009; Long Island 
Sound, 2013). In this context there is also a discus-
sion on the possibility of trading in nutrient certificates 
(nutrient trading credits), similar to CO2 certificates, in 
order to reduce the anthropogenic input of nutrients 
into waters (Chopin et al., 2010a). The integration of 
different components is an important element in the 
ecosystem approach to aquaculture; waste products 
and effluent are regarded as valuable resources in this 
context (Troell et al., 2009).

Another interesting development is land-based, 
recirculating aquaculture systems (RAS), in which the 
wastewater is treated, purified and fed back to the sys-
tem, creating a virtually closed system. This makes it 
possible, for example, to produce shrimp far inland 
from the coast (Stockstad, 2010). However, the use of 
this method still limited by high capital costs and a com-
plex, not yet mature technology (Bostock et al., 2010). 
Moreover, this type of farming requires a high energy 
input (Tyedmers and Pelletier, 2007).

Finally, offshore aquaculture has the potential to ease 
conflicts over the use of scarce space on the coasts. As 
the use and pollution of coastal regions increases, aqua-
culture production using offshore cage technology or 
other systems that are adapted to the harsh conditions 
of the ocean can be expected to be increasingly moved 
to regions further from the coasts (Holmer, 2010), 
where they will have to contend with strong currents, 
often rough seas and changeable winds. This is already 
happening in some countries like Norway, Chile and the 
USA. However, commercial offshore aquaculture is still 
in its infancy, since it is very capital intensive (Bostock 
et al., 2010). The USA positioned itself as an impor-
tant major player in the development of this technol-

ogy a few years ago and intends to promote sustainable 
developments in the offshore sector (Naylor and Burke, 
2005; Benetti et al., 2006). 

The growing expansion of offshore renewable-
energy technologies offers the additional opportunity 
of using installed structures for aquaculture. Offshore 
wind farms offer the most promising option of dual use 
(Buck et al., 2008; Buck and Krause, 2012). Although 
there are technical and economic challenges when it 
comes to integrating offshore wind farms with the cul-
tivation of marine organisms, the analysis of geophysi-
cal and biological parameters indicates that, to date, 
common mussels, oysters and seaweed seem to be best 
suited for offshore aquaculture in the North Sea. Farm-
ing fish inside offshore wind farms has been neither 
biologically nor technically well researched up to now 
(Buck et al., 2008). In cooperation with industry, how-
ever, several large EU pilot projects are being carried out 
to explore the extended use of offshore installations by 
aquaculture. The research is not limited to wind farms 
in this context, but also includes the development of 
new multi-use platforms in which renewable-energy 
generation, aquaculture, transport services and leisure 
activities might be combined (Buck and Krause, 2012). 

Another possible technology of the future that 
is posited is cages that float freely in the water with 
the current (Naylor and Burke, 2005). An unanchored 
spherical cage floating in the open sea was tested with 
amberjack off Hawaii for the first time in 2011 and 
2012. The net cage was 132 m3 in size and drifted with 
the ocean current at a depth of several kilometres at 
times (Kampachi Farms, 2011; Sims and Key, 2011).

Offshore aquaculture can also represent a burden 
on the environment, for example when nutrients are 
not fully used up, especially since such farms are likely 
to be much larger than those on the coasts and could 
thus generate more effluent. Farmed species could 
also escape from the cages and cross with wild stocks 
( Naylor et al., 2000; Tett, 2008; Troell et al., 2009). 
However, the negative environmental impact of freely 
floating offshore cages is thought to be very small 
(Sims and Key, 2011). Because only a small number of 
systems have been tested up to now, the environmen-
tal impact cannot be adequately estimated at present 
( Holmer, 2010). Moreover, the problem of requiring 
feed made from fish meal and fish oil for carnivorous 
species remains. Integrated offshore multitrophic sys-
tems can at least ease the problem of nutrient pollution 
by integrating organisms at lower trophic levels (e.  g. 
algae) to recycle nutrients (Chopin, 2008).



Aquaculture  4.2

163

4.2.3 
Governance of aquaculture

On the positive side, the rapid growth of the aquacul-
ture industry secures incomes and food supplies. After 
all it meets almost half of the world’s demand for fish 
and seafood at present (FAO, 2012b:  26). The negative 
side, however, is that it is associated with negative eco-
logical and social repercussions. Sustainable aquacul-
ture (both in freshwater and in the sea) requires effec-
tive and enforceable approaches to governance at all 
levels, from international to local. The requirements 
placed on governance and the success factors vary 
depending on the production method, the cultivation 
system, the size of the culture, local circumstances and 
the political, economic and institutional context. 

This section provides an overview of important pre-
requisites for effective governance, its instruments 
and the kind of measures that should accompany it 
– like research and development for a responsible 
and  sustainable development of aquaculture. Impor-
tant problems, which manifest themselves differently 
in every country, include the following: the need to 
reduce negative environmental repercussions; effects 
on income distribution and poverty reduction; the need 
to find the right balance between societal benefits and 
private benefits; and the need to encourage an orien-
tation towards long-term rather than short-term profit 
maximization (Pullin and Sumaila, 2005). 

Aquaculture production is highly dependent on local 
conditions. But it is also globally linked, for example 
through international trade and consumer behaviour, 
information, and cross-border ecological effects. This 
requires not only regional and national solutions, but 
also intergovernmental and global ones. For years, non-
binding agreements and recommendations have existed 
at the international and European level, as well as at the 
level of marine regions, which deal directly or indirectly 
with aquaculture (Section 4.2.4). And in many countries 
there has been progress in the development of legisla-
tion, regulation and guidelines on aquaculture; however 
the biggest stumbling block is often implementation, 
especially in developing countries. Furthermore, in the 
field of non-state governance, private actors have been 
trying to fill in existing gaps in state and transnational 
control (Section 3.5). Examples include stricter certifi-
cation standards developed by environmental associa-
tions (Section 4.2.3.2) or self-management by producer 
associations (Section 4.2.3.1). 

In Section 3.1.4 the WBGU elaborated touchstones 
for assessing the existing governance of the oceans in 
the context of sustainability. A sustainable and viable 
form of aquaculture governance should take its orien-
tation from these touchstones. However, in the con-

text of this report it is impossible to conduct a complete 
analysis, based on these touchstones, of the many and 
various approaches to governance and instruments that 
exist at different levels in aquaculture. In Sections 4.2.3 
and 4.2.4, however, it becomes clear that many of the 
touchstones are regarded as important in the literature 
on aquaculture governance, or are already reflected and 
are being applied in existing approaches to governance, 
as well as in agreements and recommendations.

4.2.3.1 
Fundamental prerequisites for a sustainable form 
of aquaculture
The fundamental prerequisite for sustainable aquacul-
ture is good governance (including elements like the 
rule of law, accountability, transparency, participation), 
which allows the formulation and implementation of 
development strategies and plans (FAO, 2011c). Also 
essential are transparent and enforceable laws and reg-
ulations, which in turn require effective national insti-
tutions (NACA and FAO, 2000), as well as economic 
incentives for producers and voluntary measures by 
the industry (FAO, 2011c). These three approaches 
complement each other. They are given different lev-
els of priority and are applied differently in the individ-
ual countries, depending on the economic and political 
context or the level of development in the aquaculture 
industry. Furthermore, the development of aquaculture 
should be based on the ecosystem approach. One pre-
requisite for positive changes here is the collection and 
provision of reliable data on the development of the 
industry and the effects of aquaculture on the environ-
ment and society (FAO, 2011c).

Strategies and action plans
Sustainable aquaculture requires appropriate overarch-
ing strategies that can be implemented by taking cor-
responding political measures. This includes provid-
ing necessary capacity and financial resources, inte-
grating different stakeholder interests, and establish-
ing dispute-settlement mechanisms. Such strategies 
have already been – and are still being – developed, 
for example in North America and the EU (EU, 2009a; 
FAO, 2011c). However, in many countries successful 
implementation will require capacity-building within 
the administration, the private sector and among con-
sumers (FAO, 2006).

The ecosystem approach in aquaculture 
To date there is neither a universally agreed definition 
nor a uniform concept of ‘sustainable aquaculture’. 
In recent years, however, the concept of the ecosys-
tem approach has been developed not only in fisher-
ies, but also in aquaculture (Section 4.1.3.1). The FAO 
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Code of Conduct for Responsible Fisheries emphasizes 
– in its Article 9 on aquaculture – the need to maintain 
ecosystem integrity by means of suitable management 
(FAO, 1995). The Phuket Consensus (Section 4.2.4.1) 
recommends integrating the approach into the govern-
ance of the aquaculture sector (GCA, 2010a). In the 
context of the ecosystem approach, human beings are 
seen as an integral part of ecosystems, and a balance 
is sought between two aspects: to contribute both to 
the conservation of ecosystem services and biodiver-
sity and to the sustainable use of fisheries and aquacul-
ture in order to produce food and secure people’s liveli-
hoods. Knowledge and uncertainties about interactions 
in the entire ecosystem would be taken into account in 
an integrated and cross-regional approach (Staples and 
Funge-Smith, 2009). Soto et al. (2008) formulate three 
principles constituting a systemic approach that tran-
scends the boundaries between ecosystems: 

 > “Aquaculture should be developed in the context of 
ecosystem functions and services (including biodi-
versity) with no degradation of these beyond their 
resilience capacity.” 

 > “Aquaculture should improve human well-being and 
equity for all relevant stakeholders.”

 > “Aquaculture should be developed in the context of 
other sectors, policies and goals.” 

According to these principles, farms should be 
adapted to defined ecosystem limits and to the eco-
logical  carrying capacity of ecosystems. Furthermore, 
the development of aquaculture should not “result in 
any detriment for any groups of society, especially 
the poorest” (Soto et al., 2008). Certification can sup-
port the ecosystem approach, but is not usually devel-
oped  parallel to it. However, the approach is difficult to 
implement due to its complexity and the lack of finan-
cial and human resources, especially in developing 
countries. For some years, however, there have been 
efforts in several countries to implement the approach 
at least to some extent (FAO, 2012b). 

State regulation of aquaculture
Adequate state governance and its effective implemen-
tation are necessary in order to respond to the ecolog-
ical and social challenges caused by aquaculture (FAO, 
2011c). The state should provide stable overall con-
ditions and an investment-friendly climate for busi-
nesses. At the same time it should intervene using 
political means to avoid possible negative repercussions 
of short-term profit seeking on the environment and 
society (Hishamunda et al., 2012). Another important 
element is the application of the precautionary princi-
ple, both in politics and in the running of aquaculture 
farms, because the effects of aquaculture on ecosys-
tems are often insufficiently researched (FAO, 2013c). 

In principle, all policy instruments of environmental 
policy and planning law can be used in the regulation 
of aquaculture. Government intervention is important , 
especially to prevent environmental damage and avoid 
conflicts over land rights (Hishamunda et al., 2012). 
After aquaculture installations begin operations, regu-
lar controls by authorities independent of government 
are required to ensure that measures are implemented 
(Howart, 2006). The effective enforcement of politi-
cal measures requires adequate financial and human 
resources in order that controls and, where necessary, 
sanctions can be applied. A lack of capacity, above all in 
developing countries, is one reason for the often poor 
implementation of government measures for regulating 
aquaculture (Hishamunda et al., 2009). 

In Myanmar, for example, staff shortages and a 
resultant lack of controls encouraged the conversion of 
mangrove forests into shrimp farms. A lack of resources 
is also one reason for inadequate research and training, 
which in turn hinders the use and dissemination of new 
and environment-friendly technologies.

Some forms of state regulation are also unsuitable, 
inconsistent or too complex, which can make the grant-
ing of licenses difficult, for example. Small aquacul-
ture operations often lack the financial and technical 
means to reach exacting standards, e.  g. proving envi-
ronmental compatibility or the suitability of a location 
by meeting hygienic criteria (FAO, 2011c). This is prob-
lematic because integration into national and interna-
tional markets requires compliance with certain stand-
ards, and for small farms in developing countries this 
often amounts to exclusion from the markets. Although 
as little government regulation as possible is desirable 
from an industry perspective, its absence, or  inadequate 
implementation, can ultimately harm the industry itself, 
as shown by the example of salmon farming in Chile 
(Hishamunda et al., 2012; Box 4.2-4). The case example 
of salmon farming in Norway demonstrates how some 
environmental hazards have been successfully reduced 
by governmental action (Box 4.2-5).

Very often there are conflicts between the interests 
of different sectors, e.  g. aquaculture and agriculture, 
tourism, shipping, wastewater management or nature 
conservation (Pullin and Sumaila, 2005). To ensure a 
coordinated development of aquaculture that also takes 
into account and integrates the interests of other sec-
tors – and in order to establish and coordinate suitable 
regulations – it is a good idea to set up a central insti-
tution to be in charge of such things: either a new gov-
ernment authority or a specialized department within 
a ministry. These already exist in many countries 
( Hishamunda et al., 2012:  239). Pooling as much infor-
mation as possible in one place, e.  g. within an ‘aquacul-
ture authority’, is particularly important for licensing, 
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since it makes  decisions and investments easier. This is 
the case in Norway (Hishamunda et al., 2012).

Economic incentives
Depending on the political and economic context, cer-
tain problems caused by aquaculture can be solved 
with the help of economic incentives, such as subsi-
dized loans and micro-loans, tax breaks, subsidies or 
payments for ecosystem services (Howart, 2006). This 
gives aquaculture farms an incentive to invest in exem-
plary management practices and sustainable aquacul-
ture, which in turn can make it easier for them to access 
national and international markets (FAO, 2011c).

Sustainable management and entrepreneurial 
initiative
There are numerous private management initiatives 
that support and complement state control or interna-
tional agreements on a voluntary basis. In some cases, 
ideas like self-management, co-management and best 
management practices (BMPs) are more suitable for 
developing countries with inadequate state governance 
or when the aquaculture units are small. BMPs in par-
ticular can promote improvements among producers 

affecting product quality, product safety and environ-
mental protection (Hishamunda et al., 2012). Producer 
associations like the aqua clubs in Asia are examples 
of entrepreneurial initiative (Box 4.2-2). They can pro-
vide resources such as technical assistance and infor-
mation; promote voluntary BMPs and codes of conduct 
in aquaculture; organize production more efficiently; 
and influence the development of government regula-
tion (FAO, 2011c). Voluntary measures by farmers have 
been criticized for being ineffective without additional 
government measures (FAO, 2008). Even so, there are a 
growing number of examples of this type of governance 
in many regions of the world (FAO, 2011c).

Data collection and provision
The rapid and continuing growth of the aquaculture sec-
tor increasingly requires data on the economic develop-
ment of the industry, as well as its effects on the envi-
ronment and society. This provides the basis for policy 
adjustments and strategy development and can enable 
adaptive management. Data and information are also 
increasingly in demand among the public in order to 
create transparency. Furthermore, international report-
ing requirements have been tightened up (FAO, 2011c). 

Box 4.2-4

Case study I: salmon farming in Chile

Salmon aquaculture in Chile is an example of how inadequate 
regulation can cause serious long-term damage. Chile is the 
second-largest salmon producer in the world after Norway 
(FAO, 2011c). 73  % of Chilean aquaculture production focus-
es on breeding the Atlantic salmon (which is not native to 
Chile); it is Chile’s fourth largest industry. Salmon aquaculture 
is carried out in open net pens in southern Chile and is now 
also spreading to the still relatively pristine coastal regions of 
Patagonia (Buschmann et al., 2006, 2009). Most of produc-
tion goes to international markets (Gonzáles, 2008).

The salmon-farming industry that developed in Chile in 
the late 1970s was characterized by a highly flexible private 
sector and few government regulations or interventions in 
the 1980s. High growth rates came at the expense of produc-
tion and environmental protection, mainly due to outbreaks 
of disease and high mortality rates among the fish. It was 
not until the 1990s and early 2000s that political measures 
were taken to improve animal-health and environmental pro-
tection and health-and-safety conditions for workers as a 
reaction to growing internal and public criticism (Barton and 
Fløysand, 2010). 

Many companies began introducing improvements in 
all three areas as part of integrated management. However, 
the voluntary measures of the private sector and the public-
private regime of governance proved insufficient when the 
ISA (infectious salmon anaemia) virus broke out in 2007 and 
2008 – triggering the worst disease outbreak in the history of 
salmon aquaculture. 

The causes of the outbreak included contaminated pro-
duction effluent, the sale of infected salmon eggs, and 
un vaccinated fish. The outbreak reflected the inability of 
companies and politicians to exclude known risks and to learn 
from previous epidemics elsewhere (Barton and  Fløysand, 
2010). The consequences were a fall in output from 386,000 
tonnes in 2006 to an estimated 100,000 tonnes in 2010, 
quarantine restrictions at many farms, many slaughtered 
fish and mass layoffs (Asche et al., 2010:  405; Barton and 
 Fløysand, 2010). 

Although a ‘National Aquaculture Strategy’ oriented 
towards growth, ecological sustainability and other goals 
was developed in 2003 (Gonzáles, 2008), and environmen-
tal and public-health protection was improved in 2007, both 
 measures were insufficient and not implemented effectively. 
They were based on a much smaller number of farms than 
actually existed in reality, and environmental effects were not 
detected for lack of monitoring. Weak controls encouraged 
the use of banned substances, and, due to a lack of research, 
measures were not developed on the basis of empirical 
research findings (Bushman et al., 2009).

Overall, it can be observed that government intervention 
was weak in response to real threats up to 2007, which can be 
explained by the regulatory authorities being acquiescent to 
the demands of the aquaculture sector. Furthermore, compa-
nies themselves did not taken adequate measures to prevent 
crises. 

However, improvements both in environmental-protec-
tion and health regulations and in environmental communica-
tion have been stimulated by the ISA outbreak, and they can 
be seen as steps towards improved governance (Barton and 
Fløysand, 2010). 
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Despite the measures carried out by the FAO (2011c) to 
promote the quality and transfer of data, reporting to 
the FAO is still poor in some producer countries (FAO, 
2012b). Improvements are urgently needed here.

4.2.3.2 
Selected instruments for promoting sustainable 
aquaculture 
Various instruments are available for ensuring an envi-
ronmentally and socially acceptable development of 
aquaculture, and they are already being implemented 
to varying degrees by many countries. Since the causes 
of the problems in aquaculture are complex and involve 
stakeholders at different levels, the instruments often 
need to be used in combination and must take into 
account the overall conditions described above. 

Certification of aquaculture products
Certification programmes for aquaculture products have 
been established for several years. They are developed 
by companies, national and international organizations, 
and supranational agencies against the background of 
the strong growth of the aquaculture industry with 
all its undesired side effects and a rising demand for 
 sustainably produced goods. 

Some of the approximately 30 existing certification 
programmes focus more on product quality and food 
safety, while others concentrate on environmental and 
social standards in the production process or on ani-
mal welfare (WWF, 2007). Non governmental organi-
zations (NGOs) frequently criticize the standards and 
labels developed by companies or at the supranational 
level for being too weak, or for serving their own inter-

Box 4.2-5

Case study II: salmon farming in Norway

The aquaculture industry, and especially the breeding of 
Atlantic salmon, holds an important position within the Nor-
wegian fish and seafood sector. 630,000 tonnes were pro-
duced in 2006, mainly for export. The fish are bred in cages 
off the coast (Aarset and Jacobsen, 2009). 

Since the 1970s and as late as the early 1980s, the salmon 
industry, which consisted mainly of spatially distributed small 
firms, was promoted by the Norwegian government to boost 
competitiveness in the context of regional development. 
After a phase starting in the late 1980s that was character-
ized by massive overproduction, falling prices due to stronger 
international competition, disease and many bankruptcies, a 
rethinking of industrial development policies was initiated, 
and state control of farms was improved from the early 2000s.

The fisheries directorate, the food-safety agency, the 
coastal directorate and the district councils are responsible 
for licensing, controls and sanctions. 2004/2005 saw the 
introduction of technical standards, voluntary accreditation 
processes for technical quality assurance, an internal control 
system to monitor farming operations, obligatory contingen-
cy plans for the event of diseases or fish escaping, and ceilings 
on the amounts of biomass allowed. Similarly, there is manda-
tory reporting from the farmers to the authorities, the main 
purpose of which is to prevent disease. Since the majority of 
production is exported to the EU, there is a great need for 
transparency, data collection, documentation and environ-
mental standards. Comparatively speaking, Norwegian aqua-
culture is quite strongly regulated by the state in terms of 
efficiency and compliance with international environmental 
standards (Aarset and Jacobsen, 2009). However, the local 
concentration of production has also led to an uneven region-
al distribution of the income from aquaculture, which is still 
insufficiently balanced (ICES, 2012b). 

Industrial salmon farming is a form of aquaculture that 
has a considerable influence on marine ecosystems due to the 
need for feeds in the form of fish meal and fish oil, which 
come from wild fisheries. However, Norwegian salmon aqua-
culture has managed to reduce the environmental damage 

caused by intensive farming. For example, the use of antibi-
otics has been greatly reduced. After peaking at 48,570 kg to 
produce 46,000 tonnes of fish in 1987, only 649 kg was used 
for 822,000 tonnes of fish in 2007 (Asche et al., 2010:  406  ff.; 
Figure 4.2-3). 

The reasons for this included public-private funding, the 
commercial introduction of high-quality vaccines in the early 
1990s, coastal zoning, and the relocation of farms to reduce 
the spread of pathogens (Asche et al., 2010; Midtlyng et al., 
2011). The contamination of water with antibiotics and the 
spread of disease to wild stocks has been greatly reduced in 
this way. Marine Harvest, the world’s biggest salmon pro-
ducer, used 732 g of antibiotics per tonne of fish produced in 
Chile in 2007, while only 0.2 g per tonne of fish was used in 
Norway (Marine Harvest, 2008:  16). 

According to Marine Harvest the difference is mainly due 
to ineffective inoculants and unvaccinated fish stocks in Chile, 
which can also be an expression of weaker environmental 
regulations in Chile. However, continuous vaccinations have 
reduced the use of antibiotics to about 370 g per tonne of 
fish there since 2008 (Marine Harvest, 2011:  123). Overall it 
can be said that the general health situation and disease con-
trol is good in Norwegian aquaculture, although outbreaks of 
disease continue to occur caused by certain pathogens which 
cannot be controlled, and parasites such as sea lice (Johansen 
et al., 2011).

According to a comparative life-cycle analysis of salmon 
aquaculture operations in Norway, Chile, Canada and the UK, 
which examined factors such as total energy consumption, 
use of biological resources, greenhouse gases, and emissions 
that contribute to acidification and eutrophication, Norway 
also has the lowest total energy consumption and, by com-
parison, the lowest emissions of CO2, sulphur oxides, nutri-
ents and phosphates. Furthermore, the country has the best 
record for the above-mentioned factors per tonne of salmon 
produced. The exception is feed consumption, since the feeds 
used in Norway’s aquaculture are highly dependent on sup-
plements of fish meal and fish oil. Chile is in second place here 
in front of Norway, since the feed used in Chile also contains 
poultry meal. By comparison, however, reduction fishery is 
very fuel-intensive and the fishmeal and fish-oil yield rela-
tively low (Pelletier et al., 2009). 
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ests, and have therefore developed more stringent and 
comprehensive certification programmes and labels of 
their own. Examples of private stakeholders include the 
Global Aquaculture Alliance (GAA), GLOBAL G.A.P., 
the ‘Naturland’ label and the new Aquaculture Stew-
ardship Council (ASC), which was co-founded by the 
World Wildlife Fund (WWF). 

There are also critical views on the effectiveness of 
aquaculture labels with respect to achieving sustain-
ability goals and the measurability of the results (Boyd 
and McNevin, 2011; Kalfagianni and Pattberg, 2013). 
In a study to assess common certification programs, the 
WWF identified different criteria that should be exam-
ined in the course of certification processes in aquacul-
ture (WWF, 2007): environmental aspects (e.  g. feed, 
energy), social aspects such as labour rights, rights 
of access to natural resources, animal welfare, animal 
health, processes for developing standards, the inte-
gration of stakeholders, and transparency. None of the 
programmes analysed meet all the recommended crite-
ria, which is why it would be important to develop them 
further (WWF, 2007). 

Certified aquaculture products currently still con-
centrate on certain species and certain markets. Prod-
ucts from developing countries are underrepresented, 
but they are on the increase (FAO, 2010b). Certifica-
tion can also be a barrier to market entry and competi-
tiveness for developing countries. To ensure that neg-
ative environmental effects caused by production are 
not transferred to other countries by increased imports, 
however, high environmental standards should apply 
equally to local production and to imported products 
(Bostock et al., 2010). 

However, the large number of labels makes it more 
difficult for consumers to make a purchase decision, for 
example according to ecological criteria. The criteria and 
certification processes should therefore be standard-
ized at the international level in the future. Since there 
has as yet been no standardization in the development 
of aquaculture certification, the FAO has developed 
recommendations for minimum criteria in the fields of 
animal health, food safety, environmental integrity and 
socio-economic aspects (FAO, 2011d).

Integrated coastal-zone management and zoning for 
aquaculture
Aquaculture farms in coastal areas often compete with 
other terrestrial and maritime uses such as fishing, 
tourism, nature conservation or public access to coasts 
(Tiller et al., 2012). Lack of access to suitable sites, 
diverging stakeholder and user interests, and low levels 
of social acceptance in some regions are the main barri-
ers to the further spread of aquaculture (Gibbs, 2009). 
The aim of integrated coastal zone management (ICZM) 

and zoning (Sections 3.6.2, 3.6.3) is to integrate mutu-
ally compatible ecological requirements and human 
uses in certain zones and to lay down plans for use. 
This makes it possible to avoid conflicts over use and 
harmful environmental effects (Howart, 2006; Hisha-
munda et al., 2012; Tiller et al., 2012). The integration 
of stakeholders is essential, especially when vulnerable 
social groups are affected and such issues as social jus-
tice, food security and poverty reduction are involved 
(Primavera, 2006; Tiller et al., 2012). It is an advantage 
for zoning if planning powers relating to land use can be 
transferred to local authorities (Howart, 2006). ICZM 
and zoning for aquaculture farms are already being 
applied in several countries (Hishamunda et al., 2012).

Instruments for assessing environmental effects
There are several standardized procedures for analysing 
and evaluating the environmental effects of aquacul-
ture. These include generic methods such as the ecolog-
ical footprint, by which the consumption of resources 
and the waste generated by aquaculture can also be 
measured (Roth et al., 2000).

Another example is life-cycle analysis (LCA), which 
considers such parameters as total energy consumption, 
emissions of phosphorus, nitrogen and carbon dioxide, 
and water consumption in production, distribution, 
consumption and the disposal of products (Aubin et 
al., 2009; Bostock et al., 2010). However, LCA is less 
suitable for evaluating the dependence of products on 
natural resources or ecosystem services (Bostock et al., 
2010). 

In addition, there are evaluation methods that have 
been specifically developed for aquaculture. These 
include the EU-funded ECASA toolbox for assessing 
the environmental impact of fish and crustacean cul-
tivation in European seas. Its aim is to help implement 
the ecosystem approach and to make it easier to site 
farms effectively (ECASA, 2013). 

The Global Aquaculture Performance Index (GAPI) 
looks at the cumulative environmental effects of fish 
farms, as well as the influence per unit of production at 
the country and species levels. It offers a global com-
parison of environmental effects and even allows direct 
comparisons to be made, for example between salmon 
aquaculture in Chile and Norway, or between the envi-
ronmental impact of all marine fish farming in Canada 
and China (GAPI, 2010). 

Ecosystem-based carrying-capacity concepts take 
an expanded view. They evaluate production and eco-
logical limits as well as social acceptance of aquacul-
ture production. They can also be applied beyond an 
individual farm to ecosystems and catchment areas 
(Byron and Costa-Pierce, 2012). In order to take into 
account as many environmental effects as possible, it is 
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not a good idea to consider an individual farm in isola-
tion; rather, the cumulative and regional environmental 
effects of all the farms in a region should also be taken 
into account (King and Pushchak, 2008). 

4.2.3.3 
Research and development for sustainable 
 aquaculture
Research, technology development and knowledge 
transfer are fundamental measures required for a more 
environmentally compatible development of aquacul-
ture production and for reducing negative influences 
on ecosystems. The further development and spread of 
environment-friendly production systems are exam-
ples of implementation of the ecosystem approach in 
aquaculture. They are also an essential building block 
towards securing a sustainable form of food production.

Promoting the development of ecologically 
sustainable production systems
The FAO Code of Conduct calls for the implementation 
of ecologically sustainable aquaculture (FAO, 1995). 
The Bangkok Declaration and the Phuket Consensus 
emphasize the importance of sustainable innovations 
(NACA and FAO, 2000; GCA, 2010a; Section 4.2.4.1). 
Depending on the context, laws and regulations, eco-
nomic incentives and voluntary self-commitments by 
producers can all promote the further development and 
spread of environment-friendly production systems. 

Sustainable innovations can also be triggered by the 
demand side, for example by an increase in demand 
for sustainably produced products or by product boy-
cotts. Improvements are also necessary in farm man-
agement, especially in developing and newly industri-
alizing countries, where innovations are feasible in var-
ious fields: to reduce water and energy consumption, in 
feeds and feeding techniques, in wastewater and solid-
waste management, and with regard to stocking den-
sity and disease control (Primavera, 2006). 

At the same time, environment-friendly produc-
tion systems – such as integrated multitrophic sys-
tems, recirculating technologies as closed systems, or 
mangrove-friendly aquaculture systems – already exist 
(Section 4.2.2.4). Some of these need to be further 
developed, e.  g. recirculating technologies or industrial-
scale multitrophic systems. 

Promoting research; knowledge and technology 
transfer
Research and the transfer of knowledge and tech-
nology are crucial to the development of sustainable 
aquaculture. Their importance is particularly empha-
sized, for example, in the Bangkok Declaration (NACA 
and FAO, 2000; Section 4.2.4.1). The EU, too, aims to 

base its promotion of sustainable aquaculture on ‘state-
of-the-art research’ and ‘innovative technologies’ (EU, 
2009a). In many developing and newly industrializ-
ing countries, however, the resources and capacity 
available for research and development are very lim-
ited, which is why international technology transfer 
should be a key component of international coopera-
tion. Within a country, too, the dissemination of know-
ledge is key and must be actively supported. Indonesia, 
for example, has had good experience with the promo-
tion of training and technology transfer, especially for 
small-scale aquaculture. The ministry responsible for 
aquaculture is supported by producer organizations in 
advising farmers and spreading suitable technologies. 
In addition, national development centres and local 
centres are given responsibility for technology trans-
fer and training. In this context, farmers are invited as 
representatives of their villages and trained, thus ena-
bling them to spread the knowledge in their villages. 
Furthermore, there are courses and degree programmes 
within the formal training  system at numerous fishery-
schools, colleges, faculties and a fisheries university 
(Hishamunda et al., 2009).

4.2.4 
International and regional governance in 
 aquaculture

There are many, mostly non-binding treaties and agree-
ments at the international and regional level which relate 
directly or indirectly to aquaculture. They emphasize the 
cross-border, and in some respects  global,  character of 
aquaculture production as a result of trade and envi-
ronmental consequences, and highlight the need for 
international cooperation. Despite a certain amount of 
progress, the recommendations and guidelines contained 
in the agreements are often not sufficiently implemented 
(FAO, 2012e). 

Almost all marine aquaculture farms are currently 
located on coasts or in near-coastal waters, which is 
why the coastal states are solely responsible for the 
regulation of aquaculture. Aquaculture is not  explicitly 
mentioned in UNCLOS either. However, as aquacul-
ture increasing moves to regions far from the coasts 
and  possibly onto the high seas – e.  g. using free-float-
ing aquaculture installations – international agree-
ments within the framework of UNCLOS could become 
 necessary.

Stringent international standards and effective 
 support with implementation, especially for  developing 
and newly industrializing countries, will be required 
in order to establish an ecologically and socially 
 responsible aquaculture worldwide. However, an 
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 effective,  standards-based implementation at national 
and local levels remains essential.

4.2.4.1 
International level
No binding treaties on the regulation of aquaculture 
exist at the international level. Several quite far-reach-
ing, but non-binding strategies and recommendations 
have been developed on aquaculture since the first dec-
laration on aquaculture in Kyoto in 1976. Particularly 
noteworthy is the FAO Code of Conduct for Respon-
sible Fisheries (Section 4.1.4.3), Article 9 of which 
deals with aquaculture. Later agreements such as the 
 Bangkok Declaration (NACA and FAO, 2000) and the 
Phuket Consensus (GCA, 2010a) build on this founda-
tion. 

Article 9 of the FAO Code of Conduct makes ambi-
tious recommendations and calls for responsible inter-
action with aquatic ecosystems and the protection of 
their genetic resources – by means of proper manage-
ment, effective methods of environmental assessment 
and monitoring, transparent information, and global 
and international cooperation. It recommends assess-
ing the possible ecological consequences of aquacul-
ture development in advance and according to the best 
available scientific information, and establishing devel-
opment strategies. The Code also emphasizes responsi-
ble aquaculture production at farm level and the inte-
gration of stakeholders into development processes. 
Furthermore, it also specifies the needs of developing 
countries and the interests of local communities, such 
as secure access to fishing grounds. States are expected 
to develop national guidelines building on these recom-
mendations (FAO, 1995). 

However, little progress has been made up to now in 
the implementation of this article (Edeson, 2003). Only 
13 countries have drawn up aquaculture plans to date, 
and all of these are industrialized countries (OECD, 
2010). According to an evaluation report, there are 
several reasons for the inadequate implementation of 
the Code of Conduct. They include, among other things, 
insufficient resources, lack of knowledge of the FAO 
recommendations and technical guidelines among gov-
ernment officials and organizations, and insufficient 
involvement of stakeholders in project-planning pro-
cesses. According to the report, the FAO should play a 
more active role in the implementation of the Code of 
Conduct, improve collaboration with partners, and give 
the member states more support with the implementa-
tion of plans and strategies for sustainable aquaculture 
development (FAO, 2012e). 

The Bangkok Declaration highlights the growth of 
aquaculture and its importance for “poor sectors of the 
community”, and makes recommendations for a strat-

egy on aquaculture development beyond 2000. Among 
other things, it emphasizes investment in education, 
research, modern and environment-friendly technolo-
gies, the promotion of food security, integration into 
rural development, and a strengthening of the institu-
tional, political and administrative framework (NACA 
and FAO, 2000). It also aims to distribute the costs and 
benefits of aquaculture fairly and to ensure that society 
as a whole benefits from the development of the sector 
(GCA, 2010b). Some countries have been successful in 
implementing the recommendations, but there are also 
still many gaps (Hishamunda et al., 2012).

The FAO Code of Conduct also has its weak points. It 
is non-binding, formulated in broad and general terms, 
and does not offer any guidelines on transposing its 
provisions into national law. Nevertheless, the Code can 
support the establishment of rules for aquaculture, par-
ticularly in countries where environmental regulation 
is weak (Roderburg, 2011). Furthermore, the FAO and 
the International Council for the Exploration of the Sea 
(ICES) have developed technical guidelines for refining 
the FAO Code of Conduct (e.  g. see FAO, 1997b, on the 
responsible development of aquaculture; FAO, 2011d, 
on the certification of aquaculture products; ICES, 
2004, on the ICES’s recommendations on the transfer 
of marine organisms). 

In addition, environmental impacts of aquaculture 
are indirectly affected by other international con-
ventions, e.  g. by sections of UNCLOS on marine pol-
lution or the Cartagena Protocol on Biosafety to the 
 Convention on Biological Diversity (CBD; Howart, 
2006;  Roderburg, 2011).

The Phuket Consensus notes advances in aqua-
culture development. It identifies seven areas where 
improvements are most needed, e.  g. as regards the 
effective governance of the sector and suitable devel-
opment strategies, investment in innovation, and coop-
eration between regions, institutions and small farmers 
(GCA, 2010a).

In recent years, the need to strengthen sustain-
able aquaculture has been emphasized repeatedly at 
the international level in connection with the protec-
tion of biodiversity and ecosystems, for example by 
the Jakarta Mandate on Marine and Coastal Biological 
Diversity under the CBD (CBD, 1995) and by decisions 
of subsequent conferences of the parties. For example, 
the CBD calls on the states to avoid or reduce negative 
effects of marine aquaculture on marine and coastal 
biodiversity, and makes recommendations on relevant 
methods, techniques and management practices (CBD, 
2004a). Target 7 of the Aichi Biodiversity Targets calls 
on states to manage areas under aquaculture sustain-
ably by 2020, in order to conserve biodiversity. (CBD, 
2010a). The resolution of the ‘Rio+20 Conference’ also 
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calls on states to support sustainable aquaculture for 
ecological reasons and in order to improve food security 
and secure livelihoods (UNCSD, 2012). However, the 
voluntary status of these agreements hinders transpo-
sition into national law. 

4.2.4.2 
European Union
At the European level, no binding legislative acts on 
environmental protection exist up to now that are 
directly related to aquaculture, despite the rapid 
growth of the industry. However, there are directives 
and  regulations that touch indirectly on the environ-
mental effects of aquaculture. These include legislative 
acts on hygiene in the production of aquaculture prod-
ucts and on the health of animals in aquaculture; on 
water protection and undesirable substances in animal 
feed; on the use of alien species; on organic aquaculture 
and the certification of aquaculture products by the EU 
organic farming label (EU, 2007). 

Various measures of EU environmental policy also 
affect aquaculture-related issues; these include the 
Water Framework Directive (WFD), the Marine  Strategy 
Framework Directive (MSFD), the Flora-Fauna-Habitat 
Directive, the Dangerous Substances  Directive, and the 
legislative acts on environmental impact assessments 
(EU Commission, 2012d). The WFD aims to achieve 
a good ecological and chemical status for inland and 
coastal waters up to 1 nautical mile seaward of the 
coastal baseline by 2015. 

The MSFD calls for a good environmental status of 
the seas by 2020, the development of environmental 
targets and monitoring. Inputs of fertilizers and organic 
matter as a result of aquaculture must therefore be 
included in the required description of the environ-
mental status and the formulation of environmental 
targets for the oceans (Schmehl and Wack, 2009). How-
ever, since this comes under the responsibility of the 
member states, the Directive does not create uniform 
European standards on running aquaculture farms in 
an environmentally responsible way. 

As offshore aquaculture develops, the MSFD 
could become more important for aquaculture (EU 
 Commission, 2012d). An environmental impact assess-
ment is required for intensive fish farming. However, 
when the assessment requirement is formulated in 
greater detail by the member states, this might lead to 
a weakening of the level of protection, for example if 
the need for an assessment is made conditional on the 
size of the farm rather than on the level of emissions 
(Schmehl and Wack, 2009). 

The EU already formulated a strategy for promot-
ing the aquaculture sector in 2002, which was fur-
ther developed in 2009 by a Communication entitled 

‘Building a sustainable future for aquaculture’ (EU, 
2009a). On the subject of environmental protection, 
the Communication stresses the importance of the 
existing EU water legislation. It does not contain any 
measures of its own to reduce negative environmental 
effects. It states that the extensive use of fish meal and 
oil as a feed is a problem (EU, 2009a).

In 2009 the EU Regulation on organic production 
and labelling of organic products was extended to also 
cover aquaculture products. Implementing provisions 
for the production of marine algae and animals, and on 
origin and husbandry, aim to prepare the ground for 
appropriate labelling of organically produced aquacul-
ture products (EU, 2009a). 

The European Fisheries Fund (EFF), which is part of 
the Common Fisheries Policy of the European Union 
(CFP), is to promote the sustainable development of 
European aquaculture and eco-friendly production 
methods up to 2013. As part of the reform of the CFP, 
the aim is to further develop the potential of European 
aquaculture and to integrate it with goals such as sus-
tainability, food security, growth and employment by 
2020. In this context, the European Commission has 
produced, for example, guidelines on integrating aqua-
culture with nature-conservation issues at Natura 2000 
sites (Habitats Directive), since economic activities are 
not excluded from these protected areas per se (EU 
Commission, 2012d).

4.2.4.3 
Regional seas agreements
At the regional level, the environmental effects of 
aquaculture are touched on indirectly by the OSPAR 
 Convention for the North-East Atlantic and the 
 HELCOM Convention for the Baltic Sea Area. Both 
treaties are committed to the ecosystem approach and 
 recommend the application of ‘best environmental 
practice’ to reduce the input of such contaminants as 
phosphorus, nitrogen and toxic substances (HELCOM, 
2004, 2008, OSPAR, 2010c). 

They also recognize the importance of monitor-
ing and assessing the environmental effects of human 
activities and of the integrated management of these 
effects (HELCOM, 2007; OSPAR, 2010a). However, the 
treaties do not contain a comprehensive strategy for 
regulating the environmental impact of aquaculture.

The Convention for the Protection of the Marine 
Environment and the Coastal Regions of the Mediter-
ranean (Barcelona Convention) and its protocols refer 
to aquaculture only as a land-based source of pollu-
tion; it recommends that action plans and programmes 
should be developed to eliminate them and that their 
discharges and waste treatment should be monitored. 
The contracting parties are also called upon to regu-
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late invasion by non-indigenous or genetically modi-
fied species and to set up an ICZM (UNEP MAP, 2005, 
2013), which indirectly affects aquaculture.

4.3
Interactions between fisheries and aquaculture

4.3.1 
Forage fisheries and breeding from wild-caught 
fish 

Sustainable aquaculture will be difficult to achieve as 
long as certain forms of aquaculture production are 
dependent on fisheries and in this way increase the 
pressure on wild fish populations (Naylor et al., 2000). 
Many species that are kept in aquaculture do not 
reproduce easily in captivity, so breeding farms require 
spawn from wild populations or wild-caught larvae of 
fish, shrimp, crabs and other organisms. The number of 
larvae of non-target species found in bycatch and not 
used exceeds the number of larvae used for breeding 
several times over (Ronnback et al., 2002). There are 
also other forms of aquaculture in which wild-caught 
juvenile fish, e.  g. tuna, are fattened (Tacon and Metian, 
2009a). On the other hand, land-based aquaculture in 
particular can make a contribution to restocking wild 
fish stocks by breeding larvae (FAO, 2012b).

Predatory fish kept in aquaculture are fed with a 
protein-rich diet in the form of fish oil or fishmeal. To 
supply these two kinds of feed, there is a separate form 
of fishery that specializes in catching small schooling 
fish. It is called forage fishery – or ‘reduction fishery’ 
because it reduces fish to fishmeal and oil (Naylor and 
Burke, 2005; Bostock et al., 2010). In Asia, fish, pri-
marily from bycatch, is used directly as a feed in aqua-
culture. On other continents, virtually no fish is used 
as a feed in aquaculture without being industrially 
processed, with the exception of farmed bluefin tuna 
( Wijkström, 2009). Additional pressure on wild fish 
stocks comes from the addition of fishmeal and fish oil 
to the diets of herbivorous and omnivorous species. It is 
not physiologically necessary, but is often done for cost 
reasons (Bostock et al., 2010). 

Reduction fishery, even when practised at MSY levels, 
can put a strain on food webs and reduce the numbers 
of commercially interesting predatory fish, as well as 
seabirds and marine mammals. It impacts on the lower 
trophic levels, and thus reduces the food supply of spe-
cies that are higher up in the food chain (Smith et al., 
2011; Box 4.3-1). Several stocks of small pelagic fish 
species in the Pacific and the Atlantic are already being 
fully exploited or overfished (Tacon and Metian, 2009a).

According to the FAO, yield figures from reduc-
tion fisheries have been in the region of 18–30 mil-
lion tonnes a year for more than 30 years. Yields kept 
rising until 1994 but have been falling steadily ever 
since. Today, a total of 5–6 million tonnes of fishmeal 
per year is made from the fish; the amount of fish oil is 
just over 1 million tonnes per year. Here, too, changing 
catch yields initially led to an increase in the quanti-
ties produced and then to a decline after 1994 (FAO, 
2012b: 174 ff.). 

In 2009, 18 million tonnes of fish were not con-
sumed directly by humans, but processed into fishmeal 
and fish oil; this represents 20  % of global landings of 
fish, shellfish and other marine animals. Most of it is 
used in aquaculture. In 2008, 61  % (3.7 million tonnes) 
of global fishmeal production and 74  % (0.8 million 
tonnes) of fish-oil production was used to make aqua-
culture feeds; the figures for fishmeal have been falling 
since 2005 (FAO, 2012b:  174 ff.; Figure 4.3-1).

The amount of fishmeal used in aquaculture has 
been growing overall for decades; by contrast, its use 
in pig and poultry farming has fallen sharply. In 1988, 
80  % of the world’s production of fishmeal was used 
as feed for pigs and poultry, compared to only 10  % in 
aquaculture (FAO, 2012b:  177). Since the 1970s, there 
has also been a sharp increase in the amount of landed 
wild-caught fish used as a direct or freshly processed 
feed in aquaculture, livestock farming or angling (rising 
from 0.9 million tonnes in 1970 to 13 million tonnes in 
2006; Tacon and Metian, 2009b). 

External feed was used in more than 80  % of the fish 
and crab produced in aquaculture worldwide in 2008 
(mostly freshwater species; FAO, 2012b:  172 ff.). The 
extent to which the individual species bred in aquacul-
ture require feeds containing animal protein depends 
on their position in the food web. Organisms at lower 
trophic levels (herbivores, omnivores) require little or 
no animal protein. Filter feeders such as mussels require 
no external food at all because they feed on plankton 
from the surrounding sea water. The aquaculture spe-
cies that require the most fishmeal and fish oil are at a 
high trophic level and are predators (e.  g. salmon, trout, 
marine fish like sea bass and sea bream) or marine 
shrimp (FAO, 2012b). In 2008 about two-thirds of 
the fishmeal used globally in aquaculture, and more 
than 90  % of the fish oil, was consumed by the above- 
mentioned species groups (Tacon et al., 2011:  51  ff.). 

However, depending on the species, the cultivation 
method and relation between the amount of feed used 
and the weight of the final product (feed conversion 
ratio, FCR), the amount of wild fish used in feeds can 
be several times the final yield of fish (FAO, 2011e, 
Section 4.3.3). The proportion of fishmeal and oil in the 
feed also varies with the respective period within the 
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cultivation cycle (Tacon and Metian, 2008; Naylor et 
al., 2009). Although the aquaculture sector remains the 
world’s biggest consumer of fishmeal, the proportion of 
fishmeal in aquaculture feeds has been falling sharply 
in recent years for many species groups (Figure 4.3-1). 
The FAO estimates that this trend will continue over the 
next 10 to 12 years (FAO, 2012b; Table 4.3-1). 

This decline is being caused by lower yields from 
reduction fishery and rising demand, especially in 
the Asian growth regions, which are leading to price 
increases and more use of lower-cost fishmeal substi-
tutes (Hasan and Halwart, 2009). As regards the con-
sumption of fish oil, although a reduction in the amount 
used in feed is also expected, due to the rapidly  rising 
production of species of marine fish and crabs and the 
lack of low-cost substitution options, an increase is 
expected overall (FAO, 2012b). 

As a general rule, it can be said that breeding spe-
cies at low trophic levels puts no or significantly less 
pressure on wild populations. However, the production 
of fish-eating species at a high trophic level is on the 
increase, so that this form of aquaculture is not easing 
the pressure on marine fisheries. The pressure on wild 
fish populations is further exacerbated by the large 
production quantities of omnivorous species that are 
given feed containing fishmeal and oil, albeit in declin-
ing proportions (FAO, 2012b:  34, 176  ff.). 

Considering the dependence of certain aquaculture 
species on reduction fishery, together with the eco-
logical effects and the growing demand for aquacul-
ture products, the production of mussels and fish spe-
cies at a lower trophic level (primarily herbivorous and 

omnivorous freshwater species such as carp and tilapia) 
should be developed, largely dispensing with the use of 
fishmeal and oil in the feed, with the aim of stabilizing 
the stocks of wild fish (Tacon et al., 2010). Demand for 
these species should be promoted, and the production 
and consumption of predatory fish species reduced. 

4.3.2 
Competition between uses

Small marine pelagic schooling fish such as anchovies, 
herring, sand eel, Norway pout, sardines and sprats are 
the most frequently caught fish worldwide. They made 
up just under 30  % of total landings in 2006, weighing 
27.3 million tonnes (Tacon and Metian, 2009a). Much 
of this catch is used to produce feed for aquaculture, 
livestock production and pets.

Although the fishmeal industry says there is no 
other demand for 90  % of the fish that is processed 
into fishmeal, there are large regional differences in the 
importance of fish in the human diet. These fish might 
well be missed at the regional level as food for human 
consumption (Hecht and Jones, 2009). Small pelagic 
fish, being a relatively inexpensive food on many local 
markets, are an important source of animal protein and 
omega-3 fatty acids for poor sections of the population 
(WFC, 2011a). This applies in particular to populations 
in Africa and especially in sub-Saharan Africa, where 
fish accounts for about 18  % of people’s consumption 
of animal protein, and the proportion of marine pelagic 
fish in the supply of fish protein is around 43  %. In 

1995 2000 2005 2008 2010 2015 2020
0

3

6

9

12

15

18

21

24

27

30

0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0
Fi

sh
m

ea
l u

se
 [M

io
. t

]

Sh
ar

e 
[%

]

Total fishmeal use
Year

Share of fishmeal in aquafeed

Figure 4.3-1
Actual and predicted reduction in fishmeal use relative to the global production of compound  aquaculture feed. 
Source: FAO, 2012b:  177
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36 countries worldwide the proportion of pelagic fish 
is over 50  %; 14 of these are in Africa. Aquaculture 
provides only a small proportion of fish consumed in 
Africa at present (Tacon and Metian, 2009a). 

In Asia, the Pacific region and other parts of the 
world, too, the consumption of small pelagic fish has 
a very long tradition: e.  g. herring in northern Europe, 
sardines in the Mediterranean, sprats in the Baltic 
(Tacon and Metian, 2009a). Rising fish prices due to 
the increased competition for small pelagic fish and 
the growth of Asian aquaculture are making the sale of 
forage fish for direct human consumption increasingly 
profitable (Huntington and Hasan, 2009). Poor sections 
of the population suffer most from the rising prices 
(Kent, 2003). In turn, price increases for fishmeal and 
fish oil encourage producers to reduce locally available, 
cheap fish to feeds (Wijkström, 2009). Furthermore, 
compared to other potential users the aquaculture sec-
tor is more likely to be prepared to pay higher prices for 
feed products made from pelagic fish, especially since 
the demand for high-value carnivorous fish and crabs 
from large-scale aquaculture is on the increase (Tacon 
and Metian, 2009a). 

There is no unequivocal answer to the question 
of whether the use of fish from reduction fishery or 
bycatch to make aquaculture feeds might worsen poor 
population groups’ access to affordable, small pelagic 
fish and thus worsen their food situation. According to 
Funge-Smith et al. (2005) there is growing competition 
between the use of economically inferior fish (often 
from bycatch) as fresh aquaculture feed and as a food 
for direct human consumption, especially in Asia, and 
this is being reflected in rising prices for the fish. De 
Silva and Turchini (2009) believe, however, that this 
competition is not so unequivocal, since these fish 

are often landed in regions where there are plenty of 
other fish products available for human consumption. 
Because their quality is often too low for direct human 
consumption, their use as fish feed is often the most 
economically sensible alternative. However, processing 
bycatch to food creates more jobs than processing it to 
fishmeal. Poor population groups benefit particularly 
from this food source if the catch can be sold locally 
without additional transport and refrigeration costs 
(Wijkström, 2009). 

The effects of reduction fishery and fishmeal pro-
duction on the incomes of the local population vary in 
a similar way from region to region. If the locally pro-
duced fishmeal is used locally and fishmeal-dependent 
aquaculture generates local employment and income 
for sections of the population who would otherwise 
have benefited from the direct consumption of cheaper 
forage fish, the benefits of reduction fishery can out-
weigh the disadvantages. One example of positive local 
income effects is abalone breeding in South Africa. If 
there are no local employment effects, and an inexpen-
sive source of protein is lost to the reduction  fishery, 
the disadvantages outweigh the advantages for the 
poor (Hecht and Jones, 2009). 

In some regions, there is now a growing trend 
towards direct human consumption of traditional 
forage-fish species by local populations (Hasan and 
 Halwart, 2009), and this trend is expected to continue 
in the future (Huntington and Hasan, 2009). Countries 
like Chile and Peru are supporting this trend (e.  g. in the 
case of anchovies and mackerel) to improve national 
food security. A study on Peru also shows that process-
ing a larger percentage of landed anchovy for direct 
human consumption increases the value of the final 
product, leading to higher productivity and more jobs 

Box 4.3-1

Sustainable management in forage fisheries

Forage fish play a decisive role in marine ecosystems. They 
are quite small, pelagic schooling fish species (e.  g. sardine, 
anchovy, herring) that feed on plankton and are an indis-
pensable source of food for predatory fish, sea birds and 
many marine mammals (Pikitch et al., 2012a). Forage fish 
also account for over 30  % of global fishery yields and are 
economically very significant, with a value of US$  5.6 billion 
per year. However, forage fish can make a greater economic 
contribution in the sea than in a fisherman’s net. The indi-
rect contribution of forage fish as a source of food in the sea 
for the stocks of higher-value fish for human consumption is 
estimated at about US$  11.3 billion per annum (Pikitch et al., 
2012b). Only 10–20  % of the forage fish catches are directly 
consumed by humans. The rest – in its industrially processed 
form – is an indispensable food source for marine aquaculture 

(Section 4.3); it is also used in livestock farming (Alder et al., 
2008). 

Forage-fish stocks are subject to large and unpredictable 
natural fluctuations; the uncertainties involved in estimating 
the size of such stocks and fixing fishing quotas are therefore 
particularly serious. Applying the ecosystem approach is 
especially important in their management because of their 
key role in pelagic food webs. For example, in many 
 ecosystems seabirds need around one third of the maximum 
forage-fish population size to permanently maintain their 
populations (Cury et al., 2011). Overall, however, information 
on the exact structure of marine ecosystems is usually too 
 inadequate to allow the application of the ecosystem approach 
(Alder et al., 2008). For precautionary reasons, therefore, the 
biomass in these fisheries should be at least twice the size of 
what is necessary for the MSY, and when quotas are laid 
down to protect stocks they should be correspondingly 
 conservative (Pikitch et al., 2012b). 
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than in the production of fishmeal (Sánchez Durand 
and Seminario, 2009).

Overall, it remains a regional, context-dependent 
question whether the direct consumption of small 
pelagic fish or the generation of jobs and income in for-
age fishery and fishmeal-dependent aquaculture has a 
larger positive influence on the food security of poor 
sections of the population (Huntington and Hasan, 
2009). Further research on ways of reducing conflicts 
between different resource users seems a good idea 
(Hecht and Jones, 2009).

4.3.3 
Reducing the proportion of fishmeal and fish oil 
used in aquaculture feeds

For several decades now, efforts have been made to 
reduce the dependence of aquaculture’s feed produc-
tion on fisheries. Industry and government research 
have, for example, been trying to increase the feed-
conversion ratio among the species farmed, so that 
the proportion of fishmeal and oil in the feed can be 
progressively reduced. For example, the ratio of small 
pelagic fish used per unit of fish and crab produced 
improved in the period from 1995 to 2006: in the pro-
duction of salmon from 7.5 to 4.9, trout from 6.0 to 3.4, 
eel from 5.2 to 3.5 and shrimp from 1.9 to 1.4 (Tacon 
and Metian, 2008:  156). However, in the cultivation of 
Australian bluefin tuna fed on fresh fish and fish waste, 
the best input-output ratio that can be reached is 12:1 
(Huntington and Hasan, 2009:  16). The improvements 
that have been achieved are largely attributed to the 
rise in the prices of feed, which amounted to 50  % for 

fishmeal and 130  % for fish oil between 2005 and 2008 
(Naylor et al., 2009). 

Over the last 30 years there have been successes 
in the substitution of the proteins in fishmeal with 
 vegetable proteins, e.  g. from cereals, oilseeds, legumes, 
biomass from bioethanol production, or with proteins 
from microorganisms. Up to 75  % of the fishmeal in 
the feed for predator species could easily be replaced 
(Bell and Waagbø, 2008). However, it should be noted 
that substitution with vegetable proteins is also likely 
to be limited by increasing competition for agricultural 
land and fresh water, which could lead to conflicts, 
 especially in the populous regions of Southeast Asia 
(Olsen et al., 2008). 

However, fish waste from the processing indus-
try is also increasingly being used in the production 
of feed; about 36  % of the world’s production of fish-
meal came from this source in 2010 (FAO, 2012b:  65). 
Other alternative sources for fishmeal and oil are waste 
products from livestock production (meal made from 
meat, bones, feathers, etc.); however, their increased 
use could be limited a low level of acceptance by the 
consumers. 

Another source is the use of bycatch from fisheries, 
all of which already has to be landed in some coun-
tries today; this rule will also apply in the EU in the 
future (Section 4.1.3.4). However, the use of bycatch 
remains controversial because of the risk that it might 
lead to a softening of regulations on reducing bycatch 
( Naylor et al., 2009). It could become more important 
as an alternative source of feed production if accom-
panied by suitable measures such as a ban on discards 
and the condition that bycatch may only be used for 
industrial purposes. 

Table 4.3-1
Share of fishmeal in industrially produced feed for several fish species and species groups. The result is a clear trend towards 
reducing the proportion of fishmeal in feed. * Estimate
Source: FAO, 2012b:  178

Species or species group  Share of fishmeal in aquaculture feed [%]

 1995 2008 2020*

Carp 10 3 1

Tilapia 10 5 1

Catfish 5 7 2

Milkfish 15 5 2

Various freshwater fish 55 30 8

Salmon 45 25 12

Trout 40 25 12

Eel 65 48 30

Marine fish 50 29 12

Marine shrimp 28 20 8

Freshwater crabs 25 18 8



Systemic effects: land/sea interactions and  feedback loops with the Earth system  4.4

175

Algae are also used in aquaculture feeds. Feed trials, 
e.  g. with sea grass and blue-green algae, have shown, 
however, that replacing fishmeal with large amounts of 
algae has negative effects on most of the farmed fish 
studied, so that algae do not seem to be very suitable 
as a fishmeal substitute. As feed additives, algae have 
positive effects on growth, the feed-conversion ratio, 
stress tolerance, etc. (Hasan and Chakrabarti, 2009).

The substitution of fish oil, which is rich in polyun-
saturated fatty acids and is vital for many marine aqua-
culture species, has not been very successful up to now. 
In salmonids like salmon and trout, for example, fish oil 
remains an important component of their diet because 
of its metabolic properties, despite the higher propor-
tion of plant lipids. In addition, the complete substi-
tution of fish oil would also reduce the proportion of 
unsaturated fatty acids in the final product, which is 
not desirable from the consumer’s point of view. Feeds 
for salmonids, for example, contains more fish oil than 
is needed in the cultivation of the animals to ensure a 
certain desired level of omega-3 fatty acids in the fish 
product (Naylor et al., 2009).

Approaches to reducing fish oil in aquaculture feeds 
concentrate on almost completely replacing the fish 
oil during the growth phase and subsequently provid-
ing fish-oil-rich feed; as a result, the final product has 
a similarly high content of unsaturated fatty acids to 
organisms from the wild (Bostock et al., 2010). Fur-
thermore, organisms such as bacteria and algae could be 
used as potential sources of unsaturated fatty acids, and 
genetic modifications in this context are also regarded 
as promising (Olsen et al., 2008; Bostock et al., 2010). 
Moreover, studies are being conducted on growing cer-
tain species of worm as an additional source of unsatu-
rated fatty acids for integrated systems (Bischoff et al., 
2009). Another subject of discussion is the extent to 
which Antarctic krill might offer a way of substituting 
fatty acids and proteins. However, it is feared that a 
 significant use of krill could cause considerable nega-
tive ecological effects. Since krill is at a low trophic level 
on the Antarctic marine food web and is a key prey, e.  g. 
for whales, seals and seabirds, very intensive fishing 
could threaten the food supply of these organisms and 
change the ecological structure (Constable et al., 2000; 
Smith et al., 2011). An improved scientific basis with 
data inter alia on distribution and population densities 
is urgently needed in order to decide to what extent a 
sustainable form of management of krill fishing might 
be developed on the basis of the precautionary princi-
ple (Naylor et al., 2009). 

The substitution of fishmeal and fish oil remains an 
important issue in industry and in government research. 
The rising prices due to the growing demand for both 
feed components could support substitution. 

4.4
Systemic effects: land/sea interactions and 
 feedback loops with the Earth system

In addition to the direct effects of fisheries and aquacul-
ture on the environment discussed above, the ecosys-
tems and the sea as a food source are subject to stresses 
and pressures caused by land-based human activities. 
The effects of climate change and ocean acidification 
can threaten the long-term survival of already weak-
ened fish populations (Gruber, 2011); they also make 
adaptation of aquaculture necessary (de Silva and Soto, 
2009). Furthermore, pollutants such as pesticides and 
heavy metals find their way into the oceans via emis-
sions or direct inputs and can have a negative impact on 
marine organisms and their consumers. 

4.4.1 
Climate change

The increased sea temperatures caused by climate 
change (Section 1.2.4) have direct effects on marine 
animals. For example, there are physiological limits 
beyond which the function, growth and reproduction 
of marine fish are reduced. This is because the oxygen 
supply is restricted at higher temperatures (Pörtner 
and Knust, 2007; Pörtner, 2010). Moreover, the tem-
perature can affect the areas and success of reproduc-
tion (e.  g. bluefin tuna; Muhling et al., 2011). However, 
temperature is not only a decisive factor for individ-
ual organisms; marine ecosystems also react sensitively 
and quickly to rises in temperature. On large scales, the 
patterns of marine biodiversity are closely linked to 
 climate change (Worm and Lotze, 2009). Model calcu-
lations based on climate scenarios give rise to  concerns 
that significant regional shifts can be expected in 
marine species, leading to possible disturbances in eco-
system services (Cheung et al., 2009). 

Natural changes in the climate can already trig-
ger migrations or major fluctuations in fish popula-
tions (e.  g. caused by the regional climate phenomenon 
known as El Niño/Southern Oscillation: Barber, 2001). 
Anthropogenic global warming has already led to 
regional shifts of marine populations closer to the poles 
and into deeper waters (Sumaila et al., 2011; Nicolas 
et al., 2011). Regional population shifts and changes 
in species composition can be expected to have far-
reaching effects on the food webs of marine ecosys-
tems, although these are difficult to predict in detail 
(Worm and Lotze, 2009; Burrows et al., 2011). The 
effects might be less serious than expected if vulner-
able species are replaced by others that take on a simi-
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lar function in the ecosystem structure. But they might 
also be greater if temporally or functionally linked rela-
tionships between species (e.  g. predator/prey relation-
ships) are disrupted by population movements (   Beau-
grand et al., 2003). For example, fundamental regime 
shifts of marine ecosystems affecting large areas, which 
also occur without any anthropogenic influence, can 
have climatic causes (e.  g. Chavez et al., 2003). 

Climate change impacts are already visible today at 
all trophic levels (Brander, 2005). Planktonic micro-
algae (phytoplankton) form the most important basis 
for the marine food webs, so that significant changes 
can have a far-reaching indirect effect (Chassot et 
al., 2010). In the North Pacific, Ware and Thompson 
(2005) have shown that lower phytoplankton produc-
tion can correlate with lower fish yields across sev-
eral trophic levels. This relationship also works in the 
opposite direction: Brown et al. (2010), for example, 
expect an increase in primary production – and with it 
in regional fishery yields – for the waters around Aus-
tralia as a result of anthropogenic climate change. In 
general, however, higher surface temperatures lead to 
an increase in the stratification (i.  e. reduced mixing) 
of the sea water and weaken ocean circulation; taken 
together with the possible reduction in dust inputs, 
this is likely to reduce both the supply of nutrients to 
the productive upper water layers and global primary 
production (Steinacher et al., 2010). As climate change 
increases, there is therefore a fear of a global decline in 
aquatic production, including fish production (Brander, 
2007; Chassot et al., 2010). If El Niño conditions occur 
more frequently or grow in strength in the warmer cli-
mate, this could also result in lower global ocean pro-
duction (Behrenfeld et al., 2006). Boyce et al. (2010) 

have already postulated a decline in phytoplankton 
over the past century – both in eight out of ten ocean 
basins and by global average – and linked this to the 
higher surface temperatures. 

The scientific evidence on the relationship between 
fisheries and climate change has improved signifi-
cantly since the WBGU’s 2006 Special Report. Large-
scale redistribution processes affecting fish stocks were 
expected as a consequence of climate change (e.  g. Perry 
et al., 2005; Nicolas et al., 2011). According to model 
results, potential catch sizes on the continental shelves 
are expected to decline everywhere except for the 
higher latitudes, while they will tend to increase over-
all on the high seas (Cheung et al., 2010). These effects 
will be mainly driven by population shifts and changes 
in primary production. A marked increase in potential 
catches by 30–70  % can be reckoned with in Arctic and 
sub-Arctic latitudes (e.  g. Norway, Iceland, Greenland, 
Alaska, Russia), while there could be  substantial reduc-
tions of up to 40  % in the Tropics (e.  g. Malaysia, Indo-
nesia, Chile, China, southern USA; Figure 4.4-1). 

Especially in tropical regions, where many coastal 
communities are dependent on fishing, climate change 
increases people’s socio-economic vulnerability and 
creates additional risks for food security (Allison et al., 
2009; Daw et al., 2009; Figure 4.4-2). Two-thirds of 
the most vulnerable countries are in tropical Africa, and 
most of them are poor, so that economic pressures and 
missed development opportunities must be expected 
as a result. Furthermore, agricultural yields are often 
also declining in these countries due to climate change, 
which further exacerbates food insecurity (Cheung et 
al., 2010). 

This will require considerable adaptation by fisher-
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Figure 4.4-1
Absolute change in potential catch sizes (i.e. the maximum possible sustainable catch based on the MSY) between 2005 and 
2055 under the A1B climate scenario (based on IPCC, 2000).
Source: Cheung et al., 2010
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ies, because the synergistic effects of climate change 
and other stress factors will make fish stocks more vul-
nerable to fishing in general and thus create additional 
economic risks (Sumaila et al., 2011). In times of rapid 
climate change, fisheries must prepare themselves for 
complex and surprising effects. 

Climate change also has implications for aquacul-
ture, which vary in intensity between different climatic 
zones (de Silva and Soto, 2009). For example, serious 
restrictions due to higher water temperatures must be 
reckoned with primarily in temperate zones and espe-
cially among more warmth-sensitive species such as 
salmon (Barange and Perry, 2009). Suitable breed-
ing conditions for these species could shift poleward 
( Stenevik and Sundby, 2007). The rise in sea  levels 
(Section 1.2.7) may have a negative impact on the 
aquaculture industry, as it can involve increased salt-
water intrusion into coastal ecosystems, greater con-
flicts with the interests of coastal protection, a greater 
frequency of extreme weather events, higher risks of 
disease, oxygen  deficiency, increased toxic algal blooms 
and a growing scarcity of fresh water ( Easterling et 
al., 2007). River  deltas are especially vulnerable to 
extreme weather events and salinization. However, cli-
mate change could also have indirect effects on global 
aquaculture because, for example, the productivity of 
stocks of small pelagic fish, which are important for 
the production of fish meal and fish oil, will decline 
(Merino et al., 2012). In addition, the prices of vegeta-

ble feed materials could rise due to increased compe-
tition for land use (de Silva and Soto, 2009). Positive 
effects are also conceivable, for example as a result of 
an improved feed-conversion ratio and higher growth 
rates in warmer waters, longer breeding periods or an 
expansion of breeding regions (Easterling et al., 2007). 
Adaptation measures have already been developed in 
some cases and range from adapted technologies to 
different priorities for site selection and cross-border 
management (de Silva and Soto, 2009). 

Fisheries and aquaculture are not only affected by 
the impacts of climate change, they also cause emis-
sions, mainly because of their consumption of fossil 
fuels (Cochrane et al., 2009). The fishing fleet emits 
43–134 million tonnes of CO2 per year by its fuel con-
sumption alone (Daw et al., 2009), so that fisheries 
account for 1.2  % of the world’s oil consumption. 1.7 
tonnes of CO2 are released for every tonne of fish live 
weight landed (Tyedmers et al., 2005). 

According to a life-cycle analysis conducted by 
 Pelletier et al. (2009), greenhouse-gas emissions from 
aquaculture salmon are in the range of 1.8 to 3.3 tonnes 
of CO2eq per tonne of live weight – i.  e. slightly higher 
than those of poultry farming in the USA (1.4 tonnes 
of CO2eq). The feed supplied to the fish has the biggest 
influence in this calculation. 

In marine fisheries, the phase of catching the fish 
– as opposed to processing, packaging, transportation, 
etc. – is the one that impacts most on the environ-
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Figure 4.4-2
Vulnerability of national economies to potential climate change impacts on fisheries under the IPCC B2 climate scenario. 
Exposure, sensitivity and adaptive capacity are integrated and shown as one variable. 
Source: Allison et al., 2009:  15
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ment (Thrane, 2004). The fuel consumption of fishing 
 vessels has an especially large impact, although specific 
fuel emissions vary considerably depending on stocks 
and the fishing methods used. For example, trawling 
is more energy-intensive than fishing with purse seine 
nets (Driscoll and Tyedmers, 2009; Vázquez-Rowe 
et al., 2010). Passive methods like hooks or traps are 
 especially energy efficient (Suuronen et al., 2012). 
High-sea fisheries are particularly emissions-inten-
sive because of the great distances between the fishing 
grounds and the ports. 

LIFE (low-impact, fuel-efficient) fisheries ( Suuronen 
et al., 2012; FAO, 2012b:  205) aims to combine a high 
yield with low fuel costs and a low impact on marine 
ecosystems, and thus to develop strategies for a form 
of fishing that is both climate friendly and sustain-
able. Phasing out fuel subsidies in the fisheries sector 
would be a step in the right direction on the road to 
LIFE fisheries (Sumaila et al., 2008; FAO, 2012b:  205; 
Section 4.1.4.7). In the long term, however, fisheries 
– as well as shipping and transport sectors in general – 
will have to find a way to do without fossil fuels alto-
gether (WBGU, 2011:  151  ff.).

4.4.2 
Acidification

Increasing CO2 emissions are making the oceans more 
acidic; the sea-water carbonate chemistry is shifting, 
with growing consequences for the marine ecosystems 
(Section 1.2.5; Turley et al., 2010; Orr, 2011). Calcify-
ing organisms in particular (corals, mussels, many spe-
cies of plankton) are directly affected. The acidity of 
the sea water has increased by 30  % in the meantime 
(rise in the H+ ion concentration, corresponding to a 0.1 
fall in the pH). The dynamics of the changes is without 
parallel since at least 300 million years (Hönisch et al., 
2012). An unchecked continuation of ocean acidifica-
tion would alter the chemistry of the oceans for mil-
lennia to come, and many sea organisms and marine 
ecosystems would most likely be affected (Turley and 
 Gattuso, 2012). Figure 4.4-3 shows the effects of 
 acidification based on physiological responses, and the 
most vulnerable oceanic regions. The direct and indirect 
effects of acidification are a major challenge for fisher-
ies and aquaculture.

Direct effects on organisms and populations
Laboratory studies suggest that many calcifying marine 
organisms are increasingly having difficulties building 
their skeletal structures under conditions of acidifi-
cation. Calcifying species in plankton are responsi-
ble for about three-quarters of global marine calcifi-

cation (WBGU, 2006). By exporting calcium carbonate 
into the deep sea, they not only play a role in the glo-
bal carbon cycle (Section 1.2.5), but also provide food 
for other marine animals by forming huge plankton 
blooms, thus greatly influencing the marine food webs. 
Decreased calcification and even the dissolving of cal-
cium carbonate structures has been proven as a result 
of acidification in the three most important groups (e.  g. 
coccolithophorids: Riebesell et al., 2000; Beaufort et al., 
2011; pteropods: Comeau et al., 2009, Orr et al., 2005; 
foraminifera: Bijma et al., 1999; Moy et al., 2009). 
Reduced calcification impairs the organisms’ ability to 
survive, so that relative competitive advantages look 
likely to shift in favour of non-calcifying species (Fabry 
et al., 2008); considerable effects are also expected on 
the future marine carbon cycle (Beaufort et al., 2011).

Calcifying benthic echinoderms, such as starfish or 
sea cucumbers, can be locally important factors of food 
security, even if their global significance is compara-
tively small. They too are highly vulnerable to increas-
ing acidification, and this is also important for fish 
stocks because of their role in the food chain (UNEP, 
2010b). Calcifying molluscs, especially mussels, account 
for about three-quarters of aquaculture production in 
sea water, totalling 13.9 million tonnes per year (FAO, 
2012b:  36). Calcification would be significantly reduced 
in blue mussels (-25  %) and Pacific  oysters (-10  %) at 
the CO2 concentrations expected by the end of the cen-
tury if emissions are not reduced (Gazeau et al., 2007). 
In some regions, acidification is already causing consid-
erable problems for oyster larvae hatcheries (Service, 
2012; Barton et al., 2012). 

Adult fish are physiologically able to cushion the 
expected increases in atmospheric CO2 concentrations 
(Pörtner, 2005; Fabry et al., 2008), but juveniles are 
sensitive. Baumann et al. (2012) found greatly reduced 
survival rates of fish larvae that hatched where the 
CO2 concentration was elevated. Direct damage to the 
 larvae’s tissue was even observed among cod, which are 
very valuable to fisheries (Frommel et al., 2012). Under 
acidification, fish larvae show changes in their behav-
iour towards predators; their sense of smell is also dis-
turbed, which could make it difficult for them to find 
suitable habitats (Munday et al., 2010, 2011). Fish 
populations, too, therefore can react quite sensitively 
to acidification. 

The rate of acidification is now more than a hundred 
times faster than in the last 65 million years ( Ridgwell 
and Schmidt, 2010), which makes it seem unlikely that 
most marine organisms will be able to adapt easily 
to the new conditions (Munday et al., 2011). Recent 
 studies on the most important coccolithophorid Emil-
iania huxleyi, a unicellular alga with an exoskeleton 
made of carbonate, report that calcification showed a 
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certain degree of adaptability to acidification ( Lohbeck 
et al., 2012). Adaptability probably varies from one 
species to another, so that the relative competitive 
advantages between species could shift dramatically, 
which will generate winners and losers. The resultant 
structural changes in the marine food web are highly 
unpredictable. 

Indirect effects on ecosystems, fisheries and 
aquaculture
Planktonic pteropods offer an example of a possible 
indirect effect of acidification that can be traced to 
impacts on fisheries. These animals are particularly sen-
sitive to acidification and are of major importance to the 
food webs in the higher latitudes (Hunt et al., 2008). If 
CO2 emissions are not limited, it is likely to result in 
the aragonite undersaturation of the surface water over 
large areas in the North Pacific, North Atlantic and the 
Southern Ocean in the course of this century (Orr et 
al., 2005; Steinacher et al., 2009). Some of these areas 
are highly productive and rated among the most eco-
nomically important fishery zones. For example, in the 
North Pacific pteropods are an important food source 
for juvenile salmon, which form stocks that are valua-
ble to fisheries (Fabry et al., 2008). According to model 
calculations, a reduction in pteropod production could 
lead to a considerable reduction in the body weight of 
adult salmon (Aydin et al., 2005). Parts of the South-
ern Ocean might even become uninhabitable for ptero-

pods as early as 2050 (Hunt et al., 2008). At higher lati-
tudes the first occurrences of aragonite undersaturation 
are already being measured today (Yamamoto-Kawai et 
al., 2009); for the coastal waters off California they are 
expected within the next 30 years (Gruber et al., 2012). 
Increasing acidification is likely to lead to dramatic 
changes in the structure, function and services of polar 
ecosystems (Comeau et al., 2009), with  corresponding 
impacts on fisheries (Guinotte and Fabry, 2008). It is 
very difficult to detect and prove such coupled effects 
in the ecosystem and it is only achieved in individual 
cases. 

Coral reefs are another example (Box 1.2-4). They 
contribute indirectly to ensuring food security for 
about 500 million people, because they form the hab-
itat for many species that are important to fisheries 
(UNEP, 2010b). At the same time, however, they are 
particularly affected by acidification, because the reef 
structures consist of aragonite, which dissolves rapidly 
when pH values fall. Hardly any reef locations (includ-
ing both hot- and cold-water corals) will be able to sup-
port coral growth by the middle of the century if CO2 
emissions continue without restriction (Guinotte et 
al., 2006; Turley et al., 2007; Cao and Caldeira, 2008). 
The synergistic damage done by rising temperatures, 
acidification, pollution and overuse could increasingly 
drive reef ecosystems to functional collapse, with seri-
ous consequences for fisheries, tourism and coastal 
 communities (Hoegh-Guldberg et al., 2007). 
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Figure 4.4-3
Projections on atmospheric CO2 concentration and the surface global mean pH difference for a range of IPCC emission scenarios 
(B1 to A1F1). On the left, experimentally determined biological impacts on certain species are assigned to the respective pH 
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(Box 1-1).
Sources: Turley et al., 2010 (modified); WBGU, 2006 (guard rail)
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Overall, studies conducted to date show that uncon-
trolled acidification poses a considerable risk of far-
reaching and irreversible changes to marine ecosys-
tems, which is also likely to affect fisheries, aquacul-
ture and food security (Fabry et al., 2008; Guinotte and 
Fabry, 2008; Doney et al., 2009; Turley et al., 2010; 
UNEP, 2010b; Turley and Gattuso, 2012). The potential 
economic cost is difficult to assess. Cooley and Doney 
(2011) give an example: shellfish account for about half 
of the USA’s domestic fisheries’ profits of US$  4 billion, 
so considerable losses would ensue if, say, revenues fell 
by 10–25  % as a result of reduced calcification. 

4.4.3 
Low-oxygen zones and eutrophication

The physiological performance and distribution of 
many marine organisms, especially fish and shellfish, 
are highly dependent on the oxygen content of the 
water. They cannot survive below a certain threshold, 
so low-oxygen and anoxic zones in deep water are also 
called ‘dead zones’ (Diaz and Rosenberg, 2008; Section 
1.2.6). In such regions, fundamental changes happen 
to benthic communities, including demersal fish and 
above all shellfish (e.  g. Gulf of Mexico: Rabalais et al., 
2002, Zhang et al., 2010). The number and extent of 
low-oxygen zones have increased over the last few dec-
ades (Rabalais et al., 2010; Figure 4.4-4). Their effects 
on marine ecosystems have tended to be underesti-
mated (Vaquer-Sunyer and Duarte, 2008; Keeling et 
al., 2010). 

Anthropogenic inputs of sewage and nutrients 
(nitrogen, phosphorus) are widespread in coastal 
waters and their effects well studied (eutrophication). 
The increased primary production caused by these 
inputs and the subsequent oxygen depletion when bio-
mass decomposes favours the formation or expansion 
of low-oxygen zones near the ocean floor (Breitburg 
et al., 2009; Rabalais et al., 2010). In particular, the 
discharge of untreated sewage can cause severe oxy-
gen depletion in estuaries. Increasing numbers of dead 
zones have formed (and naturally present dead zones 
have increased considerably in size) in semi-enclosed 
and marginal seas like the Baltic, the Black Sea or the 
Gulf of Mexico, where the level of water exchange with 
the ocean is reduced. They typically develop in the sum-
mer after the decomposition of the sinking spring phy-
toplankton bloom and disappear again in the autumn. 
There are also permanent low-oxygen zones, e.  g. in the 
Baltic Sea. Dead zones have been found in more than 
400 marine regions in the meantime, with a total area 
of over 245,000 km2 (Diaz and Rosenberg, 2008). The 
longer the process of oxygen depletion continues, the 

longer the benthic habitats take to recover and be re-
colonized (Diaz and Rosenberg, 2008). The simplest 
and most effective means of addressing eutrophication 
is sewage treatment and reducing nutrient discharges 
from agriculture. 

In addition to eutrophication, model calculations 
suggest that the oxygen content of sea water in the 
oceans decreases with climate change (Rabalais et al., 
2010). This is not only due to the warmer water, which 
cannot dissolve as much oxygen, but also to thermal 
stratification, which is increased by a warmer climate 
and reduces the supply of oxygen to the deeper layers. 
Analyses of geological strata show that in the past the 
oceans formed large areas with reduced oxygen con-
tent during warmer periods. There are already signs 
of a reduced oxygen content in the oxygen minimum 
zones of the North Pacific and the Tropics (Keeling et 
al., 2010). In the tropical North Atlantic, the expansion 
of the oxygen minimum zones, together with overfish-
ing, can become a threat to the valuable stocks of tuna 
and swordfish (Stramma et al., 2011). 

Direct effects on fisheries have already been 
observed. Rosenberg (1985) reports that lobster fishing 
in the Norwegian Kattegat has suffered from the for-
mation of low-oxygen deep-water zones. In the Black 
Sea, nutrient input, low-oxygen zones, and the falling 
yields of bottom fishing are all closely linked and seem 
to be reversible (Mee, 2006). However, the growth of 
low-oxygen zones can also reduce predator pressure on 
certain anoxia-tolerant species (e.  g. the clam Merce-
naria mercenaria), so that their yields increase (Altieri, 
2008). After analysing 30 estuaries and marginal seas, 
Breitburg et al. (2009) come to the conclusion that to 
date fishing yields are typically not being reduced to 
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the extent that would be expected given the high nitro-
gen inputs. In the Gulf of Mexico, too, which regularly 
has large low-oxygen zones, no statistical correlations 
with fishing yields are recognizable (Rabalais et al., 
2002). Not infrequently, fisheries can be observed to 
switch from demersal to pelagic species. 

Overall, however, it is not advisable to sound the 
all-clear, since low-oxygen zones cause fundamental 
changes in marine ecosystem structures and functions. 
These regime shifts in marine ecosystems can have 
unforeseen effects which, at least locally, can have a 
negative impact on biodiversity and indirectly also on 
fisheries (Zhang et al., 2010). 

4.4.4 
Anthropogenic pollution

Substances like plastics, chemicals, heavy metals and 
radioactive compounds have long-since been enter-
ing the marine environment both from land- and sea-
based sources and via inputs from the atmosphere 
(Section 1.1.4). For example, rivers transport chemicals 
and waste into the seas from industry, households and 
agriculture; pollutants and waste enter the oceans from 
offshore oil and gas installations, marine aquaculture 
and shipping traffic. Residues from combustion pro-
cesses, for example, are transferred into the seas from 
the atmosphere (OSPAR, 2010c). Historical deposits in 
sediments or the Arctic ice sheet can become second-
ary sources of pollution when disturbed, e.  g. by floods 
or melting (Ma et al., 2011). Since there are several 
hundred substances that can be harmful to the marine 
environment, the following section focuses on specific 
examples: persistent (i.  e. long-lived) organic pollut-
ants (POPs), mercury (a heavy metal), radioactive com-
pounds and plastics. 

There are several international conventions and 
numerous other initiatives regulating the production, 
use and emission into the environment of hazardous 
substances. For example, the Stockholm Convention 
of 2001 now prohibits or restricts the production of 
22 POPs (Stockholm Convention, 2013a, b, c). This 
covers industrial chemicals such as the banned poly-
chlorinated biphenyls (PCBs), pesticides like DDT, and 
by-products of industrial processes like chlorofluoro-
carbons. The International Convention for the Preven-
tion of Pollution from Ships (MARPOL), for example, 
prohibits the dumping of plastic waste at sea (IMO, 
2013b). Since the mid-1990s, the Convention on the 
Prevention of Marine Pollution by Dumping of Wastes 
and Other Matter (the London Convention) has prohib-
ited the dumping of industrial wastes and solid radioac-
tive waste at sea (IMO, 2013d). Under the Hazardous 

Substances Strategy, the OSPAR member governments 
have set themselves the target of terminating the pro-
duction of 26 ‘chemicals for priority action’ by 2020. 
OSPAR itself says this target will be reached for a third 
of the substances, including six pesticides and trib-
utyltin hydride (OSPAR, 2010a). The OSPAR govern-
ments aim to reduce the input of radioactive substances 
into the north-east Atlantic by means of the Radioac-
tive Substances Strategy, which has had some success 
with nuclear reprocessing plants, for example (OSPAR, 
2010a). In January 2013 the international community 
adopted the Minamata Convention aimed at reduc-
ing and controlling the use and emission of mercury 
(UNEP, 2013c).

Studies show that concentrations of the regulated 
pollutants in marine organisms are currently declining 
(Bustnes et al., 2010). Nevertheless, traces of DDT, for 
example, were still detected in roundnose grenadier fish 
at a depth of 3,000  m a long time after its use had been 
greatly restricted (Islam and Tanaka, 2004). Studies of 
organisms in the north-east Atlantic also continue to 
show in some cases high concentrations of anthropo-
genic pollutants, although the situation has improved 
in some regions (OSPAR, 2010c; Figure 1.2-1 on the 
example of PCBs). Although the efforts to regulate and 
reduce the input of chemical and radioactive substances 
and waste into the oceans are showing individual suc-
cesses, they often fall short of the mark, especially in 
the case of plastic waste.

Persistent organic pollutants and mercury 
Substances like POPs and heavy metals can be found 
in sea water, sediments and marine organisms (OSPAR, 
2010c). Their toxic properties, combined with the fact 
that they accumulate in the tissues of marine  organisms 
(bioconcentration) and therefore in the food chain 
(bioaccumulation), make them especially dangerous. 
 Concentrations of both classes of substances increase 
two- to seven-fold at each higher level in the food 
chain; they are therefore often highest in predatory fish 
(Islam and Tanaka, 2004; UNEP-AMAP, 2011). 

The effects of anthropogenic pollutants on marine 
fauna have been analysed in various laboratory stud-
ies, e.  g. on fish and invertebrates; it was found that 
the sensitivity of response varied from one species 
to another (e.  g. Foekema et al., 2008; Anselmo et 
al., 2011).  Foekema et al. (2008) found that PCB 126 
caused higher death rates and morphological disorders; 
exposure at the egg stage, e.  g. in sole larvae, caused 
damage that did not appear until later, as well as mor-
talities. Laboratory studies often do not capture the 
full extent of the impact of pollutants on organisms, 
since they consider pollutants individually. In the open 
sea the investigated substances do not occur in isola-
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tion but in combination, and this can have much more 
damaging effects. Nakayama et al. (2005), for example, 
have shown the stronger effect of combinations of pol-
lutants on Japanese rice fish. Since there is currently 
no comprehensive monitoring of biological  reactions to 
chemicals, to date it has not yet been possible to assess 
the effects of these substances on ecosystems on a 
regional scale (OSPAR, 2010c). 

The effects of mercury on humans are well docu-
mented. It is harmful to the nervous system and to 
development. Consumption during pregnancy is asso-
ciated with malformations of the foetus (WHO, 2007b). 
By contrast, the health effects of POPs have only been 
known since the 1980s and have not yet been exhaus-
tively analysed (Bowen and Depledge, 2006; Dewailly 
et al., 2008). Animal experiments, individual studies of 
long-term exposure by ingestion, and acute exposure 
to POPs as a result of chemical accidents show a range 
of carcinogenic effects, neurodevelopmental disorders, 
hormonal disorders, obesity, diabetes and disorders of 
the immune system. Children and foetuses are consid-
ered particularly sensitive (UNEP-AMAP, 2011).

Humans are affected by the accumulation of anthro-
pogenic contaminants in marine organisms when they 
eat fish and seafood. For example, studies conducted 
in Spain show that fish can be humans’ main source 
of mercury, PCBs and a number of other pollutants. 
Domingo et al. (2007) studied the 14 most frequently 
consumed fish species and came to the conclusion, on 
the basis of the average amounts of mercury they con-
tained, that people should not eat tuna or swordfish. 
The US environmental organization EPA recommends 
that pregnant and breastfeeding women and children 
should refrain from eating species with a high mercury 
content – such as painted mackerel, shark and swordfish 
(EPA, 2012). Similarly, the Norwegian health authority 
has recommended that people in the Faroe Islands stop 
their traditional consumption of pilot whales (Weihe 
and Joensen, 2008). 

Plastic and microplastics
The amount of plastic waste circulating in the oceans 
is estimated at about 100 million tonnes in the mean-
time (UNEP, 2011c), and its distribution varies consid-
erably in the different marine regions. For example, up 
to 100,000 pieces of plastic waste are visible to the eye 
per km2 on the seabed in European waters, compared 
to up to 690,000 in Indonesia (Maribus, 2010:  86  ff.). 
About 80  % of the waste comes from the land and 
enters the sea via rivers, from poorly secured rubbish 
dumps near the coast, or from beaches (Andrady, 2011; 
Cole et al., 2011). The rest comes from ships, oil rigs, 
aquaculture installations and fishing operations (UNEP, 
2011c). Plastic waste can travel for hundreds of kilome-

tres via ocean currents. It then accumulates in uninhab-
ited regions, e.  g. in the Arctic or Antarctic (Barnes et al., 
2010; UNEP, 2011c) or sinks into the deep sea, where 
it is degraded even more slowly due to the lower tem-
peratures and the lack of UV radiation (UNEP, 2011c). 
In several oceanic regions such as the North Pacific and 
the North Atlantic, however, the waste collects because 
of the ocean currents and rotates on or near the sur-
face in eddies hundreds of kilometres wide (Law et al., 
2010; Maribus, 2010; van Sebille et al., 2012). 

The effects and dangers of larger pieces of plastic 
waste on marine organisms and ecosystems are well 
documented. Marine mammals, seabirds, fish, crabs 
and reptiles can be injured; some drown as a result of 
getting entangled in pieces of plastic or drifting ‘ghost 
nets’ (   Gregory, 2009; Katsanevakis, 2008). If pieces 
of plastic are mistaken for food and ingested, this can 
cause constipation, malnutrition and death and has 
been documented above all in seabirds (Young et al., 
2009). Another problem is the dispersal over long dis-
tances of non-native species such as barnacles, mussels 
and tube worms into other marine ecosystems on pieces 
of plastic (Barnes, 2002; Gregory, 2009), where they 
can cause ecosystem damage as invasive alien species. 
Pieces of plastic on the seabed can furthermore attract 
organisms dependent on hard substrate and thus lead to 
changes in benthic communities (Katsanevakis, 2008).

However, plastic waste in the sea not only bur-
dens the marine environment, it can sometimes also 
cause high costs for the fishing and tourism industry, 
the marine transport sector, local onshore communi-
ties and governments. Considerable costs are caused 
when beaches, mainly for aesthetic reasons, need to 
be cleaned and ships repaired, or catches are contami-
nated with waste. The corresponding costs to the Brit-
ish fishing industry alone are estimated at €  33 million 
(ten Brink et al., 2009). Solutions aimed at reducing 
marine plastic waste include material reduction, re-use, 
recycling and improved waste management. Moreover, 
there are numerous international treaties and national 
initiatives aimed at reducing waste; even so, no effec-
tive global approach to containing the problem is in 
sight (STAP 2011).

When pieces of plastic are decomposed by the action 
of UV radiation, waves or biological processes, small 
particles are formed. The term microplastic is used 
for such particles below a certain size, which varies, 
depending on the author or study, between <10  mm, 
<5  mm, 2–6  mm, <2  mm and <1  mm (Cole et al., 2011). 
Microplastic also refers to small, plastic granules used in 
industry, and microscopic particles used for example in 
cosmetics, medicine or for sandblasting (UNEP, 2011c; 
Cole et al., 2011). Another source of microplastic is 
washing-machine wastewater, which contains minis-
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cule fibres of synthetic clothing (Browne et al., 2011). 
Microplastic has already been detected in the 

guts and tissues of various marine animals, including 
whales, fish and invertebrates (Maribus, 2010). Of par-
ticular concern are research findings from the last ten 
years showing that microplastics give off plasticizers 
and other ingredient substances into the environment; 
they can also bind substances such as POPs, which are 
carcinogenic and harmful to the hormone system. These 
substances can then be spread by being transported by 
the plastic particles, finding their way into organisms 
and accumulating in the food chain (Islam and Tanaka, 
2004; Teuten et al., 2009; Andrady, 2011). 

Radioactive substances
Radioactive substances of anthropogenic origin have 
entered – and are still entering – the marine envi-
ronment in three main ways: as radioactive fallout 
from past nuclear weapon tests in the atmosphere 
( decreasing inputs), from the accidents that happened 
at the nuclear power plants in Chernobyl in 1986 and 
Fukushima in March 2011, and as radioactive efflu-
ent from nuclear reprocessing plants that is legally dis-
charged into the sea to this day, primarily at Sellafield 
(north-west coast of England) and La Hague (north-
west coast of France; Livingston and Povinec, 2000). 
In addition, inputs have been and are still being caused 
by the dumping of nuclear waste, the use of radioactive 
materials in research, industry (e.  g. offshore oil and gas 
industry) and medicine, and more minor accidents in 
nuclear power stations (Aarkrog, 2003; UNEP and GPA, 
2006; OSPAR, 2010c).

The Arctic and north-east Atlantic are particularly 
affected by anthropogenic radioactive inputs (UNEP 
and GPA, 2006). Among other issues the storage of 
spent nuclear fuel and reactors and the dismantling of 
nuclear-powered ships, mainly in north-west  Russia, 
remain problematic (AMAP, 2010). Dangers from sunk 
submarines and waste cannot be assessed as yet. How-
ever, a study of the Barents Sea shows only a small 
burden on the marine environment by anthropogenic 
radionuclides and classifies the consumption of seafood 
from this region as safe (Gwynn et al., 2012). AMAP 
(2010), however, points to increased concentrations of 
radionuclides in sea birds and whales in the Arctic. The 
EU’s ERICA project to assess environmental risks posed 
by radioactive substances in the north-east Atlantic 
found that marine ecosystems were exposed to small 
doses. Negative consequences were considered unlikely 
(OSPAR, 2010c). However, reducing inputs of anthro-
pogenic radioactive materials should remain an objec-
tive of international and national efforts.

The reactor accident in Fukushima is the biggest 
source of radionuclides in the ocean caused by an 

accident to date. The impact on marine ecosystems 
has been spread over a wide area by dilution effects, 
as indicated by the rapid fall in radioactivity levels in 
the sea water off Japan one month after the highest 
level of activity was measured. So although radionu-
clides from the nuclear accident at Fukushima have 
been indentified in Pacific bluefin tuna caught off the 
coast of  California, the concentrations measured were 
more than one order of magnitude below the Japanese 
thresholds for the consumption of fish and seafood 
(Madigan et al., 2012). Due to the expected local radio-
activity levels in marine sediments, in benthic organ-
isms and along the food chain via bioaccumulation, 
however, threats to humans cannot be excluded. This 
is especially true for Japan, where consumption levels 
of fish, shellfish and algae are very high. Continuous 
monitoring, the collection of more data, and a ban on 
fishing in waters  polluted by Fukushima are necessary 
measures ( Buesseler et al., 2011).

However, the highest exposure to radioactivity 
comes from natural sources. Naturally occurring radio-
active polonium (210Po) accounts for the biggest pro-
portion of the dose to which marine organisms are 
exposed, and thus also for most of the background 
dose of a population that lives on fish and shellfish 
(Livingston and Povinec, 2000; UNEP and GPA, 2006). 
Thus, the annual dose of anthropogenic radioactive 
caesium (137Cs) for a hypothetical population living on 
the north-east  Atlantic that consumes 100 kg fish and 
10 kg of shellfish per year, is estimated at 3 µSv, while 
210Po contributes 160 µSv. These figures are still way 
below the figure of 1,000 µSv that is still considered 
acceptable for humans (Livingston and Povinec, 2000).

4.4.5 
Synergistic effects

There are a number of mutually influencing interac-
tions between the global environmental changes exam-
ined here and their effects on marine ecosystems. 
These interactions often reinforce, rather than weaken, 
each other (Rogers and Laffoley, 2011). The complex 
effects of greenhouse-gas emissions on marine eco-
systems, fisheries and aquaculture are particularly 
important in this context (Sections 4.4.1, 4.4.2;  Figure 
4.4-5). Furthermore, there are reinforcing relation-
ships between acidification and anoxic zones (Hofmann 
and  Schellnhuber, 2009), between oxygen supply and 
thermal tolerance in organisms (Pörtner, 2010), and 
between warming, oxygen supply, stratification, nutri-
ent cycling (N, P) and emissions of N2O relevant for cli-
mate change (Keeling et al., 2010). Furthermore, acid-
ification can have the effect of making phytoplankton 
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more sensitive to light, which could reduce production 
(Gao et al., 2012). The negative influence on eutroph-
ication and anoxic zones of increasing nutrient inputs 
into the sea has already been discussed in Section 4.4.3. 
In addition to this, a link can be shown to have existed 
between a warmer climate and anoxic zones in the Bal-
tic Sea for many centuries (Kabel et al., 2012). 

It is almost impossible to predict such cumulative or 
synergistic effects of different anthropogenic stress fac-
tors working in parallel (e.  g. rising temperatures, acid-
ification, pollution, overuse; Doney et al., 2009; Boyd 
et al., 2010). In combination with overfishing they have 
considerable potential for unexpected reactions which 
could lead to tipping points being reached in marine 
ecosystems (Scheffer et al., 2001). Overall marine deg-
radation appears to be greater than the sum of its parts, 
and the degradation process is advancing more quickly 
than predicted (Rogers and Laffoley, 2011). 

Global environmental changes and their interactions 
with overuse and degradation represent major chal-
lenges for the future of the oceans (Section 1.2.8). The 
effects of climate change and acidification on fisheries 

are growing in this context, and resilience will be lower 
where stocks are already damaged by overfishing: 
healthy, sustainably managed stocks are more robust 
vis-à-vis environmental effects. The systemic relation-
ships, the uncertainties and the possible non-linear 
dynamics (e.  g. when tipping points are triggered) high-
light the need to move away from analysing individual 
stocks towards a holistic, adaptive, ecosystem approach 
and towards the precautionary approach in fisheries 
management (Section 4.5). However, most of the emis-
sions reductions in greenhouse gases and nutrients will 
have to be achieved on land – in the energy, transport 
and land-use systems – since this is where by far the 
biggest share of emissions comes from. 

The combination of acidification, warming and oxy-
gen loss, its effects on marine ecosystems and fisher-
ies, and their feedback effects on the climate system 
are insufficiently understood. Increasingly, there-
fore, multidisciplinary approaches in research are rec-
ommended in order to address these complex issues 
( Turley and Gattuso, 2012). 
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manufacture and land use change

Anthropogenic CO2 emissions
to the atmosphere

- increased CO2, bicarbonate ions and hydrogen ions
- decreased calcium carbonate ions, pH and saturation state

- reduced shell and skeleton production
- changes in assemblages, food webs and ecosystems
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- changes in biogas production by oceans and feedback to climate
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Figure 4.4-5
The flow chart shows the direct causes of ocean acidification, the impacts on ocean chemistry, marine ecosystems and society, 
as well as the interaction with climate change as a result of ocean warming and oxygen loss. Note the decreasing certainty from 
top to bottom. 
Source: based on Turley und Gattuso, 2012, modified
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4.5
Conclusions

Fisheries
 > From an economic perspective, humanity’s current 

way of interacting with marine living resources is 
 ill-advised: In practice, unregulated access to fish 
stocks, in which every fisherman primarily seeks to 
maximize his own personal yield, is still widespread. 
This way of thinking in short-term yields leads to 
overfishing and will continue to run stocks down 
until they collapse. In many regions, too little action 
is being taken to enact and implement rules for sus-
tainable management based on a long-term perspec-
tive. Seen from a global viewpoint, therefore, marine 
fish stocks are being poorly managed, thus costing 
national economies billions (World Bank and FAO, 
2009). 

 > From an ecological perspective, humanity’s current way 
of interacting with marine living resources is unsustain-
able: Many marine ecosystems are suffering from the 
extreme interventions of fisheries. Overfishing, high 
bycatch levels, illegal and destructive fishing methods 
threaten the ecological basis of marine ecosystems, 
the preservation of biological diversity and the 
ocean’s ecosystem services. 

 > The demand for fish is on the increase: The demand 
pressure on fish resources will grow. Fish is in demand 
not only as a high-quality product in industrialized 
countries and among the more wealthy sections of 
the population in emerging economies, but also as a 
vital source of protein for the growing populations in 
developing countries. It will not be possible to satisfy 
this demand from the wild stocks, and this will make 
it even more difficult for policy makers to quickly and 
consistently implement a shift towards sustainability 
(Mora et al., 2009). 

 > The transformation towards sustainable fishing is 
 necessary: There is an urgent and fundamental need 
for transformation in the world’s marine fisheries. If 
stocks are not given an opportunity to recover, and 
if the pressure from fishing remains constant, then 
the yields will decline, more and more stocks will 
become endangered, and the important contribution 
that the seas can make to food security, especially in 
developing countries, will be put at risk. A transfor-
mation towards sustainability would also be positive 
for food security, for national economies, and for the 
marine ecosystems. The goal should be to secure the 
following threefold benefit: larger stocks, higher 
yields and greater resilience, e.  g. vis-à-vis systemic 
effects like climate change – and all this at lower oper-

ating costs (Section 7.4.1). The need for such a trans-
formation of fisheries towards sustainability is widely 
recognized among scientists and politicians. 

 > The transformation towards sustainability is possible: 
The technical and policy instruments for sustainable 
stocks management are available (Beddington et al., 
2007). There is considerable potential for achieving 
a sustainable form of ocean use – by applying 
technical solutions and by agreeing and implementing 
better management rules. To achieve this, the primary 
task would have to be to implement long-agreed prin-
ciples (especially the ecosystem approach and the 
precautionary principle) and policy targets, and to 
apply already existing instruments (Section 7.4.1). 
Above all, significantly more should be invested in 
conserving and rebuilding stocks. However, the exist-
ing instruments would have to be tailored to the 
respective local ecosystem and societal conditions and 
combined to form a suitable mix. This applies not only 
to stocks management itself, but also to its integration 
into overarching ocean-conservation strategies (e.  g. 
marine spatial planning, systems of marine protected 
areas).

 > The transition to sustainable fishing will involve tem-
porary losses of yield: Pressure from fisheries will have 
to be temporarily reduced in order to consolidate and 
rebuild stocks. This means that average global yields 
will temporarily decline. This will involve consider-
able short-term political, social and economic costs, 
although these would be offset by long-term advan-
tages (World Bank and FAO, 2009). Catch restrictions 
will be inevitable, especially in regions where there 
have been years of overfishing; measures might range 
from dramatic reductions in quotas to the closure of 
fisheries altogether for a certain number of years, so 
it will be difficult to convince players in the fishing 
sector to agree. This situation means that mobilizing 
the political will among a broad cross-section of 
 society will be crucial to implementing this transfor-
mation. However, yields can be expected to return to 
the old level – or even be higher worldwide and in 
many regions – after the transformation, without 
endangering the stocks or using destructive methods 
(UNEP, 2011b; EU: Froese and Quaas, 2013). The 
duration of the necessary transition periods will 
depend on the particular stock and the environmen-
tal situation. It is difficult to predict and could take 
years or even decades.

 > The trend has already started to turn in some regions: 
In the scientifically well-studied stocks in industrial-
ized countries, the tide is already beginning to turn 
in the direction of sustainability (Worm et al., 2009). 
The targeted EU reform also points in the right direc-
tion (Section 7.4.1.7). Overall, the situation in indus-
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trialized countries is gradually moving onto a slow 
road towards improvement (e.  g. Australia; Box 4.1-6). 
On the other hand, the poorly studied, ‘data-poor’ 
stocks, most of which are in developing or newly 
industrializing countries, are in a much worse condi-
tion. There is no turning point in sight yet here (Cos-
tello et al., 2012b). The challenge in these regions is 
also much greater, partly because there is serious lack 
of capacity in many areas. Nevertheless, there are 
also some developing countries that are regarded as 
positive case examples (e.  g. Namibia; Box 4.1-7). 

 > The implementation and enforcement of regulations is 
decisive: The basis of a form of fisheries governance 
that serves sustainability already exists, even though 
there are regulatory gaps that need to be closed 
immediately (e.  g. relating to fishing on the high seas). 
International regulations, such as the FAO Code of 
Conduct for Responsible Fisheries and the UN Fish 
Stocks Agreement, provide good guidance for sustain-
able stocks management. However, a sustainable 
governance of fisheries has failed so far, mostly from 
a lack of national regulation combined with weak 
implementation. One example is the continuing 
 subsidization of fishing industries, leading to excess 
capacity. It is crucial for the sustainability of fisheries 
that the recommendations put forward by scientists 
(e.  g. quotas, management plans) are implemented 
into practical policy by means of a transparent and 
participatory process – wherever possible without 
getting watered down in the process (Mora et al., 
2009). As a rule, such implementation is the task of 
public authorities, such as fisheries ministries, and 
since they operate in the political arena they are 
exposed to many other factors and interests in addi-
tion to the assessments of scientists. Not least, there 
is a considerable and widespread lack of enforcement, 
so that adopted regulations can often be undermined 
with impunity. 

 > Global coordination is necessary: One side effect of 
sustainable fisheries management in a region of the 
world can be that catch sizes there decline and the 
demand is then met by imports from other regions of 
the world, where political pressure to allow overfish-
ing increases accordingly. To avoid such a shift, a 
globally coordinated transition to sustainable man-
agement would be desirable, although it is politically 
very difficult to implement (Worm and Branch, 2012).

 > Systemic effects of global environmental changes 
should be taken into account: Climate change puts 
considerable pressure on fisheries to adapt, because 
the vulnerability of fish stocks can be expected to 
increase, and fisheries will have to react to complex 
and surprising effects. If ocean acidification were to 
continue unchecked, this would alter ocean chemistry 

for millennia to come and involve a further significant 
risk of far-reaching and irreversible changes to marine 
ecosystems. Anoxic zones also cause fundamental 
changes in the structure and function of the marine 
ecosystem. Overall, this is also likely to affect fisher-
ies and aquaculture, although the likely economic 
losses are difficult to estimate. 

 > Continue research and development: Even if the cur-
rent problems caused by overfishing have their roots 
not so much in inadequate knowledge about the sus-
tainable management of fish stocks as in the inade-
quate application of existing knowledge, the present 
gaps in knowledge should nevertheless be filled. This 
applies in particular to a better understanding of the 
structures of the managed marine ecosystems, the 
development of more environment-friendly fishing 
methods, the management of data-poor stocks, 
research into governance, and research into the 
effects of global environmental changes (Section 
8.3.3.1). 

Aquaculture
 > Aquaculture is a key component in supplying human-

ity with fish products: Aquaculture today has a very 
important role worldwide in supplying people with 
fish and seafood. Its importance will grow further in 
view of stagnating fishing yields, growing populations 
and a growing demand, especially from the develop-
ing middle classes in emerging and developing coun-
tries: aquaculture is the fastest-growing food sector 
in the world. Aquaculture’s contribution to supplying 
people with animal aquatic products is expected to 
overtake that of fishing in the near future. 

 > Much of aquaculture is not sustainable: The intensive 
forms of aquaculture can cause considerable environ-
mental problems such as pollution, disease transmis-
sion and risks to the gene pool of wild populations. 
The growing production of economically high-value, 
fish-eating species such as salmon further increases 
pressure on wild fish stocks because of its dependence 
on fish meal and fish oil. These forms of aquaculture 
will not, therefore, take any pressure off fish stocks 
until the fish meal and fish oil in the feed are substi-
tuted.

 > Aquaculture is inadequately regulated internationally: 
The international governance of aquaculture is 
in ade quate. Only vaguely formulated recomm en-
dations, guidelines and strategies for promoting 
sustainable aquaculture exist at the international 
and EU level. The non-binding FAO Code of Conduct 
for Responsible Fisheries (Article 9; FAO, 1995) 
plays a leading role in this context. In addition, 
several of aquaculture’s concerns and environmental 
effects are touched on by specific conventions (e.  g. 
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rules on hygiene, management of invasive alien 
species). 

 > State regulation of aquaculture is often unsatisfactory: 
In most countries there are regulations governing 
aquaculture. However, these are often weak and inad-
equately enforced, especially in developing and newly 
industrializing countries, which opens the door to 
non-sustainable practices and conflicts over use. 
Topical and reliable data are often lacking, which 
makes policy-making and strategy implementation 
even more difficult. When strict quality and environ-
mental standards are implemented, however, there is 
a danger that small aquaculture farmers in developing 
countries will be unable to meet them for lack of 
financial or technical resources; this can then make 
it more difficult for them to access supraregional mar-
kets.

 > Transformation of aquaculture towards sustainability 
is necessary: Parallel to fisheries there should also be 
a shift towards sustainability in aquaculture (Section 
7.4.2). Many of the above-mentioned environmental 
problems can already be mitigated today by introduc-
ing sustainable management principles, improved 
production systems and different feeds. The depend-
ence of certain aquaculture systems on forage fish, 
too, can be further reduced and the proportion of 
plant-based food increased. It is important to bear in 
mind the diversity of aquaculture: in its different 
forms, species are also to be found whose cultivation 
only impacts slightly on the environment. These 
include herbivorous fish and shellfish, mussels and 
snails.

 > Develop and implement rules on sustainable aquacul-
ture: If aquaculture is to be made sustainable, effec-
tive approaches to governance will be needed at all 
levels to encourage a development towards ecologi-
cally and socially responsible forms of aquaculture 
production and consumption in producer and con-
sumer countries (Section 7.4.2). The ecosystem 
approach and the precautionary principle should form 
the basis, and the systemic relationships (e.  g. socio-
economic impacts of aquaculture, impacts of climate 
change on aquaculture) should also be considered. 
The development of sustainable aquaculture requires 
the cooperation of many players across national 
 borders and a wide range of measures. Above all, the 
focus should be on further developing existing inter-
national regulation, stepping up its implementation 
in national law, and ensuring effective enforcement. 
Alongside state policy, environmental-protection 
measures taken by the farmers on their own initiative 
can promote the implementation of sustainable 
 aquaculture, e.  g. environment-friendly production 
 methods.

 > Promote research and development for sustainable 
aquaculture: Support should be given to developing 
new, environment-friendly production methods, as 
well as to improving conventional systems, e.  g. by 
more effective vaccination of breeding animals and 
effective management (Section 8.3.3.2). At the same 
time, the development and marketing of herbivorous 
and omnivorous freshwater fish, as well as mussels 
and snails, should be promoted, as their cultivation 
is preferable to predatory fish from an ecological point 
of view. Other important approaches include improv-
ing and standardizing the certification of sustainably 
produced products, and providing better information 
for traders and consumers on the effects of certain 
forms of production. The integration of aquaculture 
into offshore wind farms is a promising approach to 
sharing the use of infrastructure and reducing spatial 
competition between different uses. The relevant 
technologies are in their infancy and should be  further 
supported.

 > Sustainable aquaculture is an opportunity for develop-
ing and newly industrializing countries: The vast 
majority of aquaculture production occurs in develop-
ing and newly industrializing countries, some of 
which suffer from serious food insecurity. A stronger 
commitment from governments and civil society in a 
critical dialogue with the producers should be encour-
aged to ensure that the potential of aquaculture is 
wisely used and damage prevented wherever possible. 
Industrialized countries in particular, as important 
importers of aquaculture products, should – in the 
context of their development cooperation – support 
producers in the developing and newly industrializing 
countries in their transition to a ecologically sustain-
able and socially just aquaculture.

 > Regulate conflicts over use: The dynamic development 
of aquaculture often leads to conflicts with competi-
tion over the use of space. The integration of conflict-
regulation mechanisms into processes is therefore of 
great importance (Section 7.4.2.5); examples include 
approval procedures with environmental impact 
assessments in the context of marine spatial planning, 
and the promotion of dialogue processes within an 
integrated system of coastal-zone management. 

 > Follow developments in offshore aquaculture: As 
result of the strong growth of the aquaculture indus-
try, increasing competition for the use of coastal 
regions, and technological development, aquacul-
ture installations are expected to be built further and 
further away from the coast, possibly even on the 
high seas, in future. The existing international agree-
ments, recommendations and principles, however, 
are insufficient to meet the challenges involved, so 
that there is a lack of regulation here (FAO, 2010b).
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Energy systems play an important role in the transfor-
mation towards sustainable development. While the 
report ‘A Social Contract for Sustainability’ (WBGU, 
2011) focused mainly on terrestrial aspects of energy 
generation, the present report takes a closer look at the 
potential for generating energy from and on the sea. In 
the extraction of oil and gas there is already a clear trend 
towards offshore exploration. This development seems to 
be continuing in the field of renewable energy; the use 
of offshore wind energy, for example, is growing much 
faster than onshore use in European countries. 

Technologies for generating electricity are playing an 
important role in the offshore expansion of  renewable 
energy because they enable considerable increases in 
technical efficiency for all downstream processes of 
energy use. The improvement in efficiency along energy-
conversion chains makes it attractive to use more electri-
cal energy. Important examples include electromobility 
and the increased use of electric heat pumps for heat-
ing or air-conditioning buildings. In this context electri-
city from renewable energy displaces fossil fuels such as 
petrol, diesel, heating oil and gas. These developments 
then make a massive contribution to the decarboniza-
tion of the energy systems. Another possible method 
of low-CO2 energy generation is to use fossil fuels, but 
to separate and store the resulting CO2 (CCS) – if the 
CO2 can be stored safely over geological timescales. The 
oceans can make a decisive contribution to both alter-
natives in the future. 

In general, wind and solar energy could make the most 
important contribution towards power generation using 
renewable energy. Both technologies produce electricity 
without heat losses. The biggest wind-energy potential 
is seen in offshore use, because it allows a relatively bal-
anced energy supply and could be a good option for sup-
plying near-coastal metropolitan areas (WBGU, 2011). 
CCS is a necessary climate-protection option for coun-
tries that do not wish to stop using fossil fuels. From 
a safety and acceptability viewpoint, the best options 
for storing the CO2 separated from fossil combustion 
processes are to be found beneath the seabed (WBGU, 
2006). In the long run another use of the seas might be 

added in which the high productivity of aquacultures 
is used for bioenergy production. If the CO2 generated 
in the process is deposited beneath the seabed, CO2 is 
actively removed from the atmosphere. 

The oceans themselves are becoming increasingly 
interesting for energy storage, too. Marine pumped-
storage power plants open up new possibilities for a 
cost-effective and environment-friendly short-term stor-
age of electrical energy. Further possible uses of the 
seas include the production of hydrogen or methane 
from wind power or from aquaculture-based biomass 
for the long-term storage of energy and the provision 
of chemical raw materials. In addition, the oceans are 
increasingly being used for energy infrastructures and 
transporting electricity and energy gases. The seas can 
therefore develop into an indispensable component of 
future sustainable energy systems. Global agreements 
on the governance of the oceans and the seabed must 
therefore be developed and put into place in good time 
to avoid foreseeable conflicts involving this type of use 
(Chapter 3). 

5.1
Fossil energy carriers from the sea

The following section gives a brief overview of current 
estimates of global deposits of fossil energy resources, 
the technologies and costs of mining them at sea, and 
the interactions with sustainability goals that can arise 
as a result of their extraction. This appraisal lays the 
foundation for a description of the future role of fossil 
energy carriers in a visionary form of marine, sustain-
able energy generation (Section 5.3).

The following analysis distinguishes between 
 conventional and unconventional fossil energy sources 
(oil, gas, marine methane hydrates). The expansion of 
mineral-oil and natural-gas production into the sea 
has already taken place, so that a wealth of experi-
ence is available in this field. This does not apply to the 
 extraction of marine methane hydrates, which are not 
yet commercially mined. 

Energy from the sea 5
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5.1.1 
Resource availability of fossil energy carriers

Deposits of fossil hydrocarbons are limited and 
 varyingly distributed from region to region (Figure 
5.1-1, Box 5.1-1). Hydrocarbons are usually to be 
found in pores in sedimentary rock within the earth’s 
crust. There are a number of different conventions for 
classifying reserves and resources. The WBGU uses the 
following definitions: reserves are known deposits that 
have been quantified very precisely; it is technically and 
economically feasible to extract them today. Resources 
also include deposits that have been proven with a cer-
tain amount of uncertainty but are not extractable at 
present for technical or economic reasons. A distinc-
tion is also made between conventional and uncon-
ventional deposits; the latter refers to deposits whose 
extraction is technically very complex and could poten-
tially become economically viable in the future (WBGU, 
2011). Sustainability criteria are not considered in this 
classification. However, as will be shown in the follow-
ing, it can be preferable not to tap all deposits that are 
financially feasible – for environmental, economic or 
social reasons.

Updated international estimates of reserves, 
resources and other deposits are made regularly by pub-
lic organizations such as Germany’s Federal Institute for 
Geosciences and Natural Resources (BGR) and the U.S. 
Geological Survey (USGS), and private companies such 
as BP (British Petroleum). Table 5.1-1a shows the his-
torical production of fossil energy carriers, production 
in 2010, and estimates of reserves, resources and other 
deposits. It also shows the reserve/production ratio, 

which indicates how many years the reserves would 
last if the present level of annual consumption were to 
continue. Unconventional natural gas is by far the big-
gest resource. Marine methane hydrates are  categorized 
under other deposits of unconventional gas; estimates 
on the size of methane hydrate deposits vary greatly. 
In addition to the usual approach of energy content, 
Table 5.1-1b shows the amounts of CO2 that would be 
released if the fossil fuels were used.

It should be emphasized that the carbon dioxide that 
can be released by the use of fossil fuels is  several times 
the amount of carbon dioxide currently contained in the 
atmosphere. The right column of Table 5.1-1b shows 
that every individual energy carrier alone already 
exceeds the CO2 budget that would be  compatible with 
a 2  °C rise in the mean global temperature over pre-
industrial levels. All fossil deposits together exceed 
the CO2 budget by more than two orders of magnitude 
(WBGU, 2009). 

The values given in Table 5.1-1 represent a ‘ snapshot’ 
taken at a certain moment in time. It is clear from the 
above definition that the distinction between reserves 
and resources is a dynamic concept, and that it is influ-
enced by many factors – especially technological and 
energy-price developments, but also regulations, for 
example. Estimates of resources provide an indica-
tion of the quantities of hydrocarbons that could be 
 developed. 

Mineral oil and natural gas
The total amount of crude oil and natural gas that can be 
ultimately extracted is made up of produced and avail-
able reserves, reserve growth (for example an increase 
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lie within the range given in Table 5.1-1a.
Source: BGR, 2009
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in a field’s level of production), and supposed resources 
that are yet to be discovered. It is likely that this will 
also lead to increases in reserves in the future. The sta-
tistical range (reserves/production) of oil and gas at 
least has in the past remained constant at 40 to 50 or 
70 years in this way, with consumption and new dis-
coveries approximately balancing each other out. There 
are therefore still controversial discussions on whether 
global oil production has already peaked. It is gener-
ally agreed, however, that the peak has been reached 

in some traditional producing regions, and this poses 
great challenges especially for private oil and gas com-
panies. Since access to the remaining producing regions 
that are relatively easy to develop is often reserved 
for state mining companies, oil-producing compa-
nies have increasingly been developing technical skills 
which enable them to advance into new frontier regions 
in search of oil and gas. In this context the focus has 
moved in particular to the deep sea and to the  Arctic 
(Box 5.1-2), where a large proportion of future discov-

Table 5.1-1
Global fossil reserves and resources. The ranges show (a) the lowest and highest estimate respectively, and (b) the potential 
CO2 emissions as a result of their use. The table also shows their potential for endangering the 2  °C guard rail. This risk is 
expressed as the factor by which, assuming complete exhaustion of the respective reserves and resources, the resultant CO2 
emissions would exceed the emissions budget allowed up to 2050 of 750 Gt of CO2 from fossil sources. The figures refer solely 
to CO2; other greenhouse gases have not been taken into account. Marine methane hydrates are shown in the category ‘Other 
deposits’.
Source: WBGU, 2011; GEA, 2012; own calculations

a

Historical 
production 
up to 2010

Production 
in 2010

Reserves Resources Other 
deposits

Total: reserves, 
resource and 
other deposits

Statisti-
cal range 
(reserves/
production)

[EJ] [EJ] [EJ] [EJ] [EJ] [EJ] [years]

Conventional 
oil

 6,788  141 4,900–7,610 4,170–6,150 9.070–13,760 35–54

Unconventional 
oil

 629  23 3,750–5,600 11,280–14,800 >40,000 >55,000 165–247

Conventional 
gas

 3,572  106 5,000–7,100 7,200–8,900 12,200–16,000 47–67

Unconventional 
gas

 173  15 20,100–67,100 40,200–121,900 >1,000,000 >1,060,000 1,331–4,444

Coal  7,426  156 17,300–21,000 291,000–435,000 308,300–456,000 111–134

Total  18,588  441 51,050–108,410 353,850–586,750 >1,040,000 >1,444,000 1,689–4,946

b
Historical 
production 
up to 2010

Production 
in 2010

Reserves Resources Other 
deposits

Total: reserves, 
resource and 
other deposits

The factor 
by which 
these emis-
sions exceed 
the 2  °C 
emissions 
budget

[Gt CO2] [Gt CO2] [Gt CO2] [Gt CO2] [Gt CO2] [Gt CO2]

Conventional 
oil

 498  10  359–558  306–451 – 665–1,009  >1

Unconventional 
oil

 46  2  275–410  827–1,085  >3,000 >4,100  >5

Conventional 
gas

 200  6  281–398  404–499 – 684–898  >1

Unconventional 
gas

 10  1  1,128–3,764  2,255–6,839  >56,000 >59,000  >79

Coal  1,758  42 4,829–10,256 33,474–55,507 – 38,304–65,762  >51

Total  2,512  60 6,871–15,386 37,266–64,380  >59,000 >103,000  >137
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eries are expected according to IEA (2005). In 2007 
offshore areas accounted for about 27  % of mineral oil 
reserves (17,000 EJ or 400 GTOE; Figure 5.1-1; BGR, 
2009). 460 EJ (or 11 GTOE) of these reserves were in 
fields at water depths in excess of 500  m. 

Almost half of the offshore reserves are located in 
the Middle East. On the one hand, it can be expected 
that offshore reserves will grow as a result of new explo-
ration in deepwater regions of the Gulf of  Mexico, the 
Atlantic Ocean off Brazil, on the west coast of Africa, 
the Caspian Sea, in Southeast Asia and the Arctic 
regions of Russia and North America (Figure 5.1-3). On 
the other hand, the relative weights of the geographi-
cal distribution of reserves look likely to shift further. 

Methane hydrates 
Methane hydrates are ice-like compounds in which 
a crystal lattice consisting of water molecules encap-
sulates gas molecules; they are classed as unconven-
tional gas deposits. They are combustible and store 
large quantities of methane within a very small space: 
when the methane enters the gas phase as a result of 
heating, its volume increases 170 times (WBGU, 2006; 
Krey et al., 2009). Methane hydrates in the oceans are 
found mainly in the sediments of continental margins 
at depths of at least 150–200  m at high latitudes, and 
500  m at low to middle latitudes (Figure 5.1-2; GEA, 
2012). Deposits at water depths of up to 4,000  m are 
also considered possible (Ruppel, 2011). On land, gas 

Box 5.1-1

Conflicts over resources in the Pacific 

In the Western Pacific there are a number of long-running 
conflicts between the countries bordering the East China Sea, 
the South China Sea and the Gulf of Thailand. They stem from 
competing territorial and maritime claims. Prominent exam-
ples include the recent disputes between China and Japan over 
the Diaoyutai or Senkaku Islands in the East China Sea, and 
between China, Vietnam and the Philippines over the Paracel 
and Spratly Islands in the South China Sea. With the excep-
tion of Cambodia and Taiwan (a non-UN state), the countries 
bordering these regions have signed the UN Convention on 
the Law of the Sea, which provides the legal framework for 
resolving competing claims (NBR, 2011; Section 3.2). The 
disputed island groups are often little more than tiny rocky 
outcrops. There are primarily three main reasons for the 
increased interest (Richter, 2012a; Fabi and Aizhu, 2012):

 > Important world-trade shipping routes run along the island 
groups connecting Europe, Africa, the Middle East and 
South Asia with the urban centres of East Asia. At least 
a third of the world’s shipping freight traffic uses these 
routes, and much of it consists of Asian imports of raw 
materials.

 > The region harbours very rich fish stocks. The South China 
Sea alone provides 10  % of the world’s annual fish yields.

 > Major oil and gas reserves are suspected in the region (Fabi 
and Aizhu, 2012). Resource estimates for oil in the South 
China Sea range between 164 EJ and 1,250 EJ; gas depos-
its are put at 130 EJ (EIA, 2013). Taking the average of 
these figures, they would cover China’s current consump-
tion for more than 30 years. In view of the growing demand 
for energy in the East Asian countries and their growing 
dependence on imports, this explains the strategic impor-
tance of these local resources. However, some of these esti-
mates are quite speculative, and only a small percentage of 
the suspected resources have actually been confirmed. Up 
to now, companies have carried out little exploration in this 
area due to the ongoing territorial conflicts and the uncer-
tainty they bring.

The islands’ key strategic significance is matched by a mili-
tary build-up in the region (Richter, 2012b). For example, 
the Western Pacific is simultaneously the arena where the 

21st century’s two military superpowers meet: the USA and 
China. This is also illustrated by the growing number of mili-
tary manoeuvres in this region. In 2010 Beijing claimed mili-
tary jurisdiction over the entire East and South China Sea for 
the first time. For its part, the USA – a kind of Hegemon in 
the South Pacific since the end of the Second World War – 
is increasingly turning its strategic attention away from the 
Atlantic and towards the Western Pacific. Since Beijing often 
settles its territorial conflicts bilaterally, the smaller nations in 
the area feel cornered and have therefore been turning more 
and more to the USA. In turn, China feels hemmed in by this 
growing USA presence. 

Military build-ups and concerns about energy security are 
mutually reinforcing factors, so that it is difficult to find start-
ing points for resolving the conflicts. An extended perspec-
tive on the problem can reveal further causes, which could at 
the same time become part of the solution. The lack of an 
integrated energy-supply system in the region and the 
absence of an electric ‘supergrid’ or a transnational pipeline 
system (Section 5.3) means that much of the international 
energy trade in the region takes place by ship. As a result, the 
risks associated with transporting energy have on the one 
hand further exacerbated concerns about the security of sup-
ply; on the other, the risks are delaying the changeover to 
more modern, on-grid energy sources like gas from different 
sources or locally available renewable energies, which would 
have the potential to defuse the tense situation surrounding 
the supply-security issue. The Eurasian electricity and pipe-
line network can serve as a positive example in this context, 
since to a certain extent it creates a ‘peace dividend’ by gen-
erating both interdependencies and strong incentives for 
cooperative behaviour on the supply and demand sides. The 
possible establishment of a pan-Asian energy infrastructure 
could improve the tense situation surrounding supply secur-
ity in the region and furthermore help to sustainably inte-
grate the marine energy resources into the energy system. In 
the WBGU’s view, a transformation of the primarily fossil-
fuel-based energy systems of the countries bordering on the 
Western Pacific towards renewable energy, incorporating 
their marine potential, would help to transform what is cur-
rently a very conflict-ridden situation into an environment 
focusing more on collaboration.
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hydrates are found in the Arctic permafrost.
The conditions needed for the formation and sta-

bility of methane hydrates are high pressure and low 
temperatures. Marine gas hydrates form primarily 
when methane rises from sediment at greater depths 
and is fixed in the higher, colder layers of sediment. 
Depending on the pressure, the temperature and the 
geochemical conditions, gas hydrates remain stable in 
what is known as a methane-hydrate stability zone, 
which can extend up to several hundred metres below 
the sea floor. The gas-hydrate content in the sediment 
is variable. High concentrations occur mostly in porous, 
highly permeable sediments such as sand. Fine-grained 
sediments such as shales have the lowest concentra-
tions (Figure 5.1-2; Milkov, 2004; Trehu et al., 2006; 
Wallmann et al., 2011; GEA, 2012).

The amount of gas trapped in hydrates far exceeds 
the known resources of conventional gas (Table 5.1-1a). 
Scientists suspect that the amount of methane hydrates 
also exceeds the quantities of other unconventional gas 
deposits (MIT, 2011). The deposits of gas hydrates can 
be categorized according to their size and how they 
are geologically embedded; this is illustrated using a 
resource pyramid (Figure 5.1-2). The smallest propor-
tion of the deposits is located in Arctic sandy soils on 
land. Larger deposits are suspected in sandy sediments 
on the seabed. The largest deposits lie encapsulated in 
fine-grained clay and slate sediments in the ocean floor. 

Mining marine methane hydrates is most practica-
ble in sandy sediments. They have a high concentration 
of gas and are distributed over distinct, well-defined 
reservoirs. The permeability of the sediments within 
the reservoirs makes extraction possible using mining 
technologies which, for the most part, already exist. In 
addition, the reservoirs are usually trapped in a matrix 
of impermeable sediments, which can reduce the acci-
dental release of methane during drilling. In the case of 
deposits in non-sandy sediments, which make up the 
vast majority of the deposits, extraction is very unlikely 
in the foreseeable future due to the low gas concentra-
tion, since completely new drilling technologies would 
have to be developed for the purpose (Boswell, 2009; 
GEA, 2012). 

Estimates on the size of the methane hydrate  deposits 
vary greatly and, according to Wallmann et al. (2011), 
range from at least 6,700 EJ to 747,000 EJ. According 
to the Global Energy Assessment (GEA), the theoretical 
resource potential lies between 2,500 and 2,773,000 
EJ, the technical potential between 1,200 and 238,400 
EJ, and the economic potential between  0 and 12,600 
EJ (GEA, 2012:  458). According to Boswell and Collet 
(2011) methane hydrate reserves are currently practi-
cally zero. 

5.1.2 
Technologies of offshore extraction

Mineral oil and natural gas
Humans have known about mineral oil for several thou-
sands of years, since it occurs in small quantities on the 
surface in some places. For the most part, however, it 
is held back on its way to the surface by a natural bar-
rier in the form of an impermeable layer of earth. Tar-
geted prospecting began in the 19th century as a result 
of the commercial use of mineral oil as a fuel, initially 
for petroleum lamps and later for the emerging automo-
bile. The first place in Germany where people drilled for 
oil was north of Hanover, in Diethmarschen and Wieze. 
But the first really famous oil well was the one drilled 
by Edwin Drake in 1859, who developed the first major 
oil field in Pennsylvania, USA, at a depth of some 20  m. 
Soon afterwards the first oil fields that stretched out to 
sea were discovered on beaches. The first offshore oil 
well was drilled from piers in 1896 – in Summerland 
Field, California (USA). The first platforms were used 
soon afterwards. They were initially made of wood and 
operated in inland waters, but even before the Second 
World War oil was extracted using steel oil platforms in 
the Gulf of Mexico.

The development and the most important concepts 
of offshore production are briefly described in the fol-
lowing. Development up to the present day has been a 
process of continuous technological innovation, start-
ing with the first offshore platforms, working in just a 
few metres of water, to drilling rigs – floating structures 
comparable to a small town in type and size operating 
in water that is several thousands of metres deep. Drill-
ing in the Arctic (Box 5.1-2) and in the deep sea, where 
companies face similar technical challenges, represents 
the current limit of technical feasibility. 

Much of the mineral-oil and natural-gas depos-
its that are worked in the sea (Figure 5.1-1) lie in the 
 shallow, coastal areas of the continental shelves, e.  g. 

More difficult to recover
Increasing resource volumes

Generally decreasing
resource concentration

Arctic Sand Deposits: 105 EJ

Marine Sand Deposits: 10,500 EJ

Marine Non-Sand Deposits: 
> 105,000 EJ

Figure 5.1-2
Size of methane hydrate deposits by deposit type.
Source: Boswell, 2009, modified by WBGU
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Box 5.1-2

Oil and gas extraction in the Arctic 

The current level of oil and gas production from fields situ-
ated north of the Arctic Circle is very low compared to glo-
bal production of hydrocarbons. However, this could change 
significantly in the future (Box 1.2-3). Oil and gas have been 
extracted onshore since 1920 and offshore since 1970 in the 
Arctic (Economist, 2012; Lloyd’s, 2012). Current estimates on 
the availability of oil and gas in the Arctic are largely based 
on studies conducted by the U.S. Geological Survey (USGS, 
2008; IEA, 2008; Lloyd’s, 2012), according to which about 
25% of all as-yet undiscovered fossil resources are locat-
ed in the Arctic. Furthermore, the chances of discovering 
especially large fields there are better than in other regions 
because little exploration activity has been carried out to date 
(Figure 5.1-1). Natural gas accounts for about two-thirds of 
hydrocarbon resources in the Arctic, with deposits totalling 
approximately 1,460 EJ (35 GTOE). Oil deposits are thought 
to amount to about 530 EJ (13 GTOE; USGS, 2008). A large 
proportion of the deposits is believed to be in the region of 
the coastal continental slopes.

Accordingly all the countries bordering the Arctic 
( Canada, Russia, Norway, Greenland/Denmark and the USA) 
have prospected for oil and gas in their territorial seas and 
EEZs (Section 3.2; Economist, 2012; Koivurova and Hossain, 
2008). Interest in these supposed resource deposits is growing 
as the Arctic sea ice melts (Box 1.2-3). The commercial extrac-
tion of these fossil raw materials depends on the development 
of marine and transport technologies, as well as on global oil 
and gas prices. To date the infrastructure for transporting oil 
and gas from the sea in the Arctic is underdeveloped, partly 
because of the climatic conditions (Lloyd’s, 2012). 

The following factors have been driving the growing inter-
est in using the Arctic for energy-related purposes (Lloyd’s, 
2012):

 > Technological feasibility: technological progress makes it 
possible to assess the technical and economic practicabil-
ity of an increasing number of projects; geological risks are 
also easier to control.

 > Economic attractiveness: projects in the Arctic appear 
increasingly attractive to countries and investors when 
commodity prices stabilize at a relatively high level and 
there is uncertainty over access to resources in other parts 
of the world.

 > Access: shrinking ice sheets within the Arctic Circle make 
access to production fields and the related logistics easier, 
thus also leading to lower costs. 

Nevertheless, drilling for oil and gas in the Arctic is still a great 
challenge and in some cases fraught with similar difficulties 
to those of deep-sea drilling. According to the IEA (2008), 
these include the remoteness of the drilling fields, more 
severe safety risks for workers, greater environmental risks 
and ecosystem sensitivity, and high costs. Additional prob-
lems are posed by the extreme climatic conditions and storms, 
short time windows when access is possible, and the dangers 
caused by ice and icebergs (PEG, 2010). The  prospects for 
production depend on technological developments such as 
the development of special drill ships and, in particular, semi-
autonomous underwater technology systems for drilling in 
ice-covered waters (IEA, 2005). 

The possibility of using non-conventional fossil energy 
carriers, especially shale gas in the USA, has greatly changed 
the international energy market. At present the risks of 

investing in opening up the resource deposits in the Arctic are 
estimated to be higher than the returns on these investments 
(DG, 2010; Humrich, 2011; Economist, 2012; Lloyd’s, 2012). 
Furthermore, mining the Arctic’s mineral resources involves 
considerable environmental risks. Due to the climatic condi-
tions it is even more difficult to deal with oil or gas accidents 
during extraction or transport in the Arctic than in other 
regions. Because of the large distances involved, salvage 
ships are not available as quickly as elsewhere. Moreover, it 
is almost completely dark for half of the year (Welt Online, 
6.9.2011; Lloyd’s, 2012). 

The framework for the governance of the Arctic is cur-
rently provided by UNCLOS, the Arctic Council and multi-
lateral conventions (Chapter 3, Box 3.4-1). The Arctic Coun-
cil encourages the participation of the Arctic’s population 
(Box 3.4-1; Humrich, 2011). The countries bordering the Arc-
tic (USA, Canada, Norway, Greenland/Denmark, Russia) have 
already staked their territorial claims and claims for rights of 
use in accordance with UNCLOS (Box 3.2-3). The countries 
have jointly filed applications to have their continental shelf 
boundaries determined by the UN Commission on the Limits 
of the Continental Shelf (Section 3.2; Humrich, 2011). Since 
most oil and gas deposits are located in the Exclusive Eco-
nomic Zones (EEZs) of the respective countries, i.  e. not in 
disputed regions, national law applies to the exploitation of 
the fossil fuel deposits. Figure 5.1-3 shows that a large pro-
portion of the gas is to be found on Russian territory or in 
Russian waters, and most of the oil is in the USA, Canada and 
Greenland/Denmark, or in their waters.

Oil and gas leaks can happen at every stage of production 
and can be caused by a large number of factors (e.  g. human 
error, equipment failure, sabotage). The Arctic conditions, 
such as sea ice, low temperatures, constant darkness, and vio-
lent storms and waves increase the overall likelihood of acci-
dents. In literature, the possible environmental consequences 
of oil and gas leaks are considered to be far more serious in 
the case of oil than for gas. It should be noted in this context 
that oil leaks are in principle also possible as by-product of 
gas production. 

The Arctic is home to a unique ecosystem, providing 
habitats for, among others, walruses, polar bears, whales, 
sea birds, fish and a large number of smaller creatures 
(Box 7.3-1). These species are well adapted to the Arctic 
conditions and only exist there. An oil spill would put this 
unique ecosystem at great risk. Due to interaction with the 
ice, oil spreads more slowly in this region than in open water, 
and the natural decomposition process is slowed down by 
the low  temperatures. This could mean that oil will remain 
in the  Arctic environment for decades to come and have 
toxic effects long after the original leak. Certain characteris-
tics of Arctic species make them appear particularly vulner-
able. Many of these animals have long life spans and slow 
reproduction rates. Especially animals at the top of the food 
chain are affected by the accumulation of toxic substances. 
 Altogether a large number of Arctic species are already on the 
list of endangered species, and for some of them large-scale 
oil spills could have very serious consequences.

The multilateral conventions that currently apply in the 
Arctic do not sufficiently regulate either shipping or oil-and-
gas extraction. In this region there is little regulation of either 
the risks or the consequences of use in the event of cross-
border damage; the same applies to liability obligations when 
accidents occur (Section 3.6.5; Humrich, 2011). The Arctic 
Council says it aims to support sustainable development in 
the Arctic: five working groups have been set up to examine 
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in the North Sea, the Caribbean, the Western Pacific 
and the Gulf of Mexico. Most wells are drilled verti-
cally downwards using what is known as the rotary 
method. From a certain depth, steel pipes are cemented 
in to permanently stabilize the well. Another impor-
tant method in addition to the rotary process is direc-
tional drilling, because this allows a vertical well to be 
diverted horizontally, so that several oil and gas fields 
can be accessed from one platform (BP Europe SE, 
2008). Offshore drilling is carried out from platforms, 
and various types are used depending on how deep 
the sea is (Figure 5.1-4). A common classification dis-
tinguishes between reef water (up to 300  m), shallow 
water (300–1,000  m), the deep sea (1,000–1,500  m) 
and the ultra-deep sea (from 1,500  m). As far as types 
of drilling rig are concerned, four basic concepts can 
be distinguished (Figure 5.1-4). Jack-up rigs stand on 
vertically adjustable steel stilts; they are used in coastal 
areas in water depths of up to about 100  m. In the case 

of fixed platforms, which are used in up to 600  m of 
water, a steel or concrete base extending to the sea floor 
carries the facilities that are above the surface of the 
water. Floating structures are generally used at greater 
water depths. Semi-submersibles are the most common 
type of platform and vary considerably in design. They 
are supported by floats and stabilized by ballast tanks 
and steel cables anchored to the seabed. In addition 
to semi-submersibles, drillships are used in the deep 
and ultra-deep sea. More and more new components 
of underwater technology were developed as fields 
were tapped at ever-greater depths that were no longer 
accessible for divers. These enable, for example, several 
wells to be connected to one platform. Future under-
water  technology systems will increasingly be capable 
of operating autonomously, as well as processing and 
separating the oil and gas underwater. 

Overall, technological advances in offshore tech-
nology development have made it possible to advance 

the development of standards and overall regulation (nature 
conservation, ocean protection, disaster prevention, environ-
mental monitoring and the control of environmental toxins). 
The Arctic Council’s guidelines on oil and gas production aim 
to ensure that the precautionary principle and the polluter-
pays principle are followed, sustainability is promoted, and 

policies are adjusted to new findings of scientific research. 
Environmental protection takes top priority (Koivurova and 
Hossain, 2008). Although there are many initiatives, govern-
ance is still incomplete when it comes to the sustainable use 
of the Arctic (Box 3.4-1). 
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to ever-greater depths and ever-more remote regions. 
Furthermore, there has been a development away from 
firmly anchored structures to floating, mobile ones that 
can be used at several locations. Advances in under-
water technology make it possible to develop a larger 
area from one platform, so that the extracted oil and 
gas can be transported directly from there to the coast 
by pipeline.

Marine methane hydrates
Three methods can be distinguished for extracting 
marine methane hydrates in sandy sediments, and 
they can be used either individually or in combina-
tion. Since methane hydrates form at high pressures 
and low temperatures, the solid, trapped methane com-
ponents of the methane hydrate can be converted into 
gas by reducing the pressure or raising the tempera-
ture. The pressure is lowered primarily by extract-
ing conventional methane deposited below the meth-
ane hydrate stability zone. The extraction of the gas 
reduces the pressure from below, the hydrates break 
down and the released methane can be extracted using 
conventional marine mining technology. The extraction 
of the released methane reduces the pressure further, 
so that the hydrates at higher levels break down. The 
other method is extraction by raising the temperatures. 
Here, water steam or a heated liquid is injected directly 
into the methane hydrate stability zone. The released 
methane can then be extracted via a second borehole. 
The third possibility is to inject inhibitors such as meth-
anol, glycol or salt. The destabilization is caused by a 
brief change in temperature as the chemical conditions 
are simultaneously changed to counteract any re-stabi-
lization of the hydrates (Demirbas, 2010). Research is 
currently being conducted into the idea of combining 

the extraction of methane hydrates with CO2 storage by 
injecting liquid CO2 (Kvamme et al., 2007). 

Scientists expect to be able to mine marine methane 
hydrates in sandy sediments by making incremental 
advances in marine extraction technologies for conven-
tional methane. These deposits are also the only ones 
that can be mined commercially in the near future. This 
is primarily due to the permeability of the sediment 
prior to the formation of methane hydrates. As a result 
of this permeability, the level of saturation is relatively 
high there, changes in the pressure or temperature can 
be easily transferred from the borehole into the sedi-
ment, and released gas can flow back along the pres-
sure gradient back to the drill head and be collected 
there. 

Major technological advances will be necessary 
before deposits can be extracted from sediments that 
are not sandy, but exhibit a high level of permea bility. 
According to the current state of research, a paradigm 
shift in extraction technology will be necessary if marine 
methane hydrates are to be mined in reservoirs with 
low levels of permeability (Boswell and Collet, 2006; 
Moridis et al., 2009). The extent to which existing min-
ing technologies will have to be further developed will 
depend on the characteristics of the deposits, e.  g. the 
nature of the ground in which methane hydrates are 
trapped, the level of saturation with hydrates, the water 
depth and the proximity to infrastructure. Since there is 
still a lack of comprehensive mining experience, how-
ever, these assumptions are provisional. The relevant 
literature (US DOE, 2006; Council of Canadian Acad-
emies, 2008; Boswell, 2009; Ruppel, 2011) agrees that, 
despite the initial practical experience that has been 
gained, long-term demonstration projects will be ne-
cessary to determine the optimum processes and con-

Jack-up rig Platform Semi-submersible Drillship

Figure 5.1-4
Different offshore extraction methods for different water depths and types of oil rig.
Source: WBGU, based on BP Europe SE, 2008
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ditions for production and to demonstrate safety with 
regard to environmental hazards. Since the problems 
involved in extracting marine methane hydrates are to 
some extent comparable with the marine extraction of 
conventional gas and oil, synergies are expected when 
technologies are further developed (US DOE, 2006; 
Council of Canadian Academies, 2008; Boswell, 2009; 
Ruppel, 2011).The fact that methane hydrates can also 
be mined by injecting liquid CO2 raises the possibility of 
combining methane-hydrate extraction with CO2 stor-
age (Figure 5.1-5). Under suitable pressure and tem-
perature conditions, the injected CO2 could be stored 
in the former methane hydrate beds as carbon dioxide 
hydrate. The development of the technology is still in 
its infancy (Groth, 2010). The first successful field test 
was conducted on land in early 2012 at  Prudhoe Bay, 
Alaska. 

Marine methane hydrate is not currently being mined 
commercially, but a number of extraction plants and 
test boreholes do exist as part of government research 
projects. Assessments as to when commercial min-
ing might become possible vary considerably. Accord-
ing to Moridis et al. (2009), Japan is running the most 
advanced mining plants which could begin  commercial 
production in 2016. The Japanese test plants oper-
ate in highly saturated, sandy sediments. The authors 
assess the development in the Gulf of Mexico as simi-
larly well advanced, since this region has access to the 
existing infrastructure for oil and gas production. Krey 
et al. (2009) and Walsh et al. (2009) estimate that 
small-scale commercial production could begin in 2020. 
Because of the experimental stage of research, the IEA 
does not expect significant amounts of methane to be 
extracted from marine methane hydrates before 2035 
(IEA, 2011a).

Japan runs the world’s largest methane-hydrate 
research programme and plans to carry out its first 
mining tests in 2014. China and Korea have drilled 
exploratory boreholes in their coastal waters and the 
adjacent EEZs, and have found methane hydrate. In 
2014 South Korea will conduct a production test at a 
depth of 2,000  m with the participation of the  German 
methane hydrate programme SUGAR (Wallmann et 
al., 2011). The aim is to recover natural gas from gas 
hydrates by pressure release. The Indian government is 
also promoting a large research programme on methane 
hydrates, as there are methane hydrate deposits in its 
waters. Canada and the USA, too, are funding research 
and exploratory drilling (Moridis et al., 2009). Further-
more, Chile, Russia, New Zealand, Taiwan and Germany 
all have methane hydrate research programmes. 

5.1.3 
Environmental impact of fossil energy use

Mineral oil 
The public usually takes note of the pollution of the 
seas by oil when an oil tanker breaks up in heavy seas 
or a platform suffers a serious accident, as in the case 
of the Deepwater Horizon in the Gulf of Mexico in 
the spring of 2010. In such cases, oil slicks often drift 
towards the coasts, killing many marine animals and 
seabirds. However, spectacular tanker accidents only 
account for about 10  % of the global oil pollution of the 
seas (Section 1.1.5). Most of the oil enters the sea in 
different, less striking ways, such as leaks, combustion 
processes or through natural seepage (Maribus, 2010). 
Nature has adapted to low seepage rates in the form of 
specialized bacteria that break down the oil naturally 
(The Future Ocean, 2010). For this reason it does tend 
to be the major accidents that overwhelm and destroy 
marine ecosystems (Section 1; Box 5.1-2). 

When estimating the consequences, a distinction 
must first be made between coastal ecosystems and 
those in deeper waters. Since oil is lighter than water, it 
rises to the surface and forms films and slicks. Depend-
ing on the winds and currents, these accumulations can 
then drift towards the coast, where the oil accumulates 
and impacts directly on the benthic ecosystems (i.  e. 
ecosystems on and in the seabed). It is still very diffi-
cult to specifically assess the consequences of oil spills 
on marine coastal ecosystems. To date the information 
available on possible effects come mainly from stud-
ies of specific spills, and these are difficult to general-
ize because the ecosystems in different locations differ 
greatly from each other (The Future Ocean, 2010). 

However, some basic points can nevertheless be 
made. For example, one decisive factor is how fast the 
oil is broken down or sinks from the surface to the sea 
floor. Decomposition is influenced by physical, chem-
ical and biological processes. The time it takes for 
 bacteria to break down mineral-oil hydrocarbons varies, 
depending on environmental conditions such as tem-
perature, the water’s nutrient content and wave action. 
Processes like sedimentation and bacterial decomposi-
tion can take months or even years. Under favourable 
conditions, however, they can be completed within as 
little as a few days. This discrepancy stems from the 
differences in the speed at which the different groups 
of substances that make up mineral oil are biologically 
decomposed. The decomposition process rate depends 
primarily on the molecular structure of the oil compo-
nents. The more complex the hydrocarbon molecules, 
the longer microorganisms need to break them down. 
Another important distinguishing feature for damage 
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assessment in coastal areas is what type of habitat they 
represent. 

Regeneration periods between a few months and 
decades can be assumed depending on the coastal form 
and the ecosystem (Maribus, 2010).

Natural gas
Methane is the most environment-friendly fossil 
energy source because its combustion releases nei-
ther dust nor heavy metals. However, burning fossil 
fuels generates CO2 emissions, and if possible their use 
should be avoided for this reason (Table 5.1-1b). Com-
bustion of methane generates only half as much CO2 
emissions per unit of energy as burning coal. The out-
put of gas power stations can essentially be regulated 
without any loss of efficiency. Because methane has 
these advantages over other fossil fuels, it represents 
a potential bridging technology in the transformation 
of the energy systems. The vision of a marine energy 
system of the future outlined in Section 5.3 includes 
such a transformation towards climate-friendly energy 
systems, which in addition also focuses increasingly 
on synthetic hydrogen or synthetic methane that is 
 produced offshore using renewable energy sources.

Marine methane hydrates
Possible environmental hazards of extracting marine 
methane hydrates can be caused by the unplanned 
release of methane hydrates into the sea, the destabili-
zation of the sediments surrounding the deposits or the 
injection of inhibitors during mining. In addition, the 
extraction of methane hydrates may remove the basis 
of life of specific ecosystems (Smith et al., 2008). 

When methane hydrates are formed in sediments, 
gas and ice solidify and limit the pore space between 
the sediments’ constituents. If the pressure or the tem-
perature in the sediments is changed by drilling, this 
can lead to release of the trapped methane; the associ-
ated excess pressure can cause the uncontrolled release 
of methane, damage to the drilling equipment, local 
submarine landslides in steep terrain, and the subsid-
ence of the well (Kvenvolden, 1993; Wallmann et al., 
2011). 

If the sediment destabilizes, methane can escape 
directly at the well or through cracks that form on the 
ocean floor. In addition, methane can escape if the drill-
ing technology fails. If the methane released into the 
sea were to enter the atmosphere, it would contribute 
to global warming, since it is a highly effective green-
house gas. However, methane released during pro-
duction at a depth of 400–2,000  m is very unlikely to 
reach the atmosphere, since it is almost completely oxi-
dized to CO2 by bacteria in the water column. Methane 
released on the seabed only enters the atmosphere if 

the sea is less than 200  m deep. 
Ruppel (2011) points out that the injection of 

 inhibitors such as methanol, glycol or brine during 
extraction can cause as-yet-unknown environmen-
tal hazards. In areas where gas hydrates are located 
at or near the seabed, the escaping methane serves 
as a source of energy for specific benthic ecosystems. 
Removing the  methane would withdraw their basis of 
life (Wallmann et al., 2011).

Authors differ in their assessments of the possibil-
ity of the sediments being destabilized by extraction. 
Archer (2005) comes to the conclusion that the like-
lihood of destabilization is quite speculative. Repre-
sentatives of the Japanese gas industry conclude that 
the deformation and subsistence of the sea floor may 
be inevitable, but that it does not constitute a dan-
ger. Potential landslides could be avoided by a care-
ful  selection of the drilling site and good knowledge of 
the terrain. However, they do stress that their assess-
ments only relate to the deposits in the eastern Nankai 
Trough (Yamamoto and Nagakubo, 2009). On the basis 
of  models and laboratory experiments, Grozic (2010) 
arrives at the assessment that the release of even a 
small amount of methane hydrates can lead to signifi-
cant loss of sediment strength and to landslides. 

5.1.4 
Infrastructure

The oil and gas value chain is made up of a large number 
of steps that require a complex infrastructure. This 
section only describes one part of it: the marine system. 
This relates primarily to transporting the hydrocarbons 
and the related processes of storage and landing. The 
most important producing and consuming regions for 
both mineral oil and natural gas are geographically very 
distant from each other, so that both energy carriers 
have to be transported over long distances. Whereas 
a global market has developed for mineral oil, the nat-
ural-gas markets are mainly regional, although global 
transport is possible with liquefied natural gas (LNG), 
which is increasingly used. Carbon dioxide is another 
important element in the oil and gas value chain. It 
forms both during extraction and as a combustion prod-
uct during energy conversion. In addition, carbon diox-
ide is used to increase the level of production of depos-
its by being pressure-injected into the deposit. Carbon 
dioxide thus represents an important component in an 
integrated marine fossil-energy system; this will also 
apply in the long term in a marine energy system based 
on renewable energy (Section 5.3). 
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5.1.4.1 
Mineral oil 
Because of the great distances involved, crude oil is 
transported globally either by tanker or by pipeline; 
transport by tanker is the more dominant method with 
a share of 75  % (BGR, 2009). The demand for capacity 
to transport mineral oil and conversion products like 
petrol and heating oil rose consistently in the past, 
requiring ever larger tankers. Tankers in service today 
often have a lightweight tonnage of 500,000 tonnes 
and can be up to 300  m in length. To ensure the stabil-
ity of a ship when transporting large amounts of liq-
uid cargo, the cargo bay is divided into several cell-like 
bulkheads; this also makes it possible to transport dif-
ferent products at once (BP Europe SE, 2008). Like the 
tanker hull’s double wall structure, subdivision into the 
bulkhead structure improves the tankers’ safety. How-
ever, these higher safety standards are by no means the 
rule, due to the freighters’ long lifetime or to a lack of 
regulation or commitment by the owners. Apart from 
safety, the second important issue in oil transport is the 
continuous increase in the size of the tankers. This has 
fundamentally disadvantageous effects on manoeuvra-
bility, and the increased draft when the ships are fully 
loaded means that the number of ports they can call at 
is declining all the time. It is often unprofitable to retro-
fit existing ports or build new ones with the necessary 
capacity. Many terminals are therefore being built off-
shore these days, where the water is deep enough and 
the ships’ poor manoeuvrability presents much less of a 
problem. Such systems exist for different water depths 
and tanker sizes.

5.1.4.2 
Natural gas
As in the case of mineral oil, the distances between pro-
ducing and consuming regions for natural gas are often 
very large. Because gaseous natural gas has a lower 
energy content per unit of volume, its transport costs 
are about one order of magnitude higher than those 
of crude oil and coal, so that natural-gas markets have 
tended to develop in a regional way. Since natural gas 
in its gaseous form is also on principle more difficult to 
handle during transport, more transport methods have 
been tested and developed than for oil. Some meth-
ods represent a combination of transport and storage. 
Since methane hydrates pass into the gas phase during 
extraction, all the procedures mentioned in the follow-
ing are basically also suitable for the methane mined 
in this way. 

In the case of natural gas, too, the two dominant 
transport options are by pipeline or LNG tanker. The 
gas is generally transported from the platform by pipe-
line. However, since gas, too, is being extracted in ever 

remoter regions or as a complementary product of min-
eral oil, procedures have also become established to 
already convert – and if necessary liquefy – the natural 
gas on the platform for transportation purposes. Pipe-
lines also dominate long-distance transport, although 
here, too, an increase has been observed in the LNG 
trade. 

The relevant processes for this are briefly described 
in the following. Both of the two transportation options 
for natural gas (pipelines, LNG) initially discussed are 
very capital intensive. Other transport methods can be 
used when only short distances need to be covered or 
volumes are lower (compressed natural gas (CNG), gas 
to liquid (GTL), gas hydrates in the form of pellets).

Pipelines
Pipeline systems are required to transport natural gas. 
The North Sea, for example, is criss-crossed by a meshed 
network of pipelines. Installing them can be very com-
plicated due to large tidal differences, strong currents 
and jagged rocks on the seabed. Specially built pipelay 
barges are used for the purpose. The concrete-coated 
pipes are welded together on board and lowered to 
the sea floor from an adjustable stern ramp. The pipe-
line is subsequently buried in a ditch. Another option 
is using offshore pipelines for the long-distance trans-
port of gas. This technique is very expensive, but can be 
appropriate from the investors’ point of view when fur-
ther criteria, such as security of supply, are taken into 
account. To date the largest completed project of this 
kind is the Nordstream pipeline between Russia and 
Germany, with a total length of 1,224  km. 

Liquefied natural gas (LNG)
One advantage of liquid energy carriers over gaseous 
ones is that they are easier to handle during transport. 
When natural gas is cooled to -162  °C it changes from 
the gaseous to the liquid state; the result is  liquefied 
natural gas (LNG). Such a system essentially consists 
of three components: (1) a liquefaction plant, including 
a gas-storage facility and a loading station, (2) trans-
port tankers and (3) a re-gasification plant including 
facilities for storage and further distribution. Each of 
these components is very capital intensive, and about 
20  % of the energy content of the gas is needed for 
the  liquefaction and continuous cooling of the gas. 
LNG facilities have been increasingly expanded because 
they offer the option of connecting isolated markets 
(e.  g. Japan), transporting gas over great distances by 
ship, and responding flexibly to spot markets. But 
it remains to be seen how additional construction 
will develop in the future, especially after it recently 
emerged that the USA in particular is increasingly turn-
ing to the domestic production of shale gas. This will 
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make it unprofitable to invest in import terminals there 
and encourage some of the existing capacity to be con-
verted into export terminals. A gas liquefaction termi-
nal usually brings together gas from several fields in 
order to achieve the necessary economies of scale. Par-
ticularly for smaller or remote fields, it can be advan-
tageous to already liquefy the gas offshore instead of 
transporting it to the shore by pipeline and liquefying 
it on land. One of the largest floating structures is cur-
rently being built off the north-west coast of Australia; 
it has an annual LNG production capacity of 187 PJ. 
Such  systems could also be used as an important com-
ponent in an integrated marine energy system based on 
renewable energy (Section 5.3). 

Compressed natural gas
In this method the gas is not liquefied, but put under 
high pressure by compressors. The energy content per 
unit of volume is far below that of liquid natural gas, 
but the investment costs are lower. 

Gas to liquids
In this option the gas is converted into a liquid energy 
carrier, often a fuel, using a variant of the Fischer- 
Tropsch process. This is an option when gas is recovered 
as a by-product of offshore mineral-oil production. 

Gas hydrates in the form of pellets
A novel option that is interesting for different vol-
umes is forming hydrates in the shape of pellets. As 
soon as ice crystals form, the methane is trapped in a 
kind of cage structure. This even remains stable when 
the ambient pressure decreases, making it possible to 
also transport methane – at suitable temperatures – at 
atmospheric pressure, as long as it remains frozen. The 
snow-like hydrate can be shaped into pellets and trans-
ported in special refrigerated ships that can guarantee 
a temperature of -10  °C (compared to -162  °C for LNG). 
This is the same temperature as that prescribed for 
food transport. Moreover, there is no risk of explosion, 
because although methane hydrate can burn, the gas 
is released so slowly that it is not explosive. On arrival 
at the destination the methane can be re- gasified by 
warming it to room temperature. 

5.1.4.3 
Carbon dioxide
As a technical option to gain time for the transformation 
of the energy system to emissions-free energy sources 
while utilizing at least some of the large reserves of fos-
sil energy carriers, possible ways of technically sepa-
rating CO2 from the emissions of stationary plants are 
under discussion, as are options for the subsequent 
storage of compressed CO2 in geological formations 

(carbon dioxide capture and storage, CCS). For coun-
tries that continue to use fossil energies, CCS is a neces-
sary mitigation option if anthropogenic global warming 
of more than 2  °C is to be avoided. Beyond this, com-
bining bioenergy with CCS is also under discussion as 
an option for withdrawing CO2 from the atmosphere in 
the long term (WBGU, 2011). 

The three steps of a CCS system consist of capture, 
transport and storage. After capture, the CO2 is initially 
compressed, resulting in liquefaction. The liquid CO2 is 
then transported to the storage site by pipeline or ship. 
There are already about 5,000  km of pipelines being 
used for transporting CO2 worldwide. Relatively small, 
specialized vessels for transporting CO2 are already in 
operation. Large ships with a capacity of about 40,000 
tonnes of CO2 are currently being built (Wallmann et 
al., 2011; Maersk Group, 2013). 

The liquid CO2 is stored underground, i.  e. in deep 
geological formations in a process that can be carried 
out both on land and under the seabed. Potential res-
ervoir rocks include salt-water-bearing sandstone for-
mations (saline aquifers), depleted mineral-oil and 
 natural-gas deposits, deposits where the production 
rate can be increased by injecting CO2 (enhanced oil 
recovery), gas hydrate deposits and deep-sea sedi-
ments ( Figure 5.1-5). CO2 has been stored in the Utsira 
sand formation in the Norwegian sector of the North 
Sea for many years. Up to now the CO2 used has not 
come from power stations, but from natural gas that is 
extracted and cleaned on site at the Sleipner platform 
(Wallmann et al., 2011). 

But doubts have also been formulated about the 
suitability for long-term storage of the site used by 
the Sleipner CO2 project. A 2009 Greenpeace publica-
tion, for instance, refers to discrepancies between the 
behaviour of the CO2 injected into the Utsira forma-
tion and the expectations of geologists; this suggests 
that there might be limits to the reliability of predic-
tions on the permanence of the storage. However, these 
doubts have never been substantiated or verified and 
no escaping CO2 has actually been documented to date. 

Jacobson (2008) points out that, although selected 
storage sites have a theoretical retention capacity of 
99  % after 1,000 years according to IPCC (2005), the 
storage properties can be adversely affected by tectonic 
movements that cannot be predicted. His conclusion is 
that it is therefore impossible on principle to guarantee 
the permanence of storage. Practical operations have 
shown that increasing experience with the injection 
process and precise knowledge of both the subsurface 
and the specific geology are critical factors for minimiz-
ing the risk of leakage. 

Combining the storage of CO2 with the extraction 
of methane hydrates is referred to in many publica-
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tions on methane hydrates as a possible contribution 
to climate protection. It has also been investigated in a 
few studies. The underlying idea is to pump the carbon 
dioxide under pressure into the methane-hydrate-bear-
ing sediments while methane is being released. The CO2 
could then be stored as a hydrate under the seabed for 
a long time without escaping. 

The combination of storing CO2 as a hydrate and 
methane recovery is theoretically possible because the 
pressure required to form methane hydrates is higher at 
the same temperature than the pressure needed to form 
CO2 hydrates. The temperature and pressure required 
to form hydrates change when the CO2 content in the 
hydrate-bearing sediment is higher; these tempera-
tures and pressures depend in detail on the nature of 
the sediment (e.  g. pore size; Goel, 2006). Researchers 
are currently using simulations and experiments to try 
to gain a better understanding of the kinetic proper-
ties and mechanisms of CO2 and methane exchange. 
Furthermore, the first successful onshore field test has 
been completed in Alaska (Long et al., 2009; White and 
McGrail, 2009). 

5.1.5 
Costs

Mineral oil and natural gas
According to a study conducted by Germany’s  Federal 
Institute for Geosciences and Natural Resources, the fol-
lowing four cost types can be distinguished in mineral-oil 
production: exploration costs, prospecting costs, devel-

opment costs and operating costs (BGR, 2009). 
Because the conditions are similar, this cost struc-

ture can also be transferred to gas production. The total 
cost of a project can be calculated by adding these indi-
vidual factors together. Literature uses different terms 
in this context – e.  g. technical costs, production costs 
or extraction costs – and authors often do not make it 
clear what costs types are included. In general, the find-
ing and development costs and the production costs are 
allocated to the supply costs, while the exploration costs 
cannot be directly allocated to a project (BGR, 2009). 
The individual cost types can vary a great deal depend-
ing on the specific circumstances of each project. In 
addition, the respective volume of investment must 
also be assessed in relation to the volume of the stor-
age site. The specific total upstream costs expressed in 
US$ per GJ are therefore useful (Table 5.1-2). 

Table 5.1-2 shows cost estimates by the Federal 
Institute for Geosciences and Natural Resources (2009) 
based on data from the US Energy Information Admin-
istration (EIA, 2008). A breakdown of costs between 
onshore and offshore extraction is only available for 
the USA. The data shown in Table 5.1-2 only show 
part of the cost structure of global extraction condi-
tions. One striking statistic is that the costs of offshore 
projects in the USA are two to three times higher than 
those of onshore projects. If it is assumed that this cost 
structure also applies in the other producing regions 
(Figure 5.1-1), it is more expensive to produce mineral 
oil from the sea than on land.

Figure 5.1-6 shows the IEA cost estimates (2008) 
for the production of global conventional and uncon-
ventional oil reserves and resources. It can be seen that 

Figure 5.1-5
Geological locations for 
storing carbon dioxide under 
the seabed.
Source: WBGU, based on 
Haeckel und Suess, 2011
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Table 5.1-2
Production costs of oil. Specific finding and development costs and total upstream costs for companies with a financial 
reporting system for the 2004-2006 and 2005-2007 three-year averages by regions in 2007. The distinction between the 
costs of onshore and offshore extraction is only made for the USA. 
Source: BGR, 2009, based on EIA, 2008

Region Finding and development 
costs 
[US$/GJ]

Total upstream costs

[US$/GJ]

2004–2006 2005–2007 2004–2006 2005–2007

USA total  3 3  4  5

Onshore 2 2 3 4

Offshore 11 8 12 10

Non-US total  3 4  5  5

Canada 3 2 5 4

Europe 4 5 5 7

CIS  not specified not specified  not specified  not specified

Africa 4 7 6 8

Middle East 1 1 3 3

Other eastern hemisphere 2 4 3 5

Other western hemisphere 7 3 8 6

Worldwide  3 3  4  5
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Figure 5.1-6
Estimate of 2008 production costs for the global oil supply with conventional and unconventional reserves and resources. The 
techniques for unconventional oil reserves and resources include enhanced oil recovery (EOR) with and without CO2, gas-to-
liquid, in which gas is converted by a chemical process into inflammable liquids, and coal-to-liquid, i.  e. coal liquefaction.
Source: IEA, 2008
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the maximum production costs of the 960 EJ of oil that 
can potentially be extracted from the deep sea could be 
around US$  11 per GJ, and the production costs of oil 
from the Arctic, totalling 530 EJ, a maximum of US$  18 
per GJ (IEA, 2008). 

Since the specific transport costs relative to the 
energy content are considerably higher for natural gas 
than for mineral oil, particularly due to the markedly 
lower energy density, hardly any global trade in natural 
gas has developed to date (BGR, 2009; Figure 5.1-7). 
As a rule it is cheaper to transport crude oil by tanker 
than by pipeline. In the case of natural gas, the relative 
cost advantage of transporting by tanker only comes 
into play at a distance of more than 3,000  km due to the 
high capital intensity of the LNG plants (Figure 5.1-7). 
In some cases, transportation by tanker can even be 
the preferred alternative when there is a relative cost 
disadvantage, in order to be able to respond better to 
regionally fluctuating spot-market prices for gas. How-
ever, the costs shown in Figure 5.1-7 should only be 
regarded as average figures because the transport costs 
depend on the size of the vessels and the capacity of 
the pipelines.

So-called multi-core pipelines, which transport sev-
eral products simultaneously, might be one way to 
improve the earnings situation or reduce specific costs 
on some routes. One possible option, for example, 
would be the simultaneous transport of CO2, hydrogen 
and natural gas (IEA, 2005).

Marine methane hydrates
There are currently only few, highly speculative 
cost estimates for the extraction of marine methane 
hydrates. Basically it can be assumed that the extrac-
tion of gas from methane hydrates is currently more 
cost-intensive than it is for conventional natural gas 
(Walsh et al., 2009). The Energy Technology Systems 
Analysis Program of the International Energy Agency 
estimates the cost at between US$  4.4 and US$  8.6 
per GJ (IEA ETSAP, 2010).

CO2 storage costs
Information on the costs of storing carbon dioxide are 
still subject to a certain degree of uncertainty due to 

the small number of ongoing projects (Benson et al., 
2012; GEA, 2012; Table 5.1-3). Furthermore, the natu-
ral conditions at the respective sites also have an influ-
ence on the costs. 

5.1.6 
Prospects of fossil-fuel extraction in the oceans

The current use of the seas for energy generation is 
dominated by the production of mineral oil and nat-
ural gas, and several trends suggest that these forms 
of use will continue in the future (Boxes 5.1-1, 5.1-2). 
However, the transformation to a marine energy system 
based on renewable energy, as outlined in Section 5.3, 
could contribute to making fossil-fuel extraction from 
the sea obsolescent.

Against this background, the question arises as to 
whether marine methane hydrates – i.  e. unconven-
tional reserves and resources of gas – should be devel-
oped, thus extending the present range of fossil energy 
carriers. The implications at the technology level have 
been discussed in Sections 5.1.2 and 5.1.3. From a sys-
temic point of view, however, possible lock-in effects 
must also be taken into account. On the one hand, this 
affects the future orientation of the (infra-)structure of 
the energy systems; on the other, economic resources 
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Transport costs of mineral oil and natural gas, depending on 
the distance and the type of transport (ship, pipeline).
Source: BGR, 2009

Table 5.1-3
Cost estimates of geological carbon dioxide storage in the seabed on the basis of four studies; in US$ per tonne of CO2 stored.
Source: Benson et al., 2012

Geologischer Speicher im 
Meeresboden

Hendriks et al., 
2004

IPCC, 2005 Blesl und 
 Kober, 2010

McKinsey, 2008

[US-$/t of CO2] [US-$/t of CO2] [US-$/t of CO2] [US-$/t of CO2]

Depleted oil and gas deposits 5–11 4–9 4–12 16

Saline aquifers 7–14 1–33 3–35 18
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would be tied up in the development of a new technol-
ogy option that would no longer be available for alter-
native options. 

The extraction of marine methane hydrates has 
sometimes been referred to as a ‘bridging technol-
ogy’ on the road to fully decarbonized energy sys-
tems (Section 5.1.3; Boswell, 2009; Krey et al., 2009). 
The idea here is that in the course of this development 
towards decarbonized energy systems, coal and oil are 
first replaced as energy sources by a higher propor-
tion of gas, before the gas, too, is substituted as far 
as possible by renewable energy sources (Section 5.3). 
Burning methane is undoubtedly more climate-friendly 
than burning mineral oil and coal, and a whole range 
of energy scenarios against the background of the cli-
mate issue highlight the importance of gas in the future 
energy supply (WBGU, 2011; Riahi et al., 2012). 
Despite the importance of natural gas in a sustain-
able, climate-friendly energy system, the fundamental 
question arises as to whether the extraction of marine 
 methane hydrates is actually necessary in view of the 
existing, dynamically changing reserves of conven-
tional methane. 

It can be seen from Table 5.1-1a that the reserves 
of conventional gas already documented today are in 
the range of 5,000 to 7,100 EJ and the resources of 
conventional gas lie between approximately 7,200 and 
8,900 EJ. At the same time it can be assumed that at 
least a certain amount of these resources can be trans-
ferred to reserves in the future.

In order to be better able to assess whether marine 
methane hydrates will be needed, the potential supply 
of conventional methane must be compared to projec-
tions on future demand and future consumption (Table 
5.1-4). The global energy study Global Energy Assess-
ment. Toward a Sustainable Future (GEA, 2012) calcu-
lates 41 development paths, including future levels of 
energy consumption, on the basis of a main scenario. 

Two normative goals are laid down for the main sce-
nario: first, the global average temperature must not 
rise by more than 2  °C compared to pre-industrial levels; 
second, almost universal access to clean energy services 
must be provided worldwide. The simulated develop-
ment paths for different development options on the 
supply and demand side show that the stated goals still 
allow many degrees of freedom when it comes to the 
specific energy mix. These 41 development paths pro-
vide reliable indications of the future demand for gas. 

Table 5.1-4 shows respectively the minimum and 
maximum estimated annual gas consumption levels of 
all GEA development paths for 2035, 2040 and 2050. 
Starting from an initial value of about 100 EJ in 2010, 
gas consumption by 2050 ranges between 106 EJ 
and 287 EJ per year depending on the development 
path. However, cumulative gas consumption is a more 
meaningful indicator in relation to the question posed. 
According to calculations of the GEA development 
paths, cumulative global gas consumption in 2050 will 
be between 4,600 and 8,300 EJ. As a comparative fig-
ure the GEA Baseline scenario (business as usual) calcu-
lates a cumulative gas consumption of about 7,000 EJ 
for 2050 (GEA, 2012). This shows that the transforma-
tive development paths do not deviate from a business-
as-usual world in a certain direction. 

None of the GEA development paths predicts a 
cumulative gas consumption in line with today’s con-
ventional gas reserves of approximately 5,000 to 7,100 
EJ before 2040 (Table 5.1-1a). In the GEA development 
paths that assume a gas consumption at the higher 
end, a level of gas consumption corresponding to the 
reserves is not reached before the 2040–2050 decade. 
In the GEA development paths that assume a lower gas 
consumption, this is not the case until the 2050–2060 
decade (GEA, 2012). Moreover, it can be assumed that 
part of conventional gas resources can be developed 
into reserves within this period. 

Table 5.1-4
Current and projected gas consumption in 2010, 2035, 2040, 2050. The table shows the range of estimated consumption on 
the basis of 41 development paths of the Global Energy Assessment (GEA, 2012), in EJ per year and cumulative figures. The 
development paths are based on a main scenario with two goals: the global average temperature must not rise to more than 
2  °C above pre-industrial levels, and universal access to clean energy services must be provided worldwide. The business-
as-usual (BAU) scenario is shown separately. The figures on accumulated consumption for 2035, 2040, 2050 include only 
consumption from 2011.
Source: Riahi et al., 2012; GEA, 2012; WBGU, own calculations

Scenarios Gas consumption 

2010 2035 2040 2050

All scenarios: min. and max. consumption (EJ/year)  100.5  112–196  113–233  106–287

All scenarios: min. and max. consumption cumulated until 
2010 and from 2011 (EJ)

2,726 2,784–4,127 3,418–5,344 4,600–8,300

BAU (EJ/year)  100.5  169  180  215

BAU cumulative (EJ) 2,726 3,844 4,790 7,057
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As regards the use of natural-gas reserves, it can be 
inferred from this estimate that it would take at least 
30 years before the question arose as to whether there 
were enough conventional gas resources – or whether 
unconventional gas resources such as methane hydrates 
should be developed from permafrost regions or marine 
methane hydrates. According to this (purely theoreti-
cal) approach, the necessary technologies for extract-
ing and transporting marine methane hydrates are also 
unlikely to be mature and competitive in less than 30 
years. If humanity were to get by without extracting 
marine methane hydrates, people would still have the 
option of mining them in the future; from a systemic 
point of view this would prevent an unnecessary lock-
in effect and avoid the related risk of becoming com-
mitted to technologies that might be harmful to the 
environment and are extremely difficult or impossible 
to revise. At the same time it becomes clear that there is 
sufficient time to develop and test extraction technolo-
gies in order to avoid negative environmental effects 
(Sections 5.4.3, 8.3.4). 

If, during the next 30 years, the extraction of other 
unconventional gas resources proves to be cheaper 
and more environment-friendly than the extraction of 
marine methane hydrates, there will be no need to mine 
marine methane hydrates for even longer. The exact 
timing would depend on the percentage share natu-
ral gas makes up in a future, climate-friendly energy 
system and on the size of existing unconventional gas 
resources (Section 5.3). Depending on the costs and the 
environmental impact of the mining methods, methane 
hydrates from permafrost regions and other unconven-
tional gas resources might be used before marine meth-
ane hydrates. From a global point of view, in this case 
the extraction of marine methane hydrates would be 
postponed for much longer than the next 30 years. 

5.1.7 
Conclusions

 > From a global perspective, hydrocarbons are still 
abundant; resources in offshore deposits play a key 
role in this context. However, the geographical posi-
tions of the main producing regions are changing, 
which in some cases is leading to new conflicts (Arc-
tic, Pacific).

 > Rising development and production costs can be 
expected, albeit not on the scale that would mean 
that offshore oil and gas were no longer economi-
cally attractive; this is also confirmed by the invest-
ments currently being made in new offshore  capacity.

 > Technical advances, combined with the price devel-
opment of fossil energy carriers, are one of the most 

important drivers of this industry. Resources can 
become reserves with the help of new technologies. 
Although technological progress can help to improve 
the safety of production for people and for the envi-
ronment, it simultaneously poses new risks. The risk 
of major oil spills rises on principle as operations 
move into the deep sea or Arctic waters.

 > From today’s perspective, marine methane hydrates 
are not needed to meet the demand for gas. Nor does 
the supply side justify a rapid development of this 
energy source from the point of view of economic 
viability. However, regional considerations (security 
of supply, local gas prices, climate targets) could con-
tribute to an accelerated development of this energy 
source. This would relate primarily to regions where 
access to natural gas is difficult or expensive, e.  g. 
Japan. 

 > Any technology assessment should be based on a 
systemic view; such an assessment is carried out in 
Section 5.3. This takes into account the view that the 
cumulative total amount of emissions from fossil 
sources should not exceed 750 Gt of CO2 by 2050 
(WBGU, 2011). It can therefore already be noted at 
this point that a continuation of the current trend in 
the use of marine hydrocarbons cannot be 
 sustainable.

5.2
Renewable energy

In addition to offshore wind energy, the technologies of 
marine renewable-energy generation comprise ocean-
wave energy, tidal-barrage, tidal-stream and ocean-
current power stations, thermal-gradient and salinity-
gradient power plants, and growing algae for energy 
production. The term ‘marine energies’ encompasses all 
the above forms of energy with the exception of off-
shore wind energy.

5.2.1 
Technological possibilities of offshore wind 
energy and marine energies

5.2.1.1 
Development status of offshore wind energy
The development of offshore wind energy is being 
stepped up because wind conditions are more favoura-
ble at sea, and wind turbines on land are facing increas-
ing problems of acceptance and space. In principle, the 
technology used offshore is comparable to the kind of 
turbines generally used today onshore. However, very 
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high demands are made on the reliability of the systems, 
because maintenance is more complex, the installations 
can sometimes not be reached due to poor weather, and 
storms and the salty air cause more extraordinary bur-
den (physical stress). To reduce the amount of mainte-
nance and installation work required, the trend is mov-
ing towards larger installations at sea. Wind turbines 
with a capacity of up to 6 MW are now being used com-
mercially offshore. Furthermore, offshore plants dif-
fer fundamentally in terms of how they are anchored 
or fixed to the seafloor. A range of different technolo-
gies are used here, depending on the water depth and 
the geological topography of the seabed. Offshore wind 
turbines are currently built with fixed foundations up 
to a depth of about 50  m. The following types of fixed 
foundations are used (Figure 5.2-1):

 > Monopile: A monopile is a cylindrical tube pile which 
can be driven into sandy sediment by drilling or pile 
driving in water depths of up to about 20  m. Mono-
piles are only slightly affected by scouring, i.  e. grad-
ual uncovering by water currents.

 > Tripod/tripile: The tripod is a three-legged design 
that supports the main pile of the wind turbine. The 
tripod is anchored with small piles that are driven 
into the seabed. A tripod structure that carries the 

wind turbine is placed on top of the tripod above the 
water surface. Tripile foundations can be used at 
depths of between 25 and 50  m.

 > Jacket: The jacket is a steel truss structure with three 
or four feet which are anchored to the seabed by 
piles. It is a very common type of foundation for a 
wide variety of offshore activities (Figure 5.1-4). 
Jackets can also be used at greater water depths. In 
the North Sea they are used in the oil and gas indus-
try at depths of 150 to 180  m and in calmer waters 
at much greater depths.

 > Bucket foundation: The bucket foundation uses not 
only the foundation’s own weight, but also the pres-
sure of the surrounding water to secure the wind 
turbine. It is shaped rather like an inverted bucket, 
inside which a vacuum is created, so that the foun-
dation adheres to the seabed by suction.

 > Gravity foundation: Gravity foundations are also 
used mostly in shallower water. They consist of a 
large block of concrete which supports the wind tur-
bine and stabilizes it by its weight. Gravity founda-
tions are quite vulnerable to scouring, which can 
cause a loss of stability.

At depths greater than 60–80  m, floating installations 
anchored to the seabed represent a more cost-effi-
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cient option than fixed foundations (Figure 5.2-1); at 
present, however, floating wind turbines are still at the 
(advanced) prototype stage, although individual plants 
with a capacity of 2 MW are already operating off the 
coasts of Norway and Portugal. 

Floating structures anchored to the seabed are 
already used in the offshore mineral-oil and natural-
gas industry (Figure 5.1-4). Several different anchoring 
systems are possible (Figure 5.2-1):

 > Spar platform: In this type, a greatly elongated main 
cylinder functions as the buoyancy tank. At its bot-
tom end, the cylinder is weighted by ballasting 
material to lower the system’s centre of gravity as far 
as possible. The buoyancy body below the surface is 
moored to the seabed. This design is used by the 
Norwegian Hywind installation, for example.

 > Tension-leg platform: A tension-leg platform consists 
of a buoyancy tank onto which the platform is 
mounted and which is constantly moored under ten-
sion to the seabed. The mooring keeps the platform 
at a position slightly below the one it would other-
wise occupy as a result of its buoyancy; this is what 
generates the tension. The buoyancy tank can also 
be completely immersed.

 > Semi-submersible platform: Another option is to 
moor a buoyant hull designed as a semi-submersible 
to the seabed.

The offshore use of wind energy is currently at the 
early commercial phase, which is characterized by 

almost exponential growth rates (Figure 5.2-2). How-
ever, from the investors’ point of view it is still subject 
to considerable uncertainties. At the end of 2012 off-
shore wind turbines made up 4.7  % of installed wind-
power capacity in Europe. A total of 4,993 MW of 
offshore wind-power capacity was installed and con-
nected to the power grid within the European Union 
(EU-27); the figure for land-based power plants was 
101,048 MW (EWEA, 2013:  13). 

The large number of applied-for or already approved 
projects indicates dynamic offshore expansion – in 
Europe alone almost 6 GW of capacity was under con-
struction in 2011, and at the end of 2012 permits had 
been issued for a further 10 GW for the German Bal-
tic and North Sea (Offshore-Windenergie.net, 2013). 
According to the roadmap of the European Wind 
Energy Agency (EWEA), the installed offshore wind-
energy capacity in Europe is expected to rise to 40 GW 
by 2020 and 150 GW by 2030 (EWEA, 2011).

5.2.1.2 
Development status of marine-energy 
 technologies 
Although the majority of research and development 
of marine-energy use (Figure 5.2-3) has taken place in 
Europe over the past 15 years, global interest is now on 
the increase. This is also reflected in the rising number 
of member countries of the Implementing Agreement 
on Marine Energy Systems of the International Energy 
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Agency (IEA; IEA, 2010). 
Overall – with the exception of tidal-barrage power 

plants – all marine-energy technologies are at a very 
early stage of development. To date, no dominant oper-
ating principle has become established in ocean-wave 
or tidal-stream technology. Most of the systems are 
still prototypes or at a pre-commercial stage of devel-
opment (IEA RETD, 2011). The IEA reckons with com-
mercial systems between 2015 and 2025 (IEA ETSAP, 
2010). 

Ocean-wave energy 
In contrast to the use of wind energy, there are more 
than 100 different concepts for harnessing ocean-wave 
energy. One example is to make the waves’ oscillat-
ing water column (OWC) drive an air turbine. Another 
method is to use wave-induced motion (oscillating 
body system), while a third option consists in convert-
ing the potential energy of the waves (de Falcão, 2010).

Disadvantages of the generally weaker wave energy 
near the coasts are partially offset by a frequently nat-
ural concentration of waves and lower costs of installa-
tion and connection to the grid. OWC systems consist of 
a partially submerged, air-filled steel or concrete struc-
ture with an opening below the water line. The trapped 
air mass, which moves with the oscillating water col-
umn, drives a generator via an air turbine (de Falcão, 
2010).

Wave-induced motion is used to convert the move-
ments of buoyancy bodies relative to each other (or to 

the coast or the sea-floor) into electrical energy. Point 
absorbers can be used in coastal areas where the water 
is shallow. They consist of an air-filled telescopic cylin-
der whose lower part, which acts as a stator, is firmly 
anchored to the seabed. The upper part follows the 
vertical movement of the waves and in this way pro-
duces electricity using linear generators (Clément et 
al., 2002; Kerr, 2007). Linear generators are also used 
in a number of other concepts using buoyancy bodies 
(Drew et al., 2009; de Falcão, 2010). The Pelamis device 
uses wave motion with four flexibly interconnected 
cylindrical sections floating on the surface of the sea; 
as the sections move relative to one another, high-pres-
sure oil is pumped through hydraulic motors by piston 
pumps, thereby producing electricity using generators. 
Another interesting approach to using wave energy is 
CETO technology. Here, water is first pumped onto land 
at a pressure of 70 bar using point absorbers; there it 
is used either to generate electricity using a Pelton tur-
bine or to produce drinking water by reverse osmosis 
(Carnegie, 2013). The concept is currently being tested 
in various projects.

The idea behind the Wave Dragon uses the potential 
energy of the waves. It consists of a floating, V-shaped 
structure, which makes the waves rise higher when 
they arrive at the apex of the enclosed sea surface. 
They flow into an elevated pool, and a turbine gener-
ates electricity when the seawater flows back into the 
sea (de Falcão, 2010). 

No single dominant design has yet emerged among 
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the different kinds of wave-energy power plants. Only 
a few concepts have been tested in the form of large-
scale prototypes under real conditions. The only com-
mercially used wave power station – a 300 kW plant 
using the oscillating water column principle – was com-
missioned in 2011 in Mutriku, Spain. The design is 
integrated into a harbour pier and is thus directly on 
the coast. Other commercial projects are planned for 
the short to medium term, e.  g. the erection of several 
wave-energy farms, each with a capacity of 10 MW 
and consisting of 14 Pelamis wave-energy converters 
off the Scottish coast (Pelamis Wave Power, 2011). 

Tidal power plants 
Unlike all other marine renewable-energy sources, gen-
erating power from tidal forces is not based on radia-
tion from the Sun as the primary energy source. The 
tides are caused by gravitational and rotational forces 
acting between the Earth, the Moon and the Sun. The 
interaction of centrifugal and inertial forces, the Earth’s 
daily rotation (24 hours) and the Moon’s monthly orbit 
around the Earth (27.3 days) results in a period of 24 
hours 50 min. Since both the attraction of the Moon 
and the opposite centrifugal force on the side of the 
Earth facing away from the Moon lead to a rise in sea 
levels in most regions, the result is a high and low tide 
that occurs about twice a day (Figure 5.2-4). The effect 
of the Sun’s gravity (which on Earth is about half as 

strong as the Moon’s) is superimposed on the tides 
caused by the Moon. Depending on the relative posi-
tions of the Sun and the Moon vis-à-vis the Earth, the 
tides are either weakened (neap tide) or strengthened 
(spring tide). The period of this superimposed cycle is 
29.5 days. 

 > Tidal rise and fall: Tidal-barrage power plants con-
vert the potential energy resulting from the periodic 
rise and fall of the sea level into electrical energy. 
Examples of places with a particularly pronounced 
tidal rise and fall are the Bay of Fundy in Canada 
(17  m), the Severn Estuary in the UK (15  m) and the 
Bay of Mont Saint Michel in France (13.5  m; Kerr, 
2007). Here, the sea and the estuary region can be 
separated off by dams (barrages); the water then 
passes through turbines and generates electricity as 
it flows through the barrier. The periodicity of the 
tides means that the power generated in this way is 
intermittent, although it can be predicted very pre-
cisely. Research is being conducted into multi-basin 
concepts, for example, in order to make the intermit-
tent generation more stable and flexible. The con-
cepts discussed in the past have visualized building 
a dam separating the open sea from the river mouth, 
and since this idea has been facing growing criticism 
from the point of view of nature conservation, tidal 
lagoons are now being pursued as a possible alterna-
tive. By building closed, usually circular pools in 
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Figure 5.2-4
Worldwide distribution of the half-daily main moon tide M2. A tidal range of at least 4  m is required to be able to build  
tidal-barrage power plants; certain coastal formations are also required.
Source: NASA, 2006
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areas with a large tidal rise and fall, the power is 
generated by water passing through turbines inte-
grated into the dams. The advantage lies in the fact 
that the estuary’s brackish water ecosystem remains 
largely unaffected by the installations. 

 The Sihwa-ho tidal power plant in South Korea came 
into service in August 2011 with a nominal capacity 
of 254 MW, taking over as the world’s largest tidal-
barrage power station (after 40 years) from the 240 
MW power plant, which was commissioned in 1967 
in La Rance, France. A number of other tidal power 
plants are currently planned, especially in South 
Korea. Many other, in some cases quite large-scale 
projects are at the planning stage, although some of 
these have stalled because of environmental con-
cerns and rising costs. As already mentioned, in 
future the concept of tidal lagoons could be a more 
environment-friendly alternative to conventional 
tidal-barrage power plants.

 > Tidal stream: Tidal currents are a consequence of the 
upward and downward movements of the water 
masses. The resulting horizontal equalization cur-
rents are amplified in many places by coastal and 
seabed geometry, so that, for example, currents 
between the mainland and offshore islands or in 
estuaries can frequently reach high flow velocities. 
Since these are caused by the tides, they are subject 
to the same, usually half-day periodicity as the tidal 
rise and fall. The periodic reversal of the flow direc-
tion makes high demands on the turbines. Many of 
these tidal-stream turbines are similar in design to 
wind turbines – both the horizontal-axis and verti-
cal-axis types. However, the turbines must be 
designed for the demanding marine underwater con-
ditions. Because water has a higher density than air, 
the medium’s energy density is also considerably 
higher than in the case of air turbines (wind power), 
so that the rotors can be much smaller and still 
achieve the same output – despite the slower flow 
velocity of the water. Different technologies enable 
the rotors to be raised to the surface for maintenance 
purposes ( Figure 5.2-5).

About 50 concepts for using the currents caused by 
tides are at an early stage of development. Tests on pro-
totypes of several plants are being conducted mainly 
in Europe, but also in Canada and China (Bedard et al., 
2010). A detailed presentation of some of these tech-
niques and their level of development can be found in 
O’Rourke et al. (2010). Experience from the field of 
wind power and shipbuilding can be used here because 
of the similarities between the technologies. The relia-
bility of the systems is of great importance in view of 
the difficulties of underwater maintenance. If tests con-
tinue to be successful, commercial-scale tidal-stream 

power farms can be reckoned with in the coming dec-
ade (O’Rourke et al., 2010).

Ocean-current power plants 
The flow velocities of marine currents are usually con-
siderably slower than those of tidal currents; however, 
they are continuous and do not reverse their direc-
tion of flow, thus enabling continuous power genera-
tion. Circulations with flow velocities of approximately 
2  m/s over large areas are found east of Africa in the 
Indian Ocean (Agulhas Current) and west of Africa in 
the Atlantic Ocean (Gulf Stream; Leaman et al., 1987). 

Due to the slower flow velocities and therefore lower 
energy density, this technology is still far from com-
mercial implementation. Basically, the technology is 
broadly comparable with that of the tidal turbines.

Ocean thermal energy conversion 
Ocean thermal energy conversion (OTEC) plants use the 
differences in seawater temperature between the zone 
near the surface and the zone at a depth of approxi-
mately 1,000  m to run a heat engine. This requires a 
thermal gradient of at least 20  °C (Binger, 2004); the 
regions where this technology can be used are there-
fore limited to the seas to the north and south of the 
equator (Figure 5.2-6).

In practice the efficiency of such a heat engine is 
about 3  % (Nihous, 2010) and a large proportion of the 
mechanical energy generated in this way (about 30  % of 
the rated value of the turbine; Nihous, 2010) needs to 
be used to operate the pump in order to supply the cold 
or warm sea water to the heat exchangers. Open-cycle 
OTEC plants use the sea water directly as the working 
medium, which is evaporated at reduced pressure. In 
addition to power generation, this variant can be used 
to produce drinking water. Since the availability of the 

Figure 5.2-5
Ocean-current power plant (SeaGen). The turbines can be 
raised out of the sea for maintenance purposes. 
Source: The image was made available by Marine Current 
Turbines, a subsidiary of Siemens AG
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resource is subject to few seasonal fluctuations, OTEC 
plants enable continuous power generation.

The first attempts to use OTEC plants to gener-
ate electricity date back to the 1930s, when Claude 
(1930) constructed the first plant in Cuba. However, 
the unfavourable local conditions made net electricity 
generation impossible. Another attempt by the scien-
tist in the form of a ship-based system for making ice 
also failed – this time when installing the cold water 
pipe that reached down into the depths. Subsequent 
installations of OTEC plants in Hawaii and Nauru have 
achieved a net capacity of up to approximately 100 kW 
(Vega, 2002). Despite these successes, no commercial 
OTEC plants have been built to date. Some projects 
with plants of about 10 MW are currently planned. The 
challenges that need to be overcome before large-scale 
use becomes possible include the fouling of the heat 
exchangers, the leak-tightness of the fluid cycle and 
the large amount of energy required to run the plant, 
especially the pumps. 

Salinity-gradient or osmotic power stations
When fluids with different (sea) salt concentrations are 
mixed, there is an increase in entropy (Scråmestø et 
al., 2009). Two different methods are followed to use 
this to generate energy (Post et al., 2007; Lewis et al., 
2011).

In reversed electrodialysis (RED), anion and cation 

exchange membranes are alternately exposed to salt 
water and fresh water, thereby creating a voltage across 
the membrane (van den Ende and Groeman, 2007). 

Pressure-retarded osmosis (PRO) is used in osmotic 
power plants. When liquids with different levels of 
salinity come into contact with each other through a 
semi-permeable membrane, water diffuses through the 
membrane to the side with the higher salt concentra-
tion, until an equilibrium of osmotic and static pres-
sure is reached. In a closed container, the osmotic pres-
sure of sea water amounts to approximately 24-26 bar 
(Lewis et al., 2011), which corresponds to a water col-
umn of about 240–260  m. Since in an open container, 
the incoming water dilutes and therefore reduces the 
salt content, the (technical) potential useable by osmo-
sis is estimated at 120  m (Lübbert, 2005). In order to 
reduce the extent to which the salt concentration on 
the seawater side is lowered, a higher volume flow must 
be circulated.

Both approaches are currently being studied on an 
experimental scale. One unit for examining reversed 
electrodialysis with a capacity of 1 kW is currently 
being studied in the Netherlands, and a 4 kW proto-
type osmotic power plant is being run and researched 
in Norway (Scråmestø et al., 2009). The primary chal-
lenge in the case of osmotic power plants is to develop 
efficient membranes. Economically feasible operation is 
possible from a capacity of about 5W per m² (Lübbert, 
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Figure 5.2-6
Global distribution of average ocean-temperature differences between the near surface and a depth of 1,000  m. Since a 
temperature difference of at least 20  °C can be found only near the equator, OTEC plants can only be used in this region.
Source: Nihous, 2010, based on data from NODC, 2005
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2005); the current capacity per m² lies at about 2 to 3W 
(Scråmestø et al., 2009; Skilhagen, 2010). Other chal-
lenges include the long-term durability of the mem-
branes, fouling by bacteria and algae, and other forms 
of contaminants that reduce the permeability of the 
membranes.

Using algae as an energy source
Like higher plants on land, algae are also suitable for 
use in energy generation. In general, a distinction needs 
to be made between the use of multicellular algae 
( macroalgae) and small single-cell and protist algae 
(microalgae). Seawater, brackish or fresh water can be 
used as a medium for cultivating microalgae, depend-
ing on the type of algae. While macroalgae are culti-
vated directly in the sea, microalgae are bred mainly 
in large land-based photobioreactors or shallow, open 
ponds called raceways. However, there are also con-
cepts for cultivating microalgae directly in the sea. The 
microalgae suspension is isolated from the surround-
ing seawater using plastic membranes. Such approaches 
are being studied in ongoing research projects (OMEGA 
Project, NASA; TROPOS Project, EU). Macroalgae 
aquaculture is now carried out primarily in Asian coun-
tries, where algae are of great importance as a source of 
food. The cultivation takes place in coastal waters, usu-
ally using lines.

The lines are seeded with cells at a suitable stage 
of their life cycle and spread out in the sea, where the 
macroalgae continue to develop until they are ready 
for harvest. Another possible approach is ‘ocean farm-
ing’, in which free-floating macroalgae are cultivated 
for energy production in regions far from the coast 
(Florentinus et al., 2008; Reith et al., 2012). Research 
is currently being conducted into ideas such as cultivat-
ing macroalgae by taking advantage of the fixed struc-
tures of offshore wind turbines (Buck et al., 2004; Buck 
and Buchholz, 2005), or using concentric rings around 
fish-mariculture installations (integrated aquaculture). 
The latter method would have the advantage that the 
nutrients that are released by the fish aquaculture can 
be used by the algae, thereby reducing the negative 
environmental impact while simultaneously achieving 
higher growth rates for the algae (Section 4.2). Such 
an integrated aquaculture is also being discussed for 
land-based systems in conjunction with fish aquacul-
ture, although a considerable amount of development 
work still needs to be done before profitability can be 
reached (Friedlander, 2008).

The extraction of nutrient-rich deep water is also 
being considered to provide nutrients for offshore mac-
roalgae cultures (Roesijadi et al., 2010). Synergies in 
combination with OTEC plants might well be possible 
here (Box 4.1-2). 

Since macroalgae are characterized by a low lipid 
content (compared to microalgae) of usually less than 
5  % of the dry weight, the use of the biomass as an 
energy source in particular exploits anaerobic fer-
mentation/digestion to produce biogas or biome-
thane. However, in principle it is also possible to pro-
duce lipid-based fuels from macroalgae (Hossain and 
Salleh, 2008). Macroalgae are characterized by a higher 
ash content, and the calorific value is 11–12 MJ/kg 
lower than in terrestrial biomass (17–18 MJ/kg). The 
high nitrogen and sulphur content may prove to be a 
problem if they are used as an energy source. On the 
other hand, macroalgae are characterized by a low cel-
lulose and lignin content – both substances that are dif-
ficult to use in anaerobic fermentation. The economic 
feasibility of anaerobic conversion to form biogas has 
already been demonstrated for different species of 
algae ( Gunaseelan, 1997; Chynoweth et al., 2001). The 
methane yields of 0.14 to 0.4 m³ per kg of ash-free dry 
weight are comparable to those of sewage sludge (Reith 
et al., 2005).

5.2.2 
Global potential of sea-based renewable power 
generation

The potential of sea-based renewable energies needs to 
be considered in the context of global electricity con-
sumption, which amounted to about 66.4 EJ (18,443 
TWh) in 2010; depending on the scenario, it is expected 
to rise to 100.6 to 125.6 EJ (27,944-34,889 TWh) by 
2035 (IEA, 2012:  180).

5.2.2.1 
Offshore wind energy
It is estimated that approximately 1  % of the incident 
solar radiation that reaches the Earth’s surface is con-
verted into kinetic energy in the atmospheric air masses 
(Lorenz, 1967; Peixoto and Oort, 1992). There are no 
studies on the theoretical potential of offshore wind 
energy, however, although Rogner et al. (2000) suggest 
that wind energy (onshore and offshore) might have a 
theoretical potential of 110,000 ± 50,000 EJ per year 
based on global air-mass movements (Rogner et al., 
2012:  432). Since the oceans cover more than 70  % of 
the Earth’s surface, and near-surface wind speeds are 
higher over the sea than over land due to the lower level 
of friction, then most of this potential must be offshore 
wind energy. Studies on the technical potential of off-
shore wind turbines show very wide-ranging estimates, 
since they often use different technical assumptions 
and restrictions (Table 5.2-1; Lewis et al., 2011). The 
studies differ in terms of the meteorological data used 
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and the assumptions on turbine types and hub heights, 
power density, minimum and maximum distance from 
the coast and the water depths that can be developed. 
Furthermore, some authors use additional restrictions 
such as the maximum utilization of the available space, 
a minimum capacity factor or maximum permitted elec-
tricity production costs. 

The development of fixed foundation structures 
that can be used in water depths up to 60  m, float-
ing platforms and offshore connections to power grids 
make it possible to develop considerably larger areas 
for offshore wind turbines. As a result, the frontiers 
of technical potential have shifted markedly in recent 
years. In the long term it will become possible to use 

floating platforms for offshore wind energy at water 
depths in excess of 200  m. 

Although quantifying the global potential of off-
shore wind energy involves considerable uncertainty, 
there is no doubt that even with the technology already 
available today it greatly exceeds the current global 
demand for electricity. Future expansion will therefore 
depend primarily on cost and sustainability issues. 

5.2.2.2 
Marine energies
Estimates on the theoretical global potential of marine 
energies (ocean-wave energy, tidal range, tidal stream, 
ocean currents, OTEC plants, salinity-gradient/osmotic 

Table 5.2-1
The potential for offshore wind energy calculated in different studies and the assumptions for determining potential.
*10D x 5D and 7D x 4D refers to the distance between individual wind turbines: 10 or 7 rotor diameters in the prevailing-
wind direction and 5 or 4 rotor diameters in the secondary wind direction.
Source: WBGU, based on the authors mentioned

Authors Boundary conditions Potential

[EJ/year]

Leutz et al., 2000  > 50  % of coastal waters up to a depth of 50  m 133.2

WBGU, 2004  > Max. water depth = 40  m
 > Specific minimum distance to the coast taken  

into account (0–12 nm)
 > Areas with ice drift excluded
 > 10–15  % of the technical potential is assumed  

to be a sustainable potential

Technical potential: 1,000
Sustainable potential: 140

Hoogwijk and Graus, 
2008

 > Max. distance from the coast = 40 km
 > Max. water depth = 40  m
 > Max. electricity production costs  

= 36 US$ cents/MJ  (10 US$ cents/kWh)

18.2 
(more likely to be an economic 
potential)

Capps and Zender, 
2010

 > Hub heights = 80  m and 100  m
 > Two options for the distance between the turbines: 

10D x 5D and 7D x 4D* 
 > Three different turbine models are considered

For 10D x 5D* and 100  m hub height 
and a max. water depth up to
45 m:  43.92–51.48 
60 m:  72.36–84.6 
200 m:  295.56–337.32

For 7D x 4D* and 100  m hub height 
and a max. water depth up to
45 m:  78.4–91.9 
60 m:  129.1–151.3 
200 m:  527.9–602.5 

Lu et al., 2009  > Area between 0 and 92.6 km (50 nm) from the 
coast can be fully used

 > Power density: 5.84 MW/km² (10D x 5D*)
 > 3.6 MW turbines (100  m hub height)
 > Locations without capacity-factor restriction and 

with a capacity factor of at least 20  % taken into 
account 

 > Potential as a function of water depth

Without capacity-factor restriction 
Water depth:
0–20 m:  169.2 
20–50 m:  165.6 
50–200 m:  313.2 
0–200 m:  648 

Min. 20  % capacity factor 
Water depth:
0–20 m:  151.2 
20–50 m:  144 
50–200 m:  270 
0–200 m:  565.2 
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power plants) come to as much as 7,400 EJ per year 
(UNEP, 2000); they are thus several times higher than 
global primary energy consumption (492 EJ per year of 
direct energy equivalents; WBGU, 2011). 

The resultant technical potential, according to many 
estimates, are lower than the theoretical potential by 
a factor of about 10–20. Even so, it still considerably 
exceeds global demand for electricity (approximately 
66.4 EJ per year in 2010; IEA, 2012:  180). Assessing 
technical potential is fraught with uncertainty in some 
technologies. The actually realizable percentage of this 
technical potential is further reduced by competing 
uses and protected areas for flora and fauna directly on 
the coast and in coastal areas. 

Taking into account the hitherto high cost of the tech-
nically demanding installations, the current  economic 
potential is estimated at only 7 EJ per year (Sims et al., 
2007), although it is difficult to predict how the costs 
of the various technologies will develop in the future 
(Section 5.2.5).

Irrespective of whether the technical poten-
tial is over- or underestimated, it is unlikely that the 
resource itself will represent the limiting factor. Rather, 
 efficiency and acceptance will be the crucial factors in 
deciding the scope of use. Estimates of the sustain-
able potential considered relevant by the WBGU are 
highly speculative, because the marine-energy tech-
nologies are at such an early stage of development and, 
to date, insufficient experience has been gathered on 
their environmental effects (Section 5.2.3). In particu-
lar, hardly any information is available on the cumula-
tive effects of large arrays of such systems. 

Ocean-wave energy
Estimates of the theoretical potential of ocean-wave 
energy vary widely – between about 30 and 300 EJ 
per year (Isaacs and Seymour, 1973; IEA, 2009a; Mørk 
et al., 2010). 

The estimates of the technical potential of wave 
energy are much smaller and range between about 7.2 
and 19.8 EJ per year (Cornett, 2008; Pelc and Fujita, 
2002; WEC, 2010). On the basis of the technologies for 
extracting wave energy available in 2003, and assuming 
that they are further developed to the application stage, 
the economically exploitable potential is estimated at 
approximately 0.504 to 2.7 EJ per year (Wavenet, 2003; 
WEC, 2010). According to Thorpe (1999), this poten-
tial could rise to 7.2 EJ per year if all the potential for 
technical improvements were to be exhausted. 

Tidal rise and fall and tidal stream
The total resource that results from the water-mass 
movements of the tides corresponds to a theoretical 
capacity of 2–2.5 TW (Hammons, 1993; Egbert and 

Ray, 2003). However, only a fraction of this can be 
exploited (Krewitt, 2009).

A tidal range of at least 4.5 to 5  m is needed to build 
and operate a tidal power plant that is economically 
feasible. The possible locations for building such power 
stations are therefore very limited. Worldwide there 
are about 20 regions (Figure 5.2-4) that look suitable 
for the construction of tidal power plants (Hammons, 
1993). The global potential of tidal-barrage power 
plants is estimated by Lübbert (2005) at more than 
30 GW, which corresponds to an annual power genera-
tion of about 0.216 EJ at a capacity factor of 23  %. 

Pelc and Fujita (2002) and Hammons (1993) see 
a technical potential for tidal rise and fall and tidal 
streams of approximately 1.8 to 3.6 EJ per year (500–
1,000 TWh), although they make the restriction that 
only a fraction of this can be exploited for economic 
reasons. Estimates made by Soerensen and Weinstein 
(2008) on the potential of tidal stream power stations 
are comparable in size at 2.88 EJ per year. For Europe, 
the technical potential amounts to around 0.378 EJ 
per year, just under half of which is located in the UK 
(Hammons, 1993). 

Ocean currents
Large-scale ocean circulations lead to the formation of 
currents which, unlike tide-driven currents, flow con-
tinuously in the same direction (Lewis et al., 2011). 
Usually, the flow velocities are slower, which makes 
the economic development of this energy more diffi-
cult. One of the ocean currents that reach a minimum 
flow velocity of 2  m/s is the Agulhas Current east of 
Africa in the Indian Ocean. Information on the poten-
tial of ocean currents is limited to model calculations, 
according to which the technical potential of the Florida 
Current off the south-eastern US coast is estimated at 
25 GW (Stewart, 1974; Raye, 2001). It is believed that 
1 km wide installations off the coast of South Africa to 
develop the Agulhas Current might achieve a capacity 
of 100 MW (Nel, 2003; Sims et al., 2007). 

OTEC plants
OTEC plants can be built both on floating platforms and 
on land if the ocean floor is deep enough near the coast 
enabling access to the required cold deep-sea water. 
Transporting cold deep water to near the surface causes 
a disturbance in the temperature structure in the region, 
which in turn has an effect on the potential. Models of 
the maximum steady-state resource (after equilibra-
tion has been reached) show that a continuous gen-
eration capacity of about 3–5 TW is possible (Nihous, 
2007). This corresponds to a potential of 95 to 158 EJ 
per year without changing the ocean’s thermal struc-
ture (Daniel, 2000). In view of the complex engineering 
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challenges and the resultant high electricity production 
costs (Section 5.2.5), in the medium term this technol-
ogy is expected to be used mainly to supply power to 
small island developing states (SIDS), which currently 
use generators to produce their electricity – at high fuel 
costs. Economic feasibility only seems possible if all co-
use options, such as air conditioning and connected 
aquaculture systems, can be exhausted.

Salinity-gradient or osmotic power stations
Estimates have been made on the technical poten-
tial of osmotic power plants based on the global flow 
rate of rivers into the oceans, on the assumption that 
about 20  % of it could be used. If the global volume of 
freshwater that flows into the sea every year is about 
44,500  km³, there is a global potential of approximately 
7.2 EJ per year (2,000 TWh/year; Krewitt, 2009). A 
similarly high potential has also been determined by 
the company Statkraft. In order to estimate the poten-
tial that is actually realizable, it should be taken into 
account that, for example, water with a high suspended 
load concentration of very fine particles (e.  g. clay, silt) 
is hardly suitable for use in osmotic power plants. It 
should also be noted that the salinity of the sea water is 
considerably reduced over wide areas at the mouths of 
large  rivers that flow into relatively shallow seas. This 
reduces the suitability and potential of many sites.

Algae cultivation for use as a source of energy
In land-based plants used as an energy source, the max-
imum percentage of incident solar radiation that can 
be exploited is of the order of about 1  %. Microalgae, 
by contrast, can reach a photosynthetic efficiency 
of between 3  % and a maximum of 6  % ( Borowitzka, 
2008; Grobelaar, 2009). The cultivation of oil palms 
can achieve lipid yields of 6,000 litres per hectare per 
year, while hectare yields of 20,000 to 60,000 litres 
per hectare per year are possible in the cultivation 
of  microalgae (Wijffels and Barbosa, 2010). The log-
ical conclusion is that there is considerable potential 
in the cultivation of microalgae for use as an energy 
source, since theoretically very large areas are availa-
ble for the land-based cultivation of marine microalgae, 
e.  g. various coastal deserts. Since microalgae produc-
tion is only believed to be economically viable in the 
medium-term in combination with the treatment of 
urban waste water, and given that gassing with CO2 is 
required in order to achieve maximum growth rates, the 
 availability of CO2 and waste water can represent limit-
ing factors (Lundquist et al., 2010). The authors do not 
expect the contribution of microalgae to the US fuel 
requirements to exceed 1  %, taking locational require-
ments (air, water, land and sources of CO2) into account.

Similarly, the cultivation of macroalgae in offshore 

areas of the ocean far from the coasts could have 
great potential. The area required would be enor-
mous, however, since the conversion efficiency of mac-
roalgae is lower. For example, 10.7 times the present 
global  macroalgae production would have to be used 
to meet 1  % of the USA’s fuel needs, assuming the 
macroalgae industry’s current level of productivity. 
This  corresponds to a cultivation area of 10,895  km² 
( Roesijadi et al., 2010). Based on the results of several 
publications (Roesijadi et al., 2008; Bruton et al., 2009; 
Oligae, 2010), Roesijadi et al. (2010) have determined 
an average productivity of 2,960 tonnes per km² per 
year. At 0.14 to 0.4 m³ of methane per kg of ash-free 
dry weight, this corresponds to an energy yield of 10 
to 28 TJ per km² per year, which is a factor of 2.5 to 20 
lower than the area yields of microalgae. Area-specific 
productivity can be greatly increased. Currently, there 
are already experimental systems with a productivity 
of 8,000 to 16,000 tonnes (dry weight) per km² per 
year (Kraan, 2010).

Florentinus et al. (2008) have studied the global 
technical potential of aquatic biomass. Six different 
approaches to using micro- and macroalgae for energy 
sources were analysed and the specific yields, costs 
and potential determined. A total potential of 6,235 
EJ per year was identified, about 6,000 EJ per year of 
which came from one variant in which free-floating 
algae are cultivated in offshore areas of the high seas 
where nutrient resources are especially low (‘ecological 
deserts’). For this purpose, nutrients would have to be 
provided artificially, for example by artificial upwelling 
(Box 4.1-2).

5.2.3 
Environmental impact of marine  
renewable-energy generation

The erection of wind turbines and plants for marine-
energy generation can be expected to impact on the 
surrounding ecosystem. Many of these interactions can 
be summarized irrespective of the technology used, 
while other environmental effects are technology-spe-
cific. The interactions and possible effects of marine-
energy generation are extremely complex. It can have 
effects at the level of the individual, the population and 
finally the ecosystem. Figure 5.2-7 shows the complex-
ity of the necessary analyses and the different levels of 
observation.

Installations for generating energy on and in the 
oceans generally lead to greater navigation risks for 
shipping; oil spills caused by collisions in particular rep-
resent a relevant risk to the environment. The struc-
tures erected beneath the surface of the sea can have a 
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barrier effect on migrating marine mammals. Further-
more, noise emissions during operations and changes 
in the magnetic fields caused by electrical connections 
can lead to cumulative effects. 

Current and wave power plants in particular can 
weaken currents and waves, and this can impact on 
sediment properties and organisms that depend on a 
higher input of kinetic energy in the form of currents 
or waves, e.  g. species that live in the surf zone (Shields 
et al., 2011; Serri et al., 2012).

Furthermore, organisms that need a fixed substrate 
can colonize the surfaces of the installations. As a 
result, in regions where there is no natural hard sub-
strate, the installations can contribute to the dissem-
ination of sessile organisms and thus have repercus-
sions on the composition of species. Furthermore, there 

is evidence to suggest that the erected structures cause 
an aggregation of various types of fish. However, it is 
not clear whether the structures actually lead to higher 
abundances in the entire region or only to a regional 
concentration (Inger et al., 2009). Since the areas used 
for energy generation are usually exclusion areas for 
fishing, they can function as refuges and reproduc-
tion areas for many fish species in a comparable way to 
marine protected areas (Section 3.6.2.1) and in this way 
perhaps contribute to the regeneration of fish stocks. 

In particular, the construction of the plants – but 
also their maintenance and decommissioning – lead 
to increased shipping traffic. This involves additional 
material emissions both into the atmosphere and into 
the ocean. Constructing the plants and laying the 
connection cables causes sediment swirling, which 
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temporarily increases the suspended load. Higher 
material loads can, for example, be caused by defective 
hydraulic lines or when toxins from protective coatings 
(anti-fouling) diffuse into the sea water.

The environmental effects caused by all technolo-
gies that are installed not on the coast, but directly in 
the sea, also include the input of energy in the form 
of noise and electromagnetic fields into the ecosystem. 
These two aspects are discussed in more detail in the 
following because of their cross-technology relevance.

Underwater noise
The construction and operation of offshore wind tur-
bines and installations for exploiting marine energies 
cause additional anthropogenic noise emissions into the 
water column. In the European Marine Strategy Frame-
work Directive (MSFD; Section 3.4) these noise emis-
sions – being an ‘introduction of energy’ – are equated 
with marine pollution (EU, 2008; Chapter 1, Article 3, 
paragraph 8).

Particularly relevant are the extremely high vol-
ume levels that occur during pile driving for foundation 
and anchoring structures. Monopiles, jacket structures 
and tripods/tripiles (Section 5.2.1.1; Figure 5.2-1) are 
currently the most common types of foundation. It is 
highly probable that the sound pressure levels of up to 
235 dB re 1 µPa (Tougaard et al., 2009) that occur dur-
ing pile-driving work in the construction of offshore 
wind farms have adverse effects on marine mammals 
(Madsen et al., 2006), but also on fish (Thomsen et 
al., 2006). Marine mammals such as the grey seal, the 
common seal and the harbour porpoise are dependent 
on intact hearing. Harbour porpoises in particular use 
their hearing for orientation, but also to locate their 
prey. When small cetaceans hunt, they separate from 
their calves, so that acoustic communication is crucial 
in order for mothers and calves to find each other again. 
In addition, the animals’ breeding season during the 
summer months coincides with the construction period 
of offshore wind farms, because suitable weather for 
erecting the installations prevails at that time. 

All marine mammals that are found in the German 
EEZ are protected by the Habitats Directive under 
Annex II, and the harbour porpoise is subject in addi-
tion to general strict species protection under  Articles 
12 and 16 of the Habitats Directive (Sections 3.4, 
5.4.2). There is not only a ban on killing or injuring 
the animals; any disturbance to the animals must be 
avoided, especially during the periods of breeding, 
rearing, hibernation and migration. 

Harbour porpoises can be harmed by the noise gen-
erated by pile driving up to a distance of 1.8  km, and 
changes in the animals’ behaviour have been observed 
up to a distance of 20  km from the noise source (Tou-

gaard et al., 2009; Brandt et al., 2012). The far-reach-
ing effects of the noise input must be seen against the 
background that a markedly accelerated development 
of offshore wind energy is needed if the objectives of 
the energy concepts of both the German government 
and the EU are to be met (Section 5.4.1). This means 
the simultaneous construction of offshore wind farms 
in the respective EEZ in the North and Baltic Seas, 
which will considerably restrict the animals’ areas of 
retreat.

The current noise limits are based on the criterion of 
temporary threshold shift (TTS) in harbour porpoises. 
A reversible deterioration in the animals’ hearing has 
been proven when they are exposed to noise in excess 
of 164 dB SEL (single-event sound-exposure level; 
Lucke et al., 2009). On this basis, a sound pressure limit 
was fixed for the construction of offshore wind farms 
of 160 dB re 1 µPa (SEL) or 190 dB re 1 µPa (peak-to-
peak) respectively at a distance of 750  m from the point 
of emission. These limits were considerably exceeded, 
for example, during the construction of the offshore 
wind farms alpha ventus and Horns Rev 2 in the North 
Sea, where the levels reached 176 dB re 1 µPa (SEL). 
These limits can only be met by using noise-reduction 
measures. 

A reduction in noise levels can be achieved by using 
shielding technologies around the driven pile. Several 
different sound-dampening measures are currently 
under development. Examples include various kinds 
of bubble curtain (large, multi-layer, guided), the bub-
ble wand, various pile sleeves (BEKA shell, tubular 
casing, IHC noise mitigation screen, cofferdam appli-
cations) and hydraulic silencers (Koschinski and Lüde-
mann, 2011). However, these are not yet fully mature 
technologies that conform to the best demonstrated 
available technology, although the large bubble curtain 
( Figure 5.2-8) has been successfully used several times 
in practice, e.  g. in the construction of the Trianel wind 
farm Borkum in the North Sea. 

Other measures aimed at minimizing the risk of 
harming marine mammals include slowly ramping up 
the intensity of pile-driving and actively scaring the 
animals away for the duration of the construction 
phase before pile driving starts. The trend towards 
larger systems is also leading to bigger pile diameters. 
Since the sound pressure also increase as sizes grow, 
the demands on noise-reduction measures will increase 
in the future. In the long term, therefore, from the per-
spective of nature conservation the use of alternative 
foundation structures – e.  g. gravity, bucket or floating 
foundations (Section 5.2.1.1; Figure 5.2-1) – represent 
a lower-impact alternative. Drilled foundations using 
technologies developed in tunnel construction are cur-
rently also under development and represent a possible 



5 Energy from the sea

218

alternative to impact pile-driving. 
Although the various technologies for preventing 

harm to marine mammals as a result of construction 
noise are not yet ready for operational use, technical 
feasibility is not far away. But there is still a consider-
able need for research (Section 8.3.4) before this will 
be the case, especially to accelerate the development of 
cheap but effective measures. 

Operating noise and the noise emissions caused by 
the additional shipping traffic are less relevant to the 
surrounding ecosystems according to present know-
ledge. Initial studies conducted at the German alpha 
ventus test field (North Sea) have shown that the oper-
ating noise of the installations is below or only slightly 
above the ambient level, depending on the foundation 
structure used (Betke and Matuschek, 2011).

The relations between marine-energy generation 
and underwater noise shown here are described in 
relation to the example of offshore wind energy gen-
eration because the other technologies are at an early 
stage of development. However, they also apply to 
anchoring systems for other marine-energy installa-
tions. Little information is available to date on noise 
emissions  during operations of other forms of marine-
energy generation. The sound pressure levels emitted 
by tidal stream turbines are estimated at approximately 

165 to 175 dB re 1 µPa, depending on the turbine size 
(OSPAR, 2009).

Electromagnetic fields
A comprehensive expansion of electric lines and 
power grids in the sea is required in order to trans-
port electricity from offshore wind farms and marine-
energy installations to the shore, feed it into the exist-
ing power grid and exploit compensatory effects. This 
includes grids covering large area, the direct connec-
tion of a wind farm or cluster of generating plants, and 
the cabling between the plants (Section 5.2.4; Figure 
5.2-11).

In addition to mechanical stress and sediment 
plumes while cables are being laid, especially the 
possible effects of electromagnetic fields (EMF) from 
the cables on marine organisms are a potential threat 
to marine fauna. 

When an electric current flows through a cable, a 
magnetic field (B-field) is created around the conduc-
tor; it increases in intensity in proportion to the size of 
the current. An electric field (E-field) also forms, and 
its strength depends on the voltage (Figure 5.2-9). The 
electric field is kept inside the cable by the shielding 
around industrial cables, but it is not economically fea-
sible to shield the magnetic field. 

Figure 5.2-8
Use of a large bubble curtain to reduce noise emissions during pile-driving work to anchor an offshore wind turbine. The 
continuously rising air bubbles form a noise-dampening pile sleeve around the hydraulic hammer. However, even when this 
method is used, the restrictions on noise-emissions are not always met.
Source: Trianel GmbH/Lang
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When an electric conductor and a magnetic field are 
moved relative to each other, an electrical potential is 
induced in the conductor (generator principle) – this is 
called an induced electric field (iE field). Because the 
sea water or the body of a fish acts as an electrical con-
ductor that is moving within the Earth’s natural mag-
netic field, both magnetic and iE fields occur in nature. 
Electric fields are used by cartilaginous fish (sharks and 
rays) to detect prey organisms. Furthermore, the per-
ception by fish of both magnetic and electric fields is 
believed to be associated with their orientation during 
migrations over long distances and with locating spawn-
ing grounds (Arnold and Metcalf, 1989; Fricke, 2000; 
Akesson et al., 2001). The Earth’s magnetic field has a 

strength of approximately 50 µT in central Europe. This 
causes electric fields of about 50 µV/m to form, for 
example in oceanic currents; higher values can occur in 
straits (Kullnick and Marhold, 2004).

The strength of the magnetic fields and induced 
electrical fields generated by submarine cables depends 
very much on the cable technology used, and partly 
on how they are laid (positioning). If electricity flows 
in opposite directions in two conductors, the magnetic 
fields partially cancel each other out. As a result of this 
effect, the magnetic fields are largely cancelled out in a 
three-conductor AC (alternating current) power cable. 
In DC (direct-current) transmission, this is also the case 
in a bipole design when cables are laid directly parallel 

E field

(a)

(b)

(c)

B field

D.C. EMF
Shielding

D.C. Current
out

iE field

Movement
through B field

B field

Shielding

AC Current
out

iE field

Movement
through B field

B field – AC rotation

AC Current
in

E field

A.C. EMF

E field

D.C. Current
in

Current in

Current out

iE field
Movement
through B
field

Figure 5.2-9
Diagram of electromagnetic 
fields around undersea 
cables. (a) In addition to 
the magnetic field (B field), 
an electric field (E field) 
also forms in the body of 
water around an unshielded 
cable. In addition, electrical 
conductors within the 
magnetic field lead to the 
formation of an induced 
electric field (iE field). (b) 
Shielded DC conductors 
prevent the leakage of the 
electric field into the body 
of water. Due to the static 
magnetic field, iE fields form 
when a conductor moves in 
the B field. (c) By contrast, 
the rotating magnetic field 
of the AC cable also causes 
the induction of iE fields in 
non-moving conductors.
Source: Gill and Bartlett, 
2010
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to each other; however, it is still a technical challenge 
to lay so-called ‘flat-type’ cables with both conductors 
inside a shared sheath. Forward and return conductors 
are therefore usually laid individually, one after the 
other; a distance less than 10  m between the two con-
ductors can be realized using currently standard tech-
nology. A distance of less than 1  m can also be achieved 
if the best available technology is used and the weather 
is calm; however, this means higher costs because of 
the higher demands made on equipment and weather 
conditions. The smaller the distance between the con-
ductors, the weaker the resultant B-field, and therefore 
also the iE field.

The first high-voltage direct-current (HVDC) cables 
were monopolar (e.  g. the Baltic Cable between Sweden 
and Germany). In this case the body of water or the 
upper soil layers are used as a return conductor. How-
ever, chlorine and hydroxide are released at the (earth) 
electrodes. Because there is no conductor laid paral-
lel with electricity flowing in the opposite direction to 
compensate, strong electric and magnetic fields form 
around the conductor. Monopolar submarine cables are 
no longer laid for ecological reasons (OSPAR, 2008). 
The currently planned connections between Germany 
and Norway (NorGer and NORD.LINK) are therefore 
being built as bipolar HVDC transmission lines. 

By no means everything is yet known about the 
effects of anthropogenic electromagnetic fields on 
marine fauna – research on the subject is still at an early 
phase. This is partly due to the fact that the issue has 
only become important in recent years with the con-
struction of offshore wind farms; on the other hand, 
the studies are very complex and expensive, and have 
rarely led to unequivocal results in the past (Hatch 
Acres, 2006; Gill and Bartlett, 2010). 

In laboratory experiments, physiological and behav-
ioural reactions have been demonstrated in different 
species of fish when they are exposed to artificial elec-
tromagnetic fields: for example, changes in the activ-
ity of muscles of the locomotor system, effects on hor-
mone levels and on orientation when swimming (Gill 
and Bartlett, 2010). Reactions to the electromagnetic 
fields of submarine cables have been revealed in exper-
iments conducted on demersal species of cartilaginous 
fish. However, the reactions differed both between the 
species studied and from one individual to another 
(Gill et al., 2010). The results of this study suggest 
that, although the animals perceive the fields, the bio-
logical relevance of the detected behavioural responses 
is uncertain. The same also applies to studies on the 
migration behaviour of eels in the vicinity of sub-
marine cables (Westerberg and Begout-Anras, 2000; 
 Westerberg and Lagenfelt, 2008).

In summary it can be said that a lot of further 

research needs to be conducted on the effects of 
 electromagnetic fields on fish and other marine fauna 
(Section 8.3.4). In addition to electromagnetic fields 
emanating from undersea cables, the generators of tidal 
and wave power plants, which lie below the water sur-
face, are another source of electromagnetic fields in the 
water column. These effects should also be the subject 
of future studies. 

Technology-specific environmental effects
In addition to these environmental effects which are 
common to virtually all the technologies, numerous 
specific effects can also be identified.

The rotors of offshore wind turbines tower up to 
more than 150  m above the surface of the sea and can 
act as a barrier for many marine and migratory birds. 
This usually leads to evasion and avoidance reactions 
(Figure 5.2-10), but collisions are possible, especially 
at night and when visibility is poor – also because the 
animals are attracted by the lights on the installations 
(Fox et al., 2006; Hüppop et al., 2006).

In sensitive species like loons, for example, the dis-
placement effect of installations can lead to a major loss 
of habitat (Mendel and Garthe, 2010). 

The level of noise emissions during piling work 
depends on the diameter of the piles and the proper-
ties of the sediment. In particular, pile-driving mono-
piles for wind turbines involves an especially large pile 
 diameter. Since offshore wind turbines are already 
being constructed on a large scale today, while noise-
prevention technologies are not yet sufficiently devel-
oped and measures not properly established, noise 
emissions during the erection of offshore wind turbines 
represent a relevant stress factor for marine fauna. 
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Figure 5.2-10
Westward-oriented movements of marine birds after a wind 
farm has started operations. The black lines represent the 
birds’ flight paths, while the red dots mark the location of 
wind turbines. 
Source: Desholm and Kahlert, 2005
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Wave power plants remove kinetic energy from 
the ocean and in this way lead to a calming of the sea. 
The amount of kinetic energy withdrawn from the sea 
is estimated at between 4 and 17  % (Boehlert et al., 
2008). This has repercussions on sediment properties 
and slows down exchange processes between the body 
of water and the sediment and the atmosphere. This 
can restrict the distribution of pelagic larvae (i.  e. lar-
vae that drift in the water column; Gaines et al., 2003). 

In the WBGU’s view, no more tidal-barrage power 
plants that separate entire estuary regions from the sea 
by a dam should be built in future, since such instal-
lations interfere greatly with unique estuarine ecosys-
tems. The barrages alter salinity and hydrology in the 
estuary region. Slower flow velocities lead to changes 
in sedimentation rates (Kirby and Retière, 2009), and 
there is a high level of mortality among fish passing 
through the turbines (Schweizer et al., 2011). Tidal 
lagoons (Section 5.2.1.2) perhaps represent a less prob-
lematic alternative, although little information is avail-
able on their environmental effects at present.

In addition to the environmental effects of all the 
technologies mentioned above, it is in particular the 
risk of injury by underwater rotors that is relevant in 
the case of tidal-stream turbines (Cada et al., 2007). 
In addition to direct injuries caused by an organism’s 
contact with the rotating blades, hydraulic stress fac-
tors can also cause damage, for example by changes 
in pressure, shearing forces or turbulence (Cada et al., 
1997; Ploskey and Carlson, 2004). Especially when 
a large number of plants are built, this can affect the 
hydrology of the region and change sediment forma-
tion, which impacts on sea-bottom habitats (Shields et 
al., 2011). 

Negative environmental influences through the use 
of OTEC plants stem almost exclusively from the need 
to pump cold deep water to the surface in order maxi-
mize the temperature difference from the warm water 
close to the surface to operate a combined heat and 
power engine. Because large volumes are required, the 
ocean’s temperature structure may be regionally dis-
turbed (Pelc and Fujita, 2002); nutrients and CO2 are 
transported to near-surface layers. The latter may be 
released into the atmosphere as a result of the change 
in pressure, although the associated emissions are much 
lower than those of fossil-based power generation 
(Vega, 2002). The input of nutrients and CO2 can be 
expected to affect ecosystem productivity and species 
composition (Boehlert and Gill, 2010). The environ-
mental effects of the pumped deep water can be greatly 
reduced by returning it to greater depths (approxi-
mately 100  m); however, this requires more pumping 
capacity, which will further reduce the already low level 
of system efficiency (Vega, 2002). The pumps for cir-

culating the water can also damage small organisms, 
and any defective machinery can lead to the release of 
ammonia, for example, which is frequently used as a 
working medium.

The overall environmental effects of salinity-gra-
dient power plants can be regarded as low. However, 
changing the location where the fresh water mixes 
with the salt water can be expected to alter local salin-
ity relations. 

The large-scale cultivation of macroalgae requires 
considerable amounts of nutrients, which must be pro-
vided artificially to make the necessary growth rates 
possible. This can be done by extracting nutrient-rich 
deep water or by direct fertilization (Box 4.1-2). Syner-
gies are possible here in combination with OTEC plants. 
Integrated aquaculture approaches are examples of 
how the cultivation of algae can achieve positive envi-
ronmental effects. However, excessive nutrient input or 
extraction can disturb the trophic structure of the eco-
system. Other risks lie in the introduction of genetically 
modified or non-indigenous species (Section 4.2).

To sum up, it can be said that the technologies of 
marine renewable-energy generation tend to have low 
to moderate negative effects on the environment, with 
the exception of tidal-barrage power plants. However, 
the noise levels emitted when anchoring the instal-
lations, particularly in the case of offshore wind tur-
bines, often present a problem. The space intensity of 
marine renewable-energy generation for power-supply 
purposes means that considerable areas of the sea are 
required. This could potentially lead to conflicts with 
other uses and conservation interests (Section 5.4.2). 
Construction work should not go ahead in areas that 
are habitats for rare and sensitive species (e.  g. loons in 
the North Sea) or along the migration routes of marine 
mammals and birds (in the case of wind turbines). Con-
flicts over use and conservation issues tend to decline 
as the distance from the coasts increases. Migration 
routes often follow coasts, and use interests are usu-
ally more pronounced in coastal regions. The techno-
logical trend towards greater distances from the coasts 
and greater water depths therefore offers options for 
avoiding impending conflict. 

5.2.4 
Infrastructure

Compared to land-based energy systems, very differ-
ent boundary conditions apply to offshore structures. 
 Particularly in the fields of corrosion protection, trans-
port, accessibility and security aspects, the marine 
environment requires special adjustments, although 
most of them are known from the extraction of fossil 
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energy carriers (Section 5.1.4). This applies for example 
to safety demands on the operating team, access proce-
dures to the platforms and the provision of security by 
monitoring vessels. 

5.2.4.1 
Offshore logistics for renewable energy
Infrastructures for extracting fossil energy carriers 
can be extended for use in the renewable-energy field 
(Section 5.1.4); ships for transporting bulky compo-
nents (e.  g. rotors) are needed for the construction of 
offshore wind farms. This requires both new ships and 
the expansion of port facilities and locks. Depending 
on the types of foundation used, new ships will also 
need to be built to transport very heavy components 
(e.  g. for gravity foundations; Section 5.2.1). Pile-driv-
ing and drilling work for the foundations of offshore 
wind turbines and ocean-current turbines also requires 
modified technologies and procedures, especially for 
large-scale installations for reasons of noise attenua-
tion (Section 5.2.3). Although supply lines also exist for 
oil and gas platforms in the field of electric power trans-
mission, their capacity is far below what is needed for 
the transmission capacity of large offshore wind farms. 
Offshore substations and converter stations and corre-
spondingly efficient high-voltage cable connections to 
the shore are needed for this novel task. The mean dis-
tance to land is about 24  km in the case of the Euro-
pean offshore wind-power projects that are in opera-
tion, under construction or in planning (4C Offshore, 
2011). Although the use of three-phase cables in con-
junction with transformer-based substations is the con-
ventional system for power transmission today, high-
voltage direct-current (HVDC) transmission becomes 
economically attractive when the distance to land is 
further than about 80  km. Despite the higher invest-
ment costs, which are incurred primarily for the con-
verter stations, losses are lower compared to AC trans-
mission (Hanson, 2011).

Most existing offshore wind farms use alternating 
current to transmit the power they generate. The first 
wind farm to have a DC connection is the German BARD 
Offshore 1. 

Compared to individually connecting each  individual 
wind farm, there are significant economic and 
 environmental advantages in sharing grid connections 
between several offshore wind farms or in building an 
offshore transmission grid (Section 5.4.1).

The technology for building a meshed offshore 
supergrid based on high-voltage direct-current (HVDC) 
transmission will soon be ready for use (Figure 5.2-11). 
Unlike previous HVDC lines, which could only be built 
between two connection points, it will then be possible 
to serve several connection points and simultaneously 

stabilize the connected AC grids. 
New cable-laying ships and production facilities for 

manufacturing these cables must also be built because 
existing capacity is by no means sufficient for the 
planned European expansion of offshore energy gen-
eration.

Furthermore, it will be necessary to build special 
maintenance ships and to set up service centres on 
land, because, unlike oil and gas platforms, offshore 
wind farms and other systems using marine energies 
are unmanned during normal operations. They must 
therefore be easily accessible. 

5.2.4.2 
Offshore storage technologies
Storage facilities make it possible to match power gen-
eration that depends on meteorological conditions 
with demand. With the exception of marine-current 
and OTEC plants, marine-energy-generation technolo-
gies produce electricity intermittently; a combination 
with storage systems enable it to be integrated into the 
 electric power-supply system.

Deep-sea pumped-storage power plants
A relatively new development aims to take advantage 
of the water pressure at great depths for power-storage 
purposes (Figure 5.2-12). A large-volume storage tank 
that is able to hold a large amount of water is sunk into 
the sea. The surrounding water, which is under high 
pressure, then flows into the tank through a  turbine, 
thus generating electrical energy. When there is a sur-
plus of power, this water can be pumped out of the 
tank again into the sea. First test plants are currently 
being built in Germany and the USA. Capacity-utili-
zation rates of transmission grids, and thus economic 
efficiency, can be substantially improved in connection 
with future offshore super-grids.

Chemical long-term storage
If an energy supply is to be fully based on renewable 
energy, the long-term storage of electricity generated 
from renewable energy represents a particular chal-
lenge (Section 5.3; WBGU, 2011). Since the capacity 
of the storage technologies used today, e.  g. to bridge 
a two-week period with little or no wind, is clearly 
 insufficient, it is going to be necessary to develop and 
implement new technologies. 

For Europe, in addition to the possibility of connect-
ing with Scandinavian pumped-storage hydroelectric 
power, one of the few viable options is the chemical 
storage of electricity generated from renewable energy 
in the form of hydrogen or methane (SRU, 2011a; 
BMU, 2012). The generated electricity is initially used 
to split water into hydrogen and oxygen by electroly-
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sis. The hydrogen generated in this way can be stored 
directly as a fuel in above-ground or underground gas-
holders (Figure 5.3-2). However, in order to achieve a 
high-enough energy density relative to the volume, the 
hydrogen must be compressed, which requires a consid-
erable amount of energy. Alternatively, the hydrogen 
can be added to the existing natural gas system up to 
a maximum percentage volume of approximately 5  %. 
This natural-gas system in Germany has a  capacity of 
over 200 TWhth, which would be sufficient to meet Ger-
many’s long-term storage needs amounting to 20-40 
Twel. However, since there are hardly any technologies 
for the large-scale re-conversion of hydrogen, and the 
absorptive capacity of the natural-gas network would 
be exhausted relatively quickly, converting the hydro-
gen to methane is an interesting alternative. 

Here, in what is known as the Sabatier process, the 
hydrogen generated by electrolysis reacts with carbon 
dioxide and is converted into methane (Figure 5.3-2). 
Although this involves additional conversion losses of 
about 15  %, conversion into methane offers consider-

able advantages in terms of energy density and the 
use of the existing transport networks, storage and 
electricity-generating infrastructure (Section 5.3). The 
entire process from electricity to methane to electricity 
results in an overall efficiency of approximately 35  %, 
although this can be improved to over 60  % by using 
the waste heat. 

Hydrogen electrolysis and methanation are 
 established technologies; however, a considerable 
amount of research still needs to be done on intermit-
tent operation in conjunction with fluctuating renewable 
generators – as well as on conversion efficiency and cost 
 efficiency (Section 8.3.4). 

In connection with marine-energy generation, the 
technology can be used locally to store renewable elec-
tricity surpluses, if enough of the necessary  carbon 
dioxide is available in sufficient quantities (Section 
5.3). CO2 can, for example, be obtained in large quanti-
ties by the fermentation of (algal) biomass or by natu-
ral gas extraction (Section 5.2.1). There is also the pos-
sibility of spatially separating electrolysis and metha-
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Figure 5.2-11
Schematic diagram showing the possible design of an offshore grid. Expanding and extending the existing grid makes it possible 
to incorporate generating and balancing options, some of which are quite distant.
Source: IWES/Knorr
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nation according to the availability of electricity and 
CO2; in this case the ‘energy transport’ between the two 
locations would take place in the form of hydrogen or 
methane (Section 5.3).

Deep-sea reverse osmosis: drinking-water 
preparation using hydrostatic pressure
In reverse osmosis, the natural osmosis process is 
reversed by pressure. This method is used in the desal-
ination of sea water, although this requires an energy 
input of 10.8 to 36 MJ per m³ (Colombo et al., 1999). 
The osmotic pressure between fresh water and sea 
water is approximately 25 bar, so that pressures of 
60 to 80 bar are normally used to produce drinking 
water. In conventional plants, generating this pressure 
involves high losses, because a larger volume of water 
must be brought up to this pressure than can be recov-
ered as drinking water. Although some of the energy 
required to raise the pressure can be recovered by a 
pressure exchanger, much of the energy used is lost. 
Comparable pressures also prevail at great depths in 
the sea, so this can be used to force seawater through 
a selective  membrane and thus obtain drinking water. 
A water  column of about 500  m is enough for this 
purpose. Instead of increasing the pressure of large 

amounts of sea water, it is sufficient to pump the much 
smaller amount of produced drinking water to the sur-
face. Ignoring the efficiency losses of pumps, this cor-
responds to approximately 5.04 MJ per m³ (at a water 
depth of 500  m). Furthermore, only a small amount of 
energy is required to support the exchange of the water 
enriched with salt on the membrane surface. In addi-
tion to pure drinking water production, the technology 
can theoretically also be used to generate electricity if 
stored fresh water is passed through a turbine to the 
membrane (at a depth of 500  m), where it is released 
into the sea due to the pressure of the water column 
plus the osmotic pressure. Although the efficiency level 
is relatively low, the combination of drinking-water 
production (when there are electricity surpluses) with 
power generation (when there are electricity deficits) 
could contribute to the smoothing and thus to the inte-
gration of fluctuating renewable energies.

Carbon dioxide capture and storage
As a technical option to gain time for the transforma-
tion to emissions-free energy sources whilst utilizing 
at least some of the large fossil fuel reserves, technical 
solutions for separating CO2 from the emissions of sta-
tionary plants are under discussion, as are options for 

Consumer Power generator

Power cable

Pump turbine

Storage volume
Ferroconcrete sphere

Figure 5.2-12
Schematic diagram of a deep-sea pumped-storage power plant for storing electricity generated by offshore wind farms or 
marine-energy technologies.
Source: IWES
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the subsequent storage of compressed CO2 in geological 
formations (CCS; Figure 5.1-5, Section 5.1.4.3; WBGU, 
2011). Carbon dioxide capture and storage (CCS) is a 
necessary mitigation measure for countries that con-
tinue to use fossil energies, if anthropogenic global 
warming of more than 2  °C is to be avoided. Beyond 
this, a combination of bioenergy with CCS is also under 
discussion as an option for withdrawing CO2 from the 
atmosphere again in the long run (WBGU, 2011). 

A technical possibility for realizing negative emis-
sions would be to use bioenergy while capturing and 
storing the CO2 produced (Section 5.3; WBGU, 2011). 
However, there is a risk that the stored CO2 might grad-
ually escape, which would influence the stability of 
the climate system. The WBGU therefore recommends 
only using formations for storage that can guarantee a 
retention time of at least 10,000 years (Section 7.5.4; 
WBGU, 2006).

5.2.5 
Costs

Since there has been comparatively little experience to 
date with offshore wind turbines, and in particular with 
marine-energy technologies, there are only few esti-
mates on the investment, operating and maintenance 
costs of power-generation plants on and in the sea. The 
electricity production costs (weighted average costs) 
are normally used for comparisons between  different 
power-generation technologies. So far, however, fig-
ures are only available for offshore wind turbines. The 
electricity production costs are strongly influenced 
by the respective location, the legal regulations, the 
technical risks and the capital market.

5.2.5.1 
Offshore wind energy
The technical challenges of installing, operating and 
maintaining offshore wind turbines for power genera-
tion are greater – and the costs correspondingly higher 
– than on land and depend on the distance from the 
coast and the water depth (IWES, 2012; ISE, 2012). 
The higher costs can be partially offset by the higher 
wind speeds and steadier winds that prevail the fur-
ther the turbines are from the coast (Lewis et al., 2011; 
 Bilgili, et al., 2011). Energy yields generated by off-
shore wind farms can be twice as high as comparable 
installations on land. Furthermore, it can be assumed 
that the electricity production costs for offshore wind 
energy will fall markedly in the future as a result of 
further research and development as well as learning 
effects and economies of scale (ISE, 2012).

Depending on economic, legal and technical param-

eters, the volume of investment needed for offshore 
wind farms with a capacity of 400 MW is €  1 to €  1.5 
billion in Germany, where the grid operators are 
responsible for investments in the grid (KPMG, 2010). 
In other countries, grid-investment costs are borne 
by the project’s executing organization. According to 
IWES (2012), the capital costs in Europe are between 
€  120 million and €  194 million, or between €  1,700 
and €  3,315 per kW of nominal capacity. The IEA esti-
mates that the capital costs of offshore wind turbines 
are about twice that of onshore plants on average (IEA, 
2009b; IWES, 2012:  50). The wide range spanned by 
capital costs can be explained by the different national 
regulations and specific geographical conditions of each 
individual offshore wind farm. 

The capital costs are made up of the following cost 
components: turbine (37–50  %), foundation or sub-
structure (21–25  %), grid connection (cable, trans-
former station, etc., 15–23  %), and project develop-
ment, financing costs and management (10–15  %; IEA, 
2009b:  16; IEA RETD, 2011; IPCC, 2011). 

Specifically, the capital costs depend on the weather 
and the wave conditions, as well as on the seabed topog-
raphy, the water depth and the distance from the shore 
(Section 5.2.1; Figure 5.2-1). The capital costs of off-
shore wind turbines in Europe have risen markedly in 
the last few years due to increasing technological risks 
as plants are built further from the coast and at greater 
water depths, a lack of competition among technology 
providers, bottlenecks in the value chain, rising com-
modity prices and political risks (IEA RETD, 2011:  51). 

The operating costs of offshore wind turbines are 
made up of the following components: running and 
maintenance costs, rent, insurance premiums, provi-
sions, administrative and management costs and grid-
transmission charges, depending on the legal situation. 
To date there are no reliable estimates of average oper-
ating costs; this is because they are difficult to calculate 
for lack of experience. However, they can be expected 
to be higher than on land, because the technologies are 
less advanced and the demands on transportation and 
installation greater, especially under adverse weather 
conditions (IPCC, 2011; IWES, 2012). According to 
estimates by IWES, the operating costs of selected off-
shore wind farms in Europe lie between €  34 and €  148 
per kW of installed nominal capacity (IWES, 2012:  50).

The analysis of the electricity production costs of 
offshore wind turbines in Europe shows a wide range 
– and that they are currently twice as high as for wind 
turbines on land (ISE, 2012). The electricity production 
costs for offshore wind farms in very good locations 
are between €  0.11 and €  0.15 per kWh (ISE, 2012:  17). 
In locations where there are fewer full-load hours, the 
electricity production costs are between €  0.12 and 
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€  0.18 per kWh (ISE, 2012:  17). IWES has calculated 
theoretical electricity production costs under differ-
ent overall conditions (capital costs, full-load hours 
and operating costs), and they are between €  0.025 
and €  0.50 per kWh for European offshore wind farms 
(IWES, 2012:  51). A study by the IEA’s Renewable 
Energy Deployment Programme estimates the elec-
tricity production costs at between €  0.12 and €  0.25 
per kWh (IEA REDT, 2011). It can be assumed that the 
electricity production costs for offshore wind power 
will fall significantly up to 2030 as a result of econ-
omies of scale and learning effects.

According to the ET Blue Map scenario, the capital 
costs of offshore wind turbines could fall by 27  % by 
2030 and by 38  % by 2050. The operating costs are 
expected to fall initially by 25  % and later by 35  % over 
the same periods (IEA, 2009b). However, the expected 
cost reductions depend greatly on the projected rates of 
expansion of wind-turbine installations. 

Investment requirements
The development of marine renewable energies will 
require a considerable injection of funds. Initial esti-
mates of investment requirements exist for the devel-
opment of offshore wind energy in Europe. An expan-
sion with the aim of installing offshore wind turbines 
with a capacity of 150 GW by 2030 is likely to require 
an investment of approximately €  220 to €  390 billion 
(EWEA, 2011, and WBGU’s own calculations based 
on data from IWES). Depending on the level of cap-
acity utilization, the resulting generating capacity could 
cover between 14  % and 23  % of present-day electri-
city consumption in Europe (WBGU’s own calculations 
based on data from IWES). 

5.2.5.2 
Marine energies
Studies on the costs of marine-energy technologies 
emphasize that calculations made up to now are provi-
sional and involve considerable uncertainties – because 
of a lack of sufficient testing, operating  experience, 
reference data and scientific scrutiny (GEA, 2012). To 
date, experience with individual prototypes can only 
be transferred to other locations to a limited extent 
because potential varies greatly from one place to 
another (Bömer et al., 2010). Estimates are avail able 
for capital costs at 2005 prices (Lewis et al., 2011; 
GEA, 2012), according to which the capital costs are 
between US$  6,200 and US$  16,100 per kW of nominal 
capacity for wave energy plants, between US$  4,500 
and US$  14,300 per kW of nominal capacity for tidal 
power plants, and between US$  4,200 and US$  12,300 
per kW of nominal capacity for OTEC plants. Marginal 
unit costs can be expected to decline significantly in 

the future when the technologies reach market matu-
rity and economies of scale can be expected, as in the 
case of offshore wind turbines.

The investment costs for ocean-wave and tidal 
energy are currently estimated at about twice that of 
offshore wind turbines (IEA RETD, 2011). However, 
the global investment requirement cannot be relia-
bly estimated because most countries have no specific 
targets for expanding these technologies. Up to now, 
power-generating prototypes in the wave and tidal-
stream fields have been primarily financed by the pub-
lic sector and venture capital (IEA RETD, 2011).

5.3
Vision of a future marine energy system 

The vision of a marine energy system outlined below 
is an integral component of a transformation towards 
 sustainability as described in the report ‘A Social 
 Contract for Sustainability’ (WBGU, 2011). This vision 
of a future marine energy system describes the poten-
tial contribution of the seas within the process of trans-
formation towards sustainability.

5.3.1 
The status quo of marine energy generation

Energy systems have developed from solid fuels, such 
as wood and coal, to liquid ones like mineral oil to using 
growing proportions of gaseous energy carriers such as 
natural gas. In the course of this process, the extrac-
tion of mineral oil and natural gas has been increas-
ingly moving out to sea, with installations operating at 
ever-greater depths (Section 5.1). Figure 5.3-1 shows 
 schematically the status quo of fossil offshore energy 
production, including distribution to the centres of 
 consumption. 

The value-added processes of mineral oil and  natural 
gas are shown to be very similar; however, they can only 
share the existing infrastructure to a partial extent. This 
is because, although both are hydrocarbons with simi-
lar chemical compounds, they are in different phases of 
matter (Section 5.1.4).

Although the present-day marine energy system 
(particularly the production of mineral oil and natu-
ral gas) and the transportation of energy constitute 
an important and reliable cornerstone of the current 
energy supply, the energy system can be regarded as 
non-sustainable, especially due to the CO2 emissions 
resulting from the use of fossil energies (WBGU, 2011; 
Sections 1.2.4, 1.2.5; Table 5.1-1b). The following 
section therefore aims to describe how a marine energy 
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system might be designed in the future that is better at 
meeting sustainability criteria. The technology options 
required for this are essentially already known; the 
visionary aspect lies in the implementation of such a 
concept by systemically linking up the individual com-
ponents.

5.3.2 
A future renewable marine energy system

Estimates show that the potential offered by  renewable 
marine energies and offshore wind-energy use amounts 
to several times the current global demand for energy 
(Section 5.2.2). Furthermore, a considerable proportion 
of global energy needs can be met by using a variety 
of renewable sources on land. Many different aspects 
and factors will be crucial in deciding the extent to 
which different locations and technologies might con-
tribute to meeting demand. In addition to the ecolog-
ically  sustainable potential, which should represent 
the upper limit of expansion, the decisive factors will 
include costs, the level of development, the accept-
ance of technology by the population, ease of integra-
tion into the power-supply system, predictability, and 
many others. The composition of the renewable energy 
mix will vary greatly in different regions of the world 
depending on their regional potential.

The vision of a future marine energy system out-
lined in the following suggests what the sustainable 
contribution of sea-based renewable energies might 
look like in an integrated marine energy-supply system 
(Figure 5.3-2). 

Based on its level of development to date, its rela-
tively low costs, and its small to moderate impact on 
the environment, offshore wind energy looks likely to 
be a mainstay of sea-based power generation in many 
regions (Section 5.2). A massive expansion of off-
shore wind energy is already underway today; how-
ever, the currently most common bottom-mounted tur-
bines are limited to water depths of up to 60  m. This 
leads to increased competition for space in the coastal 
waters; there are also more likely to be negative inter-
actions with fauna since the habitats and migration 
routes of marine mammals and numerous species of 
birds tend to be close to the coast (Section 5.2.3). The 
further development of floating wind turbines makes it 
possible to open up greater potential (Figure 5.2-1). As 
the  distance from the coast increases, competition over 
the use of available space will decrease, as will nega-
tive environmental effects – one reason being because 
no pile-driving work is required to build the installa-
tions. The development of floating wind turbines is 
already well advanced, and the first prototypes with a 

 capacity of up to two megawatts are undergoing trials 
(Section 5.2.1).

Other forms of marine energy, such as tidal-stream and 
ocean-wave energy, supplement the energy mix or might 
assume the primary function in regions where there is 
little wind. In order to make better use of the space avail-
able, one attractive option can be to use marine areas 
that are already developed and have a grid connection 
for several purposes. Depending on the resource(s) avail-
able, technologies can be used in combination, e.  g. wind 
turbines together with wave power plants or macroalgae 
cultivation. These combined systems are referred to as 
multi-use platforms. Similarly, tidal-stream turbines can 
be combined with wind turbines. Here the availability of 
sufficiently high flow velocities is decisive for the choice 
of location; the wind turbines represent a secondary use 
here. It is furthermore current practice not to fish in 
areas of marine energy generation, so that the power-
producing installations could simultaneously contribute 
to the regeneration of fish stocks (Section 4.1). 

Ocean thermal energy conversion (OTEC) plants could 
play an important role in supplying renewable electricity 
to small island states, especially near the equator; in cer-
tain circumstances they could be combined with drink-
ing-water preparation (Sections 5.2.1, 5.2.4). The nutri-
ent-rich deep ocean water which is brought to the sur-
face in this process can simultan eously supply nutrients 
for macroalgae cultures, which can be used as a source 
of energy; this can result in synergies and reduce the 
negative environmental impact (Section 5.2.3). Ensur-
ing the availability of fresh water will become a grow-
ing challenge with the effects of climate change and a 
still-growing world population. Another option could 
be to also obtain drinking water by exploiting the water 
pressure at depths in excess of about 600  m using the 
principle of reverse osmosis (Section 5.2.4), although 
deep-sea reverse osmosis has not yet been applied on 
an industrial scale.

Offshore grids need to be built to connect the 
 renewable energy generated at sea to grids on land. The 
example of the planned offshore grid in the North Sea 
(Figure 5.2-11) shows how these grids can be used both 
to connect large regions such as the UK,  Scandinavia 
and the European continent with each other, and to 
make high-performance transmission possible to con-
nect offshore wind farms and marine energy plants that 
are far from the coast to the onshore grids.  Similarly, 
grids can be built exclusively for the purpose of con-
necting marine areas of renewable power generation. 
As the  distance from the coast increases, these lines 
can only be made economical if large areas with a high 
generating capacity are developed which bundle the grid 
 connections of several wind farms, rather than building 
many small generating units, each with its own grid 
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connection (Section 5.2.4). This requires overarching 
coordination and anticipatory marine spatial planning 
(Section 5.4.2.1).

High-voltage direct-current (HVDC) transmission is 
a suitable technology for the low-loss transmission of 
power over long distances (Section 5.2.4). AC transmis-
sion is unsuitable for submarine cables over distances 
greater than 100  km. When cables in bipolar HVDC 
connections are laid close together, the magnetic fields 
of the individual cables largely cancel each other out 
(Section 5.2.3). Furthermore, laying the cables in sedi-
ment helps further reduce the magnetic fields in the 
water column. According to current knowledge, there 
are indications to suggest that although artificial mag-
netic fields affect various marine animal species, no 
evidence of impairment has been collected to date; 
however, there is still considerable need for research 
in this field. 

Linking ocean-based renewable energy generation 
with storage facilities is an interesting option in order 
to improve the capacity utilization of the electric lines 
and make it possible to flexibly meet the demand for 
the remaining load after renewable energy has been 
fed into the land-based grid (Section 5.2.4). In areas 
with sufficiently deep water (e.  g. the Mediterranean 
or Atlantic), power can be stored by means of deep-sea 
pumped storage tanks (Section 5.2.4; Figure 5.2-12). 
This very young technology is characterized by very 

high potential and high efficiencies compared to 
pumped storage on land. The potential for classic, land-
based pumped storage, by contrast, has been largely 
exhausted, at least in Europe, and it is often difficult to 
erect new structures due to civil protests and nature-
conservation concerns.

Furthermore, chemical storage in the form of renew-
able hydrogen or methane (Section 5.2.4) offers a  variety 
of applications. The generated electricity can be used for 
the electrolytic decomposition of water, and the hydro-
gen produced either used directly or further reacted with 
carbon dioxide to form methane (methanation). The CO2 
required should preferably come from biogenic sources, 
ideally from macroalgae cultivation for use nearby as a 
source of energy in sea-based electricity generation (co-
utilization; Section 5.2.1). The on-site fermentation or 
gasification of biomass creates a mixture of methane and 
carbon dioxide, the CO2  content of which (approximately 
50  %) can be further reacted with hydrogen generated 
from electrolysis to form methane. The resulting gas is 
more than 95  % methane (natural gas) and can either 
be temporarily stored until it is used in power plants 
to generate electricity, or else fed into other use paths, 
e.  g. mobility.  Methane can be used – either directly, 
after liquefaction to  liquid gas (LNG), or via the Fischer-
Tropsch process – as a  liquid fuel in the transport sec-
tor or in the production of chemical raw materials. A 
method for producing methane hydrates for the cost- 

Figure 5.3-1
Schematic diagram of the status quo of fossil offshore energy generation and integration into the onshore energy system, 
showing the extraction technology, the transport technology and the various final uses on land.
Source: WBGU
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and energy-efficient transport of methane by ship is 
currently under development and could play an impor-
tant role in the future. The WBGU expects mineral-oil-
based fuels in the shipping industry to be increasingly 
replaced by methane-based fuels in the medium term 
(Section 5.1). This will make it possible for ships to use 
renewable fuels that have been completely produced on 
the seas (Figure 5.3-2). 

Macroalgae can be cultivated on a large scale to pro-
duce biomass and CO2 near where renewable electricity 
is generated. When it is used to generate energy on the 
spot by fermentation or gasification, there is no need to 
transport the biomass, approximately 80  % of which is 
water (Section 5.2.1). Alternatively, it is also possible to 
store the CO2 under the seabed in order to avoid long-
term negative emissions if climate-protection targets 
are not reached (Section 5.2.4; WBGU, 2006, 2011). 
The algal cultures can ideally be supplied with nutri-
ents,  especially nitrogen, passively by positioning them 
in natural upwelling regions, i.  e. regions where nutrient-
rich deep-sea water naturally wells up to the surface of 
the sea. Furthermore, a combination with OTEC plants 
or a spatial link with fish mariculture could represent 
 ecologically interesting variants (Sections 5.2.1, 4.2).

The storage of the gases would have an important 
function in the case of the presented idea of on-site 
methanation. Material flows that depended on the avail-
ability of electricity surpluses and biogenic CO2 could be 

balanced with the help of gas stores, and the methane 
produced could be temporarily stored (Section 5.2.4). 

5.3.3 
Transformation of the marine energy system – 
from the status quo to the future energy system

The technologies of the mineral-oil and natural-gas 
industry offer a lot of experience that could be useful in 
the implementation of a marine energy-system vision 
(Section 5.1). Knowledge of laying pipelines and power 
lines in the sea, of storing CO2 beneath the seabed and 
installing floating platforms anchored to the seabed can 
be transferred to the technologies needed for the sea-
based generation of energy from renewable sources. 

The energy-system vision outlined here of an inte-
grated, sea-based power-supply system that will be able 
to make a major contribution to global energy supplies 
in the future is based on components that are already 
almost fully developed today (Section 5.2). Wind tur-
bines anchored to the seabed and HVDC power lines 
laid in the sea are already commercial technologies, as 
is the coastal cultivation of macroalgae (Section 4.2). 
Floating wind turbines, tidal-stream turbines and wave 
power plants are already at the advanced prototype 
stage, and these technologies are likely to reach market 
maturity in the short to medium term (Section 5.2.1; 
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Figure 5.2-3). This also applies to the production of 
renewable methane from electricity, water and CO2 
(Section 5.2.4). An industrial-scale plant is expected 
to start operations in 2013. The main challenges lie in 
optimally interlinking the individual components and 
particularly in establishing economic feasibility.

Although technical development is well advanced, it 
will not be possible to implement the vision of a marine 
energy system of the future in the short term – not 
only for economic, political and social reasons, but in 
particular for structural reasons. In order to under-
stand this challenge it is initially necessary to analyse 
the current energy system and the transformations that 
have either taken place already or are currently taking 
place (WBGU, 2011). Today, energy basically reaches 
consumers in four different forms: (1) as a solid fuel 
in the form of traditional biomass and coal, mainly for 
consumers without access to the central energy-supply 
systems, (2) in liquid form for transport and other oil-
based applications, (3) as gas in pressure vessels or via 
pipe networks, and (4) in the form of electricity. A small 
portion of heating is provided by local district-heating 
networks. There is a historical trend towards ever-more-
convenient, more efficient and cleaner energy carriers 
such as electricity and gas, which increasingly reach 
the consumers directly via supply networks (WBGU, 
2011). The transition in the way the sea is used as a 
source of energy – from the extraction and transporta-
tion of hydrocarbons to the use of renewable energies 
– will require a system change. This represents a chal-
lenge because of the inertia of existing and established 
systems. In the following, the WBGU outlines a possible 
dynamic development. 

Gas is very important as an energy carrier. In today’s 
energy systems it functions as an important link in the 
electricity supply between the base load supplied by 
nuclear power and coal on the one hand, and fluctu-
ating levels of fed-in power from renewable energies 
on the other (WBGU, 2011). In connection with gas 
networks, gas power plants represent storage facilities 
which deliver additional energy both at short notice 
during peak load periods and when there are gaps in 
supply due to the non-availability of wind and solar 
energy. In addition, CO2 emissions per unit of energy 
produced in gas combustion are much smaller than in 
the combustion of other fossil energy carriers. This 
means that gas is suitable as a ‘bridge technology’, i.  e. 
for making it possible to run an energy system using a 
high proportion of renewable energy (Sections 5.1.3, 
5.2). Furthermore, the way in which gas is made, trans-
ported and used could enable a gradual system change 
towards sustainability to be realized. 

Because of the volumes required, natural gas, which 
is increasingly being extracted offshore, will initially 

continue to provide the lion’s share in order to meet 
demand (Section 5.1). However, the aim is to gradu-
ally substitute this with gas generated in a renewable 
way and with directly used renewable electricity (Sec-
tions 5.2.4, 5.3.2). In WBGU’s view, it does not seem 
wise to make use of the contribution towards the sup-
ply of natural gas that could potentially be made by 
extracting methane hydrates; indeed, it is not neces-
sary because enough conventional natural gas will be 
available up until 2040 (Section 5.1.6). Rather, min-
ing methane hydrates would lead to investment in this 
field, creating path dependencies that would contradict 
its  envisaged role – i.  e. the use of gas as a temporary 
‘bridge technology’ (Sections 5.1.6, 7.5, 8.3.4).

Offshore wind technology is an important compo-
nent of the marine energy-system transformation. One 
possible way to transform fluctuating inputs of power 
from wind turbines into a more reliable supply is to 
use the electricity that is not fed into the grid for the 
 electrolytic production of hydrogen. This can already 
be added to the natural gas in the grid up to a concen-
tration of 5  %; a percentage of up to 10  % is also con-
ceivable in the medium term (Section 5.2.4). To increase 
the percentage further it is necessary to add the step 
of converting the hydrogen together with carbon diox-
ide into methane, which can then be fed into the exist-
ing natural-gas infrastructure without any problem 
(Section 5.3.2). In the longer term, the CO2 required for 
this purpose could be obtained by macroalgae cultiva-
tion. However, because this option will not be avail-
able on a large scale in the short term, one solution is 
to initially separate and use the CO2 from offshore gas 
production. Further marine power-generation tech-
nologies described here, which are gradually reach-
ing market maturity (Figure 5.2-3), can also be easily 
integrated into the combined electricity and gas infra-
structure, contributing to better capacity utilization of 
the transport systems and hence to a reliable supply of 
energy from the sea (Figure 5.3-2).

The second important energy source that makes a 
significant contribution to the supply of energy today 
is offshore oil. In the WBGU’s view, there will be far less 
need for this energy carrier after the transformation of 
the marine energy systems. Oil is used as an energy 
source mainly in the transport sector and, to a lesser 
extent, in heating. In both cases, technology options 
are foreseeable, or have already been developed, which 
can replace oil with renewable electricity and (renew-
able) gas. Particularly in maritime transport, gas repre-
sents an interesting fuel option which, in an integrated 
marine system, could be made available by renewable 
processes in the medium term. Oil should therefore be 
replaced by natural gas or renewable power much more 
quickly than natural gas – also because its negative 
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environmental effects are more serious. In some areas, 
however, developments are currently moving in the 
opposite direction. It was shown in Section 5.1 that at 
present more and more technical and financial efforts 
are being made to tap the offshore oil reserves in the 
deep sea and the Arctic. In WBGU’s view it would make 
much more sense to use the technologies and availa-
ble know-how from offshore oil and gas production to 
build up a marine renewable energy system, including 
its infrastructure (Figure 5.3-2). 

5.4
Governance

As the WBGU (2011) has shown, strong growth in on-
grid energy – i.  e. significantly increasing the amount 
of electricity and gas used as final energy – is of great 
importance for the transformation of energy systems. 
The WBGU’s vision of a future marine energy sys-
tem (Section 5.3) demonstrates that energy genera-
tion on and from the sea can play an important role in 
this context. However, this will require further tech-
nology developments (Sections 5.2, 5.4.3, 8.3.4). An 
integrated marine policy is needed to prepare the way 
for using the oceans for the sustainable generation of 
energy. Under such a policy, new ways of using the 
oceans, some of which develop as a result of techno-
logical innovations, would have to be made compat-
ible with the needs of ocean conservation and tradi-
tional uses (Section 3.6). One important instrument of 
an integrated marine policy is marine spatial planning, 
which lays down the objectives and principles of the 
various uses of the marine space (shipping, fisheries, 
aquaculture, resource extraction, tourism, coastal and 
ocean conservation, infrastructures, renewable-energy 
technologies; Section 3.6.2). Marine spatial planning is 
an instrument that can be applied nationally, region-
ally and internationally. If marine energy generation is 
to have a role to play in the future global, sustainable 
supply of energy, this will also require – in addition to 
marine policy – a climate-friendly energy policy and an 
innovation policy that supports the necessary techno-
logical developments (Section 5.4.3). Only coordinated 
interaction between these three policy areas in a multi-
level system will create the necessary planning and 
legislative framework for private companies and thus 
provide incentives for investment in climate-friendly 
marine-energy technologies (WBGU, 2011, 2012).

5.4.1 
Energy policy

Decarbonization is a core element of the global energy 
transformation – with its agreed climate-policy goal 
of preventing global warming from exceeding 2  °C. 
This transformation of the energy systems requires a 
national and, if possible, international climate-friendly 
energy policy (WBGU, 2011; GEA, 2012). The use of 
the oceans for energy generation should be embedded 
in such a climate-friendly energy policy as a further 
diversification of energy generation, in order to realize 
the vision of a future marine energy system described 
in Section 5.3: a switch to renewable-energy technol-
ogies both in and on the seas for generating electricity 
and gas. A second goal of international energy policy 
should be to overcome energy poverty: some 3 billion 
people currently still have no regular access to modern 
energy services in the fields of cooking, heating and 
lighting (WBGU, 2011). However, marine energy sys-
tems are very capital-intensive and therefore more 
suitable for a central power supply on land, e.  g. for 
mega-cities on the coast, than for small-scale solu-
tions or the electrification of rural regions. Energy effi-
ciency and reducing final demand should on principle 
take  priority in the transformation of energy systems 
(WBGU, 2011).

Energy policy worldwide is organized according to 
nation states, and the security of supply is the top pri-
ority in many countries. Nation states primarily use 
their own domestic resources for energy generation 
and try to avoid importing energy. Two further energy-
policy goals are ensuring that the energy supply is both 
affordable and environmentally compatible. However, 
the geological distribution of fossil resources means 
that there have to be importing and exporting countries, 
particularly for oil and gas (Section 5.1; Dubash and 
Florini, 2011). As explained in Section 5.1, developing 
technologies for tapping and extracting offshore oil and 
gas reserves and resources is economically worthwhile 
when oil prices rise. It can be assumed that countries or 
regions whose territorial sea, EEZ and continental shelf 
contain oil or gas – e.  g. Brazil, West Africa and China 
– will also want to extract these resources (Maribus, 
2010). In its report ‘A Social  Contract for Sustainability’ 
(2011), the WBGU recommends all countries to intro-
duce a strict climate policy. Examples include pricing 
CO2, phasing out subsidies on fossil energy carriers, or 
reallocating subsidies from fossil energy carriers to pro-
mote renewable-energy technologies. CCS is a neces-
sary climate-protection option for countries that intend 
to continue using fossil fuels. In addition, the WBGU 
recommends using gas, a relatively low-CO2 energy 
source, and substituting coal and oil (WBGU, 2011). 
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Under the UNFCCC, several industrialized coun-
tries have committed themselves to reduce CO2 emis-
sions and developed energy-policy strategies up to 
2020 or 2050; they have been joined on a voluntary 
basis by further industrialized countries and emerging 
economies (WBGU, 2009, 2011, 2012). These energy 
strategies specify clear targets for expanding renewable 
energy. One example is the European Union, which, as 
part of a climate and energy package, in 2007 formu-
lated – and in 2008 adopted – the 20-20-20 targets for 
the year 2020: the targets are to reduce CO2  emissions 
by 20  % compared to 1990, to expand renewable-
energy technologies to 20  % of the energy mix, and to 
raise their energy efficiency by 20  % (WBGU, 2011). 
The Renewable Energy Directive (EU, 2009b) states 
how the 20  % target for renewable energy is to be 
reached within the EU: the EU Member States have 
set national targets to raise the amount of power they 
generate from renewable sources to between 13  % and 
40  % by 2020. Corresponding measures to reach the 
targets are set out in national action plans. Germany 
aims to produce 30  % of its electricity from renewable 
sources by 2020, for example by creating 25 GW of off-
shore wind power generating capacity by 2030 (BMWi 
and BMU, 2010). The European Wind Energy Associa-
tion expects national targets for offshore wind power to 
add up to about 43 GW (EWEA, 2012). In its Roadmap 
2010-2050, the European Ocean Energy Association 
estimates that renewable marine energy technologies 
producing 3.6 GW could be installed by 2020. The 19 
member countries of the Implementing Agreement on 
Ocean Energy Systems at the IEA (which include China, 
Mexico and South Africa) have formulated national tar-
gets for expanding offshore renewable-energy tech-
nologies (OES, 2011b). In their international vision for 
renewable marine energy technologies they expect to 
have installed 748 GW by 2050 (OES, 2011a). 

To encourage investment in renewable marine-
energy technologies and offshore wind-power plants, 
the overall conditions created by climate and energy 
policy and energy legislation must offer long-term 
investment security and guarantee appropriate returns 
(WBGU, 2012). An accompanying energy and innova-
tion policy is required in addition to the legally bind-
ing formulation of expansion targets as a political signal 
to potential investors. Companies should be guaranteed 
entry to the market, network access and the transmis-
sion of the electricity they produce. Competition that is 
distorted in favour of fossil fuels should not be allowed. 
In addition, licensing and planning processes for off-
shore technical installations, as well as liability regimes, 
should be developed. 

In the context of innovation policy, the design of 
degressive market-incentive programmes for a fixed 

period or promotion strategies are necessary for the 
roll-out phase and for the integration of renewable-
energy technologies into existing power-supply sys-
tems or electricity markets. Up to now, feed-in tariffs 
have proved to be superior to a form of promotion 
to the use of quotas, tradable certificates or public 
tenders with an auction procedure for offshore wind 
power (WBGU, 2011; SRU, 2011a). Feed-in tariffs 
give investors long-term planning security, thus reduc-
ing investment barriers. At the same time, feed-in tar-
iffs can be designed in a technology-specific way and 
thus encourage different energy technologies in parallel 
(WBGU, 2011). One possible advantage of public ten-
ders for offshore wind farms vis-à-vis feed-in tariffs 
lies in the bundling of the grid connections of different 
parks in a designated area (SRU, 2011a). Nevertheless, 
the WBGU recommends temporary, technology- specific 
feed-in-tariff systems which effectively promote rapid 
capacity expansion (WBGU, 2011, 2012). 

To minimize transaction costs, the WBGU recom-
mends building up integrated electricity grids both in 
the regional seas and on land (Section 5.2.4; WBGU, 
2011). This makes it possible to distribute the fluctu-
ating amounts of electricity generated from renewa-
ble-energy technologies in a regionally optimal way; it 
also has a grid-stabilizing effect. The WGBU believes 
that an offshore power grid interconnecting the various 
marine power-generating plants (clustering) and also 
interconnecting different countries (meshed grid) has 
advantages over individual connections to land (Figure 
5.2-11; Section 5.2.4). In a similar way to a continental, 
transnational power grid, a meshed grid improves the 
market integration of power from and on the seas. The 
electricity prices and fluctuations in the power supply 
can be reduced by such market integration. Moreover, 
the capacity utilization of individual offshore power 
stations can be increased. This would make it possible 
to use potential that is far from large centres of demand 
(Woyte et al., 2008; SRU, 2011a; Piria and Zavolas, 
2012). At the same time, the development of a trans-
national offshore grid involves a number of challenges. 
Planning one requires the coordination of both the grid 
and the offshore power-generation plants between sev-
eral countries and different national authorities. Fur-
thermore, the terrestrial grids would have to be modi-
fied and adapted (SRU, 2011a).

Up to now, EU Member States have only planned 
at the national level for a transnational offshore grid 
in exceptional cases and in a rather cursory fashion. 
The current practice consists of point-to-point connec-
tions and can lead to higher costs and lock-in effects 
in the future. A key challenge is the creation of invest-
ment incentives for private companies. In addition to a 
national energy policy, a transnational energy policy is 
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needed for countries with regional-sea coasts that want 
to link their power grids by means of an offshore grid. 

At the same time, cross-border electricity grids 
require a harmonization of promotion policies and feed-
in tariffs (WBGU, 2011, 2012; SRU, 2011a). Within the 
European Union, a coordinated system of payment for 
offshore-generated renewable energy would raise the 
efficiency of promotion. Power from renewable sources 
could then be generated at the most favourable loca-
tions, i.  e. at low cost. The realization of a single energy 
market is an important precondition for this (WBGU, 
2011). 

5.4.2 
Marine policy 

The options for using marine energy depend on the 
technical and legal possibilities for building and oper-
ating energy extraction and generation systems. A dif-
ferentiated analysis of the respective applicable legal 
framework is necessary, starting from the existing zon-
ing of the seas into coastal waters, EEZs, the continen-
tal shelf and the high seas in accordance with the pro-
visions of the UN Convention on the Law of the Sea 
(UNCLOS; Section 3.2).

The coastal state has sovereignty in coastal waters. 
The full jurisdiction of the coastal state extends both to 
the air space above the territorial sea and to the water 
column, the seabed and the subsoil of the territorial 
sea (Section 3.2). Access to energy and thus also the 
authority to build installations within the coastal waters 
are governed by the laws of the respective nation state 
(Wolfrum and Fuchs, 2011). The particularity that the 
coastal waters belong to the territory and territorial 
jurisdiction of the coastal state (Graf Vitz-thum, 2006) 
leads to a partial allocation of territorial seas to fed-
eral or municipal government structures with the corre-
sponding legislative authorities. From the point of view 
of international law, it should be noted that all states 
must be granted the right of innocent passage (Section 
3.2). This means that, when planning power-generation 
plants, countries must make sure that the passage of 
foreign vessels is not impeded. At the same time, all 
international and European regulations to protect and 
preserve the marine environment apply (BfN, 2012). 
Both the coastal state and other countries are allowed 
to install power cables or pipelines on the seabed or 
continental shelf (Section 3.2). 

In the EEZ, jurisdiction for the economic exploita-
tion of this zone is transferred to the coastal state, so 
that it can extract oil and gas and generate power from 
wind and marine energy (Section 3.2; Wolfrum and 
Fuchs, 2011). The coastal states have national jurisdic-

tion over building and using artificial islands, installa-
tions and structures, including power-generation plants 
(Markus and Maurer, 2012). Under these transferred 
rights and territorial jurisdiction, national legislation 
thus also applies in the EEZ. It can be enacted by the 
coastal states to regulate access to energy and to con-
struct mining facilities for fossil energy as well as re-
newable energy-generation plants in the sea (Wolfrum 
and Fuchs, 2011). Consequently, national legal regimes 
apply. This jurisdiction is internationally binding for the 
respective EEZ and applies vis-à-vis all parties inter-
ested in these forms of use. Nevertheless, freedom of 
navigation and overflight and freedom to lay submarine 
cables and pipelines still apply for all states parties in 
the EEZ (Section 3.2). This means that installations and 
structures may not be built if they obstruct recognized 
sea routes for international shipping. Furthermore, all 
treaties under international law for the protection of 
the marine environment also apply to the EEZ (BfN, 
2012).

The legal regime of the continental shelf relates only 
to the seabed and subsoil that is defined as continental 
shelf. The importance of this regime for marine energy 
generation is comparable with that of the EEZ, not least 
due to considerable overlap with this area (Section 3.2; 
Rosenbaum, 2006). 

On the high seas, both coastal and inland states are 
free to build artificial islands and other installations, 
and to lay submarine cables and pipelines as required 
(Section 3.2). Thus, in principle, all countries can build 
and use power plants on the high seas. Every state can 
itself regulate the way it exercises its own freedoms 
on the high seas by entitling or obliging its own state 
 citizens – by enacting laws according to the flag-state 
principle (Brandt and Gassner, 2002). In this way, for 
example, national regulations for building power-gen-
eration plants can also be effective on the high seas, 
although they are restricted to the respective state’s 
citizens. 

On the high seas, all non-biological resources on and 
under the seabed are part of the heritage of mankind, 
and this is administered by the International Seabed 
Authority (Section 3.2). Accordingly, all uses of non-
biological resources must be registered and licensed 
there. The extraction of methane hydrates, oil or gas 
is regulated by UNCLOS and governed by the estab-
lished regulations of ocean conservation (Section 3.2). 
In addition, the International Seabed Authority’s min-
ing codes must be observed. This institution has also 
developed recommendations for assessing environ-
mental compatibility in the exploitation of polymetallic 
sulphides. Overall, however, there is a need for regula-
tion to protect the deep-sea environment from mining 
operations (Jenisch, 2010). 
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Despite technological developments, it seems likely 
that the use of the oceans for energy generation will 
remain restricted to territorial seas and EEZs, includ-
ing the continental shelf, in the near future (Sections 
5.1, 5.2). This means that primarily national regula-
tion applies to the use of the oceans. Consequently, 
any coastal state can ambitiously develop its legal 
regime for the sustainable use of the oceans in its ter-
ritorial sea and EEZ. This is why national policy on 
ocean conservation is important in addition to trea-
ties under international law. Two suitable instruments 
are marine spatial planning and environmental liability 
(Section 3.6). Since a cost-efficient use of the oceans 
for energy generation requires a cross-border infra-
structure in the form of power cables, pipelines, ship-
ping lanes and ports, both international and cross-bor-
der cooperation should be sought for offshore energy 
systems (Sections 5.1.4, 5.2.4). Environmental stand-
ards and environmental liability can be specified in a 
cross-border manner in the course of this cooperation 
(Section 3.4). This makes it possible to take the dynam-
ics of marine ecosystems and the precautionary princi-
ple into account. Furthermore, the free-rider position 
of individual coastal states could be eliminated in the 
course of cooperation (Section 3.1). 

5.4.2.1 
Marine spatial planning
The growing permanent use of the oceans – also by 
renewable-energy plants – requires comprehensive 
planning that takes all issues into account (Wolfrum 
and Fuchs, 2011), because marine renewable-energy 
systems are space-intensive and compete with tradi-
tional uses of the oceans, as well as with ocean con-
servation (EWEA, 2012). In order to minimize conflicts 
between the goals of climate policy (and thus a desire 
to expand renewable-energy technologies), ocean-
conservation policy (involving an increased awareness 
of marine conservation) and still-growing opportuni-
ties for the commercial use of the seas (based on new 
technologies), a form of spatial planning for national 
and international waters can be developed in line with 
experiences made on land (Section 3.6.2.2; Wolfrum 
and Fuchs, 2011). The parts of the oceans that will be 
used as an energy resource in the foreseeable future will 
be the coastal waters and the EEZs, so that the coastal 
states will be responsible. The development of marine 
energy systems often has cross-border effects, e.  g. 
on ecosystems, fish, birds or shipping (Sections 5.1.3, 
5.2.3), so that cross-border cooperation in regional seas 
seems a good idea. Similarly, cumulative effects on eco-
systems can arise when all coastal states develop their 
marine energy systems on the borders of their respec-
tive areas of jurisdiction. At the same time, it makes 

sense to link up marine renewable-energy technologies 
to compensate for volatile electricity generation and to 
store power. This requires not only cross-border coop-
eration, but also coordination of the ways in which the 
oceans are used for energy generation (EWEA, 2012; 
Gee et al., 2011). Marine spatial planning (Section 
3.6.2.2) is therefore of great importance as an instru-
ment for all regional seas, because it is a decision-
making instrument. Marine spatial planning helps the 
coastal states and interest groups to better coordinate 
the use of the oceans for economic development and 
the protection of the marine environment (EU Commis-
sion, 2008). Cross-national planning processes for the 
Baltic Sea, the North Sea, the North-East Atlantic, the 
Mediterranean and the Black Sea should be strength-
ened within the EU (EU Commission, 2008). In the fol-
lowing regional seas, marine spatial planning is already 
being used nationally in some cases and has been laid 
down for cross-border offshore wind energy under the 
OSPAR regime (Sections 3.4, 3.6; Wolfrum and Fuchs, 
2011): Baltic Sea, North Sea, North East Atlantic, Med-
iterranean, Black Sea, Caspian Sea, Caribbean, Gulf of 
Mexico, East Asian Seas, South Asian Seas, Northeast 
Pacific, Northwest Pacific, Persian Gulf, Red Sea, Gulf 
of Aden, South East Pacific, West Africa, Arctic, Ant-
arctica (UNEP, 2012b). 

Up to now, marine spatial planning has primarily 
been a process for documenting different land uses or 
uses of space in the sea with their respective ecological, 
economic and social effects. Data are collected, consul-
tations with interest groups organized, plans prepared 
in a participatory way, and all the sea-related treaties 
that a coastal state has ratified are taken into account 
( Douvere and Ehler, 2009). The second step is to imple-
ment and execute the plan, and to assess – and if ne-
cessary reorientate – the plan. The uses are weighted 
according to political objectives and assigned to marine 
areas (EU Commission, 2008; BMVBS, 2011; EWEA, 
2012). This affects activities on the seabed, in the water 
column and on the surface. In this way the space can 
be used for different purposes (Section 3.6.2.2). As a 
coordination instrument, sovereign planning allows a 
forward-looking, formative management of ocean use. 
It makes it easier to embed and coordinate individual 
projects in an overall strategy for the management of 
ocean use (Douvere and Ehler, 2009). An orderly plan-
ning process includes an environmental impact assess-
ment and necessary compensatory measures, so that 
an ecosystem approach is ensured (Douvere and Ehler, 
2009). Up to now, only five countries, one of which is 
Germany, have a binding system of marine spatial plan-
ning that is enforceable under national law (Section 
3.6.2.2). At the same time, the planning of ocean use 
should increasingly be done in an interregional way in 
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order to avoid cross-border conflicts over use and not 
to impair the system services of the marine ecosystems 
(Section 3.4; EWEA, 2012; Gee et al., 2011). 

Marine spatial planning is necessary for the expan-
sion of renewable-energy technologies in order to estab-
lish legal force for designated areas and to receive per-
mits for private investors quickly (EWEA, 2012; WBGU, 
2011). Synergy effects generated by shared uses – e.  g. 
renewable energy generation and sustainable fishing, 
or renewable energy generation and the designation of 
protected areas – should be taken into consideration in 
this context (Section 5.2). Public participation in the 
planning process could be secured under the Aarhus 
Convention, which makes the administrative and plan-
ning process more transparent and contributes towards 
structuring it democratically (WBGU, 2011). However, 
public participation should take place at a time when 
all options are still open, so that all stakeholders have a 
real chance to influence administrative decisions. Only 
then can unsuitable projects be recognized and costly 
conflicts avoided (WBGU, 2011).

5.4.2.2 
Construction of installations in the sea
Article 208 of UNCLOS is of particular relevance when 
constructing installations for energy extraction and 
production in the sea. It obliges coastal states to adopt 
and enforce legislation to prevent and reduce pol-
lution caused by activities on the seabed or artificial 
islands, installations or other structures (Wolfrum and 
Fuchs, 2011). Marine or other forms of environmen-
tal pollution related to energy-production systems can 
be caused on the one hand when the installations are 
being anchored to the sea floor, and on the other by 
emissions during the system’s operation (Sections 5.1.3, 
5.2.3; Markus, 2010). Offshore wind turbines can also 
cause environmental hazards for sea birds and migra-
tory birds (Section 5.2.3; Wolfrum and Fuchs, 2011). 
Regarding the quality of the protection regulations 
to be adopted, Article 208 of UNCLOS stipulates that 
they must not be less effective than international rules 
and standards. At present, there are no internationally 
binding standards that would apply to all coastal states 
because there is a lack of international regulations on 
emissions caused by marine energy systems. 

Emissions are not the only risks during the construc-
tion phase or the operation of marine energy systems; 
pollution caused by the dumping of waste products is 
also possible. Unlike installations for extracting fossil 
energy, as a rule there is no further risk of contamina-
tion by dumping during the operation of renewable-
energy plants (Rosenbaum, 2006). Under UNCLOS, 
states are obliged to pass laws to prevent marine pollu-
tion by unauthorized dumping, i.  e. the intentional dis-

posal of waste from ships, platforms or other marine 
installations. These national laws must not be less strict 
than global standards in terms of their protective effect. 
UNCLOS is referring here to the London Convention, 
supplemented by the London Protocol on the Preven-
tion of Marine Pollution by Dumping (Section 3.3.2.6; 
Schlacke and Kenzler, 2009). These treaties lay down 
guidelines for methods of disposing numerous catego-
ries of waste. In addition, there must be checks in each 
case to determine whether prevention, reduction, recy-
cling – or disposal on land – is a preferable alternative 
to waste disposal at sea. There is a widespread view that 
these minimum guidelines also apply to those states 
that have not signed the convention (Proelß, 2009). 
According to this view, the provisions of the London 
Convention would have to be taken into account by all 
UNCLOS signatories when constructing energy produc-
tion systems.

Furthermore, in the European Union the appli cable 
regulations on environmental protection must be taken 
into account when building renewable energy-gener-
ation plants in the sea (BfN, 2012). Under the Flora-
Fauna-Habitat Directive and the Directive on the Con-
servation of Wild Birds, an impact assessment pursu-
ant to Article 6, paragraph 3 of the Habitats Directive 
is required in designated areas, if installations are to 
be built. A construction project may be justified even 
if the result of the assessment is negative if there 
are imperative reasons of overriding public interest. 
The EIA Directive also provides for an environmental 
impact assessment (cf. Article 4, paragraph 2; Annex II 
2(i) EIA Directive). Since the exact effects of renewable 
energy technologies on the marine environment are 
largely unknown to date, it can be assumed that such 
an examination is probably necessary even in the case 
of relatively small installations (Rosenbaum, 2006). 

In Germany, the regulation on offshore installations 
(Seeanlagenverordnung) applies to the construction of 
offshore wind turbines in the EEZ. Since 2008, approval 
has required compatibility with the requirements of 
regional planning. A plan-approval procedure for off-
shore wind turbines has been in force since 2012. The 
Federal Maritime and Hydrographic Agency is responsi-
ble for the licensing process (BfN, 2012). All the stake-
holders are involved in the multi-stage application pro-
cedure, and an investigation framework with thematic 
and technical minimum requirements is laid down to 
determine potential effects on the marine environment. 
Moreover, a conservation and safety concept must be 
developed, the best demonstrated available technology 
must be applied, and measures must be taken to reduce 
emissions during the construction phase (BfN, 2012). 

The Federal Mining Act (Bundesberggesetz) applies 
in Germany to the laying of submarine power cables 
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and pipelines; it also regulates marine conservation 
issues in the licensing procedure (BfN, 2012).

As is already being practised by some industrial-
ized countries, including Germany, installations for 
generating energy should on principle be subject to a 
preventive ban with permit reservation. The required 
licensing procedure, in contrast to subsequent control 
measures, has the advantage that the risks that such an 
installation might involve can be assessed and judged 
before the plant is built and begins operations. The 
latest knowledge from research can be considered to 
ensure an adaptive process (Sections 3.1, 5.4.3, 8.3.4). 
An official licensing procedure, to be carried out by the 
coastal states, ensures that the public can get involved. 

5.4.2.3 
Regulation of oil and gas production 
The offshore production of oil and gas will continue to 
play an important role in the use of the oceans in the 
medium term in view of the ongoing development of 
deep-sea extraction technologies, as well as new dis-
coveries (Brazil and the Arctic) and their importance for 
national supply security (Section 5.1). Under UNCLOS 
national legal regimes apply to the offshore production 
of oil and gas in coastal waters, the EEZs and the conti-
nental shelf. The nation states formulate and adopt pro-
tection and safety standards. This means that different 
environmental, health and safety standards exist inter-
nationally in the offshore industry. Emergency plan-
ning and liability provisions are also different. In the 
event of damage, the state itself is responsible for rem-
edying the damage and is not liable for damages vis-à-
vis other countries (Section 3.6.5). To date, there are 
hardly any international regulations on conservation 
and safety concepts or on environmental liability for 
the use of fossil energy from the sea (Section 3.6.5). 

The transportation of oil and gas is governed inter-
nationally by the International Maritime Organization 
(IMO) under MARPOL (Sections 3.3.1.3, 3.3.2.5). In 
the field of international law, 104 countries had signed 
the International Convention on Oil Pollution Prepar-
edness, Response and Cooperation (OPRC Convention, 
1990) by 2013 (Luk and Ryrie, 2010). These countries 
undertake to develop emergency plans and to cooper-
ate across borders in the event of an accident. However, 
this does not mean that uniform standards have been 
settled for liability or for remedying damage.

The 1992 regional Convention for the Protection 
of the Marine Environment of the North-East Atlan-
tic (OSPAR Convention) contains rules on the offshore 
extraction of oil and gas (Section 3.4.2). It was con-
cluded between 15 states and the European Commis-
sion to protect the North-East Atlantic from anthropo-
genic pollution. Irrespective of the substance groups 

involved, this protection also applies to pollution from 
the land and by the offshore industry. Fisheries, ship-
ping and air-born pollution are not covered by the 
scope of the treaty. Since the subsequent addition of 
Annex V, the Convention has also been geared to con-
serving the ecosystems and protecting biological diver-
sity (Section 3.4.2; Jenisch, 2008). It also relates to the 
marine subsoil. It obliges companies to use the best 
available technology in application of the precaution-
ary and polluter-pays principle. Under this convention, 
a national licence must be obtained beforehand in order 
to be allowed to produce oil and gas or to build a pro-
duction platform. 

The Helsinki HELCOM Convention for the Baltic Sea 
only requires that installations should not be disposed 
of on the high seas (Section 3.4.2). 

The European Union has laid down requirements of 
environmental protection for the offshore production 
of oil and gas (Woolf, 2011). The EIA Directive applies 
to the use of marine natural resources within EU terri-
tory. Inside designated protected areas under the Birds 
Directive and the Habitats Directive, raw materials may 
be used as long as the protective purpose of the areas 
is not impaired. However, according to the European 
Commission’s guidance document ‘Non-energy mineral 
extraction and Natura 2000’, projects require an envi-
ronmental impact assessment. Furthermore, the EU 
has also designated certain seabed ecosystems such as 
reefs and corals as protected areas under a regulation 
to protect vulnerable marine ecosystems on the high 
seas from bottom fishing. This protected status could 
be impaired by offshore production projects (Jenisch, 
2010). 

After the oil spill from the Deepwater Horizon oil rig 
in the Gulf of Mexico in 2010, the European Commis-
sion launched an initiative to develop uniform regula-
tions on safety, environment and health for the off-
shore oil and gas industry within the European Union. 
The proposal for a ‘Regulation of the European Parlia-
ment and of the Council on safety of offshore oil and 
gas prospection, exploration and production activities’ 
stipulates, among other things, that companies will in 
future be fully liable for all damage caused and must 
already prove their ability to pay during the application 
process. Moreover, the companies are to be obliged to 
carry out a detailed risk analysis for every rig and sub-
mit emergency plans to the supervisory authorities (EU 
Commission, 2011b). In the future, accident reports are 
to be collected in a publicly accessible database. Con-
sideration is also being given to the idea of sanctioning 
misconduct on the part of companies by withdrawing 
their drilling licence. By adopting these unified regula-
tions the European Commission wants to ensure that 
in future the highest safety standards apply uniformly 
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throughout the European Union, that emergency plans 
exist, and that a uniform liability and compensation 
regime applies.

5.4.2.4  
Regulations on the storage of CO2 in the sea or the 
seabed
The current arrangements under the London Protocol 
allow the storage of CO2 under the seabed in princi-
ple, whereas the injection of CO2 into the water col-
umn is not permitted (Sections 3.3.2.3, 3.3.2.6). They 
also contain guidelines – but no binding liability rules 
– for assessing and monitoring potential CO2 storage 
activities in the seabed. The regulations were adjusted 
under OSPAR, so that CO2 storage in the seabed has 
been allowed since 2007.

The WBGU already examined the option of storing 
CO2 both in the sea and under the seabed in its spe-
cial report The Future Oceans – Warming Up, Rising 
High, Turning Sour (WBGU, 2006) and explained why 
the injection of CO2 into sea water is not a sustainable 
option, i.  e. due to uncontrollable risks and the insuffi-
cient retention period. The situation is different when 
it comes to storing CO2 in geological reservoirs beneath 
the seabed, such as partially emptied gas and oil fields, 
which have already served as stores in nature (Figure 
5.1-5). There are leakage risks, although these can be 
minimized by selecting suitable storage sites. How-
ever, permanent monitoring and emergency plans are 
essential. There is still a considerable need for regula-
tion under international law in this field. The WBGU’s 
assessment of the sub-seabed storage of CO2 is that it is 
less risky than storage in land-based locations (WBGU, 
2006).

5.4.3 
Promotion of innovation

Many innovations are needed and sustainable marine 
technologies must be developed in order to implement 
the vision of a future marine energy system. For this 
reasons, several methods of innovation promotion are 
summarized below.

The WBGU defines technological innovation as the 
process of generating and implementing new know-
ledge in new production processes or marketable 
products. Innovation promotion is defined as political 
 measures that raise companies’ ability and willingness 
to  innovate. This traditionally includes both instru-
ments of science, technology and innovation policy and 
educational, economic and industrial policy.  Measures 
of environmentally sound technology development 
must be added to avoid unwanted  environmental 

effects (WBGU, 2011). 
Since innovation processes can differ considerably 

depending on the field of technology, the industrial 
sector, the area of knowledge and the company size, 
it makes sense to make a broad, three-way distinc-
tion between the production of scientific and technical 
knowledge, the transformation of knowledge into 
products and processes, and the adaptation of both 
to market demand. For the most part the implementa-
tion of knowledge in new products and processes takes 
place in companies. However, the relevant knowledge is 
produced not only through research and development, 
but also during production, systems integration and 
the application of products and processes (Smits and 
Kuhlmann, 2004; Pavitt, 2005). The innovation pro-
cess needs to be distinguished from the different stages 
of development through which a technology passes 
between the initial idea and its application. The devel-
opment process comprises interactive stages, although 
there is no unified definition for these. Broadly speak-
ing, it is possible to distinguish between the stages of 
research and development, conception and study, pro-
totype, market maturity and market penetration. 

5.4.3.1 
Promotion of systemic innovation 
Systemic innovation research emphasizes that innova-
tions do not arise in isolation in companies, or only as a 
result of interaction between research institutions and 
companies, but also as a result of exchanges of infor-
mation with customers, suppliers, competitors, inves-
tors and private or public organizations. It also stresses 
that the behaviour of the players involved in the inno-
vation process is determined, and the innovation pro-
cess influenced, by institutions, e.  g. social norms, rou-
tines, rules and laws (Edquist, 2000, 2005). Looking at 
innovation policy from a systemic perspective, there-
fore, innovations should not be considered exclusively 
from the angle of ‘necessary knowledge’ and ‘relevant 
markets’. Systemic innovation policy also includes the 
creation, modification or abolition of relevant organi-
zations and their target-oriented interaction, as well as 
institutions in the form of rules, standards and laws.

Systemic innovation research simultaneously empha-
sizes the risk of lock-in situations due to the evolution-
ary nature of knowledge production and the associated 
path dependencies. A negative lock-in means that the 
organizations of an innovation system are specialized 
in certain technologies, but cannot – or do not want to 
– develop other technologies. Policy-makers therefore 
have the task, when existing innovation systems are 
being modified or new ones developed, of intervening 
in favour of radical innovations in an early phase of 
technology development, in order to support both the 
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necessary production of knowledge and the relevant 
interaction for the diffusion of the knowledge and its 
implementation in marketable products, as well as the 
market entry of innovative firms (Edquist, 2000). From 
the perspective of systemic innovation research, it also 
follows that politics not longer only compensates for 
market failures, but also for system failures and should 
actively play the role of a system designer or integra-
tor. System imperfections include, among others, insuf-
ficiently articulated demand, weak networks among 
young firms (preventing the exchange of knowledge), 
excessively strong networks among established com-
panies (preventing the production of knowledge and 
therefore new products), the specific design of existing 
legislation, the regulation and support of established 
companies, inadequate capital markets, and lacking 
organization and representation of interests among 
young companies (Smits and Kuhlmann, 2004). 

A number of studies show that considerable technical 
progress is still possible in offshore wind technology 
(EWEA, 2009; Wiser et al., 2011; LCICG, 2012). It is 
unclear, however, whether all the potential for innova-
tion is being tapped by private research and develop-
ment alone. Support by public funds is therefore jus-
tified in the field of sustainable energy from the sea 
(Section 5.2.1). The Low Carbon Innovation Coordina-
tion Group points out that the development of innova-
tive turbines, anchoring systems and transmission tech-
nologies, for example, definitely require support from 
the public sector. High investment costs, uncertainty 
about future demand, engineering risks and long devel-
opment periods impede a purely privately financed 
development. At the same time, a lack of competi-
tion between the manufacturers reduces the pressure 
to innovate, since the production of wind towers and 
above all the production of transmission technology 
and installation vessels is dominated by a small number 
of manufacturers (LCICG, 2012). Which research and 
development activities should be funded by the public 
sector alone, or in cooperation with the private sector, 
must be examined on a case-by-case basis. 

5.4.3.2 
Technology development
There are numerous measures that can be taken to 
avoid, limit or reverse the negative consequences of the 
use of marine ecosystems. Many measures aim to pro-
vide incentives for innovation, for example by raising 
the cost of production processes that harm the envi-
ronment. The effectiveness of such measures can be 
increased if –  parallel to the incentive – the genera-
tion of relevant knowledge is promoted as a basis for 
innovation. 

In order to avoid negative external effects from 

the application of new technologies from the outset, 
the environmental effects and risks should already be 
assessed during the development process of a technol-
ogy and countermeasures taken as necessary. The ear-
lier in the development process – i.  e. before the testing 
and demonstration phase – possible undesirable effects 
are detected, the smaller the real (negative) environ-
mental effects are likely to be and the easier it might be 
to counter them (Haum et al., 2004). 

In addition, during the demonstration and diffusion 
phase, environmental effects must be continuously 
monitored and the technology development adjusted 
as necessary. It is important – both in linking technol-
ogy development with technology impact assessment 
and when monitoring the environmental effects during 
the deployment phase – that the marine environment 
is understood in the spirit of the ecosystem approach 
as a complex, interacting system in a constant state of 
flux that provides ecosystem services for humanity and 
is simultaneously altered as a result of human use. Far-
reaching and indirect effects of new technologies could 
be discovered and avoided in this way. 

5.4.3.3 
Innovation potential 
The WBGU understands innovation potential as a tech-
nology’s development possibilities. The objectives of 
development can be, for example, cost reductions, new 
applications or a reduction in environmental effects. 
Whether and how technologies develop is determined 
by the level of development, the amount of effort 
made, the effectiveness of the innovation activity, the 
specific overall conditions and demand. 

Offshore wind
The first wind turbines for offshore use were similar 
to the turbines used in onshore wind-power plants, 
where most turbines have a horizontal axis and three 
rotor blades; these are currently also used in the off-
shore sector. Only in the past ten years have turbines 
been developed that are specially adapted for offshore 
use (Section 5.2.1). The adaptations include special cor-
rosion protection, sealed nacelles and redundant com-
ponents to ensure a high level of availability. Publicly 
funded research and development have played a key 
role in the development progress made up to now in 
offshore wind energy. 

In the short term three-bladed turbines will remain 
the dominant design in the offshore sector, too. In the 
medium to long term, however, the development of spe-
cial offshore designs can be expected (EWEA, 2009). 
Turbines with only two rotor blades and turbines with 
vertical axes are currently in development. Floating 
turbines are also being developed (Section 5.2.1). 
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The industry believes that numerous incremental 
innovations are possible in the coming years through 
design optimization, material efficiency and the use of 
new materials, all of which will lead to cost reductions. 
Also, it is assumed that radical innovations in other 
technology fields, such as new materials or sensors, 
will be used in wind energy and could make turbines 
with a capacity of up to 10 MW possible. However, 
innovations in offshore wind-power plants depend to 
some extent on innovations in the entire value chain. 
For example, suitable installation ships and cranes are 
necessary for the use of 10 MW turbines (Section 5.2.4; 
EWEA, 2009). 

Offshore wind-power plants offer a specific poten-
tial for innovation. The size of the wind turbines is 
less limited than on land, and the relatively high cost 
of anchoring them in the sea provides incentives for 
developing larger turbines. In this case, innovations 
that reduce the weight of rotors, towers and nacelles 
become more important. Technological developments 
are also to be expected, driven by the different require-
ments of environmental protection than on land, cou-
pled with higher technical requirements of the installa-
tions (EWEA, 2009). 

Wind-power plants are complex systems, and opti-
mising them in terms of costs, performance and envi-
ronmental effects requires that they are not seen in 
isolation, but are integrated into the respective wind 
regime, the installation location, the installation pro-
cess, operations and the energy system, and that all 
the turbines interact within a wind farm (Section 5.2.1; 
Table 5.4-1).

Even if new developments can lead to higher capital 
costs at the beginning, this will most likely be offset 
by improvements in energy generation. Lower capital 
costs and higher energy yields are expected in other 

areas, such as rotors (Lewis et al., 2011:59). 

Marine energies
Since the term marine energies (Section 5.2.1.2) 
 summarizes a large number of technologies at differ-
ent stages of development, a differentiated discussion 
on the potential for innovation is not possible. The fol-
lowing remarks relate to ocean-wave and ocean-cur-
rent technologies (Figure 5.2-3). The development of 
wave and current energy systems would benefit from a 
better understanding of how the plants behave in the 
sea. This requires improved analyses of their poten-
tial, improved models of marine hydrodynamics, an 
improved understanding of cumulative effects when 
plants are arranged in a special order (array effects), 
and improved combined wave-flow models through 
basic research (Müller and Wallace, 2008).

Given the early stage of development, there is devel-
opment potential in all technology components and 
in the extraction of marine energy, in anchoring sys-
tems and installation processes in the sea, as well as in 
the development of instruments and processes for the 
design, operation and maintenance of the technologies 
(EU-OEA, 2010). 

With all technologies there is a need for innovation 
to protect the electrical and hydraulic systems against 
water ingress and corrosion and to reduce fouling by 
flora and fauna. There is also a need for development to 
improve the systems’ capacity to withstand mechanical 
stresses and in the field of maintenance. Development 
work is also required to integrate systems better into 
the onshore power grid (Lewis et al., 2011). 

Table 5.4-1
Offshore wind energy: Innovation potential in the areas of resource assessment, installations and the value chain. Exemplary 
development opportunities in the view of the WBGU.
Source: WBGU

Resource assessment Installations Value chain

 > Standardized methods for model-
ling wind resources

 > Public database on wind resources
 > Improved forecasting models

 > Stronger, lighter materials
 > Superconductors for generators
 > Better understanding of very large, 

flexible rotors
 > Database with offshore operating 

experience
 > Further development of anchoring 

systems at water depths of less than 
60 m 

 > New generation of genuine offshore 
turbines

 > Anchoring systems for water depths 
of up to 200  m

 > Development of training courses 
for all the skills required in off-
shore wind turbines

 > Development of automated, large 
production plants 

 > Development of recyclable com-
ponents

 > Development of specialized instal-
lation ships

 > Reducing installation times
 > Provision of adequate port 

 facilities
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5.4.3.4 
Measures
A national innovation strategy that guides a country’s 
innovation system is crucial to promoting innovation 
for a sustainable use of the seas. Relevant subsystems 
of the innovation system include not only research and 
education, but also the capital markets, the legal frame-
work, the size and age of companies, and the entire eco-
nomic structure (WBGU, 2011).

Technologies that are at an early stage of develop-
ment – e.  g. marine energy technologies, storage sys-
tems, marine grid technologies and the technologies for 
integrated uses described in this report (Sections 5.2, 
5.3.2) – need to be further developed, and public sup-
port for research is essential for this, in order to be in 
a better position to assess the advantages and disad-
vantages of the individual technology approaches; this 
government support can take the form of the competi-
tive promotion of experimental projects or public dem-
onstration projects (Section 8.3.4). 

Governments can provide incentives for compa-
nies to be more innovative by offering subsidies or tax 
concessions. Publicly financed cooperation between 
industry and science, as well as international research 
and technology cooperation, can help spread relevant 
knowledge. Promoting the market entry of new tech-
nologies is also especially important, since there is 
often insufficient private capital available in this field 
(WBGU, 2011, 2012).

Recent research on innovation processes under-
lines that research and development measures should 
not be separated from commercial roll-out measures or 
be used one after another, but should be coupled. The 
early use of measures to support market entry accel-
erates learning processes, even when technologies are 
not yet competitive. At the same time, public research 
funding should not be automatically phased out as 
soon as a technology has reached market maturity. Sus-
tained public research makes it possible to codify expe-
rience-based changes, improve the production process, 
develop supporting innovations, cut costs and improve 
performance (Neuhoff, 2005; Johnston, 2010; Mitchel 
et al., 2011). 

A number of measures to promote innovation go 
beyond the production of knowledge and its diffusion 
between organizations and target the level of the inno-
vation system. They include standards, because these 
can affect the innovation behaviour of entire indus-
tries. They also include measures that improve informa-
tion and knowledge flows at the system level, structure 
discussions and mark areas for technological searches, 
such as information campaigns, technology-foresight 
programmes, publicly accessible databases or platforms 
for exchanging experience and knowledge. To promote 

new, sustainable technologies at early stages of devel-
opment, policy-makers can support the creation of 
market niches, thus allowing development and learning 
processes, so that the selection pressure exerted by the 
market is weakened for a certain period. 

Development of sustainable technologies
Undesirable environmental effects can already be 
avoided at early stages of a technology’s development, 
for example by linking basic and applied research with 
risk research and sustainable technology assessment 
(Section 8.3.4). 

To be more specific, possibilities include direct inter-
action between the natural and social sciences or the 
integration of all stakeholders involved in research and 
development activities. Similarly, the establishment of 
sustainable principles in the research process can help 
prevent unwanted environmental effects because such 
concepts alter the areas where the search for tech-
nological solutions takes place (Section 8.3.4). It can 
also be assumed that scientists will be more likely to 
reflect on potential consequences for the environment 
and society in the early stages of technology develop-
ment if appropriate education and training makes them 
more aware of the relevance of their work. It could also 
be beneficial if environmental and other regulatory 
authorities saw themselves more as part of the inno-
vation system and not just as (possibly) reacting play-
ers. This could have the effect that authorities find out 
about a prototype’s possible negative environmental 
effects before a state-imposed environmental impact 
assessment is made (Section 5.4.2.2; Rejeski, 2012).

Overall conditions
In order to accelerate the pace of innovation for marine, 
sustainable energy technologies, not only is direct and 
indirect public support needed in the production of 
knowledge and its implementation; the overall con-
ditions must also be such that they make companies 
more willing to invest (WBGU, 2012). Increased private 
investment has a double effect on the pace of innova-
tion. On the one hand, a higher overall level of invest-
ment can also increase the funds available for internal 
corporate innovation activities. On the other, increased 
investment in sustainable marine energy-generation 
capacity and infrastructure can accelerate innovation 
processes in the production and application of technol-
ogies via learning effects and economies of scale. 

The relevant overall conditions also include the 
coordination of innovation, energy and environmental 
policies, as the latter two policies can have an influ-
ence on innovation processes (WBGU, 2012; Rave et 
al., 2013). One of the necessary overall conditions is 
a long-term, stable energy policy with strategies and 
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targets (Section 5.4.1) which ensures the integration of 
renewable energy into the power-supply system and is 
reliably implemented in laws and concrete measures. 
Particularly in the case of marine renewable energy, 
this requires infrastructure measures such as adapting 
and expanding the (offshore) power grid, an integrated 
energy market, possibilities for energy storage, more 
flexible demand and the development of reserve and 
expansion capacity (Sections 5.2.4, 5.4.1; Rave et al., 
2013). From the point of view of making marine re-
newable energies more competitive, it is also important 
to take into account – or price in – societal costs that are 
caused by the use of fossil and nuclear energy sources, 
and to phase out subsidies for the use of conventional 
energy sources (Section 5.4.1; WBGU, 2011, 2012).

Only when policy-makers convincingly and lastingly 
support the development of an energy system tailored 
to a high proportion of renewable energy (Section 
5.3) will companies become more willing to innovate. 
Building up and continuing promotion systems for 
marine renewable energies, and creating an electricity 
market to integrate marine renewable energies into a 
liberalized energy market are part of relevant overall 
market conditions (Section 5.4.1). Efficient, participa-
tory planning and licensing processes and easier access 
to capital are also be part. Further important overall 
conditions are legal security, the long-term validity of 
measures and the protection of confidence in invest-
ments (WBGU, 2011, 2012). 

Environmental-policy instruments, such as the 
promotion of renewable energy, create incentives for 
innovation for the business sector if properly designed. 
Companies are more likely to follow these if climate 
policy is combined with coordinated innovation pro-
motion (Section 5.4.1; WBGU, 2011). Ultimately, inno-
vation promotion is most successful when it is part of 
a broad transformation policy that supports the transi-
tion to a sustainable stewardship of the seas through a 
coordinated combination of policy instruments across 
all policy fields (WBGU, 2011).

5.5
Conclusions

 > Generating renewable energy from the sea can be an 
important component of the global ‘Energiewende’: 
Renewable energy on and in the seas has great 
potential and should be used as a component of the 
global energy-system transformation towards sus-
tainability. The focus in this context should be on 
electricity and gas production from renewable 
sources on integrated multi-use platforms. Use of 
the oceans for energy generation should be inte-

grated into the energy-system transformation on 
land. Mining marine methane hydrates will not be 
necessary for the foreseeable future, and the extrac-
tion of offshore oil deposits should be phased out as 
quickly as possible because of the climate effects of 
using fossil fuels. 

 > The ‘Energiewende’ in the seas can only be achieved 
with integrated marine and energy policies: Support-
ive, coordinated marine and energy policies are 
needed in order to use the oceans sustainably for 
energy generation (Section 7.5.1). On the one hand, 
old and new uses of the sea must be coordinated by 
means of marine spatial planning; this also includes 
comprehensive environmental monitoring of exist-
ing power-generating plants. On the other, it is ne-
cessary to build cross-border and integrated marine 
power grids, so that the fluctuating amounts of elec-
tricity from renewable-energy technologies can be 
optimally distributed across a region and an inte-
grated electricity market realized. Since most of the 
technologies for generating renewable energy from 
and on the sea are not yet ready for the market, both 
public measures to develop technologies and incen-
tive programmes for their commercial roll-out are 
meaningful. 

 > Marine energy systems are suitable for supplying 
densely populated coastal areas: Using the oceans for 
energy generation is very capital intensive and 
therefore particularly suitable for supplying power 
to densely populated coastal areas or mega-cities on 
the coast, not so much for rural areas. Since the dif-
ferent uses of marine space (shipping, fisheries, 
aquaculture, resource extraction, tourism, coastal 
and ocean conservation, infrastructures, renewable-
energy technologies) are concentrated in such areas, 
the space-intensive development of renewable 
energy on and in the oceans should be closely 
accompanied by marine spatial planning.

 > The use of the seas for energy generation is primarily 
a task for the nation states, but it also requires cross-
border cooperation: Since technological limitations 
are likely to restrict energy generation in the seas to 
the territorial sea and the exclusive economic zone, 
including the continental shelf, in the near future, 
nation-state regulations on ocean use are primarily 
relevant here. Since a cost-efficient use of the seas 
to generate power requires a cross-border infra-
structure in the form of power cables, pipelines, 
shipping lanes and ports, international and cross-
border forms of cooperation are also necessary for 
energy systems in the sea. 

 > The pace of change can be increased with the help of 
an energy and innovation strategy: The energy-sys-
tem transformation is subject to great time pressure, 
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so it is essential to accelerate the pace of innovation. 
A legally binding, reliable and long-term-oriented 
energy and innovation strategy in the respective 
countries – with clearly defined expansion targets 
for renewable-energy technologies in the sea – 
would therefore be an important signal to potential 
investors. Among other things, such an energy and 
innovation strategy should encompass research and 
education, the capital markets and the overall legal 
framework. In addition, licensing and planning pro-
cesses should be developed for offshore technical 
installations, as well as suitable liability regimes.

 > Sustainable technology and technology- impact assess-
ment should be integrated into early phases of 
technology development: The environmental effects 
of new marine technologies for generating  renewable 
energy should already be assessed during the 
development phase; it is not a good idea to wait until 
commercial systems are in use. This can help avoid 
undesirable effects from the outset. 
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6.1
The oceans as the common heritage of mankind

The WBGU regards global public and common goods 
– such as the atmosphere and the seabed beneath the 
high seas – as the ‘common heritage of mankind’. As 
a principle of international law this means that global 
public and common goods belong to all of humanity 
and must remain accessible. In international environ-
mental policy, the principle is interpreted for the future 
in such a way that the world’s natural resources are to 
be preserved, so that they can also be used by future 
generations. This results in a system of shared sover-
eignty rights between states which is based on a glo-
bal regulatory framework geared towards sustainability 
goals. The conservation and management of the com-
mon heritage of mankind requires stewards, a regime 
for conservation and use that serves exclusively peace-
ful purposes, and rules on sharing to ensure that the 
benefits and costs of the regime are fairly distributed 
(Chapter 7).

Because large sections of the oceans are openly acces-
sible for many uses, the consequences of the  Tragedy 
of the Commons (Hardin, 1968) can still be observed 
in many areas. And even in cases where regulations 
apply, they are not strict enough to force ocean users 
and those who cause damage to ensure the long-term 
conservation of the oceans and its ecosystem services.

Many people and organizations have taken up the 
cause of conserving the oceans as the ‘heritage of man-
kind’. Two prominent examples are Elisabeth Mann 
Borgese and Arvid Pardo and their farsighted and radi-
cal commitment to a new Convention on the Law of 
the Sea in the 1970s (Mann Borgese, 1975; Pils and 
Kühn, 2012). Of all global public goods, the sea is prob-
ably the one that is most deeply ingrained in the pub-
lic consciousness and deemed most worthy of protec-
tion, because of its strong symbolic significance. Even 
so, this has not stopped the pollution of the oceans, the 
destruction of the oceanic environment, overfishing or 
the ruthless exploitation of marine resources. 

6.2
Expansion into the oceans

Whereas in former centuries humanity regarded – 
and indeed shunned – the sea as a source of insecu-
rity, chaos and danger, modern navigation and technol-
ogy have created the impression that, apart from cer-
tain risk factors, it can be brought under control. Yet 
under the impression of events like the gigantic oil spill 
after the explosion of the Deepwater Horizon oil rig in 
2010, the tsunami-triggered multiple meltdown of the 
Fukushima nuclear power plant in 2011, the disastrous 
flooding of the Asian coasts in 2004, and hurricanes 
like Katrina (2005) and Sandy (2012), which brought 
major cities like New Orleans and New York to a stand-
still, the oceans again look like a source and venue of 
disasters, not to mention the insidious threat of rising 
sea levels caused by climate change (WBGU, 2006). 

Unchecked expansion into the oceans, as experi-
enced in the case of overfishing and currently being 
continued in aquaculture, should therefore not be the 
watchword; rather, as the exemplary areas of applica-
tion in this report show, a wise, ‘horticultural’ approach 
to the ocean as a common good should characterize the 
political ideas on ocean governance and use, also for 
future generations. This includes respecting the sys-
temic interdependences involved in the use of the sea, 
especially in the context of land use.

The seas have been changing more slowly compared 
to the atmosphere, much of the biosphere and the land, 
but this situation seems unlikely to continue. Human 
interventions in critical functions of the planet are 
increasingly being reflected in significant changes in 
the oceans (Chapter 1). On land, human use of the nat-
ural environment has already been pushed to evident 
and, in some cases, painful limits, so that many are now 
targeting the seas as the final available major source of 
raw materials. This is illustrated by the extraction of 
raw materials, as exploration and drilling operations are 
moved ever further out into the deep sea. Energy and 
communications infrastructures are moving further and 
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further away from the coasts, out into the open sea. 
After all, the oceans offer a lot of potential for renew-
able energy generation, with wind, waves and tides. 

Because the per-capita amount of available arable 
land is shrinking more and more as a result of overuse 
and rising population levels, while at the same time the 
demand for fish is growing worldwide due to changes 
in eating patterns, the pressure of exploitation on fish 
populations is also on the increase. However, ocean 
fishing already reached its limits long ago. Many fish 
stocks have already been deemed to have collapsed. 

Nevertheless, food production and renewable 
energy generation are becoming recognized as future 
uses of the oceans. This development can be regarded 
as paradoxical. Man has become a global force in the 
Anthropocene, exerting an impact on the natural envi-
ronment. In this context human activities often reach 
or even overstep the planetary limits. However, the 
breaching of guard rails of the Earth system is more 
directly observable on land than in the sea. This pro-
motes expansion into the oceans, which are regarded 
as an ‘empty space’, or the ‘last frontier’ which must 
now be overcome. Yet if humanity commits itself to the 
goal of sustainable development, this must incorporate 
all parts of the Earth system. The Great Transformation 
towards a low-carbon, sustainable society is an objec-
tive that can be observed in the efforts of many change 
agents in both the public and private sectors, as well 
as in civil society. It covers fields ranging from sustain-
able urban development to sustainable economic activ-
ity. It must now also apply to the outsourcing of human 
activities into the oceans. 

6.3
A new initiative for the conservation and 
sustainable use of the seas

For these reasons, a new initiative for the conservation 
and sustainable use of the oceans is necessary; at the 
same time it is possible and also advantageous. 

This initiative is necessary because the oceans have 
been degraded (e.  g. by the production of oil and gas 
or by plastic waste) and overused (e.  g. by fishing) in 
many places, and because the natural marine environ-
ment is being severely damaged or even destroyed in 
many locations (e.  g. coral reefs as a result of climate 
change). For these reasons the phrase Drama of the 
Oceans (Mann Borgese, 1975) is still applicable. The 
top priority now is to end the predominant methods 
of managing the seas, which are often geared to short-
term profits, and switch to business models which guar-
antee long-term returns that are both lucrative and 
secure, while preserving the marine ecosystem services 

for future generations (Section 7.3.7).
An extended marine regime is possible because the 

applicable Convention on the Law of the Sea (UNCLOS) 
already provides a good basis for an intelligent and 
effective development (Section 3.2); it is not, therefore, 
necessary to create a new law entirely from scratch. 
Furthermore, there are important public and private 
pioneers of sustainable marine policy. 

A transnational regime is advantageous, not least 
because the sea can make valuable contributions to 
the transformation towards a low-carbon, sustainable 
society (WBGU, 2011), which is only made possible by 
a farsighted use of the sea as a global common good, 
making the most of new opportunities. 

A Blue Revolution is needed, and that means extend-
ing the idea of   a social contract for the Great Transfor-
mation to include the seas. This first requires an aware-
ness of the importance of the sea to humans and the 
environment. Oceans cover nearly three-quarters of 
the Earth’s surface. The ‘blue continent’ is of key impor-
tance for the Earth system and for modern civilization. 
It is a source of food and resources, a medium for global 
infrastructure and transport, and an essential element 
of the climate system. Oceans connect the world; they 
are the lifeblood and the liquid foundation of the global 
society; and they are part of the Great Transformation 
towards a sustainable society (WBGU, 2011). 

6.4
Elements of a new marine policy

If this transformation is to reflect the limits and nega-
tive externalities of the entire planet, it must include 
the ‘blue continent’, the largest of all the Earth’s con-
tinents. Recalling the Drama of the Oceans (Mann 
Borgese, 1975), this implies a paradigm shift that must 
be reflected in political thinking and action. That means, 
for example, that more intensive and improved genera-
tion of energy on and in the sea must be accompanied 
in particular by the decarbonization of energy systems 
on land. A wise and farsighted marine policy should 
focus the design of the technological revolution – which 
is making it possible to use resources further and fur-
ther out to sea – on future needs in a way that takes 
into account all social and ecological consequences and 
side-effects, as well as their systemic interdependen-
cies. It may be necessary to simply ‘leave the sea alone’ 
for a while, especially in regions where states have now 
begun a frantic race for resources – such as in the Pacific 
and the Arctic.

Sustainable interaction with the oceans should be 
based on the application of three principles: the oceans 
should be understood as the ‘common heritage of man-
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kind’ (Section 7.1.2); their use and the extent of their 
exploitation should be seen systemically as part of an 
overall picture; and the precautionary principle should 
be applied in all decisions relevant to the oceans (Section 
7.1.4). A wise marine policy also has economic, politi-
cal and cultural dimensions. (1) It should identify new, 
sustainable uses and flesh out the marine development 
model in the sense of the Great Transformation. (2) 
Next it should support regimes which transfer regu-
lations (such as bans, controls and sanctions) that are 
universalizable within the meaning of UNCLOS to the 
nation-state and local level, and at the same time intro-
duce civil-society participation and control into global 
regimes. (3) Finally, it can use the iconic power of the 
sea to promote a culture of marine awareness. The tech-
nological and territorial expansion into the sea, which 
is also being made possible by the emergence of new 
players, should be contained and civilized by a social 
contract that is specifically geared to the oceans and 
their interaction with the land. 

The framework concept of UNCLOS is being ham-
pered by the hesitant ratification of some conventions 
and the inadequate implementation of the regulations 
by the states parties. Effective implementation requires 
a high degree of global and national cooperation. Coop-
eration is already taking place in some areas (e.  g. under 
regional fisheries agreements (RFMOs) or port state 
memorandums); overall, however, no – or insufficient 
– regulations exist for many regions and fields. There is 
a tense relationship between the freedoms of the high 
seas (including shipping, cable and pipe laying, fishing, 
science) and coastal-state jurisdiction in the EEZs on 
the one hand, and the enforcement of UNCLOS provi-
sions on protecting the environment on the other. The 
flag-state principle leads to problems in the enforcement 
of environmental requirements, especially on the high 
seas. Developing countries in particular lack the cap-
acity to ensure that ships flying their flag comply with 
the rules; they are also sometimes unable to exercise 
effective coastal and port-state controls. 

The zoning of the oceans, the limited scope of regional 
agreements, and UNCLOS’s lack of detail have caused a 
fragmentation of ocean governance. In addition, many 
players and institutions do not liaise well with each other. 
Ocean-related matters continue to fall under the respec-
tive responsibilities of departments with long histories: 
naval ministries were responsible for the military ‘use’ 
of the sea surface; ministries of fisheries and agriculture 
are responsible for coastal food resources, and environ-
mental or maritime authorities for waste disposal at sea. 
Moreover, inter-governmental agreements on the law of 
the sea regulate supra-regional maritime traffic, the use 
of marine resources, fishing zones, etc.

Although UNCLOS contains systemic elements, as 

a whole these are not strong enough (Chapter 3). For 
example, there is inadequate consideration of land/sea 
interactions and interactions within the Earth system, 
which came into focus only after UNCLOS was signed. 
Some other marine-conservation conventions follow an 
ecosystem approach, but only in some cases do they 
commit states to take precautions, pay the costs (pol-
luter-pays principle) and target sustainable development. 
Risks associated with novel developments, which could 
not be foreseen when UNCLOS came into being, remain 
largely unregulated. As a result, a legal vacuum can arise 
for new forms of use whose potential and risks cannot 
yet be fully assessed. In addition, real-estate ownership 
on land creates a critical mass of affected owners who 
assert their rights when they suffer damage. There are 
no such affects relating to the oceans because there is 
no individual ownership. 

To sum up, the WBGU advocates ensuring the con-
servation and sustainable use of the seas by develop-
ing more effective ocean governance (Chapter 7), while 
improving and further developing existing international 
regulations. UNCLOS offers a solid foundation for this 
as a ‘constitution of the oceans’ (Chapter 3). At the 
same time, the emerging global awareness of the need 
to protect the oceans is promoting a consensus on a new 
marine policy (Chapter 2). If this consensus could be 
enshrined in a virtual social contract for the seas, this 
could be the symbolic framework that could hold such 
a new marine policy together. 

Civil society should be made aware of the need to 
protect the oceans and mobilized for their conserva-
tion, also for future generations. Furthermore, a steward 
should be given the task of asserting these conservation 
interests – and the powers required to do so (Chapter 7). 
Sustainable interaction with the oceans can also only 
succeed if the idea is promoted by change agents and 
supported by proactive states. Countless such pioneers in 
(semi-)public and private organizations and movements 
are already involved in marine conservation worldwide. 
The emerging global (civil) society is a key, indispensable 
force for the protection of the oceans as the Common 
Heritage of Mankind (Chapter 2).

Common goods like the oceans are protected outside 
of the state and the market by means of conventions and 
collaborations between the user communities. Ultimately 
this means all of us, and it highlights the role of civil 
 society in the need to protect the oceans: the respon-
sibility of consumers in the consumption of seafood; 
practising ocean-friendly tourism; and even non-violent 
protest campaigns, where they seem necessary, against 
ruthless polluters and exploiters of the seas. Sustainable 
interaction with the oceans can only succeed if change 
agents, supported by proactive states, get more involved 
than they have up to now.
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Building on the above elements, in the following 
chapter the WBGU drafts a visionary future for ocean 
governance (Section 7.2), but also offers directly appli-
cable options for gradually improving current ocean 
governance (Sections 7.3–7.5). 



247

In its report ‘A Social Contract for Sustainability’, the 
WBGU described the necessary structural transition 
towards a sustainable society (WBGU, 2011). Taking 
the example of limiting anthropogenic climate change 
as a conditio sine qua non of sustainable development, it 
clarified the need for a transformation towards sustain-
ability and showed how the vital, comprehensive step 
of achieving a climate-friendly global economy can be 
accelerated. Against this backdrop, the present WBGU 
report turns its attention to the subject of the oceans: 
in the context of this Great Transformation towards a 
sustainable, low-carbon society, what might sustain-
able interaction with the oceans look like? 

The challenge is how to return the world’s oceans 
to a good environmental status. The oceans need to be 
protected and the sustainable use of marine resources 
and ecosystem services assured in the long term, for 
the benefit of the present and future generations. In 
this way the oceans can make a significant contribution 
to the said transformation, as explained in this report 
using the example of two key areas: food and energy. 
Food from the sea based on fisheries and aquaculture 
rooted in the principle of sustainability can contrib-
ute protein that is valuable for food security and, in so 
doing, help ease the growing pressure on terrestrial land 
use (Chapter 4). In addition, the current rapid develop-
ment of technologies for generating energy from the 
sea can become a major factor in the decarbonization of 
energy systems and in climate protection (Chapter 5).

However, if these contributions are to be made, the 
present trend must first be reversed: sustainability 
must become the norm, because humankind’s interac-
tion with the oceans is far from sustainable. We have 
already profoundly changed the world’s oceans (Chap-
ter 1). They are overexploited, and their ecosystems 
are inadequately protected. Fish stocks are poorly 
managed in both ecological and economic terms. Off-
shore oil and gas production in ever deeper waters is 
becoming increasingly risky. Yet it is not enough just 
to ensure the sustainable use of the oceans themselves. 
Humankind’s indirect impact on the oceans is no less of 
a cause for concern: climate change is adversely affect-

ing ecosystems in the sea and on the coasts; CO2 emis-
sions are acidifying the oceans; the run-off of nutri-
ents from land is creating oxygen-starved ‘dead zones’, 
while long-lived plastic waste and pollutants such as 
pesticides and heavy metals are accumulating in the 
sea. The largely still undiscovered ‘blue continent’ is 
proving to be fragile, and parts of it have already been 
irreversibly damaged.

The state of the oceans is an example of the immense 
influence of human societies and their flows of energy 
and materials. This influence is expressed by the term 
‘Anthropocene’ (Crutzen and Stoermer, 2000), which is 
used to describe our present era in which humankind 
is a dominant factor in the Earth system (Chapter 1). 
This realization must lead humanity to take on respon-
sibility for the Earth system and, therefore, also for the 
oceans. This must be done by elevating sustainability 
to the status of a guiding principle and by ensuring 
that no ‘planetary guard rails’ are breached (Box 1-1) 
and the fundamental resources of life are preserved 
(  Chapter 2). 

Given these challenges, it is essential to address the 
issue of the conservation and sustainable use of the 
oceans – i.  e. the issue of ocean governance (Chap-
ter 3). Because of the above-mentioned interactions in 
the Anthropocene era, ocean governance should, in the 
interests of sustainability, be embedded in a system of 
governance for the entire Earth system, and hence also 
in the transformation towards sustainability (WBGU, 
2011). In particular, the focus must be on reducing 
anthropogenic CO2 emissions enough to contain climate 
change and ocean acidification (WBGU, 2006, 2009). 
In addition, sustainable land use should keep the run-
off of agricultural nutrients (mainly nitrogen and phos-
phorous) and sediments into the sea within reason-
able limits. Not least, it is a matter of how industrial 
production is designed, because products, waste and 
long-lived pollutants very often find their way into the 
sea via rivers and the atmosphere. The ways in which 
pollutants can spread – and the recycling and disposal 
of products at the end of their useful lives – should 
therefore already be taken into consideration during 
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the production process. Accordingly, the conservation 
and sustainable use of the oceans should be sustainable 
and precaution-oriented, and take account of systemic 
interactions. 

The shortcomings of present-day ocean governance 
are one reason why the condition of the oceans has 
deteriorated hugely in recent decades. In some cases, 
this is attributable to the rights to use marine resources, 
which are still unrestricted (the ‘commons problem’). 
The existing law of the sea does not do enough to urge 
ocean users and polluters to conserve the oceans and 
their ecosystem services in the long term, to remedy 
damage and be more committed to sustainable use of 
the seas. As a result, damage is widespread.

At the same time, the oceans are being put to all 
kinds of new uses. Examples include new shipping 
routes as the Arctic ice melts, prospecting for and 
extracting energy and mineral resources, deep-sea fish-
ing, the generation of renewable energy on and in the 
sea, and offshore aquaculture. Especially when taken 
together, these uses pose new threats to marine eco-
systems. In many cases, they also are competing with 
each other. The WBGU makes these challenges to future 
ocean governance the focus of its recommendations in 
this report.

In its special report ‘The Future Oceans –  Warming 
Up, Rising High, Turning Sour’, the WBGU took a closer 
look at the interface between greenhouse-gas emis-
sions and the oceans (e.  g. warming, rising sea  levels, 
ocean acidification; WBGU, 2006). In the current 
flagship report, the WBGU focuses on ocean govern-
ance, and particularly on food and energy, which were 
also at the centre of its 2011 flagship report entitled 
‘A Social Contract for Sustainability’. The report for-
mulates  recommendations on the sustainable use of 
fish stocks, sustainable aquaculture and the develop-
ment of renewable marine energy systems. The WBGU 
shows that sustainable stewardship of the oceans is 
urgently necessary, and that ocean governance needs 
to be extensively reformed to this end. The oceans can 
also be a part of the transformation towards a low-car-
bon, sustainable society, and this can yield substantial 
advantages worldwide for sustainable energy supplies 
and food security. 

7.1
Guiding principles for future ocean governance

Given the need for a transformation towards sustain-
ability and the outlined challenges that this entails for 
ocean governance in the future, the WBGU  recommends 
three guiding principles that should underpin human-
kind’s interaction with the oceans. First, the oceans 

should be seen as the ‘common heritage of mankind’ 
(Section 7.1.1). Second, a systemic approach should 
replace the sector-specific approaches that are com-
monplace today, integrating conservation, use, pollu-
tion and all the interactions between these factors in 
a single ‘big picture’ (Section 7.1.2). Third, the pre-
cautionary principle should be followed to ensure that 
scientific uncertainty is not used as a pretext to delay 
measures to prevent damage (Section 7.1.3). 

The WBGU regards principles as fundamental orien-
tation aids in the sense of an optimization imperative. 
It follows that the principles discussed here should be 
realized to the greatest extent possible in future ocean 
governance. On the basis of these guiding principles, 
the WBGU therefore urges the creation of a regime for 
the conservation and use of the oceans which would 
ensure the long-term protection of ecosystem services, 
biological diversity and yields from the sustainable use 
of the oceans. As a result, the oceans would be able 
to make their contribution to the necessary transfor-
mation towards sustainability. The United Nations Con-
vention on the Law of the Sea (UNCLOS) – the ‘con-
stitution of the oceans’ – and existing sectoral marine 
treaties lend themselves as a suitable institutional plat-
form. Key examples of the latter include the UN Fish 
Stocks Agreement (FSA; Section 7.3.4.3) for the fish-
eries sector, the Implementing Agreement to Part XI 
(‘The Area’) of UNCLOS, the London Convention and 
the London Protocol for pollution at sea, and the MAR-
POL Convention for shipping. These positive existing 
approaches should be further developed and com-
bined with non-binding behavioural standards such as 
the FAO Code of Conduct for Responsible Fisheries, in 
order to avoid current harmful uses and to integrate 
new possible uses (such as offshore aquaculture and 
energy from the sea) in a sustainable way.

The sections that follow expand on these three 
principles, which the international community should 
look to for orientation as it advances a future system 
of ocean governance. The principles originate from the 
international environmental and sustainability debate 
and have increasingly become established in inter-
national law. With regard to the detailed design of a 
regime for ocean conservation and use, ten criteria are 
proposed (Section 7.1.4) as a basis on which a sustain-
able, precaution-oriented and systemic approach to 
ocean governance can be evaluated and fleshed out. 

7.1.1 
The oceans as the ‘common heritage of mankind’

Perceiving the oceans as a public and common good, 
the WBGU has adopted the concept of a ‘common 



Guiding principles for future ocean governance  7.1

249

heritage of mankind’ (Section 3.1.5). This approach was 
suggested for the oceans as early as the 1960s by Arvid 
Pardo and Elisabeth Mann Borgese in the negotiations 
on the United Nations Convention on the Law of the 
Sea (UNCLOS). Although it was not enforced as a prin-
ciple of international law for the oceans as a whole, it 
was enshrined in Article 136 of UNCLOS for the seabed 
outside of national jurisdiction (‘the Area’) and its min-
eral resources. 

In the WBGU’s view, it follows from the common 
heritage of mankind principle that global public and 
common goods must be accessible to all people and 
not be fully at the disposal of any state, individual or 
company. From a political perspective this results in 
a system of shared sovereignty rights between states 
which is based on a global regulatory framework geared 
towards sustainability goals. In international environ-
mental policy, the common heritage of mankind princi-
ple is interpreted in such a way that the world’s natural 
resources are to be preserved so that they can also be 
used by future generations.

The conservation and management of humankind’s 
common heritage requires stewards, a regime for con-
servation and use that serves exclusively peaceful pur-
poses, and rules on sharing to ensure that the benefits 
and costs of the regime are fairly distributed. The con-
servation and use regime should be designed to help 
prevent unregulated access to the oceans’ ecosystems 
and the overexploitation that often results. At the same 
time, it should not stop member states from exercising 
their national rights of use or allow them to avoid their 
conservation obligations. Freedoms can thus be granted 
to nation states – also along the lines of Grotius’ Mare 
Liberum (‘The Freedom of the Sea’). However, these 
freedoms are limited by the freedoms of other states 
which also have a right to use the oceans. In addition, 
the conservation and use regime must also make due 
provision for the need to conserve this protected pub-
lic good for future generations. In acknowledging the 
common heritage of mankind principle, the interna-
tional community thus agrees to shoulder responsi-
bility for the conservation and sustainable use of the 
oceans as a global environmental resource. In doing so, 
it places the tasks of conservation and management on 
a collaborative basis and ensures that both the benefits 
and the costs of use are equitably distributed.

7.1.2 
The systemic approach 

The sectoral approach, which is widely prevalent in 
ocean governance at present, is characterized by a view 
that is limited to the respective form of use and does 

not do justice to the systemic requirements of sustain-
ability; it also regularly undervalues environmental 
aspects. Both within ecosystems and between ecosys-
tems and social systems, complex and dynamic interac-
tions exist which should be taken into account with the 
aid of a systemic approach. 

This approach aims to help ensure that healthy, pro-
ductive and resilient marine ecosystems and the biodi-
versity they contain can be conserved in the long term 
and used sustainably. It is important to see the ‘big 
picture’ of anthropogenic burdens and their interde-
pendencies, as well as their cumulative impact. Human 
interaction with the oceans should focus on achieving 
a good environmental status. The WBGU proposes the 
introduction of a systemic approach in order to inte-
grate both the different levels of the system and the 
interactions between the natural and social systems 
that should be taken into account when dealing with 
the oceans. The approach comprises the following lev-
els: First, marine ecosystems are themselves complex 
systems which should be protected and used accord-
ing to an ‘ecosystem approach’. Developed in the con-
text of the Convention on Biological Diversity (CBD, 
2000, 2004c), the ecosystem approach is now widely 
recognized by governments and should serve as the 
basis for the management of marine ecosystems. Sec-
ond, the systemic approach should go far beyond the 
uses of the marine ecosystems and also take land/sea 
interactions into account. Since many of the risks to 
the oceans are caused by economic activities on land, 
the oceans’ interactions with terrestrial systems – and 
how these affect the oceans – must also be examined. 
Examples include the run-off of pollutants from indus-
trial production, the careless handling of waste, and the 
consequences of intensive agricultural methods which 
feed nutrients and sediments into rivers and the atmos-
phere. Third, in the era of the Anthropocene linkages 
in the Earth system should also be taken into account 
– e.  g. CO2 emissions from fossil fuels, which damage 
marine ecosystems both indirectly (via climate change 
and rising temperatures) and directly by seawater acidi-
fication. Fourth, on all these levels it must be taken into 
account that there are complex and dynamic interac-
tions between society and nature. The WBGU therefore 
regards integrating these interactions between marine 
ecosystems and societies as indispensable for a compre-
hensive systemic approach and elevates this perspec-
tive to the principle of future ocean governance. 
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7.1.3 
The precautionary principle

According to the precautionary principle, steps based 
on state-of-the-art science and technology should 
be taken to prevent possible environmental damage, 
even when there is no full scientific certainty on the 
likelihood or extent of damage. Scientific uncertainty 
does not justify delaying or failing to take action to 
avoid potential damage, provided there are reasonable 
grounds for assuming that a risk genuinely exists.

The precautionary principle was established as a key 
tenet of national environmental policy in the 1970s, for 
example in Germany’s Federal Pollution Control Act in 
1974. The same principle has been implemented with 
variations in wording in international environmental 
policy, for example in the Montreal Protocol (1987), 
the Third Conference on the Protection of the North 
Sea (1990), the UN Framework Convention on Climate 
Change (1992), the Cartagena Protocol (2000) and the 
Stockholm Convention (2001). To quote the Rio Decla-
ration on Environment and Development: “(…) to pro-
tect the environment, the precautionary approach shall 
be widely applied by States according to their capabil-
ities. Where there are threats of serious or irreversi-
ble damage, lack of full scientific certainty shall not be 
used as a reason for postponing cost-effective meas-
ures to prevent environmental degradation” (UNCED, 
1992a).

The application of the precautionary principle is 
particularly important in complex systems – to which 
marine ecosystems and their land/sea interactions 
doubtless belong – since it is difficult to predict how 
these systems will react to influences or disturbances. 
It is therefore important to allow enough scope for deci-
sions to be flexible and reversible. The precautionary 
principle is already acknowledged in many regulations 
and decisions on ocean governance, but rarely comes to 
concrete and stringent application.

7.1.4 
Ten criteria for a future system of ocean 
 governance

In Chapter 3, the WBGU developed touchstones for 
analysing the existing system of ocean governance at 
the various levels, from local to global (Section 3.1). 
Building on this, it has formulated ten criteria for guid-
ing measures aimed at redesigning the ocean govern-
ance of the future. These ten criteria take into account 
both the specifics of the oceans and general demands 
on governance. They are suitable not only as a basis for 
drafting a visionary future form of ocean governance 

(Section 7.2), but also for gradually improving ocean 
governance in its present form (Section 7.3-7.5). 

 > Adaptive management aims to continuously improve 
the knowledge base for governance and to promptly 
use it in the conservation and sustainable use of the 
oceans. Adaptive management broadens our 
 knowledge of the structure and dynamics of ecosys-
tems via a learning process and thus iteratively 
improves the protection and management of the seas.

 > Incentives for innovation encouraging a sustainable, 
low-risk use of the oceans reward players who 
develop long-term, sustainable business models on 
the use and conservation of the seas instead of 
 seeking short-term profit maximization.

 > A clear assignment of rights of use is necessary to 
prevent the overexploitation of the sea, a public and 
common good. This makes it possible to exclude cer-
tain users and thus to coordinate use – either via 
markets or by negotiation. Furthermore, the societal 
costs of use can be charged to the users according to 
the ‘polluter pays’ principle, so that the external costs 
are internalized.

 > Neither the conservation nor the sustainable use of 
the oceans as a global public and common good will 
be possible without an unprecedented level of global 
cooperation culture and global cooperation 
 mechanisms. Global cooperation forms the basis for 
the development of international treaties on marine 
conservation and use, as well as for the joint imple-
mentation of these treaties. 

 > Subsidiary decision-making structures – assigning 
decision-making powers primarily to decentralized 
decision-makers at the regional or local level, and 
secondarily to central international agencies – are 
crucial for the acceptance of global and national 
regulations. Moreover, such an interpretation of sub-
sidiarity makes regulations easier to enforce effi-
ciently. 

 > Transparent information ensures that all players have 
access to the relevant data. 

 > Participatory decision-making structures make it 
possible to reveal interests; they lead to decisions that 
all stakeholders can understand. 

 > Fair distribution mechanisms aim to ensure an equi-
table distribution both of the benefits of marine 
resource use and of the costs – e.  g. of conservation, 
monitoring, surveillance and sanctions. This applies 
to cost and benefit sharing between countries and 
different levels of a country’s government. 

 > Conflict-resolution mechanisms are necessary in order 
to coordinate the many and complex use interests of 
different stakeholders (e.  g. governments and 
 individuals). 

 > Sanction mechanisms at the different governance 
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 levels are key instruments for enforcing compliance 
with regulations on use. 

7.1.5 
Implementation and enforcement 

Analysis of ocean governance in its present form 
shows that existing agreements contain plenty of good 
approaches, but that, for various reasons, these are 
in many cases neither implemented nor enforced by 
national governments (Section 3.7). The currently valid 
law of the sea is too weak when it comes to mechanisms 
for implementing and enforcing international agree-
ments. It is not enough to agree and lay down prin-
ciples, criteria and material (framework) regulations 
(such as the Oceans MDG and Oceans SDG; Section 
7.3.3.1); good ocean governance must also ensure that 
rules are adhered to and enforced. 

The WBGU therefore recommends that mechanisms 
to verify compliance with rules and to reinforce imple-
mentation and enforcement should be built into future 
ocean governance. Accordingly, options for such mech-
anisms feature both in the vision of a comprehensive 
reform of the law of the sea outlined by the WBGU 
(Section 7.2) and in the subsequent recommendations 
for action (Section 7.3). 

Verifying compliance with international agreements 
is necessary. In itself, however, it is not enough to 
ensure that agreements that are legally binding under 
international law are indeed implemented and enforced. 
The WBGU therefore argues that sanction mechanisms 
must be made an integral part of future ocean govern-
ance, and that the International Tribunal for the Law 
of the Sea (ITLOS) needs to be strengthened. Doing so 
would create an incentive for governments to translate 
international agreements into national law and ensure 
that they are implemented. Where countries lack the 
political or administrative capacity this would require, 
the WBGU believes it is the responsibility of the inter-
national community to support these countries by 
transferring services and resources. 

7.1.6 
A social contract for the seas

The WBGU notes that the world’s oceans are in an 
unsatisfactory state and that there are negative trends. 
It follows that simply maintaining the current form of 
ocean management cannot be the yardstick for human-
ity’s future interaction with the oceans (Chapter 1). 
The underlying governance regime must therefore be 
further developed and improved (Section 3.7). These 

insights reflect a broad consensus in the scientific com-
munity and have repeatedly been acknowledged by the 
international community – most recently at the Rio+20 
Conference in 2012 (UNCSD, 2012). 

Above and beyond the need to take account of 
guiding principles and the ten criteria for sustainable 
ocean governance, the WBGU also believes there is a 
need to agree a social contract for the seas. Back in 
2011, the WBGU already contributed a ‘social con-
tract for the transformation’ to the discussion, linking 
a culture of attentiveness (born of a sense of ecolog-
ical responsibility) with a culture of participation (as 
a democratic responsibility) and a culture of obliga-
tion towards future generations (future responsibility) 
(WBGU, 2011). The transformation towards a sustain-
able society is a societal searching and learning process. 
The aim of the social contract is to conserve the natural 
life-support systems needed by the present and future 
generations. To achieve this goal, a regulatory frame-
work is needed which references sustainability and is 
developed through a broadly based societal dialogue 
on the key issues of coexistence. In the context of this 
virtual agreement, individuals and groups in civil soci-
ety, the corporate and scientific communities, national 
governments and the international community pledge 
to assume shared responsibility for protecting natural 
life-support systems through agreements on the long-
term use of essential global commons. Given the une-
qual distribution of both access to and the consumption 
of resources, as well as the different levels of develop-
ment in world society, the social contract must accom-
modate the need for fairness, justice and social equality. 

The WBGU believes a societal consensus on sustain-
able ocean stewardship must be reached if ocean gov-
ernance is to be reformed. This consensus must then 
be condensed into a clearly specified social contract. 
Such a social contract for the seas would effectively 
be part of the social contract for a Great Transforma-
tion towards a low-carbon, sustainable society (WBGU, 
2011). The social contract for the seas should lay the 
foundation for developing a new regulatory framework 
to underpin sustainable interaction with the oceans. 
The WBGU therefore believes that the protection of 
the oceans and their sustainable and equitable man-
agement must be central goals of this social contract. 
The WBGU further asserts that not only coastal states, 
but the whole international community and civil soci-
ety share this responsibility. 
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7.2
The WBGU’s vision of a comprehensive reform of 
the international law of the sea

The WBGU is convinced that profound changes in 
ocean governance, especially in the international law 
of the sea, are necessary and appropriate in order to 
arrive at a sustainable stewardship of the oceans. How-
ever, resolute implementation of the guiding princi-
ples and criteria of governance outlined in Section 7.1 
would require major changes to relevant agreements – 
above all to UNCLOS – and would therefore require a 
common political will on the part of the states parties. 
In the WBGU’s view, such an initiative currently has lit-
tle chance of implementation, because there seems to 
be too wide a gap between what is politically feasible 
and the changes in ocean governance that are necessary 
from the sustainability perspective.

Against this background, the WBGU has decided to 
explore two paths, each with a different ambition and 
speed. First, the WBGU outlines the vision of a funda-
mental and comprehensive reform of the existing law of 
the sea – irrespective of the current chances of imple-
menting it – offering orientation on how best to address 
the challenges of marine conservation and the sustain-
able use of the oceans. Second, the WBGU develops 
recommendations for action which link up with ongo-
ing political processes, are easier to implement, and are 
therefore suitable as steps leading towards the vision 
of a comprehensive reform of UNCLOS. These detailed 
recommendations are listed below in Section 7.3. 

Above all, this vision stakes out the goal of a form 
of ocean governance tailored to sustainability – a goal 
which the international community can then pursue 
step by step in the long term. The WBGU has drafted 
a brief sketch of this vision to serve as a compass for 
change and an early-warning system to identify and 
avoid negative developments. Experience shows that 
political feasibility is difficult to predict. Numerous 
political events and crises in recent contemporary his-
tory – such as German reunification, Germany’s phasing 
out of nuclear power after Fukushima, the Arab Spring 
and the euro crisis – show that, given urgent chal-
lenges, reforms can become feasible which are so radi-
cal that they were previously considered totally unre-
alistic. However, such reforms should be well thought 
through and discussed beforehand. The WBGU wants 
the vision presented here to contribute to achieving 
this goal. The processes of democratization witnessed 
since the Industrial Revolution, and the way in which 
human rights have gradually become established in 
international politics, would not have been possible if 
progressive thinkers on democracy and human rights 

had not painted pictures of society which were initially 
perceived as bold, visionary or even seditious (depend-
ing on one’s point of view). 

The vision outlined below builds on UNCLOS in its 
current form, in particular on the common heri tage 
of mankind principle it enshrines (Article 136 of 
UNCLOS). It shows the fundamental changes in ocean 
governance that would be needed to ensure the conser-
vation and sustainable use of the oceans. At the same 
time it upholds key tenets of the existing law of the 
sea, such as the zoning of the oceans. Figures 7.2-1 and 
7.2-2 illustrate this vision in a simplified form by jux-
taposing the status quo of ocean governance with the 
WBGU’s vision. 

7.2.1 
The common heritage of mankind, the systemic 
approach and the precautionary principle: three 
guiding principles for ocean management 

In light of its function regarding the use of min-
eral resources in the Area (i.  e. the seabed seaward of 
national jurisdiction), the ‘common heritage of man-
kind’ principle explained in Section 7.1.1 is established 
in the WBGU’s vision as a legally binding guiding prin-
ciple for the oceans. This principle serves the purpose 
of conserving the sea – together with its resources, eco-
system services and biological diversity – as a global 
public good for future generations. This emphasis on a 
long-term perspective and ecological integrity has a lot 
in common with the concept of sustainability predom-
inant since the UN Conference on Environment and 
Development in Rio de Janeiro (UNCED, 1992a), which 
mentions conservation and sustainable use in the same 
breath. Accordingly, the preference often given to uses 
based on a short-term profit motive should be rolled 
back in favour of sustainable uses based on long-term 
cost/benefit calculations. According to the common 
heritage of mankind principle, therefore, the oceans 
are the object of conservation and common, sustainable 
management to the benefit of the whole of humankind. 
The resultant benefits, too, should be shared equitably 
(Section 3.1). 

The regime for marine conservation and use based 
on the common heritage of mankind principle should 
apply in differentiated forms to the maritime zones 
seaward of the territorial sea (the Exclusive Economic 
Zones or EEZs, the continental shelf, the high seas 
and ‘the Area’; see Section 3.2.1) and include all their 
resources. 

Section 7.2.2 outlines the institutional design of a 
corresponding conservation and use regime in which 
a World Oceans Organization (WOO) is set up as a 
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global steward of the common heritage of mankind 
(Section 7.2.2.1). Trusteeship for the management of 
the oceans as part of the common heritage of man-
kind, and the rules on sharing benefits and costs, are 
designed differently depending on the maritime zone 
(Section 7.2.3). The rights and obligations of the states 
parties to the reformed UNCLOS thus vary across the 
different maritime zones. The material and procedural 
design of the common heritage of mankind principle is 
discussed in Section 7.2.4. 

To ensure a sustainable stewardship of the oceans, 
it is not enough for the common heritage of mankind 
principle to be established in the reformed UNCLOS and 
adopted in both regional treaties and the national law 
of the states parties to the Convention. Rather, these 
steps must be backed up by the systemic approach 
and the precautionary principle (Sections 7.1.2, 7.1.3). 
Together, these three principles of environmental pro-
tection and international environmental law should 
permeate every aspect of the reformed law of the sea. 
In particular, they must form the basis for an integrated 
conservation and use regime which transcends the 
boundaries of maritime zones. 

7.2.2 
Institutional changes

The introduction of mineral-resource management for 
the Area as the common heritage of mankind in the 
existing UNCLOS showed that governance based on the 
common heritage of mankind principle requires both 
new institutions and new instruments. In the follow-
ing section, the WBGU outlines an institutional design 
accompanied by the geographical expansion of the 
common heritage of mankind principle.

7.2.2.1 
A global steward of the seas: the World Oceans 
Organization
A new international organization should be set up in line 
with the extended scope and powers of a future con-
servation and use regime under a reformed UNCLOS. In 
its capacity as international steward of the sea as the 
common heritage of mankind, this organization would 
assume monitoring tasks in respect of international 
agreements and also have the right to file suits with the 
International Tribunal for the Law of the Sea (ITLOS). In 
addition, the organization would monitor the condition 
of the marine ecosystems and their trends. 

This World Oceans Organization (WOO) should not 
be given the function of an international ‘super-author-
ity for marine matters’. Rather, it should only intervene 
if the management and monitoring tasks assigned pri-

marily to the states parties to the Convention or the 
Regional Marine Management Organizations (RMMOs; 
Section 7.2.2.2) are not being carried out in accordance 
with international agreements. The institutions set up 
under the existing UNCLOS – the International Sea-
bed Authority and the Commission on the Limits of the 
Continental Shelf – should be integrated in the WOO’s 
new organizational structure. In their capacity as inde-
pendent entities within the WOO, they would retain 
their existing fields of jurisdiction for the Area and the 
continental shelf respectively. It would also be worth 
examining whether it would make sense to integrate 
other existing marine organizations that are not party 
to UNCLOS, such as the International Maritime Organi-
zation (IMO) and the Intergovernmental Oceanographic 
Commission (IOC). Further studies and analyses would 
be necessary to clarify this matter (Section 8.3.2.2).

Global steward of the marine environment
The WOO would function as a global steward of the 
marine environment and the resources of the high seas, 
the EEZs and the continental shelf. The accountability 
obligations of the states parties would enable the WOO 
to identify shortcomings in the stewardship of the sea. 
It would have access to legal remedies and be author-
ized to bring RMMOs and states parties before the 
International Tribunal for the Law of the Sea (ITLOS) 
(Section 7.2.2.3) in order to prosecute treaty viola-
tions. To address conflicts over ocean conservation and 
use, the WOO’s function as steward of the high seas 
should further include a right of initiative in designat-
ing marine protected areas and in marine spatial plan-
ning (Section 7.2.4).

Setting standards
States parties to UNCLOS are required to follow interna-
tional ocean-conservation standards according to Arti-
cle 192 ff. This should be reinforced by gearing these 
standards to scientific knowledge on sustainability. 
Subject to proposals by the WOO and with the partici-
pation of the states parties, UNCLOS should be formu-
lated in more concrete terms where gaps exist, particu-
larly with regard to aquaculture and energy – following 
the pattern set, for example, by comitology at the EU 
level. Such changes to UNCLOS would build a frame-
work within which the states parties could be given 
extensive design freedoms, allowing them, for example, 
to prescribe a level of conservation which goes beyond 
international conservation standards. 

The WOO would be responsible for analysing exist-
ing national and international rules on the preven-
tion, reduction and monitoring of marine pollution, in 
order to find common ground and thus identify existing 
standards. On this basis, the WOO could close any gaps 
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Figure 7.2-1: Status quo of ocean governance, simplified diagram.
The common heritage of mankind is today limited to the mineral resources of the seabed seaward of national jurisdiction (‘the 
Area’). These resources are administered by the International Seabed Authority. The UN Convention on the Law of the Sea 
( UNCLOS), together with its implementing agreements (primarily the UN Fish Stocks Agreement, FSA), defines the framework 
of ocean governance. The Regional Fisheries Management Organizations (RFMOs) organize the management of fish stocks 
on the high seas and of the straddling and highly migratory fish stocks in the exclusive economic zones (EEZs). The coastal 
states have far-reaching sovereign rights to use all resources in their EEZ and the mineral resources of the continental shelf. 
Regional cooperation between coastal states is organized through programmes and agreements (especially UNEP Regional Seas 
Programmes).
a The territorial sea extends up to 12 nautical miles (nm) from the baseline. It comprises, inter alia, the seabed and its subsoil. The 

coastal state has territorial sovereignty in the territorial sea.
b The EEZ covers the marine area seaward of the territorial sea, extending for a maximum of 200 nm measured from the baseline. 

The EEZ comprises the water column as well as the seabed and its subsoil.
c The high seas begin seaward of the EEZ and are limited to the water column. They are not subject to any national sovereignty; 

freedom of navigation, fishery, research, etc. applies here.
d The continental shelf comprises the seabed and its subsoil seaward of the territorial sea. The continental shelf regularly overlaps 

with the EEZ and has no separate importance. The continental shelf can, however, extend further than the seaward boundary 
of the EEZ (‘extended continental shelf’). The outer limit of the continental shelf may not be more than 350 nm from the base-
line (or 100 nm from the 2,500 m isobath).

e The Area comprises the seabed and its subsoil seaward of national jurisdiction. 
Source: WBGU
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Figure 7.2-2: Vision for a future system of ocean governance, simplified diagram.
All marine areas, with the exception of the coastal waters, are given ‘common heritage of mankind’ status. This includes all 
 resources seaward of the territorial sea, including mineral and biological resources. The coastal states retain their rights of use 
over the resources in the exclusive economic zone (EEZ) and the mineral resources of the continental shelf. As stewards of the 
marine environment within the EEZ, the coastal states have an obligation to use these resources sustainably. The rights of use 
therefore also involve accountability obligations vis-à-vis the new World Oceans Organization (WOO). The International Seabed 
Authority and Continental Shelf Commission are integrated into the WOO. The Regional Fisheries Management Organizations 
(RFMOs) are integrated into the Regional Marine Management Organizations (RMMOs) which organize the sustainable 
management of all resources on the high seas. They also organize the management of straddling and highly migratory fish 
stocks in cooperation with the coastal states. The WOO takes on the role of the oceans’ global steward and monitors compliance 
with rules on their conservation and sustainable use. It has access to legal remedies, especially rights of action, at the 
International Tribunal for the Law of the Sea (ITLOS). Regional cooperation between the coastal states under programmes and 
agreements continues. 
Red text: Accountability obligations vis-à-vis higher levels of governance. 
a-e: See Figure 1 for explanations 
Source: WBGU
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by proposing its own mandatory standards on the con-
servation of the marine environment to the community 
of the states parties, who would then give legitimacy to 
these standards. The WOO would thus define the global 
minimum standards for national and regional legisla-
tion to protect the oceans.

7.2.2.2 
Regional stewards of the seas: Regional Marine 
Management Organizations
Regional Marine Management Organizations (RMMOs) 
should be set up under regional intergovernmen-
tal agreements to organize the sustainable manage-
ment of regional resources on the basis of the guid-
ing principles (the common heritage of mankind, the 
systemic approach and the precautionary principle) set 
forth in Section 7.1. Geographically, their jurisdiction 
would essentially be limited to the high seas, where 
they would oversee the conservation and sustainable 
use of the oceans. RMMOs should monitor, conserve 
and sustainably manage the biological resources (fish 
stocks, aquaculture and genetic resources) and the 
use of marine energy (wind power, wave power, plat-
forms, cables etc.) on the high seas, as well as equi-
tably distributing the benefits from these uses. They 
would also be responsible for implementing a system 
of regional marine spatial planning on the high seas 
(including marine protected areas). Each RMMO would 
have to cover one region of the high seas and – along 
the lines of the RFMOs in the fishing context – should 
essentially be formed by the countries that border on 
or use the given marine region. The RMMOs in their 
entirety should cover the management of the whole of 
the high seas, if possible with no overlaps. In its cap-
acity as regional steward of the marine environment, 
an RMMO would monitor the environmental compati-
bility of marine users’ activities. The RMMOs would be 
accountable to the new WOO (Section 7.2.2.1), and the 
compulsory reports they submit would enable the WOO 
to maintain a clear overview of global marine use and 
quickly spot any anomalies.

Highly migratory fish stocks (such as tuna and 
swordfish; Section 4.1.4.4) would constitute an excep-
tion to the administration of biological stocks by 
RMMOs and still need independent organizations in 
the future. This exception is necessitated by the dis-
tribution area of these fish stocks, which extends far 
beyond the jurisdiction of individual RMMOs or EEZs. 
Accordingly, these highly migratory fish stocks should 
continue to be managed by specialized RFMOs, but 
these should be accountable to the WOO. In consulta-
tion with the coastal states concerned, and in compli-
ance with the rules laid down in the UN Fish Stocks 
Agreement, the RMMOs should engage in the collab-

orative management of straddling stocks that are not 
highly migratory but that cross the borders between 
EEZs and the high seas. 

The RMMOs would be responsible for ensuring the 
sustainable use of marine resources and equitably dis-
tributing the benefits, by either selling or auctioning 
the rights of use to the states parties (Section 7.2.3.1). 
Some of the proceeds could be used to finance neces-
sary marine conservation measures, monitoring sys-
tems and measures, and capacity building in develop-
ing countries (Section 7.3.6).

7.2.2.3 
Extend the jurisdiction of the International 
 Tribunal for the Law of the Sea
In the event of violations of UNCLOS, states parties can 
already file suits with the Hamburg-based International 
Tribunal for the Law of the Sea (ITLOS). However, cases 
are only actually brought before ITLOS if both parties 
wish to have this tribunal involved in settling a dispute. 
This restriction should be abolished in the future. Other 
procedures for settling disputes can be chosen as alter-
natives to ITLOS. Examples include the International 
Court of Justice and a variety of special courts of arbi-
tration (Section 3.2.3). The WBGU recommends that 
ITLOS be given greater powers to create a judicial refer-
ence in the field of the law of the sea and marine envi-
ronmental law. In future, disputes over the interpreta-
tion of the law of the sea and marine environmental 
law, and actions to prosecute cases of marine pollution, 
should be assigned primarily to ITLOS. The interpreta-
tion of UNCLOS would also remain the responsibility 
of ITLOS as the ‘guardian of the treaties’. A procedure 
for referrals to ITLOS should be established for corre-
sponding issues of interpretation brought before other 
national or international courts.

The new WOO should be given the right to initiate 
proceedings on UNCLOS violations (Section 7.2.2.1). 
Furthermore, selected and recognized non-governmen-
tal organizations should be endowed with class action 
rights once a recognition procedure has been  completed. 

7.2.3 
Rights and duties of states parties on the high 
seas and in EEZs

The rights and duties of states parties pursuant to the 
common heritage of mankind principle should vary 
according to the maritime zone (Section 7.2.1). In par-
ticular, the legal regime for the high seas must be mod-
ified to ensure that marine resources are distributed 
equitably. Moreover, the marine conservation aspect 
must be given greater weight than in the past in the 
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EEZs. Despite the need for changes, the coastal states’ 
existing rights of use under a reformed UNCLOS should 
remain essentially as they are.

7.2.3.1 
Conservation and sustainable use of the high seas 
To date, the use of the high seas has been shaped by 
the freedoms enjoyed by the states parties (freedom of 
navigation, freedom of fishing). The existing UNCLOS 
establishes an independent use and distribution regime 
for mineral resources in the Area that takes account of 
the common heritage of mankind principle. However, 
the water column above it lacks any global cross-secto-
ral concept for sustainable use and conservation. While 
the environmental prescriptions enshrined in UNCLOS 
are binding, they are no more than framework regu-
lations that need to be fleshed out (Section 3.2). The 
guiding principle of the common heritage of mankind 
proposed by the WBGU (Section 7.1.1) fits in with cur-
rent international efforts to reorganize the use of the 
high seas (e.  g. UN, 2012a). Since the application of the 
common heritage of mankind principle would, accord-
ing to the WBGU’s vision, be extended vertically into 
the water column, the conservation obligations and 
rights to the use of the high seas would be incumbent 
upon humankind as a whole. Up to now, only some 
states parties have been beneficiaries of the high seas 
due to their economic and technological superiority.

The reform outlined in this document envisages a 
fundamental redesigning of the way in which the natu-
ral resources of the high seas are managed. Contrary 
to the current arrangement, marine biological resources 
(such as fish stocks and genetic resources) should in 
future also be sustainably managed in line with the 
common heritage of mankind principle, and the ben-
efits generated by this management be fairly distrib-
uted – as is the case under the regulations on seabed 
mineral resources. 

To implement a new conservation and use regime for 
the high seas, the WBGU believes that the following 
changes need to be made to relevant institutions and 
instruments:

 > The UN Fish Stocks Agreement (FSA) would become 
part of the reformed UNCLOS (Section 7.3.4.3). All 
biological resources on the high seas should be the 
object of regulation in future. Guidelines for the sus-
tainable use of these resources would be made legally 
binding under the reformed UNCLOS, drawing on the 
FSA and the FAO Code of Conduct for Responsible 
Fisheries, which would be incorporated. The content 
of the planned implementing agreement on the bio-
logical diversity of the high seas should also be incor-
porated into the reformed UNCLOS (Section 7.3.4.2).

 > In line with the subsidiarity principle, the manage-

ment of marine resources on the high seas should be 
decentralized and transferred to the RMMOs 
(Section 7.2.2.2). 

 > The WBGU proposes that the gains from the use of 
marine resources on the high seas should benefit not 
just the users themselves but all of humankind 
(Section 7.2.2.2), focusing in particular on the inter-
ests of developing countries (Article 140 of 
UNCLOS). Elements of profit distribution and bene-
fit sharing already feature in the existing UNCLOS: 
on the one hand, the community of states parties 
will participate in profits from the mineral resources 
of the extended continental shelf; on the other, the 
international community will participate in profits 
from the use of seabed mineral resources. Similar 
distribution mechanisms would therefore have to be 
created for all resources on the high seas. Beyond 
this, the effective participation of developing coun-
tries in the use of the resources of the high seas 
should be promoted (Article 148 of UNCLOS). 

7.2.3.2 
Conservation and sustainable use of the Exclusive 
Economic Zones
As well as being extended vertically into the water col-
umn on the high seas, as described above, the appli-
cation of the common heritage of mankind principle 
should also be extended horizontally into the EEZs. 
It should be stipulated as a guiding principle for the 
exercise of coastal states’ national jurisdiction in the 
EEZs and on the continental shelf. In the EEZs, appli-
cation of the common heritage of mankind principle 
should essentially remain limited to the intergenera-
tional aspect, which requires the states parties to use 
the oceans sustainably in the interests of future gener-
ations. The states parties have a material obligation to 
protect the oceans, according to which they must use 
the rights allocated to them in such a way that dam-
age to the marine environment is avoided, and use 
the marine resources in a way that takes the needs of 
future generations into account (Section 7.1). Trus-
teeship for the management of the common heritage 
of mankind in the EEZs would thus be transferred to 
the respective coastal states. Violations of the common 
heritage of mankind principle would have to be sanc-
tionable in order to achieve a sustainable use of the sea 
(Section 7.2.4). 

The WBGU takes the view that, regarding the appli-
cation of the common heritage of mankind principle 
within the EEZs, the coastal states should retain their 
extensive national jurisdiction regarding the use of the 
EEZs that is assigned to them under the terms of the 
existing UNCLOS. At the same time, the international 
community should place them under obligation to con-
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serve and sustainably manage the common heritage of 
mankind in keeping with their function as trustees, and 
to be accountable for these activities. According to the 
WBGU’s vision, the coastal states can thus use their 
EEZs exclusively but may not damage or destroy them. 

The states parties should not merely pay lip serv-
ice to the goals of sustainable management (e.  g. main-
taining fish stocks within their EEZs), but also imple-
ment them in practice and monitor compliance. As has 
already been proposed for the high seas, guidelines for 
the management of biological resources along the lines 
of the UN Fish Stocks Agreement and the FAO Code of 
Conduct for Responsible Fisheries should be incorpo-
rated as legally binding provisions into the reformed 
UNCLOS. Violations of these guidelines should be 
linked to sanction mechanisms in cases where countries 
fail to meet their obligations (Section 7.2.4). The states 
parties should be accountable to the international com-
munity, represented by the WOO (Section 7.2.2.1), for 
the sustainable stewardship of the resources in their 
respective EEZs. Accountability should involve specific 
reporting duties and prescribed targets and timelines. 
The reports should be in the public domain, so that the 
general public and relevant associations are informed 
and can monitor the situation if appropriate.

7.2.4 
Instruments

On top of the establishment of guiding principles and 
the ten criteria outlined in Section 7.2.1, and in addition 
to the institutional and organizational design of use and 
conservation regimes described in Sections 7.2.2 and 
7.2.3, it is also imperative to design an appropriate set 
of instruments in order to reach the specified goals. To 
this end, the WBGU believes the following steps to be 
of vital importance: 

 > Introduce rights of action and sanctions: The WOO 
should be endowed with supervisory powers, and the 
states parties should be accountable to it (Section 
7.2.2.1). It should therefore be possible for the WOO 
and states parties to the reformed UNCLOS to sue 
those states parties that fail to meet their reporting 
or conservation obligations at ITLOS. ITLOS should 
be entitled to impose sanctions depending on the 
severity and frequency of misconduct (Section 
7.2.2.3). These sanctions might include export or 
import restrictions on illegally sourced resources. 
Furthermore, a country that is in breach of the Con-
vention could be excluded from participating in 
licence auctions for the resources of the high seas 
(Sections 7.2.2.2, 7.2.3.1). As a last resort ITLOS 
should have the power to restrict a state’s sovereign 

rights in the EEZ if it has abused its powers. 
 > Set up a stricter liability regime: A much more effective 

international cross-sector liability regime should be 
created covering all activities that involve a potential 
risk to the seas (absolute liability; Section 7.3.10). In 
accordance with the ‘polluter pays’ principle, the 
organizations responsible – irrespective of whether 
they are private or public organizations – should bear 
primary liability for the environment, while the states 
parties that permit such activities to take place should 
bear secondary liability. Residual state liability should 
take effect where it is not possible to unequivocally 
identify who is responsible. Such state liability makes 
it more likely that states parties will, in their own 
interests, implement and enforce strict rules on envi-
ronmental protection. 

 > Strengthen civil-society engagement: Civil society 
(especially NGOs committed to marine conservation) 
should be given access to ocean-specific information, 
be informed about planning and approval processes 
relating to the law of the sea and international envi-
ronmental law (such as energy use, deep-sea mining 
and aquaculture), and be given corresponding rights 
of participation and class action rights.

 > Expand marine protected areas and establish spatial 
planning: An ecologically representative and effec-
tively managed system of marine protected areas 
should be established; in the WBGU’s view at least 
20–30  % of the area of marine ecosystems should be 
designated for this system (WBGU, 2006; Section 
7.3.9.1). The relevant content of the targeted imple-
menting agreement on biological diversity on the high 
seas should be incorporated into the reformed 
UNCLOS (Section 7.3.4.2). Furthermore, using graded 
zones allowing different intensities of use, this system 
of marine protected areas should be a core component 
of marine spatial planning (Section 7.3.9.2). Spatial 
planning should be established at the national, 
regional and global levels as an instrument of the law 
of the sea. It should also be applied to (rival) uses on 
the sea, in the sea and below the water column. Spa-
tial planning also includes the exploration and map-
ping of the oceans and the involvement of civil soci-
ety in the planning process, including rights to infor-
mation and participation and class action rights. For 
the high seas, the WOO should be vested with author-
ity to oversee and coordinate marine protected areas 
and spatial planning (Section 7.2.2.1). To take account 
of regional peculiarities, the planning and operation 
of marine protected areas and marine spatial planning 
on the high seas should be handled by the RMMOs 
(Section 7.2.2.2). 

 > Provide for environmental impact assessment: Inter-
ventions by planned activities in the oceans should 
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only be allowed if the dangers they present for exist-
ing ecosystems have been evaluated in advance and 
weighed against the benefits of the interventions. 
This process should be obligatory. Such environmen-
tal impact assessments (EIAs) should be established 
in the reformed UNCLOS. An EIA forecasts how a 
planned marine activity is likely to affect human 
health, biological diversity, soils, water, air and cli-
mate, and the world’s cultural assets. Accordingly, a 
strategic environmental assessment should be 
required for plans and programmes relating to the 
oceans, such as spatial planning or the creation of 
marine protected areas.

 > Establish a ‘marine impact assessment’ for land-based 
activities: Land-based industrial production (chemi-
cals, long-lived products, by-products and produc-
tion waste) should be subjected to a ‘marine impact 
assessment’. As early as the authorization stage for 
industrial production plants, it is important to ensure 
that only those substances and products that have 
no harmful effects can reach the oceans. It would be 
desirable to have the goals and framework of such a 
‘marine impact assessment’ formulated internation-
ally as part of a reformed UNCLOS, with implemen-
tation taking place at the national level. 

7.3
Recommendations for action: the road to a 
 comprehensive reform of the law of the sea 

In contrast to the WBGU’s vision of extensive reforms 
to the law of the sea described above (Section 7.2), 
the recommendations for action that follow are eas-
ier to implement politically as they do not require any 
changes to UNCLOS itself. The latter leaves room for 
the formulation of implementing agreements to expand 
on its provisions and specify them in greater detail. 
These enhancements should be further complemented 
by supportive governance on other levels. The recom-
mendations in this section are designed in such a way 
that they could open the door for further reforms. They 
are thus the first steps recommended by the WBGU for 
realizing a sustainable form of ocean governance as out-
lined in its vision (Section 7.2). The recommendations 
are ordered as follows: the knowledge and action base 
comes first (Section 7.3.1), followed by broader strate-
gic recommendations on improving the overall condi-
tions impacting on the use of marine resources (Section 
7.3.2). Then recommendations on public ( Sections 
7.3.3 –7.3.7) and private (Section 7.3.8) ocean gov-
ernance are presented, including the instruments that 
such governance requires (Sections 7.3.9–7.3.10). 
The WBGU also refers the reader to the recommenda-

tions set forth in its special report The Future Oceans – 
Warming Up, Rising High, Turning Sour (WBGU, 2006), 
in which it takes a closer look in particular at the inter-
face between greenhouse-gas emissions and the con-
sequences for the oceans (e.  g. warming, sea-level rise, 
ocean acidification). 

7.3.1 
Strengthen the knowledge and action base of 
ocean governance

7.3.1.1 
Improve marine environmental monitoring
Sustainable ocean governance depends on compre-
hensive monitoring of the oceans, because monitor-
ing delivers scientific knowledge about the status of, 
and trends in, the marine environment, thereby lay-
ing an important foundation for political and economic 
decisions. In accordance with Article 200 of UNCLOS, 
the states parties have an obligation, for example, to 
engage in research programmes on the pollution of the 
marine environment and to encourage the exchange of 
information thus acquired. Given the increasing chal-
lenges of the Anthropocene, current monitoring prac-
tices are inadequate in many sectors (Section 3.6.1). 
Alongside some countries’ lack of monitoring capacity, 
this is primarily due to inadequate networking between 
what are predominantly national monitoring activities. 
The gathering and exchange of new scientific know-
ledge and data should therefore be promoted, partly to 
improve the scientific basis for measures to conserve 
and sustainably use marine resources.

The WBGU recommends the rapid expansion of a glo-
bal monitoring system for the oceans. To this end, indi-
cators must be harmonized and a globally networked 
geodata-management system built up to ensure that 
the data acquired are transparent, accessible and inter-
operable. It is important to work together with current 
national and international processes in this context. At 
the UN level, these processes primarily include the Glo-
bal Ocean Observing System (GOOS), the monitoring 
activities of the FAO in the areas of fisheries and aqua-
culture, UNESCO’s Intergovernmental Oceanographic 
Commission, the WMO and the UNEP World Conserva-
tion Monitoring Centre. These activities should be bet-
ter coordinated, networked and combined. 

In addition to these measures, a suitable interna-
tional framework, within which the international com-
munity can cooperate to ensure appropriate monitor-
ing, should be created for the high seas in particular, 
for which no monitoring powers yet exist. Furthermore, 
it should be noted that monitoring of the marine envi-
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ronment also serves an important function in establish-
ing compliance with policy goals agreed by the inter-
national community (Section 7.1.5). For this reason, 
the extension of monitoring activities should go hand 
in hand with the further development and supervision 
of policy objectives for the oceans, e.  g. in the Oceans 
Compact (Box 3.3-1; Section 7.3.3.1). Concepts already 
exist for funding the expansion and maintenance of 
such a global monitoring system. The WBGU’s recom-
mendations on this issue can be found in Section 7.3.6.

7.3.1.2 
Process scientific knowledge for policy-makers 
and support the Regular Process
Political decisions on the future of the oceans, and 
strategies for the sustainable use of marine resources 
must be based on a well-founded pool of scientific data. 
As early as 2005, the United Nations General Assem-
bly (UNGA) passed a resolution establishing a Reg-
ular Process for Global Reporting and Assessment of 
the State of the Marine Environment (the Regular Pro-
cess), which takes both scientific and socio-economic 
aspects into account. During the launch phase of this 
process between 2005 and 2009, an ‘Assessment of 
Assessments’ was drawn up which statistically evalu-
ates a total of 1,023 ocean-related reports with a glo-
bal, regional or national focus. The process of producing 
the ‘First Global Integrated Marine Assessment’ is cur-
rently underway. The report is scheduled for comple-
tion by December 2014, which would enable the UNGA 
to address it in autumn 2015. If this process leads to a 
high-quality report that receives the backing of broad 
swathes of the scientific community, it could provide a 
powerful stimulus for international policy-makers. The 
IPCC reports provide a unique and reliable overview 
of the current status of knowledge and possible alter-
natives in relation to the climate and could serve as a 
model in this context (Section 8.4.3). As things stand, 
however, it remains unclear whether the First Global 
Integrated Marine Assessment can meet this expecta-
tion. 

In 2012 UN Secretary-General Ban Ki-moon (UN, 
2012a) stressed the importance of the Regular Process 
as the scientific foundation underpinning the Oceans 
Compact he had initiated (Sections 3.3.1.1, 7.3.3.1). He 
also called on the countries of the world to give this 
Compact the necessary support. At present, however, 
the Regular Process is relatively unknown among Ger-
man marine scientists. The WBGU suggests that the 
German Federal Government should give the project 
much stronger financial and conceptual support and 
integrate the Regular Process into the existing scien-
tific infrastructure. 

7.3.1.3 
Set up a multi-stakeholder forum
To improve the general ability to act at the interna-
tional level, the WBGU recommends setting up a multi-
stakeholder forum. The aim would be to initiate a con-
sensus-oriented process which, based on the scientific 
state of the art (including the Regular Process; Section 
7.3.1.2), would agree guidelines for the future stew-
ardship of the oceans. Similar processes on other sub-
jects in the past have helped clarify interests of differ-
ent actors and thus given policy-makers greater leeway 
to take action. Examples include the World Commis-
sion on Dams (WCD) and the International Assessment 
of Agricultural Knowledge, Science and Technology for 
Development (IAASTD).

Whether or not the WBGU’s recommendations 
become generally accepted in practice will depend 
primarily on whether the relevant policy-makers and 
interest groups can be convinced of the need to use the 
oceans sustainably. It will not be possible to implement 
these or comparable reform proposals if they face pow-
erful political resistance. A multi-stakeholder forum 
could play a part in reconciling the conflicting inter-
ests of the various marine actors, overcoming political 
blocking tactics and clearing the way for a comprehen-
sive reform of the law of the sea. Political representa-
tives of all groups of countries (industrialized, emerging 
and developing countries) and of the existing interna-
tional marine organizations should participate in this 
forum. The scientific community, too, should be rep-
resented in an advisory capacity in the form of recog-
nized oceanographers and transformation researchers. 
Representatives of the business community and civil 
society should participate as equal members of the 
forum in order to take account of economic, social and 
ecological interests. The formation of an Oceans Advi-
sory Group has been announced as a possibility for the 
Oceans Compact initiated by UN Secretary-General Ban 
Ki-moon (Box 3.3.1; Section 7.3.3.1). This group could 
be the seed from which the forum proposed by the 
WBGU might grow. 

7.3.2 
Create the necessary conditions for sustainable 
management

In addition to the need to create a solid knowledge 
and action base, it is also necessary to fundamen-
tally rethink the way we interact with the oceans. 
The top priority now is to end the currently predom-
inant methods of managing the seas, which are often 
geared to short-term profits, and to switch to business 
models which enable long-term yields while preserv-
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ing the marine ecosystem services for future genera-
tions (Section 7.3.7). Suitable institutional and political 
conditions should be created to enable the individual 
actors to change the way they think, and to facilitate 
change in the predominant business models, manage-
ment methods and consumption patterns. To this end, 
the WBGU outlines its basic recommendations for the 
development of suitable conditions here before dis-
cussing and defining them in greater detail in later sec-
tions of Chapter 7.

 > Integrated ocean strategies at all levels of govern-
ance: By bundling fundamental principles, ocean 
strategies can cultivate a shared understanding of 
how to interact with the oceans (Section 7.3.3). In 
doing so, they lay the foundation for designing suit-
able conditions for ocean management with a long-
term focus. The international community and each 
individual country should formulate clear guidelines 
for the use of marine resources. At the international 
level, too, regulatory frameworks and coordinated, 
intergovernmental strategies must be equally clear 
– in the context of the Oceans Compact and regional 
treaties, for example (Section 7.3.3). 

 > Evaluation and pricing of ecosystem services: To lay 
the basis for a realignment of marine management, 
the value of the ecosystem services provided by 
oceans and coastal areas, which seem to have been 
regarded as costing nothing up to now, must be cal-
culated and explicitly communicated. In this con-
text, the value of marine ecosystem services should 
be estimated in all countries and taken into consid-
eration in decisions on public investment and devel-
opment projects. The guidelines for the UN Statistics 
Division’s System of Environmental and Economic 
Accounts, and projects such as the World Bank’s 
WAVES partnership, serve as examples and impor-
tant approaches to factoring natural assets into pub-
lic investment and development policy. Such 
approaches are reinforced by the international TEEB 
process (The Economics of Ecosystems and Biodiver-
sity; Section 1.1.7) and should in future be sup-
ported by the German Federal Government (Section 
8.3.1). Based on information on the value of marine 
ecosystem services, prices should be set for these 
services in all countries and taken into consideration 
in ocean users’ economic calculations. Appropriate 
pricing can create both negative and positive incen-
tives. The WBGU’s recommendations on this can be 
found in Section 7.3.7.1. 

 > Phase-out subsidies: To prevent governments from 
continuing to encourage unsustainable ocean-man-
agement practices, subsidies – in fisheries and aqua-
culture, for example – should at the same time be 
rapidly phased out in all countries (7.4.1.3). 

 > Infrastructures for sustainable management: Further-
more, all countries should set aside capacity to over-
see sustainable fishery management and develop 
sustainable aquacultures. Developing and newly 
industrializing countries should be supported in this 
process financially and with capacity building. The 
related recommendations on fishery and aquacul-
ture are listed in Section 7.4. For sustainable energy 
generation on and in the oceans, it is also necessary 
to integrate new power-generation plants into exist-
ing power grids. This requires both direct connec-
tions to power grids and steps to ensure that the 
overall grid has sufficient capacity. The WBGU’s 
 recommendations on the use of energy from the 
oceans are listed in Section 7.5.

 > Public funding of research and development: Fisher-
ies and aquaculture on the one hand and the energy 
sector on the other both harbour tremendous poten-
tial for innovative solutions and technologies with a 
long-term orientation. Since private players gener-
ally invest too little in research and development due 
to the externalities of technological development, 
policy-makers should create new incentives for 
innovation in fisheries, aquaculture and energy use 
(Sections 8.3.3, 8.3.4).

7.3.3 
Develop strategies for future ocean governance

7.3.3.1 
Develop the Oceans Compact into an Integrated 
World Oceans Strategy
The Oceans Compact initiated in 2012 by UN Secre-
tary-General Ban Ki-moon aims to establish a strategic 
United Nations vision on sustainable interaction with 
the oceans, and to translate this vision into a Global 
Plan of Action. An important aspect of this strategic 
vision involves reducing institutional fragmentation at 
the UN level. The WBGU sees an urgent need for a sig-
nificant improvement in the coherence of the United 
Nations’ ocean-related activities above and beyond the 
existing approaches adopted under the aegis of UN-
OCEANS. In its capacity as a stakeholder forum, the 
planned ‘Oceans Advisory Group’ aims to advise the 
UN organizations and help coordinate a collaborative 
approach (Box 3.3-1). The WBGU advocates speeding 
up the implementation of this plan.

In addition to the above measures, the WBGU rec-
ommends that the Oceans Compact initiative be used to 
map out a shared conceptual basis and, in the medium 
term, to further develop it into an integrated UN World 
Oceans Strategy. To this end, guiding principles should 
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be agreed such as those that underpin the WBGU’s 
vision (the common heritage of mankind principle, the 
systemic approach and the precautionary principle; 
Section 7.2.1). In line with the Millennium Develop-
ment Goals (MDGs), or in the context of the yet-to-
be-developed Sustainable Development Goals (SDGs), 
this global UN strategy should be equipped with a list 
of objectives for the seas (‘Ocean MDGs’ and ‘Ocean 
SDGs’) and backed up by indicators. In combination 
with appropriate monitoring (Section 7.3.1.1), spe-
cific and clearly measurable indicators can measure and 
evaluate target achievement over a defined period. The 
WBGU’s planetary guard rails should also be taken into 
consideration when developing such Ocean MDGs and/
or Ocean SDGs (Box 1-1).

A UN strategy of this kind, negotiated and ratified 
by the UN General Assembly, should serve as a compass 
for international marine conservation policy in the con-
text of the Great Transformation towards a low-carbon, 
sustainable society. The new requirements identified 
and scientific knowledge gained in recent years would 
be factored into this strategy, which would create a 
common target horizon, improve mutual understanding 
between the UN institutions involved, and thus pro-
mote a coherent UN marine policy with a commitment 
to sustainability. Above all, the strategy could serve as a 
point of reference for regional and national players and 
perhaps best be compared with the Rio Declaration and 
Agenda 21 (UNCED, 1992a, b), which bundled funda-
mental principles of sustainable development which 
were then tackled and implemented at the regional, 
national and local levels. 

7.3.3.2 
Ratify regional, national and local marine 
 strategies
The impact of the Oceans Compact, too, depends not 
least on the reception it is given at the lower levels 
of governance. The guiding principles should also be 
anchored in regional, national and local marine strat-
egies to facilitate agreement on a common target hori-
zon and help improve the implementation of integrated 
marine policies. 

For the EU, it makes sense to incorporate these 
guiding principles into the Marine Strategy Frame-
work Directive (MSFD), the implementation of which 
requires the development of national marine strategies. 
The WBGU therefore advises the German Federal Gov-
ernment to give its backing to a corresponding further 
development of the MSFD at the European level. The 
‘National Strategy for the Sustainable Use and Conser-
vation of the Oceans’ (BMU, 2008), which was ratified 
by the German Federal Government in the course of 
implementation of the MSFD, and the ‘Ocean Develop-

ment Plan’ (BMVBS, 2011) mark the first steps towards 
an integrated German marine policy. As German marine 
policy continues to develop, the precautionary princi-
ple already established in the strategy should be rein-
forced and the systemic approach established as a fur-
ther development of the ecosystem approach. In the 
medium term, the Federal Government should develop 
and refine its marine strategy by incorporating the 
common heritage of mankind principle as a guiding 
principle. 

7.3.3.3 
Take on a pioneering role – forge subglobal 
 alliances
Thanks to their excellent marine research and their 
technological, economic and political resources, Ger-
many and the EU are favourably placed to play a pio-
neering role in marine policy world-wide. This is also 
and especially true with regard to development of the 
Oceans Compact (Section 7.3.3.1). The WBGU there-
fore recommends that an ocean governance policy com-
mitted to both the common heritage of mankind princi-
ple and sustainability should be strengthened by form-
ing subglobal alliances with like-minded states. Act-
ing as pioneering coalitions, such alliances could make 
important contributions along the road to the Oceans 
Compact. Political alliances are recommended – i.  e. alli-
ances within which the states involved work together 
to pursue common interests and objectives. Initiatives 
to form such alliances should be supra-regional in order 
to give the agreements they reach – on the conserva-
tion and sustainable use of the oceans – as universal 
validity as possible (Section 7.3.5). 

One consequence of the unsatisfactory outcome of 
the Rio+20 Conference in summer 2012 is that efforts 
are already being made in this direction. Germany’s 
Environment Minister Peter Altmaier has announced 
his intention to examine the possibilities for setting up 
such an initiative to conserve the world’s oceans (Alt-
maier, 2012). 

7.3.4 
Support and flesh out the international law of the 
sea

Due to its nature as a framework treaty, UNCLOS is 
inherently designed to be further specified through 
cooperation between the states parties. However, both 
the Convention itself and treaties designed to flesh out 
this legal framework reveal many and varied deficits 
(Section 3.2). The legal framework for fisheries, for 
example, is comparatively well developed, although 
the quality of the provisions is questioned in relation 
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to sustainable management and there is often a lack of 
effective enforcement (Section 4.1.4). For this reason, 
the EU should continue to vigorously promote global 
and sustainable fisheries governance in international 
forums and treaties – first and foremost in UNCLOS, 
the UN General Assembly, the FAO and the World Bank 
(Section 7.4.1). Recommendations on governance in 
the field of aquaculture can be found in Section 7.4.2, 
recommendations on managing the use of renewable 
energy in the oceans in Section 7.5. 

International – global and regional – treaties that 
further specify UNCLOS (Sections 7.3.4.2, 7.3.4.3) 
should be supplemented or amended in such a way that 
the conservation and sustainable use of the oceans is 
ensured. To this end, the WBGU proposes that interna-
tional cooperation transcending the boundaries of the 
individual sectors (fisheries, shipping, use of energy, 
mineral resources, etc.) be improved. For instance, 
cooperative forms of contract fulfilment, such as those 
in the fisheries sector, and the monitoring of port states 
could serve as models for the implementation of envi-
ronmental regulations. As a general rule, they could be 
used to reduce deficits in implementation and enforce-
ment across all forms of use. 

7.3.4.1 
Promote the signing, ratification and implementa-
tion of UNCLOS
The WBGU regards UNCLOS as the basis for a social 
contract for the oceans and recommends developing the 
Convention further in order both to overcome exist-
ing deficits in ocean governance and to strengthen and 
continue developing the sustainable use of the oceans. 
In international environmental law, UNCLOS is of out-
standing significance due to its widespread recognition 
in legal practice. Yet it has still not been signed by a 
number of coastal states (including the USA, Colom-
bia, Turkey and Libya). International recognition of this 
international treaty should be further reinforced by 
the states parties stepping up their diplomatic efforts 
to urge the remaining non-signatory coastal states to 
sign up, and to urge the signatory states that have not 
yet ratified the treaty to go ahead and do so. Similarly, 
more intensive diplomatic pressure should be exercised 
to ensure that existing laws and agreed political objec-
tives are implemented and applied more rigorously.

7.3.4.2 
Reach a new implementing agreement on 
 biological diversity on the high seas
Over the last ten years or so, scientific knowledge has 
led to a growing realization that there are gaps in regu-
lation when it comes to the conservation and sustain-
able use of biological diversity on the high seas. The 

resolutions passed by the World Summit on Sustain-
able Development in Johannesburg (WSSD, 2002; 
also referred to as the Rio+10 Conference) and vari-
ous decisions made by the Convention on Biological 
Diversity played a part in the UN General Assembly’s 
setting up the working group on Biological Diversity 
Beyond Areas of National Jurisdiction (BBNJ) in 2004. 
The discussion centres primarily on closing three spe-
cific regulatory gaps by a new implementing agreement 
to UNCLOS: (1) the sustainable use of marine genetic 
resources (including access and benefit sharing), (2) 
nature-conservation measures, in particular based on 
marine protected areas, and (3) environmental impact 
assessments, which are gaining in importance due to an 
increase in activities and forms of use on the high seas 
driven by technological progress. 

The WBGU regards this development as very help-
ful and recommends that this process be energetically 
pursued and supported. Given the scientific state of the 
art, the urgent need for action and the defined political 
objectives, the hope in the run-up to the Rio+20 Con-
ference was that the decision to begin concrete negotia-
tions might be taken there. This hope was disappointed. 
While agreement was reached to develop an imple-
menting agreement to UNCLOS, the start of concrete 
negotiations was once again postponed. The Global 
Ocean Commission, an independent initiative launched 
by international leaders, has been set up to help speed 
this process up again (GOC, 2013). 

The German Federal Government should continue 
giving high priority to overcoming political blockades 
along the road to the planned implementing agree-
ment. The agreement should be legally binding and, in 
addition to issues (1) and (3) referred to above, should 
aim to designate a network of marine protected areas 
on the high seas. As a minimum requirement, this net-
work of protected areas should meet the qualitative 
and quantitative standards agreed in the Strategic Plan 
drawn up by the CBD (Aichi Target 11; CBD, 2010a) 
and seek to realize the WBGU’s quantitative objectives 
(2006; Sections 7.2.4, 7.3.9.1). To attract special atten-
tion and raise the political profile, the conclusion of 
negotiations could be accompanied by a high-level ‘UN 
Oceans Conference’ where policy-makers could resolve 
the last remaining problems and sign the agreement. 
The WBGU advises the German Federal Government to 
investigate whether a financing mechanism might also 
be included in the agreement which could be used to 
implement a number of the recommendations made in 
Section 7.3.6.1. An implementing agreement of this 
kind would also be an important step towards a funda-
mental reform of the law of the seas, as outlined by the 
WBGU in Section 7.2. 
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7.3.4.3 
Advance the UN Fish Stocks Agreement and Regio-
nal Fisheries Management Organizations (RFMOs)
The use of fish stocks on the high seas is in urgent need 
of reform because of the need to reduce the ongoing 
threat to stocks and to prevent damage to marine eco-
systems. Fisheries governance on the high seas should 
be reinforced accordingly and moved up the political 
agenda. 

The 1995 UN Convention relating to the conserva-
tion and management of straddling stocks and highly 
migratory fish stocks (UN Fish Stocks Agreement, 
FSA), an implementing agreement to UNCLOS, is a core 
element of global fisheries governance and of particular 
relevance to the high seas. The general principles of the 
FSA – targeting precaution-oriented and knowledge-
based fishing practices that take their impact on ecosys-
tems into consideration – are formulated in far greater 
detail than those of UNCLOS and also relate to stocks 
in the EEZs, which constitutes substantial progress. The 
German Federal Government and the European Union 
should therefore use diplomatic channels to support 
the signing and ratification of the FSA by as many 
countries as possible to enable it to achieve the sta-
tus of customary international law in the longer term. 
Above all, those countries that engage in fishery on the 
high seas and are members of Regional Fisheries Man-
agement Organizations (RFMOs) should accede to and 
ratify the agreement. In the longer term, the common 
heritage of mankind principle should be established in 
the FSA, and its jurisdiction expanded to cover all spe-
cies fished in the high seas. The role of the ‘Review 
Conference’, which so far has been limited to the retro-
active evaluation of fish-stock management, should be 
broadened to ensure that requirements and standards 
develop in line with the scientific state of the art.

The RFMOs play an indispensable role in organizing 
cooperation between countries on the sustainable man-
agement of shared fish stocks on the high seas and, in 
many cases, also in the EEZs. From a global perspec-
tive, however, the RFMOs have largely failed in the 
sustainable management of the fish stocks under their 
jurisdiction (Section 1.4.4). There is a broad scientific 
and political consensus on the need for urgent action to 
persuade states to manage their fish stocks sustainably 
within the framework of their cooperation in RFMOs. 
Examples of best practices have been witnessed of late, 
together with a general trend towards an improve-
ment of RFMOs, since these problems have been tack-
led more vigorously in UN committees. Among other 
things, this has led to performance reviews and the 
wider use of best-practice solutions (Section 4.1.4.4). 
The WBGU’s detailed recommendations are as follows:

 > Alongside UNCLOS, it is principally the FSA and the 

FAO Code of Conduct for Responsible Fisheries 
(which is not legally binding) that form the legal 
basis for fishery on the high seas. All RFMOs should 
therefore adopt the provisions of these agreements 
under their own legal basis, request existing mem-
bers to ratify these agreements and make ratification 
compulsory for new members, as is already happen-
ing to some extent. The WBGU recommends that the 
RFMOs be significantly strengthened. To begin with, 
the RFMOs should together formulate a solid basis 
for action – e.  g. in the form of a strategic vision, 
objectives, rules and processes – in order to help 
overcome barriers to a change towards sustainability. 
The overall recommendations for the sustainable 
management of fish stocks set out in Section 7.4.1.1 
can serve as a yardstick for this purpose. Regular 
and transparent performance reviews involving the 
participation of external experts are also advisable, 
as are clear procedures for resolving disputes. The 
WBGU recommends that mechanisms be established 
– perhaps using a process involving institutional 
support from the FAO – that could help the RFMOs 
to learn more from each other and share best-prac-
tice solutions more effectively. 

 > RFMOs should set up transparent data management 
for ecosystems, fish stocks, catches and by-catches, 
ships and fisheries’ outlay – and this data manage-
ment should be coordinated globally. The recom-
mendation to designate at least 20-30  % of the area 
under their jurisdiction as marine protected areas 
(Section 7.3.9) with sufficiently large zero-use zones 
should also be implemented by the RFMOs. Strict 
and effective monitoring using modern technology 
and inspectors should become standard practice for 
all RFMOs. RFMOs should instruct their member 
states to impose appropriate penalties on fishermen 
who violate the RFMOs’ rules. There should be a glo-
bally accessible register and compulsory licensing for 
all fishing and supply vessels sailing under any flag 
that wants to operate on the high seas in RFMO 
areas. RFMOs should be able to ban unlicensed 
 fishing boats and/or fishermen with unlicensed 
fishing equipment access to fish stocks. The RFMOs 
should make full use of their rights under UNCLOS 
and the FSA to make it difficult or impossible for 
ships from non-cooperating states to use RFMO 
stocks.  Measures specifically targeting IUU fishery 
(Section 7.4.1.5) are in the common interests of the 
RFMO member states. Transparent data manage-
ment and stricter reporting and accountability duties 
(management plans, stock and catch statistics, etc.) 
would make it easier for UN institutions and non-
governmental organizations, for example, to verify 
the effectiveness of management. 
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 > To close the last remaining gaps, the existing RFMOs 
should incorporate hitherto unregulated fish stocks 
into management (e.  g. pure high-sea stocks, deep-
sea stocks), and RFMOs should be set up in those 
regions of the oceans that are still unregulated. In 
the process, provision should also be made for the 
prospective option of expanding RFMOs into 
Regional Marine Management Organizations in line 
with the WBGU’s vision (Section 7.2.2.2). As a 
 general rule, comprehensive cooperation with adja-
cent RFMOs should be targeted.

7.3.5 
Strengthen regional ocean governance 

To make better use of the potential of regional ocean 
governance, the WBGU recommends aligning it with the 
guiding principles outlined in Section 7.1 – the common 
heritage of mankind principle, the systemic approach 
and the precautionary principle – and with the ten cri-
teria for sustainable ocean governance. Regional coop-
eration follows the subsidiarity principle: competen-
cies or actions are passed down to the lowest-possi-
ble level of governance suitable for solving the prob-
lem. Regional ocean governance should be significantly 
strengthened and expanded with the aim of establish-
ing and enforcing mandatory as well as voluntary reg-
ulations. For the most part, the following recommenda-
tions build on the current system of regional ocean gov-
ernance and thus represent a continuation and exten-
sion of existing structures. The Arctic is discussed in 
detail in Box 7.3-1. 

7.3.5.1 
Strengthen and expand the UNEP Regional Seas 
Programme
The agreements reached as part of the UNEP Regional 
Seas Programme and the results that have been 
achieved are important milestones on the road to effec-
tive regional ocean governance (Section 3.4.1). 

In the context of the UNEP, the German Federal Gov-
ernment and the EU should encourage the develop-
ment of regional programmes supported by agreements 
for all marine regions, covering as much of the global 
ocean as possible. Agreements should also be sought 
for regional programmes – such as the East Asian Seas 
Programme, signed up to by the majority of ASEAN 
countries – that are already up and running but not yet 
supported by international agreements. For the sake 
of coherence of governance, the relevant regulations 
under global agreements (e.  g. FSA, CBD, CITES) should 
also be integrated to support their regional implemen-
tation. Furthermore, the WBGU recommends signifi-

cantly upgrading the UNEP Regional Seas Programme 
in financial and organizational terms and bringing it 
into close cooperation with the Oceans Compact initi-
ated by UN Secretary-General Ban Ki-moon (Section 
7.3.3.1). This would raise the political profile of the 
programme and strengthen both the overall programme 
and the various regional programmes. 

7.3.5.2 
Strengthen regional seas agreements
Regional seas agreements are already making an impor-
tant contribution to the sustainable use of the oceans, 
despite wide variations in objectives, instruments and 
institutions in some cases (Section 3.4). Particularly 
positive examples are the Helsinki Convention for the 
Baltic Sea (HELCOM) – which regulates the amount of 
pollutants emitted into the Baltic Sea and has achieved a 
significant improvement in the condition of the Baltic’s 
ecosystem – and the OSPAR Convention for the North-
East Atlantic, which, among other things, has pro-
duced a network of marine protected areas on the high 
seas (Sections 3.6.2, 7.3.9.1). Analysis by the WBGU 
shows that the implementation of regional agreements 
can be improved by means of problem-related proto-
cols, agreeing ambitious action plans and establishing 
regional seas commissions (Section 3.4). 

Agree ambitious protocols and action plans
Protocols are legally binding. They make framework 
agreements more specific and therefore more effective. 
They can help avoid cross-border conflicts and assist 
member states in better organizing the use and pro-
tection of the marine region in question. The WBGU 
therefore recommends refining the contents of existing 
protocols and formulating new ones that ensure that 
problems that were not previously covered are tack-
led in a cooperative manner. In the spirit of a systemic 
approach, it is particularly recommended that ambi-
tious protocols on land-based activities aimed at marine 
conservation are agreed, like those found in some exist-
ing conventions, for example the Barcelona Conven-
tion (Section 3.4.2). It should be investigated to what 
extent the principles outlined in the EU Marine Strat-
egy Framework Directive should be included in the 
protocols to be agreed for other marine regions. Given 
the growing expansion of uses in and on the oceans, 
it should also be examined to what extent objectives 
and basic principles of marine spatial planning could be 
included in such protocols (Section 7.3.9.2). 

Regional action plans enable ocean governance to 
continue developing dynamically. As such action plans 
are not legally binding, countries find it easier to agree 
far-reaching objectives backed up by concrete meas-
ures. Despite their non-mandatory nature, such action 
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Box 7.3-1

Regional focus on the Arctic: Comprehensive 
protection of a unique ecosystem

Unlike the Antarctic, which is an ice-covered continent sur-
rounded by the sea, the Arctic is an ocean – much of which 
has been covered by ice all year round up to now – sur-
rounded by land. According to the WBGU’s vision, the Arctic 
Ocean should be assigned to the common heritage of mankind 
(Section 7.2). At the same time the Arctic, with its marine and 
terrestrial ecosystems, is a unique natural environment par-
ticularly worth protecting. Its use should be subject to very 
strict conservation requirements. It is particularly worth pro-
tecting because of its ecological significance, its special role 
in the climate system, and the fact that it is altering rapidly 
as a result of human-induced changes in the Earth system 
(Box 1.2-3).

The Arctic is home to communities of organisms that are 
able to survive in extreme environmental conditions. Com-
pared to temperate latitudes the Arctic has a lower diversity 
of species, and the vegetation period is comparatively short 

due to the long polar night. These two factors contribute to 
the fact that Arctic ecosystems are much more fragile and 
sensitive than those at temperate latitudes. The Arctic Ocean 
has productive marine ecosystems with large fish stocks 
(Box  4.1-1). 

The Arctic plays a special role in the global climate system 
as an early-warning system for changes. The ice cover usually 
reflects part of the solar radiation that falls on the Arctic, 
so as the Arctic snow and ice masses melt, darker land and 
sea surfaces are revealed that absorb the solar radiation, thus 
speeding up the process of warming. Along with other factors, 
this means that global warming is manifested in the Arctic as 
an increase in temperatures that is well-above average. We 
are already seeing an accelerating reduction in the size of the 
Arctic sea ice in the summer months and a stronger melt-
ing of the Greenland ice cap and the permafrost soils in the 
region. If the Arctic land ice melts, this leads to a considerable 
rise in the sea level. The Greenland ice sheet alone stores a 
volume of water that could raise sea levels by approximately 
7  m in the long term (Section 1.2.7). Climate change has far-
reaching effects on the Arctic ecosystems, including in fish 
stocks (Box 1-1). 

Figure 7.3-1
Maritime jurisdiction and boundaries in the Arctic region. For more detailed information see IBRU (2013).
Source: IBRU, 2013 (www.durham.ac.uk/ibru/resources/arctic)
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plans can acquire considerable normative force, thus 
boosting the effectiveness of regional cooperation. This 
makes them a useful complement to binding protocols 
as an instrument of regional ocean governance. 

Action plans already exist in some regional seas 
agreements such as OSPAR and HELCOM, and they 
are the central instrument in the UNEP Regional Seas 
Programme; indeed, all the regional programmes set 
up under the latter include an action plan. The WBGU 
 recommends refining or reformulating action plans. 
The Baltic Sea Action Plan in particular, agreed in 2007 

by the HELCOM member states and the EU – which 
explicitly calls for the implementation of an ecosystem 
approach, formulates environmental goals and tracks 
the development of corresponding indicators – dem-
onstrates how the precautionary principle and adap-
tive management can be implemented. In the case of 
agreements primarily concerning economic activities, 
it would also be useful to adjust existing action plans, 
which often focus on specific sectors, to also include 
marine conservation. 

Germany and the EU can help shape this process on 

For a long time, the Arctic Ocean and the sparsely popu-
lation regions of Alaska, Greenland, Canada and Siberia 
have been spared intense economic exploitation due to the 
extreme climate, the year-round ice cover and the resulting 
difficult passage for shipping. Almost four million people 
live in the region, including many indigenous peoples who to 
some extent still practise their traditional way of life, which is 
well adapted to the Arctic region.

Access to such Arctic resources as oil, gas, gold, zinc, 
rare earth elements and fish stocks, as well as the passage 
of ships through the region’s waters, have been made easier 
by  continuous technological development and the retreat of 
the Arctic ice. The majority of the resources thought to be in 
the Arctic and the opening-up shipping passages lie either 
within the EEZs or in the area of the extended continental 
shelf, which can be claimed by the coastal states on suc-
cessful application to the Commission on the Limits of the 
Continental Shelf (Figure 7.3-1). All the countries border-
ing the Arctic have announced that they intend to extract its 
mineral resources. Already a number of these countries are 
engaged in exploratory drilling with the aim of mining the oil 
and gas reserves. There are plans to construct regular produc-
tion plants in the coming years. Pipelines, port and safety 
infrastructure, and processing industries are being further 
expanded. The volume of shipping in the region is also likely 
to increase if the passages are free of ice in the summer, as 
is expected. At the same time, we are seeing disagreements 
between the countries surrounding the Arctic over borders 
and the expansion of the continental shelf. 

Increased use of the Arctic involves considerable risks 
for the fragile Arctic ecosystems. Resource extraction and 
the associated accidents (especially in the case of oil and gas 
production), the increased presence of industry, the growing 
volume of shipping and the risk of shipping accidents will lead 
to an increase in the amount of pollutants entering the Arc-
tic. Depending on the severity of the pollution and accidents, 
this could cause irreversible damage to the Arctic’s natural 
environment.

There are already plans for extensive economic use of the 
Arctic Ocean and its sea bed for oil and gas production and 
mining other resources. Nevertheless, the WBGU believes 
that the most appropriate instrument for protecting the Arc-
tic, given the specific factors mentioned above, would be a 
comprehensive, cross-border marine protected area cover-
ing both the Arctic areas of the high seas and the adjacent 
EEZs. This Arctic protected area could be negotiated and 
implemented either by the countries bordering the Arctic via 
the Arctic Council or directly by the various states, and be 

expanded to include the share of the Arctic high seas under 
the terms of UNCLOS (Box 3.2-3). Exploration and mining of 
mineral resources, including oil and gas, should be banned in 
the protected area and large no-take zones set up for indus-
trial fishery. Until a comprehensive Arctic protected area has 
been established, the following recommendations would rep-
resent steps in the right direction:

 > Arctic protected area for the High Arctic: First, the High 
Arctic should be declared a protected area. Protected-area 
status involves restrictions on rights of use. This would rep-
resent an important step towards establishing a compre-
hensive Arctic protected area. 

 > Extend and promote existing Arctic protected areas: In 2004 
a working group of the Arctic Council drafted a Marine 
Strategic Plan which aims to promote networking between 
existing protected areas. The German Federal Government 
should support the efforts of the working group. There are 
already a number of marine protected areas within the ter-
ritories of the various countries bordering the Arctic, for 
example in Canada, Norway and Greenland. These efforts 
should also be honoured and encouraged. 

 > Institutionalize the sustainable use of the Arctic Ocean and 
the sea bed: The WBGU recommends that the international 
community in general, and the states bordering the Arctic 
in particular, should agree to protect the Arctic Ocean and 
its ecosystem. Within the EEZs and the extended continen-
tal shelf, too, the Arctic Ocean should only be used sustain-
ably. Uses – especially the offshore production of oil and 
gas – should be allowed only subject to strict safety and 
environmental-protection standards that reflect the fragil-
ity of the Arctic ecosystems. 

 > Implement a binding Polar Code: Germany should support 
the efforts of the European Commission to develop a bind-
ing Polar Code on shipping in the region under the auspices 
of the International Maritime Organization (IMO). The aim 
here is to counter the environmental risks from growing 
shipping traffic in the Arctic and to implement correspond-
ing safety measures.

 > Establish a liability regime: To date there is no liability 
regime for the Arctic Ocean that could be applied in the 
event of significant environmental damage, for instance as 
a result of oil-rig disasters, collisions between ships, pipe-
line leaks or other incidents. A liability regime in the Arctic 
would have to provide a clear framework for action with 
liability provisions for the individual user groups and 
potential causers, such as countries, companies or other 
stakeholders.
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several different levels. First, they should support the 
expanded use of protocols and action plans within the 
UNEP Regional Seas Programme. The EU in particular 
has further ways of exerting its influence as an active 
member of various regional seas agreements. In addi-
tion, German and EU development policy can support 
the agreement of ambitious protocols and action plans, 
as well as the creation of appropriate organizational 
capacity to help implement and enforce them. 

Not least, the planned formulation of a global action 
plan for the seas as part of the Oceans Compact (Section 
7.3.3.1) offers huge potential. Germany and the EU 
have great expertise in the subject matter thanks to 
their participation in sea agreements, some of which 
are very well developed (e.  g. OSPAR, HELCOM), and 
their excellent, globally recognized marine research. It 
is especially important that the regional action plans 
are properly dovetailed with a future global action plan. 

Set up and strengthen regional marine commissions
The WBGU recommends the further institutionalization 
of regional seas agreements by establishing regional 
marine commissions or offices with far-reaching pow-
ers. This could strongly promote the strengthening and 
extension of regional ocean governance (Section 3.4.2). 
In particular, the range of tasks carried out by regional 
marine commissions should be developed from purely 
sector-related powers (e.  g. RFMO, Section 7.3.4.3) 
into an integrated approach covering all relevant uses 
as well as marine conservation. By bundling technical 
knowledge and promoting exchange between member 
states, regional marine commissions can then create a 
basis for more binding and flexible regional ocean gov-
ernance. Furthermore, the WBGU recommends making 
decisions by the regional marine commissions manda-
tory. Particularly in the case of well developed collabo-
rations such as HELCOM, it should be examined to what 
extent it might be useful to replace the unanimity rule 
with qualified majority votes.

7.3.5.3 
Improve dovetailing in regional ocean governance
The WBGU particularly recommends cooperation 
between neighbouring or overlapping marine conser-
vation agreements. Synergies can be generated here by 
improving coordination between stakeholders in a par-
ticular marine region, making objectives more coherent 
and improving their connection to governance mecha-
nisms. For example, a positive effect has been achieved 
by the intensified cooperation on marine protected 
areas between the OSPAR Convention, which is not 
explicitly responsible for fishery, and the RFMO active 
in the same region (Section 7.3.9.1). This could be used 
as an example to drive the harmonization of objectives 

and measures in other regions, too, and to improve 
regional coherence. Germany and the EU should also 
use their influence to improve the regional integra-
tion of marine conservation and fisheries governance 
within the framework of the UNEP, the FAO and the 
Oceans Compact. Moreover, harmonization should be 
improved between international agreements signed up 
to by the EU on the one hand and the EU’s off-shore 
and on-shore policies. 

As technology develops and new uses of the oceans 
appear, new regulation is needed. Increased coop-
eration between different regions and sectors is also 
required. Relevant technical developments should be 
supported by policy-making at a regional level with 
regard to possible uses and conservation requirements. 
The technical developments currently taking place 
in the energy sector in particular require integrated 
regional evaluation because of their potential impact 
on the marine environment and their possible interac-
tions with other uses. With regard to renewable marine 
energy, the WBGU holds up its earlier recommenda-
tions on international energy and technology policy 
(WBGU, 2011:  332). At the regional level, for example, 
cooperation between IRENA and the UNEP’s Regional 
Seas Programme would be possible, enabling the dif-
fusion of renewable-energy technologies and ensuring 
the sustainable use of the oceans. Cross-border cooper-
ation would also be possible in marine spatial planning, 
a forward-looking instrument that opens up possibili-
ties for considering different interests in a cooperative 
fashion (Sections 7.3.9, 7.5.1.2). 

Furthermore, the WBGU recommends strengthen-
ing collaborations between different regions. As dem-
onstrated by the cooperation between OSPAR and the 
Abidjan Convention (Section 3.4.2), capacity building 
for monitoring, implementation and enforcement can 
be promoted by sharing knowledge, particularly in 
weaker economic regions. Cooperation between agree-
ments with comparatively well-developed capacities 
(e.  g. HELCOM and OSPAR) can be used to harmonize 
indicators and improve monitoring. 

Existing inter-regional collaborations should be 
strengthened so that joint challenges can be addressed 
in an integrated fashion across sectors. This should 
be carried out using the principles and criteria sug-
gested by the WBGU in Section 7.1 and in accordance 
with existing legal regulations (e.  g. FSA, CBD, CITES). 
The development of further possible collaborations 
should be called for within the framework of the UNEP 
Regional Seas Programme, potentially also involving 
the Asian and Pacific marine areas.
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7.3.6 
Develop concepts for the joint funding of ocean 
governance 

The international cooperation required for a global, sus-
tainable stewardship of the oceans should be supported 
by financial transfers between states. Reorienting fish-
ery and aquaculture towards sustainability (Section 
7.4), creating and maintaining marine protected areas 
(Section 7.3.9) and implementing and enforcing ocean 
governance (Section 7.1.5) generates costs in individual 
countries, while benefitting all countries. It is therefore 
important to seek out ways to distribute these costs 
fairly between all states. 

The WBGU follows the precautionary principle and 
the principle of equality as its overriding principles 
with regard to burden-sharing. The precautionary prin-
ciple emphasizes the responsibility of the community 
of states for the sea as a global collective good. As dis-
cussed in Section 3.5.8, the funding burden could be 
shared equally between all states by means of a per-
capita distribution of costs. On principle, however, the 
varying ability of different countries to pay should also 
be considered when distributing costs. Transfers from 
economically strong countries to countries with smaller 
gross domestic products (GDPs) are often essential 
to enable the latter countries to comply with ocean-
conservation regulations. Generally, transfers increase 
the willingness of the receiving countries to agree to a 
demanding governance regime for the conservation and 
sustainable use of the oceans.

One option for burden-sharing is to create interna-
tional funds. The money for such funds should come 
from user charges, among other sources. 

The costs of the conservation of the oceans and 
the transition to their sustainable use world-wide can 
only be roughly estimated in the context of this report. 
Table 7.3-1 presents the estimated one-off costs of fish-
ery reform and the establishment of a global monitor-
ing system. Total estimated costs are at least  US$  200–
295 billion. Additional total ongoing annual costs of 
US$  22–37 billion should also be taken into account 
(Table 7.3-1). There would also be other costs that are 
difficult to quantify, such as compensation payments 
for non-use of the oceans or for developing renewable 
energy from and on the sea (Section 7.3.7).

7.3.6.1 
Strengthen international financing mechanisms
A number of international funds and programmes 
already exist that support sustainable fishery man-
agement, sustainable aquacultures, and the creation 
of protected areas. At present, funding for the protec-
tion of marine and coastal ecosystems via international 
financing mechanisms comes from various sources 
(GEF, World Bank and other UN organizations such as 
FAO and UNDP). However, these funds are distributed 
in a relatively uncoordinated way and are highly inad-
equate in terms of volume (Section 3.6.8). The availa-
ble funding should therefore be bundled and increased 
in terms of its total volume. 

The WBGU further recommends setting up two 
additional international funds: one to support national 
measures for the conservation and sustainable use of 
the oceans within the EEZs, and another to finance con-
servation on the high seas. Existing structures such as 
the Global Environment Facility (GEF) should be used 
to manage this money. 

Table 7.3-1
Compilation of the cost estimates from chapters 3 and 4, where available. There are no explicit estimates on one-off 
compensation payments, the one-off costs of establishing marine protected areas, or the global expansion of renewable 
energies from and in the oceans. 
Sources: 1 UNEP, 2011b; 2 POGO, 2010, 2011; 3 Balmford et al., 2004; 4 WBGU, own estimates based on the HSTF, 2005, 2006 
and Brooke et al., 2010

One-off costs Annual costs

[US$   bn] [US$   bn]

Fisheries reform 1 190–280 Fisheries management 1 10

Maintenance of a network of marine 
protected areas 3

5–19

Establishment of a monitoring system 
(GOOS) 2

 10–15 Maintenance of a monitoring system 
(GOOS) 2

5

Control and enforcement of ocean 
governance 4

2–3

Total 200–295 Total 22–37
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Funding mechanism for the sustainable use and 
conservation of the oceans within the EEZs
The sustainable management of the oceans within the 
EEZs is the responsibility of the respective coastal states 
and as such should in principle be funded by them. In 
the WBGU’s vision, coastal states are accountable to the 
World Oceans Organization (WOO) for the sustainable 
use of the oceans within their EEZ (Section 7.2.2.1). 
A transfer mechanism would support primarily those 
coastal states whose economies are too weak to enable 
them to bear the costs that arise (e.  g. for fishery reform, 
monitoring and reporting systems) on their own. This 
would increase the willingness of these states to meet 
their obligations. Following the equality principle, all 
states should participate in financing the fund; the size 
of payments by individual states should be based on 
their economic strength. 

Funding mechanism for protecting the high seas
Money should be made available through an interna-
tional fund to protect the high seas, in particular for 
monitoring and surveillance purposes and for creating 
a network of marine protected areas (Section 7.3.9.1). 
Following the equality principle, not just coastal states 
but all states should participate in the fund, whether 
they use the high seas directly themselves or not. 
Apart from anything else, all countries contribute to 
the endangering of the high-seas ecosystems at least 
indirectly (via trade, consumption, tourism and land-
based activities) and they all benefit at least indirectly 
from the conservation and sustainable use of the high 
seas and the preservation of these ecosystems. The size 
of payments by different countries should depend on 
their respective economic strength. 

7.3.6.2 
Use the mechanisms of the Framework Convention 
on Climate Change for funding
Alongside the new funds for financing ocean govern-
ance to be set up as described above, it would also be 
possible to use existing funding mechanisms within 
the United Nations Framework Convention on Cli-
mate Change (UNFCCC) for the conservation and sus-
tainable use of the marine ecosystem. The WBGU sup-
ports the idea of integrating the conservation of coastal 
forests storing carbon dioxide (e.  g. mangrove forests) 
into the REDD+ mechanism of the UNFCCC. However, 
the WBGU does not consider it desirable to categorize 
coastal ecosystems as ‘blue carbon’ and to fund their 
conservation via carbon markets (Box 1.2-1).

It would be possible to support the funding of new 
renewable-energy-generating plants on the seas via the 
(funding) mechanism of the UNFCCC (Joint Implemen-
tation, Clean Development Mechanism, Climate Change 

Focal Area of the GEF Trust Fund, Green Climate Fund). 
The WBGU does not consider it necessary to create an 
additional international funding mechanism for renew-
able energy on the seas, since the advantages accruing 
from the use of the energy would be mainly national 
or regional and would largely benefit private compa-
nies. It would therefore be appropriate for the funding 
for new plants to come from those who stand to profit 
from them.

7.3.6.3 
Utilize user charges as a source of funding
As with all international transfer payments, the ques-
tion arises as to which is the best way to generate 
payment flows that are as substantial and reliable as 
possible into the new funds and transfer mechanisms 
proposed in Section 7.3.6.1. In the context of the seas 
and oceans, the WBGU recommends generating the ne-
cessary money from user charges, among other sources 
(WBGU, 2002). User charges can take on the incentive 
function described in Section 7.3.7. They can also make 
a significant contribution to funding ocean conserva-
tion, since the revenue generated – unlike taxes – can 
be ring-fenced.

Greater use should therefore be made of user charges 
in the international funding of sustainable management 
and the conservation of the oceans and their resources. 
In the future, they should apply first and foremost to 
areas that have hitherto been available free of charge. 
For example, nation states should charge for the use of 
oceans within their EEZs (e.  g. fishery and aquaculture 
licences, charges for sporting and tourism-related activ-
ities with the EEZ; Section 4.1.3.6). In order to avoid 
competitive disadvantages for specific countries and to 
prevent users from moving elsewhere to avoid charges, 
it would be useful to have international agreements 
with the aim of harmonizing user charges. 

7.3.7 
Employ incentive instruments and funding 
 structures

The institutional and political prerequisites described 
in Section 7.3.2 should ensure that investments in the 
sustainable use of the oceans are less risky than invest-
ments in non-sustainable uses in the medium to long 
term. In addition, targeted economic incentives such 
as user chargers, payments for ecosystem services or 
 temporary subsidies should be used to support the 
conservation and sustainable, long-term-oriented uses 
of the oceans. The provision of additional investment 
 capital by  development banks, state hedging of risks 
and the establishment of new business models would 
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facilitate access to affordable loan capital for potential 
investors. 

7.3.7.1 
Create economic incentives for sustainable uses
Targeted economic incentives such as user charges, 
payments for ecosystem services or temporary subsi-
dies can be used to support sustainable and long-term-
oriented uses. They increase the return on investments 
in sustainable as opposed to non-sustainable uses. In 
addition, they further reduce the associated risk. This 
makes investing in the long-term-oriented manage-
ment of the oceans additionally attractive for both 
users and potential funders. 

User charges for marine resources and ecosystem 
services
User charges are a way of charging users and pollut-
ers for the social costs of using the oceans – as mani-
fested in the destruction or degradation of marine and 
coastal ecosystems; they also internalize these costs. 
They create an economic incentive to use the oceans 
in a resource-efficient way and avoid non-sustainable 
uses. All countries should therefore levy user charges 
within their EEZs, e.  g. in the form of fishery and aqua-
culture licences, catch fees, taxes on by-catch, port fees 
or entry fees for protected areas. A bonus/penalty sys-
tem could be used to grade the level of user charges 
depending on whether the user meets certain sustain-
ability standards. This would also create further incen-
tives for investments in fuel-efficient ships and sus-
tainable fishing gear (Section 7.4.1). Importantly, user 
charges should be designed in a socially acceptable way. 
Other incentive systems, such as payments for eco-
system services, could be used in particular for small-
scale fishery and aquaculture in developing countries 
(Section 7.4.1.8).

The German Federal Government should examine 
whether more user charges for direct ocean uses could 
be introduced in Germany. Under international agree-
ments it should also push for the general introduction 
and harmonization of user charges for the seas. This 
would avoid competitive distortions and prevent users 
from taking evasive action to avoid charges (e.  g. by 
moving to EEZs where there are no user charges) and 
the negative consequences of such actions. 

Payments for ecosystem services 
For small-scale activities – particularly where few alter-
native sources of income are available – payments for 
ecosystem services (PES) should be used to create pos-
itive incentives for sustainable use (Section 4.1.3.6). 
Payment for ecosystem services makes sustainable 
activities a source of income, putting individual actors 

in a position to do without non-sustainable uses and 
become involved in supporting ecosystem services. 
Payments in the fields of fishery and aquaculture could 
apply to using sustainable fishing methods, to the sus-
tainable operation of aquacultures in connection with 
coastal conservation (e.  g. conservation of mangroves), 
or to ceasing fishery or aquaculture activities altogether 
(e.  g. in marine protected areas or during temporary 
fishing restrictions; Section 7.4). 

Unlike user charges, payments for ecosystem serv-
ices are particularly suitable for low-income regions 
where there are no alternative sources of income. Here, 
they can create incentives for reducing non-sustaina-
ble uses of the oceans and ensure that the seas and 
coastal areas continue to generate as varied a range of 
ecosystem services as possible in the future. For this 
reason, the German Federal Government should place a 
greater focus on this instrument, particularly in devel-
opment cooperation. Payments for ecosystem services 
in the field of fishery and aquaculture would also be 
possible at the EU level, analogous to the compensa-
tion payments for agriculture made by the European 
Agricultural Fund for Rural Development. For example, 
payments could be made to fisheries and aquaculture 
farms that sign up voluntarily to management systems 
that are particularly environmentally friendly.

Compensation payments for non-use 
In situations where the designation of protected areas or 
restrictions on catch volumes in certain fishing grounds 
suddenly and massively reduce the income opportunities 
of various stakeholders, public compensation payments 
should be used to cushion the losses in income and facili-
tate the transition to alternative methods of income gen-
eration (Section 4.1.3.6). Unlike payments for  ecosystem 
services, compensation payments primarily serve the 
objective of burden-sharing and the fixed-term, one-
off cushioning of social impacts (e.  g. Sections 7.4.1.3, 
7.4.1.8). Compensation payments for non-use can take 
the form of repurchasing fishing licences, boats or fish-
ing gear. It is important to ensure that the catch volume 
and fishery activities as a whole are limited by regulation 
and that withdrawn licences and decommissioned boats 
and fishing gear are not simply replaced by new ones. 
Compensation payments can also include reimbursing 
and retraining people employed in upstream industries 
that are directly affected by non-use, as well as providing 
people with other services such as advice or consulting. 

Certification of fishery and aquaculture products
Introducing voluntary or legally binding standards for 
the certification of fishery and aquaculture products 
(as is currently done by the Marine Stewardship Coun-
cil) creates indirect incentives for sustainable activities. 
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See Section 7.3.8 for relevant recommendations. 

Promotion of renewable marine energy
As far as the use of renewable energy from the sea 
is concerned, there is a great need for targeted pub-
lic support of technology and innovation. In this con-
text, the WBGU regards fixed-term feed-in tariffs and/
or feed-in bonuses coupled with low-interest loans and 
loan guarantees by development banks (Section 7.5.1) 
as suitable instruments for strengthening long-term-
oriented investments. At the same time, other innova-
tive promotion instruments should also be sought with 
the aim of ensuring the effective and efficient diffusion 
of renewable marine-energy technologies. To promote 
offshore wind farms, for example, it would be possible 
to make use of tendering processes in which the level 
of payment is determined by a bidding competition 
(Section 5.4). 

7.3.7.2 
Develop funding structures for long-term-oriented 
investments
To increase investment in sustainable uses, it is not suf-
ficient to create a clear political framework and suit-
able economic incentive structures; additional invest-
ment capital is also needed. Public funding mecha-
nisms providing low-interest loans or loan guarantees 
and new business models can facilitate access to afford-
able loan capital for potential investors. With world-
wide private financial assets thought to total around 
US$  180 trillion (McKinsey, 2011), with suitable pub-
lic support it should in principle be possible to raise the 
necessary funds for investment in the sustainable use 
of the oceans.

Make greater use of the funding instruments of 
development banks
Thanks to leveraging effects, the amount of money gen-
erated can, as a rule, be increased several-fold if pub-
lic funds are used to support private investments. These 
are thus very efficient instruments for encouraging pri-
vate investment. One option to support private invest-
ments is for development banks to offer cut-price loans 
and loan guarantees, or for the state to assume the risk 
of the investment. In Germany, for example, KfW Mit-
telstandsbank offers support for the funding of offshore 
wind farms in the North and Baltic Seas with its special 
‘Offshore Wind Power’ programme. Loan programmes 
like this and others for funding sustainable fishery and 
aquaculture should be expanded and made permanent. 
Money is also needed to support innovative business 
models; this could be supplied through public-private 
venture-capital funds. 

The state could hedge or assume risks by bundling 

private and public money in structured funds and then 
having development banks take on the riskiest shares, 
for example. National and international development 
banks should create more programmes and funds of 
this type for investing in the sustainable management 
of the oceans.

Promote new cooperative funding models
New cooperative funding models are also a good way of 
providing access to loan capital and, in so doing, reduc-
ing barriers to investment. One option is for a number 
of small-scale fisheries to join together to form a ‘licence 
bank’, bundling their own investments with seed capi-
tal from an investing partner or a national development 
bank. Using this start-up capital, they can then attract 
other private investors (Section 4.1.3.6). 

‘Fisheries trusts’ are a similar model; they bundle 
funds from private foundations, low-price state loans 
and additional bank loans. The money accumulated in 
this way is used to purchase fishing licences which are 
then ‘leased’ by the fishermen for a fee. This allows 
small-scale fisheries with little capital, but a strong ori-
entation towards sustainability, to use fishing licences. 
Part of the profits from fishery is then distributed to 
the external lenders – a precondition for their contrib-
uting capital in the first place.

In Asia, local aquaculture businesses sometimes 
group together to form ‘aquaclubs’. Companies jointly 
adapt their business methods to make them more sus-
tainable – something that neighbouring businesses 
would not be able to do on their own, because of the 
spread of pollutants in the water. The aquaclubs also 
offer cost benefits in terms of joint sourcing of fish fry 
and sustainable feeds. In addition, they make it easier 
to have sustainable aquaculture products certified, as 
the certification costs – especially the transaction costs 
– can be reduced by working as a group (Section 4.2.3). 

Cooperative models such as licence banks, fisheries 
trusts and aquaclubs should be backed by loans from 
national development banks. Such approaches should 
also be supported more strongly in the framework of 
development cooperation and via international devel-
opment banks.

7.3.8 
Strengthen and expand private governance

Alongside public governance, private initiatives for the 
conservation and sustainable use of the oceans should 
also be promoted. The WBGU recommends strengthen-
ing forms of private governance in which different pri-
vate stakeholders – mainly companies and non-govern-
mental organizations (NGOs) – join together, develop 



Recommendations for action: the road to a  comprehensive reform of the law of the sea   7.3

273

regulations and commit themselves to upholding them. 
Private collaborations and initiatives of this kind can 
bring about changes in the management of the oceans 
without direct state intervention.

7.3.8.1 
Introduce a standardized Europe-wide system of 
certification for wild-caught fish and seafood
Certification programmes such as those of the Marine 
Stewardship Council (MSC), Friend of the Sea (FOS), 
the Aquaculture Stewardship Council (ASC) and Natur-
land are examples of private governance in the sustain-
able use of the oceans (Section 3.5). The programme 
run by the MSC is the oldest and by far the largest. 
The number of fisheries certified by the MSC has grown 
sharply in recent years and is likely to continue grow-
ing. Certification enables consumers to tell whether a 
certified fishery is run according to certain environ-
mental criteria. 

However, if the criteria for certification are not ambi-
tious enough or leave too much room for interpretation, 
this weakens the credibility of voluntary certification 
as an instrument of private governance. 

Moreover, there are many young eco-labels at the 
national level, and more are likely to appear in the 
future. There has been very little research into whether 
these newer labels contribute to sustainable fishery. As 
their number grows, there is a danger that consumers 
will no longer understand the different levels of protec-
tion indicated by the different eco-labels. If this hap-
pens, the labels will no longer assist consumers’ free-
dom of choice, and their significance for consumer deci-
sions will become marginal.

The WBGU therefore recommends setting minimum 
requirements within the European Union on private 
sustainability standards for wild-caught fish and sea-
food products. While private standards can be selected 
at will, this minimum standard would have to be met by 
all suppliers of sustainability-certified fish and seafood 
products within the EU. Checks on minimum standards 
would clearly show whether private firms were meet-
ing them or not, and sanctions could be imposed where 
appropriate. This would help improve the protective 
function of specific eco-labels and at the same time 
boost consumer confidence, given the large number of 
different labels. The standard should correspond to the 
FAO Guidelines for the Ecolabelling of Fish and Fishery 
Products from Marine Capture.

At present, there is no EU-wide sustainability stand-
ard for wild fisheries. A further step would therefore be 
to introduce a standardized EU quality label for fish and 
seafood products from sustainable wild fisheries. 

7.3.8.2 
Improve legal certainty on the WTO-conformity of 
sustainability standards 
The conformity of voluntary – both private and public 
– sustainability standards and corresponding labelling 
systems with applicable international commercial law 
should be clarified in the context of the WTO negotia-
tions (Section 7.4.1.7). With this in mind, clear criteria 
should be developed for deciding when process-related 
standards for resource and environmental protection 
and corresponding labelling systems conflict with exist-
ing trade-liberalizing regulations and when they do not. 
Adjudications by WTO arbitrators on this matter have 
been ambiguous up to now. To improve legal certainty 
in this area, the legal relationship between multilateral 
environmental agreements and/or the RFMO and WTO 
rules on the one hand, and the system of investigation 
in relevant cases of conflict should be fundamentally 
and conclusively clarified. 

7.3.9 
Considerably expand marine protected areas and 
spatial planning

Marine protected areas (MPAs) are an important com-
ponent of marine spatial planning systems. They create 
and coordinate ocean zones allowing different intensi-
ties and types of use in order to resolve conflicts over 
use and implement a systematic approach (Section 
3.6.2). Spatial planning should be based on scien-
tific criteria and its effectiveness regularly checked. 
A number of graded conservation categories with dif-
ferent weightings of conservation and sustainable use 
also exist for marine protected areas, the most extreme 
being total protection and the complete exclusion of 
uses (e.  g. no-take zones for fishery). As a rule, the core 
zones are more strictly protected than the peripheral 
areas. Marine protected areas should be organized into 
an overall system of protected areas to make them more 
effective, more representative and better connected. 
This requires international cooperation. Designations of 
protected areas should also be integrated into an over-
all concept of marine spatial planning (Section 7.3.9.2) 
and incorporated into the system of sustainable fisher-
ies management (Sections 4.1.3, 7.4.1).

7.3.9.1 
Expand marine protected areas
Protected areas are one of the most important instru-
ments for maintaining biological diversity on both land 
and sea. The international community has on many occa-
sions called for the creation or expansion of a network 
of marine protected areas (MPAs), most recently as part 
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of the Biodiversity Convention (CBD) and in the Rio 
follow-up process (Section 3.6.2.1). The following rec-
ommendations on marine protected areas refer mainly 
to the global level. In the context of Europe, they aim 
primarily to have an effect beyond the borders of the 
EU and not specifically at a national or German level. 
The WBGU refers to the work of the SRU (2012a, b) for 
the European context, where the protected area des-
ignations under Natura 2000 (the  Habitats Directive) 
and the Marine Strategy Framework Directive play a 
leading role, as well as for the German context. The 
WBGU reaffirms the recommendations made in its spe-
cial report on ‘The Future Oceans’ (WBGU, 2006), par-
ticularly the objective that an ecologically represent-
ative and effectively managed system of marine pro-
tected areas should cover at least 20–30  % of the total 
global marine area. 

Implement and tighten international targets for 
protected area designations 
The target agreed at the 10th Conference of the Parties 
to the CBD in Nagoya – 10  % coverage for marine pro-
tected areas by 2020 – would not appear to be ambi-
tious enough, although the emphasis on making such 
areas representative, well connected, effectively man-
aged and integrated into the surrounding ‘seascape’ 
is to be welcomed (Aichi Target 11: CBD, 2010a). In 
view of the current level of protection – only 1.6  % of 
the total global marine area, 4  % of EEZs and 7.2  % of 
coastal waters (Bertzky et al., 2012) – accelerating the 
knowledge-based implementation of existing objec-
tives appears more urgent than increasing coverage tar-
gets (Section 8.3.2.2). Action is particularly required on 
marine conservation on the high seas (Section 7.3.4.2). 
The German Federal Government should strengthen its 
efforts to effectively implement marine protected areas 
in development cooperation (Section 7.3.6). 

Use marine protected areas as an instrument for 
sustainable fishery management 
Marine protected areas – especially zones with geo-
graphical or time restrictions on fishery – are not only 
vital for protecting biological diversity, they are also 
an important instrument for maintaining or rebuilding 
overexploited fish stocks. This is because more fish bio-
mass is built up in protected areas, and larvae can be 
exported to surrounding fishing areas (Section 4.1.3.4). 
As a priority, large adjoining no-take zones should be 
established in areas where they can serve to protect 
important habitats (e.  g. spawning areas) and lifecycle 
stages (e.  g. young fish). However, they can also act as 
important reference areas for marine research, enabling 
a comparison with areas where fishery or other uses 
take place. Habitat-damaging uses such active bottom-

contact fishing methods (Section 7.4.1.4) should not be 
permitted in marine protected areas. 

Overcome blockades against marine protected 
areas on the high seas
Marine protected areas, including those on the high 
seas, are important instruments, not only for pre-
serving biological diversity, but also for making fish-
ery sustainable. However, they are even more under-
represented on the high seas than in EEZs. The WBGU 
(2006) has already drawn attention to the urgent need 
for action and to the regulatory gaps relating to MPAs 
on the high seas, and derived appropriate recommenda-
tions. Since then, the OSPAR Convention for the North-
East Atlantic has achieved a major breakthrough with 
regard to marine conservation on the high seas – in 
2010 with the establishment of the first ever regional 
network of marine protected areas on the high seas to 
protect deep-sea habitats. The local RFMO (NEAFC) 
thereupon banned bottom-trawl fishing in large parts 
of these areas. Corresponding conservation agreements 
with the Seabed Authority are yet to be concluded. 
Despite the fact that implementing and enforcing 
these regulations remains a major challenge, these suc-
cesses should be transferred to other regions wherever 
possible. The FAO’s concept on vulnerable marine eco-
systems (VMEs) and the FAO’s guidelines on the man-
agement of deep-sea fisheries in the high seas (FAO, 
2009b) offer valuable assistance in designating marine 
protected areas in the deep sea. 

These positive experiences should also be used to 
overcome the blockades currently hindering nego-
tiations targeting a new implementing agreement on 
biological diversity in the high seas (Sections 3.3.2.2, 
7.3.4.2). The greatest efforts to create a network of 
protected areas on the high seas have been being taking 
place since 2004 in the UN General Assembly’s informal 
Biological Diversity Beyond Areas of National Jurisdic-
tion (BBNJ) Working Group. The Biodiversity Conven-
tion (CBD) does valuable preliminary scientific and 
technical work on behalf of the BBNJ Working Group, 
supplying criteria for selecting areas and initial lists of 
areas. The German Federal Government should make 
use of the need for action, which has been highlighted 
once again by the CBD, to exert greater pressure within 
the BBNJ Working Group with the aim of starting nego-
tiations on the corresponding implementing agreement 
as soon as possible and bringing them to a swift conclu-
sion (Section 7.3.4.2). In the meantime, collecting and 
disseminating positive examples of MPAs and results 
relating to them within a national or regional frame-
work could help speed up international efforts to cre-
ate MPAs. 

The setting up of MPAs in the Antarctic region under 
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the Commission for the Conservation of Antarctic 
Marine Living Resources (CCAMLR) had to be deferred 
in 2013 due to opposition from certain countries. The 
next meeting will be hosted by Germany, giving the 
Federal Government a special opportunity – indeed 
responsibility – to bring the negotiations to a positive 
conclusion. 

7.3.9.2 
Expand cross-border marine spatial planning
In addition to the existing marine spatial planning in 
individual countries, a multilateral system that ensures 
cross-national coordination is required in order to 
 realize large-scale uses and environmental-protection 
measures across zones in the future (Section 3.6.2.2). 
Current and future uses of the ocean and conservation 
interests have cross-border effects, so the planning of 
ocean uses should be increasingly supra-regional and 
international in order to avoid cross-border conflicts 
over use and not to interfere with marine ecosystem 
services. Positive examples of this are the EU-spon-
sored projects BaltSeaPlan and Plan Bothnia, under 
which cross-national spatial planning is being devel-
oped for the Baltic Sea.

The WBGU recommends strengthening marine spatial 
planning as an instrument, especially within the Euro-
pean Union, further developing the principles underly-
ing the planning and the process, and anchoring them 
as mandatory elements in an integrated marine policy. 
To this end, the planning competencies of each member 
state should be transferred to the EU. To date, no such 
reallocation of competencies to the European level has 
been achieved, making consistent EU-wide marine spa-
tial planning impossible. In the long term, for the sake of 
integrated ocean conservation and an integrated use of 
the seas, it might be useful to create a European planning 
authority for European waters. This body could ensure 
the sustainable use of the oceans in Europe. 

Beyond the EU, marine spatial planning should also 
be strengthened by creating further sub-global confed-
erations of states whose role would be to plan or re-plan 
adjacent areas of the oceans (regional seas) in a coor-
dinated fashion. Cross-border spatial planning by sub-
global confederations appears particularly meaningful 
in the case of regional seas, and in that context with 
respect to territorial seas and the EEZs. 

Developing marine spatial planning is becoming a 
necessity for some European states as a result of their 
national energy strategies. Germany could play a pio-
neering role here, facilitating a European exchange of 
experience by organizing information events and con-
ferences. More research is needed to determine the 
exact form that marine spatial planning should take. 
Given the current state of knowledge, it is not possible, 

for instance, to say which uses can be integrated or 
combined and which are mutually exclusive (Section 
8.3.2.2). The ocean also makes particular demands on 
the spatial planning approach. On the one hand, the 
vertical dimension of the water column potentially 
allows for vertical or three-dimensional planning. At 
the same time, in designating useable areas it must be 
remembered that the sea, as a fluid medium, is in con-
stant flux.

The EU could play a similar role in cross-border 
spatial planning, if joint spatial planning becomes 
 established at the European level. This could potentially 
function as a best-practice example which could later 
be imitated by others.

7.3.10 
Promote the harmonization of existing liability 
regimes

Where accidents – involving oil tankers or oil platforms, 
for example – have occurred in the past, regional and 
national liability mechanisms have revealed gaps and 
deficits in the current law on liability. At present, the 
only international liability standards exist in the field of 
oil shipping. Elsewhere, national liability regimes exist 
side-by-side without even a minimum of harmoniza-
tion (Section 3.6.5).

The WBGU therefore supports the European 
 Commission’s intention to standardize the law on  liability 
for offshore activities. On the basis of a proposal by 
the EU Commission (2011c), efforts are being made to 
establish a standardized liability framework for the EU’s 
marine waters, including EEZs, which would make the 
causers of damage to the marine environment liable for 
the costs of preventive and remedial measures.

Moreover, the WBGU recommends that, at future 
meetings of the UN General Assembly (UNGA), the 
German Federal Government and the European Union’s 
member states remind the parties to UNCLOS of their 
commitment to establishing effective liability systems 
under Article 235 of UNCLOS. A decision by the UNGA 
on this matter should again call for the implementation 
of UNLCOS by national states – a political signal indi-
cating the importance of such systems for the marine 
environment.

7.4
Food from the sea

In many regions – particularly in developing  countries – 
ocean fishing and aquaculture play an important role in 
food security, health, employment and income.  However, 
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most fish stocks around the world are still poorly mana-
ged today, both economically and ecologically. As a rule, 
too little attention is paid to the long-term perspective. 
Despite ever greater efforts by fisheries, global yields are 
now declining. Sustainable use is still a long way off for 
most countries and regions (Section 4.1.1).

Fishing has been impacting on the oceans for a long 
time and that impact is growing. Overfishing poses 
a serious threat to marine ecosystems and is one of 
the most important reasons for the rapid loss of bio-
logical diversity. At the same time, global demand 
for fish and seafood is on the increase – and with it 
the pressure on fish stocks. Since wild fishing cannot 
meet this demand, many people’s hopes are directed 
towards aquaculture. However, the currently prevalent 
form of marine aquaculture focuses mostly on carnivo-
rous species of fish and will not be able to meet these 
expectations: it requires large amounts of wild-caught 
forage fish to produce high-price fish such as farmed 
salmon, and this actually aggravates the overfishing of 
fish stocks.  Nevertheless, sustainable aquaculture does 
have the potential to take some of the pressure off 
fishing by means of improved management and tech-
nological developments. To a certain extent, forage fish 
can be replaced by plant-based food, and other forms 
of aquaculture breeding, e.  g. herbi vorous freshwater 
species or mussels, avoid the problems outlined above 
(Section 4.3.3). 

A fundamental shift towards sustainable fishing 
is required to avoid overuse, rebuild stocks, stabilize 
yields and protect marine ecosystems. Otherwise the 
contribution of the seas to the food security of a grow-
ing global population will be put at risk. If this transfor-
mation were to begin now, within a few decades – and 
in some regions even sooner – catch volumes could be 
even larger than today and remain so in the long term; 
biomass could increase substantially and stocks could 
become more resilient. For this to happen, the fishing 
pressure has to be greatly reduced for a period of time. 
This is a political challenge: such a turnaround would 
involve immediate political, social and economic costs 
during the transition period, while the profits from 
rebuilt fish stocks cannot be harvested until later.

Parallel to this there should be a transformation 
towards sustainable aquaculture that operates in a 
socially acceptable and environmentally responsible 
way. Currently, large sections of aquaculture operate 
in a non-sustainable manner (e.  g. polluting waters, 
using large amounts of antibiotics, endangering wild 
populations). In many cases this could be reduced 
using existing technical solutions. Systemic interrela-
tions also merit closer investigation: not only should 
aquaculture’s dependency on marine fishery be dras-
tically reduced, the impact on land use of substituting 

increasing amounts of fish meal and fish oil with veg-
etable materials (e.  g. soya) should also be taken into 
account. For aquaculture to take some of the pressure 
off fishing, technological innovations are not enough: 
consumer behaviour also needs to change. In poorer 
coastal regions, the key issue will be to come up with 
regionally or locally adapted solutions for sustainable 
aquaculture production. Internationally, the main task 
is to refine and implement the voluntary agreements on 
aquaculture that already exist.

The good news is that important prerequisites for 
the transformation towards sustainability in fishing und 
aquaculture already exist. Although some international 
regulations are in place on aquaculture, much stronger 
foundations have been laid with regard to fishing: the 
UN Fish Stocks Agreement, the FAO Code of Conduct 
for Responsible Fisheries, the Biodiversity Convention 
and the results of the Rio summits provide ambitious 
international regulations and political objectives – e.  g. 
to stop overfishing, rebuild fish stocks and reduce ‘eco-
logical risks and side effects’ by 2015. The technical 
instruments and management options for sustain-
able fishing are also known. If existing knowledge and 
instruments are used consistently, these objectives are 
achievable for many fish stocks. What is needed now 
above all is the effective implementation and enforce-
ment of these ambitious rules and objectives – includ-
ing effective sanctions – and the closing of the remain-
ing gaps in international legislation. From a global per-
spective, the long-term benefits far outweigh the costs 
of the transformation and justify the necessary invest-
ment in the long run (Section 4.2.5). 

The transformation towards sustainable fishery is 
challenging, but possible. However, one should not 
underestimate the barriers to a complete shift of fish-
ery towards sustainability. It is easy to say that there 
is a lack of political will to implement the change, but 
actually overcoming the path dependencies and remov-
ing the barriers is much harder, as it is difficult to bring 
stakeholders on board who are pursuing a strategy of 
short-term profit maximization. Nevertheless, in some 
countries the redirecting of fishing towards sustain-
ability has already begun – and positive developments 
in ocean fishery are visible. In the EU most stocks are 
still overfished, but work is underway on a reform of 
the EU’s Common Fisheries Policy, and the target is sus-
tainability (Section 7.4.1.7). 

The overall legal framework and incentive systems 
are important starting points. At present they often 
still offer misguided incentives, such as subsidies for 
expanding fishing capacity or for fuel. This makes it 
cheaper to hunt stocks and fails to internalize the eco-
logical damage. In political decision-making processes, 
the long-term interests of society are often given less 
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weight than the short-term interests of individual 
stakeholder groups. As a result, existing legal regula-
tions are being hesitantly implemented. The current EU 
fisheries reform is one example among many of how 
difficult it is to overcome the blockades against trans-
formation. 

Section 7.4.1 initially outlines the most important 
overall elements of a global transformation of fishery 
towards sustainability. This is followed by some recom-
mendations for action on particularly relevant topics. 
Section 7.4.2 presents recommendations for action on 
aquaculture as well as recommendations based on an 
integrated view of fishery and aquaculture. Further 
below, Section 8.3.3 identifies research gaps in how 
these transformations should be managed. 

7.4.1 
Recommendations for action on marine fisheries

The WBGU’s analysis and recommendations on fisher-
ies relate primarily to the global situation. Fisheries in 
Germany and the EU are not the focus of the WBGU’s 
 recommendations for action (see e.  g. SRU, 2012b on 
this) with the exception of the cross-border impacts 
of fisheries agreements and imports (Section 7.4.1.7). 
 Recommendations on fisheries as part of the develop-
ment or reform of UNCLOS can be found in Section 
7.3.4, which also offers recommendations on global 
fisheries governance. Section 7.3.8 contains recom-
mendations on private governance, including certifica-
tion. Marine protected areas – which are not only of 
critical importance for preserving marine ecosystems, 
their ecosystem services and their biological diver-
sity, but can also serve as an instrument of fisheries 
management – are discussed in detail in the context of 
marine spatial planning in Section 7.3.9 and therefore 
only briefly touched on here.

7.4.1.1 
Overall recommendations for a change of course 
in fisheries
Effective instruments of sustainable fisheries exist, but 
they need to be adapted to widely differing local and 
regional stocks and conditions. Furthermore, they must 
be intelligently combined and applied in order to avoid 
overfishing, rebuild stocks and minimize undesirable 
by-catch and damage to marine ecosystems (Section 
4.1.3). An important precondition for implementing 
these objectives is creating as broad an understanding 
as possible in society that without a change of course 
in fisheries, substantial ecological damage, diminishing 
individual profits and economic losses are inevitable in 
the long term. 

The WBGU’s general recommendation is a combina-
tion of traditional approaches (fishing quotas, co-man-
agement, etc.) and spatial or temporal restrictions on 
uses, embedded within a system of marine protected 
areas (Section 7.3.9), with environmentally friendly 
fishing techniques and incentives for sustainable fish-
ing management. The effective participation of local 
fishermen, non-governmental organizations and scien-
tists in decision-making processes, and shared respon-
sibility for implementing the agreed management sys-
tem offer a good basis for sustainable management 
(Section 4.1.3). 

The following points are particularly important for 
sustainable fisheries management:

 > Apply the ecosystem approach and precautionary 
principle: The ecosystem approach should be rigor-
ously applied in fisheries on the basis of the best 
scientific data (Box 4.1.3.1). Applying the precau-
tionary principle is particularly important for safe-
guarding stocks and hence securing the future of 
fishing, given the frequent scientific uncertainties 
and information gaps (Section 7.1.3). 

 > Set sustainable yield limits: For most regions and 
stocks, managing fisheries on the basis of scientifi-
cally determined maximum sustainable yields 
(MSYs; Box 4.1-5) would in itself represent consid-
erable progress; current yields are regularly in excess 
of these limits, sometimes significantly. When set-
ting catch volumes, the MSYs should be regarded as 
the upper limit. Actual catches should remain below 
this level – i.  e. there should be a safety margin – to 
take into account the impact of fishing on marine 
ecosystems (food webs, habitats, biodiversity, etc.), 
natural variability in marine ecosystems and future 
adaptation requirements caused by climate change 
or the acidification of the oceans, among other 
things (Section 4.4). Moreover, where stocks have 
already been decimated, catch volumes should ini-
tially be set much more conservatively to enable a 
swift recovery of stocks. For environmental reasons, 
a particularly large safety margin should be set for 
forage fish stocks (Box 4.3-1). This new role of MSYs 
– as an absolute upper limit, not a target level – 
should be enshrined in all levels of fishery govern-
ance through both legislation and intergovernmental 
agreements. Ecosystem-based plans for managing 
and rebuilding stocks should be drawn up and 
adhered to on this basis. These management plans 
should stretch across several years and be adapted to 
the region in question.

 > Observe sustainable yield limits: The scientifically-
based recommendations on permissible total catch 
volumes should be adhered to as closely as possible. 
Today they are regularly exceeded for the sake of 
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private interests. Instead, the fishing of overexploited 
stocks should be reduced until the stocks have recov-
ered and sustainability requirements are met. 

 > Reduce the level of global fishing effort: A critical 
precondition for meeting yield limits is a significant 
cut in total global fishing effort by reducing overca-
pacity (Section 7.4.1.3). Measures aimed at reducing 
overcapacity should be promoted. For example, laid-
up industrial vessels should be scrapped and not 
allowed to be exported or flagged out.

 > Ensure effective monitoring: Institutions should 
monitor compliance with use and access rights (e.  g. 
by means of inspectors on board or in harbours, sat-
ellite positioning systems or cameras). This is criti-
cally important for ensuring that management plans 
are adhered to. 

 > Minimize ecological risks and side effects: Current 
fishing impacts on ocean ecosystems not only by 
removing marketable fish, but also through by-catch 
and destructive or wasteful fishing methods 
( Sections 4.1.2.3, 7.4.1.4). Sustainable fishery 
should reduce these impacts to a minimum and make 
use of existing technical solutions. 

7.4.1.2 
Improve the preconditions for knowledge-based 
fishery 
Marine and fishery research are preconditions for 
 knowledge-based fishing. Whatever approach or indi-
cator is chosen, it will be necessary to improve the sci-
entific basis for monitoring fish stocks and yields and 
 assessing the state of marine ecosystems. The basis 
for this is  sufficient knowledge about the biology and 
 ecology of the target species and the ecosystem, and 
also about the key drivers of the use of this resource 
(Section 7.3.1). Corresponding research recommenda-
tions can be found in Section 8.3.3.1. Efforts should be 
made to improve cooperation between scientists, and 
between scientists and fishermen. 

 > Advance indicators: Traditional fishery management 
aims primarily at maximizing the yield of target 
 species. It neglects ecosystem factors such as the state 
of habitats or the interactions with other species. In 
line with the ecosystem approach, indicators that not 
only cover species that interact with target species 
(ecosystem-based multispecies approach, including 
non-target species), but also indicate the overall 
 condition of the ecosystem should be gradually 
 introduced into fishing management. There are a 
number of interesting approaches that should be 
examined and refined by research and development 
(Section 8.3.3.1) so that they quickly become 
 available for application. 

 > Improve data: Many regions lack reliable data about 
fish stocks and catches. Here, the first step is to cre-
ate or improve the scientific basis (monitoring, stock 
data, models; Section 8.3.3.1). Countries should 
commit to carrying out high-quality, regular, trans-
parent surveys of fish stocks, landings and by-catch 
in their EEZs so the FAO has access to much better 
global data.

 > Ensure consistent transparency: Data on fishing mod-
els, results, recommendations, quotas, yields and so 
on should be shared between researchers and used 
jointly. This data should also be published as early 
and in as much detail as possible to enable scientific 
and societal discourse. 

 > Take into account the special situation in developing 
countries: Developing countries need approaches 
that enable the sustainable management of fish 
stocks without detailed analysis. Simple initial meth-
ods that can produce good results on MSY even with 
limited data have already been discussed (Section 
4.1.3.2). As long as countries rigorously apply the 
ecosystem approach and precautionary principle, 
and do not allow fishing right up to the limit of the 
MSY, these simple methods can bring about rapid 
progress in countries with weak management capac-
ities. The methods should be further developed and 
their application promoted through development 
cooperation. Particularly in the case of small-scale 
fishing in developing countries, participatory moni-
toring and evaluation can help involve the local 
population in the governance of natural resources 
and promote democratic participation (Section 
4.1.2.4). 

 > Promote capacity building: Development-coopera-
tion organizations (e.  g. World Bank, regional devel-
opment banks, BMZ, KfW, GIZ) should focus on 
building up capacity (scientific, institutional, 
technical) for knowledge-based, sustainable fisher-
ies management. The priority should lie with regions 
where fishery (mainly small-scale fishing; Section 
7.4.1.8) plays a key role in food security. To be espe-
cially effective, large and overfished stocks in par-
ticular should be monitored. Another theme for 
development cooperation is how to cushion the 
social effects of fishery reforms by means of com-
pensation payments. Positive examples exist around 
the world where a suitable mix of instruments has 
been used to rebuild stocks (Boxes 4.1-6, 4.1-7). The 
exchange of information about such positive exam-
ples should be improved and increased collaboration 
promoted, also on an international basis.
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7.4.1.3 
Reduce subsidies
The most important approach for reducing overcapac-
ity is for the state to adjust overall conditions to the 
needs of sustainable fisheries, and especially to abolish 
subsidies (Sections 4.1.4.7, 7.3.2, 7.3.7). The Biodiver-
sity Convention’s target of abolishing subsidies harm-
ful to the environment by 2020 (Aichi Target 3, CBD, 
2010a) also applies to fishery. At the ‘Rio+20 Confer-
ence’ it was once again agreed to abolish subsidies that 
promote overfishing and overcapacity (UNCSD, 2012). 
The faltering WTO negotiations on fisheries subsidies 
should be swiftly brought to a conclusion that is in line 
with these decisions. 

 > Subsidies that have a harmful impact with respect to 
sustainable fishing should be quickly phased out 
worldwide, especially subsidies that are aimed at 
maintaining or increasing fishing capacity (e.  g. 
building new fishing vessels or reducing fuel prices). 

 > The money saved by abolishing subsidies can be used 
to fund the necessary investments in sustainable fish-
eries management – e.  g. by expanding or improving 
scientific and institutional capacity, such as fisheries 
research or improved monitoring of compliance with 
fishing regulations. In this way at least part of the 
necessary transformation of fisheries can finance 
itself through redirected subsidies (Section 4.1.4.7). 

 > The money saved should be used where necessary to 
cushion cases of economic hardship or create alter-
native sources of income for fishermen. 

 > Data on direct and indirect support for the fishing 
industry should be publicly available. 

7.4.1.4 
Stop wastefulness

Minimize and use by-catch
By-catch of undersized fish, non-target species, bot-
tom-feeding organisms, marine mammals, sea turtles, 
seabirds and so on that are caught unintentionally and 
usually thrown straight overboard again should be 
reduced. To this end, the WBGU recommends gradually 
introducing a ban on discards, as well as a binding, total 
landing obligation for all target and non-target species 
(as in Norway, for example; Section 4.1.3.4). Endan-
gered and protected species should be excluded from 
this obligation and returned to the ocean unharmed 
wherever possible. To reduce the losses to marine bio-
diversity caused by by-catch, mandatory ecosystem-
compatible (i.  e. environment-friendly) fishing gear and 
practices should be introduced. Fishing methods which, 
for technical reasons, inevitably involve large propor-
tions of by-catch of non-target species – not just fish 
but also seabirds, sea turtles, marine mammals, etc. – 

should be banned and replaced by other methods. A 
landing obligation also reduces uncertainty with regard 
to estimated stocks. By-catch that cannot be avoided 
by technical measures should not just be landed on 
principle but also made use of, if possible for direct 
human consumption. Where this is not possible, it can 
be processed to fish meal or oil as a source of food for 
sustainable aquaculture, thereby reducing forage fish-
ing (Section 7.4.2.2). The framework conditions should 
be structured a way that creates an incentive to mini-
mize by-catch, so that the by-catch of non-target spe-
cies also stays within sustainable limits. The challenge 
here is not to create incentives to increase the level 
of by-catch, despite making the best possible use of 
it.  Further research is necessary on these key issues 
(Section 8.3.3.1). 

Ban destructive and wasteful fishing and enforce 
bans
Destructive fishing techniques should be banned in ter-
ritorial seas, exclusive economic zones (EEZs) and on 
the high seas. These bans must be effectively enforced. 
This includes not only fishing with dynamite or poison, 
which is still practised in territorial seas in the Trop-
ics, but also fishing that damages habitats, such as bot-
tom-trawl fishing and beam-trawl fishing in sensitive 
ecosystems such as reefs, sea-grass beds, sandbanks 
and marine protected areas. This applies particularly to 
deep-sea areas with fragile habitats and rich biodiver-
sity, such as cold-water coral reefs and seamounts. The 
FAO guidelines on deep-sea fishing on the high seas 
should be implemented as a matter of urgency (FAO, 
2009b). More environment-friendly alternatives to 
bottom-trawl fishing should be researched and applied 
(e.  g. electrofishing, pulse fishing; Section 8.3.3.1). 

There should be a ban on wasteful fishing methods 
in which only a small fraction of the biomass captured 
is used. One example is shark finning, which involves 
the removal of sharks’ fins for use in soup; the fatally 
wounded shark is then thrown overboard again unused. 
Here, the rules issued by many countries (including the 
EU and USA) and institutions (RFMO, FAO, CITES) 
should be expanded into a global ban: sharks play an 
important role in marine ecosystems and many spe-
cies of shark are in acute danger due to fishing (Section 
4.1.3.4). The EU Commission’s proposal (2011d) to ban 
shark finning at sea without exception should be swiftly 
implemented. The Bonn Convention’s Memorandum of 
Understanding on Migratory Sharks (CMS, 2010) has 
agreed a conservation plan for the subgroup of migra-
tory shark species. However, the countries where shark 
fishing plays a major role and the key Asian importing 
countries have yet to sign up to the Memorandum. 
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Regulate forage fishing
Approximately a third of the total marine catch volume 
is used to produce fish meal and oil, primarily for animal 
feed. A large proportion of this is turned into aquacul-
ture feed for carnivorous fish, which involves a consid-
erable efficiency loss (‘reduction’; Section 4.3). Catch-
ing wild fish for use in aquaculture operations focus-
ing on carnivorous fish (‘reduction fishery’) does not 
contribute significantly to food security and so should 
be scaled down. Alternatives should be developed and 
promoted in its place (Section 7.4.2.2). Conservative, 
ecosystem-based catch restrictions for reduction, for-
age and industrial fisheries at a low trophic level should 
be agreed, implemented and enforced. This would safe-
guard the food supply for natural predators in the 
food web and make provisions for unknowns, e.  g. 
the possible effects of climate change (Box 4.3-1). In 
addition, initiatives are needed to certify forage fish-
eries as fully as possible with regard to their sustain-
ability and origin. Depending on the local situation, it 
may also be desirable to build up local fishmeal indus-
tries for local aquaculture farms. As an alternative to 
turning these yields into animal feed, research, devel-
opment and infrastructure should be promoted to find 
new ways of using forage fish stocks directly for human 
consumption, as already happens to some extent 
(Section 8.3.3.1).

7.4.1.5 
Combat illegal, unreported and unregulated 
fishing
Between one seventh and a third of the global fish-
ing catch is down to illegal, unreported and unregulated 
(IUU) fishing (Section 4.1.4.5). The political objective 
of ending IUU fishing, particularly on the high seas, has 
enjoyed international consensus for many years and 
was reaffirmed at the Rio+20 Conference. 

The recommendations for fighting IUU fishing 
should focus on its key causes: insufficient govern-
ance capacity in many coastal states (e.  g. inadequate 
monitoring of fishing) and sanctions that are much 
too weak. First, stronger international cooperation is 
needed to build a better information base on fishing 
on the high seas. This can be achieved by expanding 
the International Monitoring, Control and Surveillance 
Network and setting up a global information system on 
high-seas fishing vessels, as well as by other measures. 
Widespread acceptance of the UN Fish Stocks Agree-
ment and resolute reforms to the Regional Fisheries 
Management Organizations (RFMOs) would make IUU 
fishing on the high seas much more difficult (Section 
7.3.4.3). Some RFMOs have already taken steps against 
IUU fishing, such as negative and positive lists of ships, 
ship-monitoring systems, transhipment rules, inspec-

tion programmes, port controls and landing bans for 
IUU ships, or requiring all fishing vessels to have an 
IMO number. Some of these measures have been effec-
tive and should be adopted by other RFMOs. 

The FAO’s international plan of action to combat IUU 
fishing has been in existence since 2001 and specifies 
many necessary measures. However, few countries 
have come up with national action plans to date. Strict 
controls by flag and port states, and checking species 
and origins indications – which are often false – are 
considered particularly effective. The FAO Port State 
Measures Agreement on combating IUU fishing could 
be an effective instrument as it aims to prevent IUU fish 
from reaching the market. For this reason it is impor-
tant that it comes into force quickly and is effectively 
implemented by countries and the RFMOs. The intro-
duction of strict processes for checking origins (e.  g. 
based on DNA analyses) should be promoted (Section 
8.3.3.1). The need for EU action on IUU fishing with 
respect to the import of fish products is discussed in 
Section 7.4.1.7. 

7.4.1.6 
Take into account climate change, ocean acidifica-
tion and other systemic effects
Environmental changes such as ocean warming, 
ocean acidification and dead zones may have a signif-
icant future impact on fishing if emissions of green-
house gases and the release of nutrients and pollutants 
are not restricted (Section 4.4). The fight against the 
causes of these problems is largely beyond the realm 
of fisheries management; it must take place on land 
through changes in the energy, transport and land-
use systems (e.  g. WBGU, 1995a, 2005, 2010). Keep-
ing within the 2  °C guard rail would probably suffi-
ciently limit the impact of climate change and acidifica-
tion to prevent overstraining the ability of ecosystems 
and fisheries to adapt, although there is still considera-
ble uncertainty on this question (WBGU, 2006). If this 
is not achieved, climate change and ocean acidification 
are likely to have a major impact in the medium term 
( Sections 4.4.1, 4.4.2). 

But the fishing sector must also take action. Here, 
too, a transformation towards low-carbon practices is 
needed (Section 4.1). Fishing practices with high spe-
cific emissions, such as bottom-trawl fishing and fish-
ing in distant areas requiring long journeys, should be 
reassessed – not least on grounds of climate protection. 
Low-impact and fuel-efficient (LIFE) fishing ( Suuronen 
et al., 2012; FAO, 2012b:  205) offers an interesting 
approach to identifying win-win strategies for low-car-
bon sustainable fisheries and should therefore be pro-
moted. This approach is consistent with fishing with 
yield targets well below the MSY, which not only has 
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ecological and economic benefits (Box 4.1-5) but also 
produces fewer emissions thanks to the favourable ratio 
of fishing effort to yield. In the long term, however, 
fishing – and shipping in general – must find a way 
to do without fossil fuels. The WBGU’s flagship report 
‘A Social Contract for Sustainability’ presents recom-
mendations on this issue (WBGU, 2011:  151 ff.). In the 
longer term, the gradual introduction of climate com-
patibility as a criterion for certifying sustainable fish 
products should also be considered. 

Overfished stocks are more sensitive to environmen-
tal changes like climate change than sustainably used 
stocks (Section 4.4.5). Fishery faces significant chal-
lenges to which it must adapt, if it is to overcome the 
unavoidable impact of global environmental changes. 
This increases the level of uncertainty for fisheries 
management, making the implementation of the eco-
system approach and the precautionary principle in 
fishing even more urgent (Section 7.4.1.1). A strategy 
of proactive adaptation is important, and this includes 
looking at climate scenarios and scenarios for ocean 
acidification as well as other factors (WBGU, 2006). 
If the overall recommendations in Section 7.4.1.1 are 
consistently observed, stocks will also be better able to 
adapt to anthropogenic environmental changes. 

7.4.1.7 
Reform the European Union’s Common Fisheries 
Policy
A sustainable EU fishing policy should take an over-
arching approach, i.  e. not just covering fishing in EU 
waters but also incorporating the external dimension 
through Fisheries Partnership Agreements with third 
countries and import policy. Based on its global per-
spective, the WBGU focuses in the following on the 
direct effects of European fisheries policy (the ‘exter-
nal dimension’) on third-party states, as well as on the 
indirect effects of imports of fish products from third-
party states.

Reform of the EU Common Fisheries Policy
The EU’s fish stocks are in a poor state because the scien-
tific recommendations on catch volumes have been con-
siderably exceeded for decades. The situation is exacer-
bated by overcapacity, destructive fishing methods, large 
by-catches, lack of monitoring and illegal fishing (SRU, 
2011b). However, recent years have seen greater efforts 
to move to fishing methods based on maximum sustain-
able yield (MSY; Box 4.1-5). This objective, reaffirmed 
at the Rio+20 Conference, is supposed to be achieved 
by 2015 (UNCSD, 2012). Accordingly the situation has 
improved in the past few years. In the period between 
2005 and 2009 overfished stocks (i.  e. stocks fished at a 
level above MSY) in the Northeast Atlantic and neigh-

bouring waters averaged around 90  %; by 2012 this fig-
ure had fallen to 47  %. Exceeding sustainable catch vol-
umes has also decreased: in the period from 2003 to 
2009 it averaged almost 50  %, compared to 11  % in 2012 
(EU Commission, 2012a:  13ff.). In some regions, how-
ever, the situation remains very bad. In the Mediterra-
nean, for instance, 80  % of the investigated stocks were 
overfished. Moreover, the EU Commission (2012a) says 
that there is insufficient data on almost two-thirds of 
stocks – a situation which it quite rightly describes as 
worrying. If international targets and commitments are 
to be met, the reform must be resolutely enforced. Ini-
tially this would result in a sizeable reduction in catch 
volumes and the closure of some fisheries. But within a 
few years it would probably lead to even greater yields 
than before (Section 4.5). 

The reform process of the Common Fisheries Policy 
(CFP), begun in 2009, is to be strongly welcomed. It 
offers grounds for hope that, following approval by the 
EU Parliament in early 2013, the necessary changes 
can be initiated in the course of 2013. The reform aims 
to create a framework for the sustainable management 
of stocks and to contribute to the conservation of the 
marine environment. The EU Commission (2011c) had 
previously proposed a reform of the CFP that included 
some good proposals for improvement, but did not go 
far enough in the view of the German Advisory Council 
on the Environment or SRU (SRU, 2011b). The SRU’s 
 recommendations are in line with the WBGU’s overall 
recommendations (Section 7.4.1.1), translating them 
into concrete terms for the current European situation. 
The WBGU supports the SRU’s recommendations. In par-
ticular, the WBGU agrees with the overall objective that 
the future CFP should ensure the sustainable manage-
ment of fish stocks and give high priority to environmen-
tal objectives. The most important points are as follows: 

 > An end to overfishing and a transition to the sustain-
able management of fish stocks, with the objective 
of achieving a stock biomass above that necessary for 
the MSY; management plans for all stocks covering 
several years. 

 > Introduction of a general ban on discards and a land-
ing obligation, backed up with adequate controls. 

 > Reduction of overcapacity and in particular the phas-
ing out of subsidies that might support or increase 
overcapacity. 

 > More effective controls and sanctions, including 
more effective punishments for illegal fishing and a 
review of whether the measures already in place are 
effective.

 > Regionalization of fisheries management and 
increased participation by fishermen. 

 > Marine protected areas with large adjacent no-take 
zones and the closure of selected areas.
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 > Gradual introduction of transferable fishing conces-
sions to support the sustainable management of 
stocks, if the recommended ban on discards is intro-
duced. The impact of transferable fishing conces-
sions should be carefully monitored. 

 > Sustainable bilateral fishing agreements with part-
ner countries – this is discussed in more detail in the 
following section. 

The external dimension of EU fisheries 
The so-called ‘external dimension’ of European fisheries 
policy, in the form of Fisheries Partnership Agreements 
(FPAs) with third countries, has been heavily criticized 
with regard to its environmental and social impact. The 
at times disastrous impact of FPAs on fish stocks due 
to overfishing and on small-scale national fisheries in 
partner countries due to competition with EU vessels is 
scientifically well documented and has been accepted 
by the European Commission (Section 4.1.4.6). Never-
theless, delays persist with regard to the political imple-
mentation of suitable measures. This problem requires 
urgent action. The reform of the EU’s CFP, begun in 
2009, is an important step in the right direction and 
should be used to gradually end the destructive prac-
tices of the EU fleet in non-European waters. 

Fundamental strategic changes to FPAs are needed 
to guarantee their sustainability and rebuild their cred-
ibility. In the context of its role in providing the basis 
for livelihoods and food security, the objective should 
be to support the fishing sector in the respective part-
ner country in its transformation towards sustainability, 
and to build effective institutions there. For this rea-
son, the WBGU welcomes the European Commission’s 
suggestion that FPAs should in future be known as 
‘ sustainability agreements’. To ensure that food se-
curity is given top priority, FPAs should include men-
tion of human rights, in particular the right to food 
(Article 25, paragraph 1 of the UN Universal Declara-
tion of Human Rights). The WBGU’s overarching rec-
ommendations on fisheries should also be taken into 
account in the reformed FPAs (Section 7.4.1.1). Envi-
ronmental and social standards for European fishing 
activities should be implemented in partner countries 
and accountability obligations and sanctions increased 
on both sides. With regard to FPAs, it is essential that 
non-European fisheries policy is much better coordi-
nated and agreed within both the European Commis-
sion and the Federal Government. For example, issues 
related to development policy should be adequately 
reflected in the CFP. The WBGU’s detailed recommen-
dations are as follows:

 > Improve data: Improving the pool of data on fish 
stocks in partner countries is a key prerequisite for 
ensuring the sustainability of the CFP. The financial, 

technological and institutional capacities of partner 
countries for monitoring fish stocks and setting sus-
tainable catch volumes need to be strengthened. 
FPAs should only be agreed where a sustainable 
usable catch volume has been shown to exist and 
scientifically quantified. Strengthening fishing 
administrations in partner countries, combined with 
creating (or strengthening) regional partnerships 
across different countries, can help establish trans-
national monitoring systems for fish stocks. 

 > Create transparency: Both the EU and its partner 
countries should publish figures on their total fish-
ing effort, catch volumes and the actual market 
value of the fish caught. Partner countries should 
also publish the size of the total surplus passed on to 
the EU and other partner countries through licences. 
In addition, the documentation on the FPA negotia-
tion processes should be published. To prevent IUU 
fishing by the EU fleet, the indications of origin 
made for landings should be strictly checked (Section 
7.4.1.5). 

 > Preserve and promote sustainable small-scale fishing: 
In addition, the sustainability of national fishing 
sectors, many of which are small-scale, should be 
promoted, as is already formally laid down in FPAs. 
The recommendations for small-scale fishing made 
in Section 7.4.1.8 also apply to FPAs. Payments for 
building up sustainable local fisheries should be 
unrelated to payments for access by the EU fleet 
(Section 4.1.4.6). Moreover, ship-owners and the 
fishing industry should contribute a larger share of 
the payments. Fish stocks located close to the coast 
are of primary importance for income and food se-
curity in developing countries. Accordingly, the EU 
should structure FPAs in such a way that small-scale 
fishermen are given priority access to fish stocks 
close to the coast, and that EU vessels interfere with 
these stocks as little as possible (e.  g. a ban on bot-
tom-trawl fishing in areas close to the coast, the 
creation of a 20-nautical-mile zone exclusively for 
small-scale fishermen; Section 4.1.4.6). The landing 
obligation and investments in local value chains are 
vital for supporting economic and social develop-
ment in partner countries. 

 > Introduce an exclusivity clause: Where an FPA exists, 
EU fishing vessels – including vessels where Euro-
pean capital is involved but which sail under a dif-
ferent flag – should not be able to receive licences 
outside of this agreement. The EU should implement 
effective measures to prevent fishing vessels getting 
round this clause by means of re-flagging. 

 > Initiate joint learning processes: A systematic evalua-
tion of existing best practices could improve the 
knowledge basis for policy options. With the sup-
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port of development cooperation, this joint learning 
process could be organized across different coun-
tries, thereby also contributing to regional coopera-
tion. 

Imports of fish products to the EU
Besides fishing in EU waters and the external dimen-
sion (i.  e. EU fishing in third countries), imports into the 
EU from third countries are the EU’s largest source for 
fish products. Some 60  % of fish consumed in the EU is 
now imported, and its share continues to grow. At the 
same time the EU accounts for 26  % of all imports from 
third countries, making it the world’s biggest import 
market for fish products, ahead of both the USA and 
Japan (Markus, 2012; Section 4.1.4.8). Through global 
trade, the EU thus exerts a major indirect influence on 
fisheries in other waters. 

Whatever the potential positive or negative impact 
of trade in fish products and the possible distributional 
effects in export states, it is clear that properly func-
tioning stock-management systems in exporting states 
are important in order to avoid a negative impact on 
local marine ecosystems (Section 7.4.1.1). Sustainable 
fishery is a basic prerequisite for sustainable trade in 
fishing products. The analysis presented in Section 
4.1.4.8 raises the question of whether the EU can make 
an additional contribution to the sustainability of glo-
bal fishing through its trade policy. The following are 
possible starting points and options for action: 

 > On a regular basis, the EU – perhaps in cooperation 
with the FAO – should analyse developments in 
trade flows for fish products into the EU and their 
impact on export states. This analysis should look 
not just at exports of goods, but also at the impact of 
direct investments, third-country agreements, and 
maybe also private fishing activity in third-country 
waters that takes place outside of third-country 
agreements.

 > Although the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) 
is a sharp instrument in the field of trade law and can 
be used as a basis for issuing effective trade and 
import bans, it has very little impact when it comes 
to sustainable fisheries. Its reactive approach means 
that it can only protect species whose survival is 
threatened, which only applies to a fraction of the 
fish species that are harvested non-sustainably. 
Nevertheless, the Federal Government should con-
tinue to actively support the expansion of protection 
of fish species under the CITES. Particular support 
should be given to efforts to protect endangered 
species of sharks and rays. 

 > In the fight against IUU fishing, trade-restricting 
measures are being considered which would also 

affect imports to the EU (e.  g. measures by RFMOs or 
under the FAO Port State Measures Agreement; 
 Sections 4.1.4.5, 7.3.4.3, 7.4.1.5). The IUU Regula-
tion has been in force in the EU since 2010. It con-
tains an impressive list of measures and potential 
sanctions for fighting IUU fishing, although it is too 
early to draw conclusions as regards their effective-
ness in the member states. To this extent, the 
enforcement of the IUU Regulation should be scien-
tifically investigated (Section 8.3.3.1). The WBGU 
believes that including trade-policy measures in the 
efforts to prevent IUU fishing is the correct approach. 
The WBGU’s recommendations for avoiding IUU 
fishing can be found in Section 7.4.1.5.

 > The EU is currently in the process of enacting a regu-
lation on “certain measures in relation to countries 
allowing non-sustainable fishing for the purpose of 
the conservation of fish stocks”. This regulation sup-
ports the implementation of international rules on 
the management of fish stocks under UNCLOS, the 
FSA and RFMOs (Section 7.3.4). To ensure compat-
ibility with WTO rules, the regulation is limited to 
certain shared, straddling and highly migratory fish 
stocks for which a ‘joint interest’ arises. Based on 
ambitious sustainability targets, in its current form it 
contains a series of measures vis-à-vis third coun-
tries affecting the entire flow of goods into the EU. 
The WBGU recommends that the German Federal 
Government actively campaigns for the swift adop-
tion of the regulation. 

 > The EU’s fishing-trade policy is embedded within 
the World Trade Organization (WTO) framework, 
under which fish products are considered industrial 
commodities (Section 4.1.4.8). Exceptions to the 
principle of non-discriminatory trade are generally 
possible to protect the environment or fish resources 
(GATT Article XX b and g). However, the interpreta-
tion of these exceptions is always a matter of disa-
greement. The WBGU therefore recommends a sys-
tematic, far-reaching contractual agreement on the 
legal relationship between international environ-
mental and resource-protection agreements on the 
one hand and WTO trade law on the other (in par-
ticular with regard to subsidies and certification; 
Sections 7.4.1.3, 7.3.8.2). 

 > The existing or proposed import restrictions 
described above (e.  g. CITES, the fight against IUU 
fishing) only affect a small proportion of fishing 
stocks. The decisive factor, however, is that legal 
fishing is not synonymous with sustainable fishing 
in all exporting states. For this reason, further steps 
should be considered that would make a proactive, 
directive approach possible. Due to the difficulty of 
ensuring conformity with the WTO, it will not be 
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easy to close the gaps that exist in trade law (Section 
4.1.4.8). It is therefore questionable whether, in the 
long term, it will be sufficient to strengthen (or 
implement) current international and national regu-
lations protecting the environment and fish stocks 
through trade policy. For this reason, the WBGU 
makes recommendations on closing these gaps 
within the framework of its vision of a fundamen-
tally reformed UNCLOS (Section 7.2). 

7.4.1.8 
Marine small-scale fisheries in the global context
In developing countries where fish account for a large 
share of protein in the diet, marine small-scale fisheries 
play a major role in food security, as well as having con-
siderable socio-economic significance (Section 4.1.2.4). 
The contribution made by small-scale fishermen should 
be given greater recognition and emphasis in global and 
national policies. Food security should always be given 
top priority in policies on small-scale fishing. These 
policies should be embedded within broader economic, 
environmental and socio-political programmes and 
agreed across all levels of administration. They should 
include clear regulations on the potential competition 
between industrial and small-scale fishing. Indeed, one 
additional argument for reducing subsidies for indus-
trial fishing is that they place small-scale fishing at a 
disadvantage (Section 7.4.1.3). Social policies should 
ensure that small-scale fishermen can be compensated 
where, for example, temporary catch restrictions are 
unavoidable for the sake of preserving or rebuilding 
fish stocks (Section 7.3.7). 

The WBGU therefore calls on Germany and the EU 
to increase their support for the interests of small-scale 
fishermen in developing countries, primarily within 
the framework of the reform of the Common Fisheries 
 Policy (Section 7.4.1.7) and in development coopera-
tion. To do this, the data pool must first be improved at 
a national and global level. In addition, the definition of 
‘small-scale fishery’ should be standardized to ensure 
the comparability of the data. Moreover, capacity should 
be built supporting value chains for small-scale fisher-
men in developing countries (e.  g. associations, infra-
structure) in order to strengthen the national and inter-
national competitiveness of small-scale fisheries. Regu-
latory frameworks (e.  g. laws, administrative structures) 
should be strengthened and cooperation between the 
state and fishing companies extended. Organizations of 
small-scale fishermen should be supported so that they 
can play a meaningful role in  political processes. 

Co-management is a highly promising approach to 
managing the difficult balancing act between regula-
tory frameworks and adaptability to local contexts. 
Key success factors include continuous self- and co-

determination by local communities and in particular 
the preservation of traditional access rights. ‘Territorial 
Use Rights in Fisheries’ (TURFs) have often proved suc-
cessful in small-scale fisheries (Section 4.1.2.4). When 
making adaptations to fit local contexts it is important 
to draw on local knowledge – with regard to monitor-
ing, say, or the seasonal use of specific fish species. 

The WBGU also recommends actively supporting 
the negotiations on the FAO International Guidelines 
for Securing Sustainable Small-scale Fisheries (FAO, 
2012c; Box 4.1-3). Here, the long-term goal should be 
first to have the guidelines added to the FAO Code of 
Conduct for Responsible Fisheries, and then to anchor 
them in national legislation in all countries.

7.4.2 
Recommendations for action on aquaculture 

Aquaculture is the fastest-growing food sector. It is 
widely assumed that, with catches stagnating, the 
growing demand for fish products will be met mainly 
by aquaculture (Section 4.2). However, where there is 
a lack of regulation and control, aquaculture can also be 
associated with environmental pollution – in the form 
of nutrient discharge, the endangering of wild popu-
lations through mixing with specially bred forms, and 
intensifying conflicts over coastal land use. A signifi-
cant burden on the oceans at present comes from the 
intensive breeding of carnivorous fish (e.  g. salmon), 
as these species are mainly fed with wild-caught fish 
– small pelagic species such as sardine and anchovy. 
To produce high-price carnivorous fish, this method 
requires several times as much wild-caught forage fish 
(Section 4.3.3). This places increased pressure on these 
fish stocks in the oceans, and sometimes also on some 
local markets where these forage fish are important for 
human consumption (Section 4.3.2). 

There have long been calls at the international politi-
cal level for a system of sustainable aquaculture man-
agement that would help protect ecosystems and bio-
diversity while improving food security and safeguard-
ing livelihoods (Aichi Target 7: CBD, 2010a; UNCSD, 
2012; Section 4.2.3). Alongside these objectives, there 
are a number of ambitious but non-binding guidelines 
and strategies at the international and EU level, first 
and foremost the FAO Code of Conduct for Responsi-
ble Fisheries (FAO, 1995: Article 9). To date, however, 
these objectives and recommendations have not been 
adequately implemented. From a global perspective, 
aquaculture urgently needs to be redirected towards 
sustainability and responsibility – especially as it is cur-
rently growing on a massive scale, particularly in areas 
where regulation is weak or not strongly enforced. 
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The WBGU makes the following general recommenda-
tions (to be explained in greater detail on the following 
pages): 

 > The recommendations in the FAO Code of Conduct 
for Responsible Fisheries, and later agreements that 
are relevant for aquaculture, should form the basis 
for developing ambitious standards in aquaculture at 
the international and EU level. They should be 
anchored by countries in their national law in the 
form of effective, enforceable regulations.

 > The ecosystem approach should serve as a basis for 
developing sustainable aquaculture around the 
globe.

 > The additional pressure placed on wild fish stocks by 
feed production for the aquaculture sector should be 
stopped. Aquaculture should be put into a position 
to relieve the burden on wild fish stocks. 

 > Environmentally damaging and destructive produc-
tion methods should be phased out and replaced by 
environmentally friendly procedures.

 > Supply and demand for sustainably produced aqua-
culture products should be promoted, particularly in 
industrialized and newly industrializing countries, 
with the help of incentives and information cam-
paigns.

7.4.2.1 
Improve knowledge and data resources 
Reliable data is needed to develop sustainable aquacul-
ture and the associated governance and management 
structures: production data, data for development plan-
ning, data on environmental and ecosystem burdens, 
etc. However, such data is lacking in many countries. 
Databases should therefore be developed and the finan-
cial resources they require made available. It would 
be advisable to evaluate different methods of collect-
ing data (e.  g. by aquaculture farmers themselves, by 
representatives of the authorities) and implement the 
methods found to be the most cost-effective. An impor-
tant precondition for ensuring better data on the envi-
ronmental impact of aquaculture – and ultimately for 
effective management measures – is developing a long-
term, comprehensive system of environmental moni-
toring that is appropriately financed and staffed. Ger-
many could help developing countries to build up effec-
tive databases and monitoring programmes by means of 
financial and technical cooperation and capacity-build-
ing in the field of staffing or institutions. Germany 
should lobby in international and European bodies for 
more reliable data collection. Related research recom-
mendations are given in Section 8.3.3.2. 

7.4.2.2 
Promote the development of sustainable aquacul-
ture systems 
To make aquaculture sustainable and environment-
friendly, it is necessary to break the link between aqua-
culture and wild fishing as a supply of forage fish and 
substantially reduce the damage to the environment 
caused by aquaculture operations. Action is needed 
both to counter the growing pressure of use on coastal 
areas, where most aquaculture plants are located, and 
to respond to the changing environmental conditions 
which are caused by climate change and require an 
adjustment of aquaculture.

Replace fish meal and fish oil in aquaculture feed
Some biological and technical solutions for partially 
substituting fish meal and fish oil with vegetable mat-
ter, for example, are available and in some cases already 
being implemented (Section 4.3.3). More research on 
substitutes is needed, however (Section 8.3.3.2). It is 
important that this transformation is carried out on the 
basis of an environment-friendly and, as far as possible, 
regional approach to agricultural production in order to 
avoid environmental problems simply being shifted to 
land use. In the long term, the use of fish meal in live-
stock farming and herbivore and omnivore aquaculture 
should be phased out. It is also important that the ratio 
of feed used to units of fish produced – i.  e. the food-
conversion ratio – is improved in countries with deficits 
in this area. One way to achieve this is by optimizing 
feeding techniques so as to reduce feed waste. Given 
the problems of BSE in the past, educational measures 
aimed at users would be helpful in increasing accept-
ance for the use of by-products from livestock farming 
as a feed source in aquaculture (Section 8.3.3.2).

Increase the farming of species at a low trophic level
Carnivorous fish and crustaceans cannot be completely 
adapted to fish meal, and especially fish-oil substitutes. 
In future the necessary cultivation of feed substitutes 
such as soya will increasingly be competing with water 
and land for agricultural food production. Aquaculture 
should therefore focus more on breeding organisms at a 
low trophic level – such as mussels, snails, herbivorous 
crustaceans, fish and algae – as food for human con-
sumption and as feed supplements. 

Reduce environmental damage from aquaculture
To reduce the negative impact of aquaculture on the 
environment (e.  g. through the discharge of nutrients 
and pollutants), integrated systems, multitrophic pro-
duction systems and land-based closed-cycle technol-
ogies (Section 4.2.2.4) should be further investigated, 
technically optimized and their use promoted (Section 
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8.3.3.2). Other important measures include preferring 
native species in open systems in freshwater, coastal 
and offshore areas so as to reduce the risk to the gene 
pool of wild populations, and introducing compulsory 
risk analyses for aquaculture management. Sustainable 
aquaculture techniques already exist in the EU. Ger-
many could lobby at EU level for the creation of incen-
tives to develop environment-friendly aquaculture 
technologies and to market the technology on the glo-
bal market. This recommendation is already contained 
in the Communications of the EU Commission (2009a) 
on the strategy for sustainable aquaculture in Europe. 

The destruction of mangrove forests by shrimp farm-
ing is one of the main causes of mangrove loss, espe-
cially in Asia. To protect these valuable areas, incen-
tive mechanisms and regulations should be developed 
in developing countries, such as payments for ecosys-
tem services (Section 7.3.7.1). In parallel, help should 
be given particularly to small-scale farmers to develop 
mangrove-friendly aquaculture farms and integrated 
forestry, fishing and aquaculture systems. Such help can 
be given within the framework of development cooper-
ation. Germany could offer the necessary support in the 
form of microcredits and support for regional associa-
tions. To promote monitoring of the ecological damage 
– and consequently potential social and economic dam-
age – caused by aquaculture, Germany could also help 
set up procedures for environmental impact assessment 
and environmental monitoring within the framework of 
development cooperation.

Examine the potential of offshore aquaculture 
Sustainable offshore aquaculture can ease the compe-
tition for space in coastal areas. For a future possible 
combination of aquaculture with offshore wind farms, 
it is essential to critically examine and evaluate both 
the advantages (e.  g. synergies, multiple use of space) 
and the potential disadvantages (e.  g. greater safety 
risk due to increasing shipping traffic in the plants). 
The WBGU recommends introducing marine spatial 
planning as an instrument (Section 7.3.9) with the aim 
of promoting offshore aquaculture and reducing com-
petition between different uses of the oceans. Clear-
cut legal regulations should be drawn up involving all 
affected stakeholders. These regulations should take 
into account the best available technology and envi-
ronmental conservation standards, socio-economic fac-
tors (e.  g. socially fair employment contracts), the FAO 
Code of Conduct for Responsible Fisheries and the eco-
system approach. For the potential long-term expan-
sion beyond national waters, it would be advisable to 
develop binding international regulations for aquacul-
ture management based on the principle of sustain-
ability and taking into account competing uses, such as 

fishing, the extraction of mineral resources and ship-
ping.

Adjust marine aquaculture in line with climate 
change and ocean acidification
As a result of climate change and the growing pres-
sure on natural resources such as freshwater and 
soils, the conditions for aquaculture are also likely to 
change regionally. Strategies for adjusting aquaculture 
to climate change should be integrated into aquacul-
ture policy, especially on a regional level, to safeguard 
the future of marine aquaculture and direct it along 
the path of sustainability. The WBGU recommends 
strengthening regional authorities and research insti-
tutes (Section 8.3.3.2) and stepping up regional coop-
eration, for example in the joint monitoring of diseases 
and foreign species and in joint data collection. Here, 
Germany can support developing countries with know-
ledge and technology transfer as well as institutional 
advice. 

7.4.2.3 
Implement international and EU-wide recommen-
dations
At present only generally formulated guidelines and 
recommendations for aquaculture exist at the interna-
tional and EU level. In the medium to long term, ambi-
tious, more specific standards are needed in order to glo-
bally develop an environment- and resource-friendly, 
socially responsible and economically sustainable sys-
tem of aquaculture based on the ecosystem approach.

Make the ecosystem approach the basis for 
sustainable aquaculture
The ecosystem approach should be accepted world-
wide as the principle governing aquaculture. It should 
be reflected in policy instruments, strategies and 
development plans. Besides regulatory measures such 
as rules and standards, economic incentives such as 
user charges, taxes and payments for ecosystem serv-
ices (Section 7.3.7) can be used to promote sustain-
able aquaculture. Measures in other areas can also be 
used for this purpose, for example spatial planning 
(Section 7.3.9) and the development and restructuring 
of the aquaculture sector on the basis of the ecosystem 
approach. Germany should lobby at the international 
and EU level for this approach to be implemented.

Adopt, implement and refine international 
standards in national law
In addition to the voluntary FAO Code of Conduct for 
Responsible Fisheries, there are also the far-reach-
ing recommendations of the Bangkok Declaration 
and Strategy (2000) which were developed later, the 
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Phuket Consensus (2010) based on them, the recom-
mendations of the CBD on marine aquaculture and the 
technical guidelines of the FAO, which translate the 
FAO Code of Conduct into concrete terms and offer 
suggestions on implementation. Many countries that 
already practise aquaculture have relevant legislative 
frameworks and legal regulations in place, but these are 
often inadequately enforced (Section 4.2.3). Within the 
framework of development cooperation (e.  g. technol-
ogy and knowledge transfer, building effective admin-
istrative structures), Germany and the EU should push 
for stronger legislation, the incorporation into national 
law of key recommendations that are currently lacking, 
and above all better enforcement. The ‘polluter pays’ 
principle should be enshrined in legislation and regu-
lar monitoring and evaluation enabled, backed up by 
sanctions where necessary. In states with less effec-
tive structures for implementing ambitious regula-
tions, market-based mechanisms such as co-manage-
ment measures, voluntary commitments and responsi-
ble self-management by producers can represent key 
steps, alongside economic incentives.

In the medium term, recommendations and standards 
should be tightened up at the international and EU level 
and implementation methods further developed and fle-
shed out. In so doing it would be advisable to check to 
what extent ambitious, binding standards for aquacul-
ture might be incorporated into such regional agreements 
as HELCOM for the Baltic Sea and the OSPAR Convention 
for the North-East Atlantic (Section 7.3.5). However, 
the long-term objective should be to establish a core 
of binding standards at the international level. Binding 
international regulations could be a good idea, particu-
larly if aquaculture expands into EEZs and the high seas 
in the future. The WBGU recommends that Germany 
– as a member of the EU and the FAO and a country 
that imports aquaculture products – should lobby for 
the further development of European and international 
standards.

7.4.2.4 
Strengthen economic policy supporting 
sustainable aquaculture
Given the rapid growth of the aquaculture sector, it is 
essential that its economic development be guided by the 
sustainability principle. Companies involved in trade, as 
well as consumers, also bear considerable responsibility, 
to which they should live up much more. 

Establish national aquaculture authorities 
Where no responsible ‘aquaculture authority’ exists, 
such a body should be set up at the national level, par-
ticularly in newly industrializing and developing coun-
tries, to improve the planning, coordination and imple-

mentation of specific regulations on aquaculture. The 
task of this body should include improving the inte-
gration and coordination of development strategies 
for aquaculture with the requirements of other polit-
ical areas. In addition, it could oversee the introduc-
tion and implementation of environmental regulations 
and monitoring in the aquaculture sector and support 
relevant areas of research (Section 4.2.3). Within the 
framework of development cooperation, Germany can 
provide significant support for the creation of organi-
zational and administrative structures.

Promote sustainability in small and medium-sized 
aquaculture businesses in newly industrializing and 
developing countries 
While large aquaculture companies often find it easier 
to implement environmental and sustainability stand-
ards, thanks to their greater resources, small produc-
ers frequently need financial aid, technical knowhow 
and support in hedging risks when switching to sus-
tainable production. If they intend to supply regional, 
national or international markets they also require mar-
ket access, infrastructure, larger shares of the value 
chains and the ability to meet specific quality, hygiene, 
environmental and social standards (Section 4.2.2.2). 
Germany can live up to its global responsibility by 
expanding its current development-cooperation in the 
field of providing political and economic advice for 
regional and municipal authorities as well as for small 
and medium-sized businesses in the aquaculture sec-
tor. Germany and the EU should offer small-scale aqua-
culture businesses more help with implementing sus-
tainability standards, for instance by setting up micro-
finance markets, supporting self-organization in pro-
ducers’ associations (e.  g. aquaclubs; Box 4.2-2) and 
promoting group certification – or by providing direct 
technical support and capacity-building. German and 
European development-cooperation institutions could 
also strengthen the involvement of international and 
national development banks and insurance compa-
nies with regard to loans, micro-financing and micro-
insurance promoting sustainable aquaculture, by giv-
ing these organizations advice.

Create incentives for changes in behaviour by 
suppliers and consumers 
Particularly in developed countries, appropriate action 
should be taken aimed at consumers (e.  g. product infor-
mation, education, certification) to boost demand for 
sustainable products (e.  g. omnivorous and herbivorous 
freshwater fish, mussels, snails, macro-algae; Section 
7.3.8) and reduce demand for carnivorous fish. At the 
same time, retailers should assume more responsibility 
for the sustainable stewardship of the oceans and offer 
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more aquaculture products that are certified accord-
ing to sustainability criteria. Support for environmental 
protection organizations and government information 
campaigns are possible ways of achieving this. In the 
medium to long term, a public debate – similar to that 
about eating meat – would be useful on the question of 
how far the constantly growing global demand for fish 
and seafood can be met by environmentally responsi-
ble aquaculture production (both freshwater and salt-
water), or whether we should actually be consuming 
less fish and seafood in the first place except in regions 
where food supplies are problematic (Section 8.3.3.2). 
Moreover transparent, objective communication and 
information on the part of companies, authorities and 
governments on the possible environmental and health 
risks, as well as all other aspects of aquaculture, is to be 
recommended. 

In addition, the WBGU suggests introducing a 
national online information system in high-income 
countries like Germany. This would provide both pro-
ducers and consumers with species-specific biological, 
ecological and economic information on the different 
types of aquaculture. It would also enable an inde-
pendent evaluation – by NGOs, say – of production 
conditions from the angle of sustainability (perhaps 
in the form of ‘aquaculture traffic lights’). The WBGU 
 recommends a lifecycle analysis that covers all stages of 
the value chain, from the production of fry to the final 
product reaching the supermarket shelves, to make it 
possible to assess environmental damage and the use 
of resources and energy (Section 4.2.3.2). Parameters 
such as CO2 emissions and water consumption should 
be included in this analysis. 

Refine certifications for sustainable aquaculture
It is recommended that the existing certification sys-
tems promoting environmentally and socially respon-
sible aquaculture (Sections 4.2.3.2, 7.3.8) should be 
refined and extended to include aquaculture products 
that are currently not covered. Producers in develop-
ing countries should be given particular support here. 
Fortunately, this process is already underway; it should 
now receive greater support. Certifications should cover 
both domestic and foreign products so as to counter 
any shifting of production-related environmental dam-
age to other countries and subsequently higher levels 
of re-imports. Germany should campaign among the 
FAO member states that the FAO’s voluntary technical 
guidelines on certification in aquaculture (FAO, 2011d) 
be more strongly implemented and contribute to the 
further development of fact-based certification crite-
ria (Section 8.3.3.2). In addition, the WBGU recom-
mends at some stage in the future unifying the existing 
quality labels, certifications and guidelines under a sin-

gle, generally applicable quality label backed by strict, 
 standardized requirements, thereby increasing trans-
parency and comparability for consumers (see also the 
recommendation for an EU-wide quality label for wild-
caught fish; Section 7.3.8.1). It should be examined 
whether the existing EU organic farming logo, which 
can be used for aquaculture products but has been criti-
cized by NGOs as not being strict enough, could provide 
a starting point. Furthermore, appropriate procedures 
and measures should be developed for improving the 
traceability of products which often come from small or 
micro-businesses in developing countries. Certification 
processes could be strengthened by supporting group 
certifications for small businesses. Efforts should also 
be made examine to what extent Germany can further 
expand its support for sustainable production methods 
and value chains, as well as their certification, in its 
development-cooperation work.

7.4.2.5 
Promote cooperation, prevent conflicts
Most aquaculture facilities are located in coastal zones 
that are also strongly in demand for other uses. Aqua-
culture can cause or aggravate conflicts with other users 
by causing environmental damage and making demands 
on space. Stronger cooperation between affected stake-
holders, particularly in border areas between neigh-
bouring countries, and appropriate measures to reduce 
conflicts over use should be further developed and 
implemented. 

Improve cross-border and international cooperation
The recommendations of the FAO Code of Conduct for 
Responsible Fisheries should be implemented more 
strongly where there is cross-border cooperation in 
aquaculture production. To avoid conflicts between 
countries as a result of environmental damage to eco-
systems close to borders, special care should be taken 
when choosing locations for aquaculture farms, select-
ing species and managing the farms. Cooperation with 
neighbouring countries should be sought. Coordinated 
overall management by countries bordering on certain 
marine regions would be necessary here in order to con-
tain the environmental consequences of aquaculture.

The WBGU recommends increasing support for 
international collaborations with potential aquaculture 
production countries within the framework of devel-
opment cooperation. Capacity building and technol-
ogy transfer should ensure that basic scientific and 
technical knowledge about effective, environment- and 
resource-friendly production methods is provided and 
exchanged. 
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Define ownership and access rights 
The increasing spatial expansion of aquaculture farms 
can lead to conflicts with traditional uses in coastal 
areas (e.  g. agriculture, fishing), often placing a bur-
den on local communities. Ownership rights relating to 
land or in the form of access to the sea should there-
fore be clearly defined, especially in developing coun-
tries. On a local and regional level, ensuring territorial 
ownership rights for local communities is an important 
measure to counter conflicts of interest and use, and 
to strengthen sustainable development. Germany could 
further strengthen such approaches by supporting rural 
development in the context of international coopera-
tion. 

Promote spatial planning and coastal-zone 
management
In developing, newly industrializing and industrialized 
countries, marine spatial planning (Section 7.3.9.2) and 
integrated coastal-zone management (ICZM) are pre-
requisites for developing marine aquaculture in as con-
flict-free a manner as possible, especially given the 
increasing number of uses on coasts and in the oceans. 
Marine spatial planning and ICZM reduce the number 
of conflicts over use and strengthen opportunities for 
stakeholder participation. In the medium to long term, 
aquaculture should therefore be integrated into a for-
ward-looking, cross-border system of marine spatial 
planning in which both the interests of use and envi-
ronmental protection are taken into account (Section 
7.3.9.2). By involving all relevant stakeholders, ICZM 
can contribute to conflict reduction through a process 
of dialogue and mediation, especially at the local or 
regional level; it should therefore be supported. Ger-
many could evaluate its experience in ICZM processes 
and marine spatial planning and make this experience 
available through knowledge transfer at the EU level 
and in an international framework. 

7.4.3 
Fishing and aquaculture as elements of 
 integrated strategies for food security

Demand for fish products and competition for fish are 
likely to grow strongly. However, this should not mean 
that we automatically decide to meet this demand 
from the fishing and aquaculture sector without look-
ing at the systemic implications. Analysis of increased 
demand should distinguish between industrial and 
small-scale fishing, and between fishing for high-
price markets in industrialized countries and subsist-
ence fishing for coastal regions in developing countries. 
If increased demand and reduced production (on sus-
tainability grounds) causes rising prices in markets in 

developed countries, this does not limit food security – 
unlike in developing countries, where it can have pre-
cisely this effect. A strategic perspective on the func-
tions and distribution of marine contributions to nutri-
tion is therefore essential in order to integrate strate-
gies on food security.

 > Contribution of aquaculture: To date, most aquacul-
ture activities have not led to a reduction in the bur-
den on fishing (Section 7.4.2). The various aquacul-
ture systems and their systemic interrelations with 
fisheries and land use therefore need to be carefully 
distinguished from each other. Landing and reusing 
by-catch and waste products from the fish-process-
ing industry should be introduced on a mandatory 
basis to reduce pressure on forage fishing. Replacing 
fish meal and fish oil with vegetable or algae-based 
materials should be promoted, whilst taking into 
account the new demand that this creates for land 
use and ensuring that this demand is met in a sus-
tainable fashion. Preference should be given to 
breeding filter feeders (especially mussels), suspen-
sion feeders, algae, herbivorous fish and crustaceans 
in aquaculture. Numerous environmental problems 
can be avoided by promoting integrated and multi-
trophic systems as well as land-based, closed sys-
tems. In many cases, the systemic impacts of aqua-
culture and their relationship with sustainability are 
still unknown; much more research is needed here 
(Section 8.3.3.2). 

 > Food security in low-income coastal communities: 
Demographic developments can be expected to lead 
to increased demand and therefore incentives for 
overfishing in the coastal communities of developing 
and newly industrializing countries. Technical devel-
opments such as motorized boats add to these incen-
tives. Moreover, the combined pressure of small-
scale fishing and industrial fishing often contributes 
to overfishing. Low-income population groups who 
cover a large proportion of their animal protein 
intake from fish and seafood should be compensated 
for possible losses of yield in the course of the tran-
sition to sustainable fishing (Section 7.4.1.8). This 
will involve both substituting the considerable 
marine contribution to their protein intake with 
alternative plant and animal products, and either 
compensating them for lost income or creating alter-
native sources of income. Food-security strategies 
should be developed in collaboration with the 
affected local communities. Germany should get 
involved in this field through its development-coop-
eration work. 

 > Systemic perspective: It is becomingly clear that an 
integrated perspective is needed on global food se-
curity and the contribution made by the oceans to 
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this goal. There should be a greater focus on the sys-
temic connections between fishing, aquaculture and 
land use. The WBGU reiterates its recommendation 
to establish a Global Commission for Sustainable 
Land Use (WBGU, 2011) that would develop such a 
systemic approach in cooperation with the responsi-
ble UN institutions (especially the FAO). 

7.5
Use of energy from the sea for the energy-system 
transformation

Building a low-carbon and sustainable energy-supply 
system requires a corresponding national energy pol-
icy; an international energy policy is also beneficial 
(Section 5.5; WBGU, 2011). Using renewable-energy 
technologies in the sea (e.  g. offshore wind, waves, 
tides, sea currents, ocean-temperature and salin-
ity differences, biomass, sun) is becoming an increas-
ingly important option for the transformation of global 
energy systems (Section 5.2). The use of energy from 
the sea is currently dominated by mineral-oil and nat-
ural-gas production, and accidents that take place dur-
ing mining and transport can have catastrophic con-
sequences for marine ecosystems. At the same time, 
releases of methane during extraction or after acci-
dents, and the CO2 released when oil and gas are used, 
are contributory factors to climate change. This is why 
a low-carbon energy policy also requires low-carbon, 
sustainable energy generation using offshore-wind 
and marine-energy technologies on and in the sea. 
Since some of these technologies are still at an infant 
stage, they should be supported by a targeted innova-
tion policy. At the same time the present and future 
use of the oceans to generate energy requires an over-
all legal framework that protects the marine ecosystems 
and in this way ensures an environment-friendly use 
of the seas.

In offshore exploration for fossil fuels there is a 
trend towards working at ever greater depths. Float-
ing platforms, underwater robots and horizontal drilling 
systems make it possible to extract fuels even at great 
depths and in difficult-to-access marine areas such as 
the Arctic. Fossil-based offshore energy generation 
must be expected to expand further, given that depos-
its are expected to be large and the global demand for 
energy is rising. 

In addition, technological progress and the demand 
for energy could turn the mining of marine methane 
hydrates into an attractive business. However, the risks 
involved are still largely unknown at present. Meth-
ane hydrates are not needed either for a future low-
carbon global energy supply or for the phase of trans-

forming the energy systems, since existing reserves and 
resources of conventional gas are more than sufficient 
(Section 5.1.7). From the point of view of a responsible 
climate and marine policy, the WBGU advocates aban-
doning efforts to mine marine methane hydrates. 

The WBGU also recommends applying stricter envi-
ronmental conditions when issuing drilling permits, and 
establishing an international liability regime for com-
panies operating offshore oil and gas installations, as 
well as for marine mining. There should be international 
cooperation to research the environmental risks of all 
marine technologies – including renewable marine-
energy technologies – develop new regulations and 
standards, and agree international treaties on environ-
mental protection. It is essential in this context for the 
development of regulations to keep pace with the speed 
of development of marine technologies and energy sys-
tems. 

The key to a low-carbon and sustainable use of the 
oceans for energy generation is the expansion and 
development of offshore wind technologies, renewable 
marine-energy technologies and transnational offshore 
power grids (Section 5.3). Some countries are already 
successfully operating offshore wind farms for generat-
ing power, while others are still in the test phase. Wind 
energy can reach higher levels of capacity utilization 
offshore than on land, because winds are stronger and 
more constant there. Offshore wind farms could poten-
tially be operated in deeper waters and further away 
from the coast. The more renewable-energy technolo-
gies are transferred to the sea, the less energy needs to 
be generated on land, releasing space on land for other 
purposes. When appraising possible uses, the WBGU 
recommends using the instrument of marine spatial 
planning (Section 7.3.9) and assessments of the effects 
of plans and programmes on the environment. The 
WBGU believes that the advantages of offshore wind 
energy justify the high upfront investments, especially 
in deeper waters. For this reason, relevant technologi-
cal developments and market integration should be 
given political backing. The costs can be expected to 
fall significantly in the future as a result of learning 
effects. However, this requires continuous expenditure 
on research and development and the diffusion of the 
technologies.

The risks posed by renewable-energy technologies 
at sea are lower than those of marine oil and gas extrac-
tion. Even so, there are potential dangers, for exam-
ple from rotating rotors, noise during the construc-
tion phase, and electromagnetic fields generated dur-
ing the transmission of electricity (Section 5.2.3). The 
WBGU therefore recommends intensive accompanying 
research. This could then provide a source of recom-
mendations for statutory requirements on the con-
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struction and operation of offshore wind farms and 
marine-energy technologies (Section 8.3.4.2). 

In the future the sea will also be used for other forms 
of renewable energy generation. Although offshore 
bioenergy production – using algae for example – is still 
in its infancy, it seems to have considerable potential. 

Multi-use platforms – the combination of sev-
eral energy-generating technologies on a single plat-
form – can offer considerable economic and ecological 
advantages for the global marine-energy system of the 
future, since they combine both the generation and the 
storage of sustainably generated energy. This requires a 
marine energy-transmission system which is integrated 
into the transport systems on land. In addition to oil 
and gas pipelines, other networks will be needed in the 
future to transport electricity and CO2 (Section 7.5.2). 
Some of these transmission technologies could be com-
bined. It is conceivable in the long term, for example, 
that superconductive power lines could be coated with 
refrigerated liquid methane or oxygen, thus transport-
ing both energy carriers in a single system. However, 
these solutions still require a considerable amount of 
research (Section 8.3.4.1).

7.5.1 
Integrated energy, marine and innovation 
 policies for the energy-system transformation 

7.5.1.1 
Energy policy
The WBGU recommends developing national energy 
strategies all over the world with development targets 
for renewable-energy technologies and therefore also 
targets for offshore-wind or renewable marine-energy 
technologies (WBGU, 2011, 2012). Companies should 
be legally guaranteed entry to the market and access to 
the grid to ensure free competition, i.  e. competition that 
is not distorted to the advantage of fossil fuels (WBGU, 
2011). In addition, marine planning and approval pro-
cesses should be developed for erecting and operat-
ing offshore technical installations, as well as liability 
regimes (Sections 7.3.2, 7.3.10). Temporary, degressive 
support schemes or support strategies are necessary for 
the roll-out phase and for the integration of renewa-
ble-energy technologies into existing electricity-supply 
systems and electricity markets (Section 7.3.7.1). The 
WBGU recommends temporary, technology-specific 
feed-in tariff schemes that efficiently encourage rapid 
capacity building (WBGU, 2011, 2012). German expe-
rience shows that the expansion of grids and energy 
sources needs to be coordinated. 

Within the European Union, a coordinated  support 

scheme for offshore-generated renewable energy 
would raise the efficiency of promotion. Power from 
renewable sources could then be generated at the most 
favourable locations, i.  e. at low cost. The realization of 
a single energy market is an important precondition for 
this (WBGU, 2011).

It is necessary for investments in renewable marine-
energy technologies and offshore wind energy that the 
overall conditions of climate, energy and legal policy 
offer long-term investment security and guarantee 
appropriate returns (Section 7.3.7; WBGU, 2012). The 
WBGU therefore recommends CO2 pricing, as this would 
make the use of fossil energy more expensive and lower 
the price of low-carbon technologies. Simultaneously, 
for CO2 prices to develop their full impact, the subsidies 
enjoyed by fossil energy should be phased out world-
wide to minimize the cost advantage of fossil fuels 
(WBGU, 2011).

7.5.1.2 
Marine policy 

Establish marine spatial planning
In the foreseeable future the oceans will be used as an 
energy resource in the coastal waters and the EEZ, so 
that the coastal states will be responsible for design-
ing and establishing a regulatory framework (Section 
5.4.2). 

Since marine renewable-energy systems require 
space and compete both with other uses of the oceans, 
and with ocean and coastal conservation, the WBGU 
recommends using and enhancing the instrument of 
marine spatial planning (Section 7.3.9.2). In the devel-
opment of marine renewable-energy technologies, 
marine spatial planning is necessary to be able to estab-
lish legal force for designated areas and issue permits 
for private investors quickly. Synergy effects generated 
by shared uses – e.  g. renewable energy generation 
and sustainable fishing, or renewable energy genera-
tion and designating protected areas – should be taken 
into consideration in this context. For coordinated and 
coherent marine spatial planning it is important to get 
all the government ministries concerned involved in the 
process, so that different interests in the use of space 
can be integrated and given appropriate consideration.

In many cases the development of marine renewa-
ble-energy systems has cross-border effects on ecosys-
tems and shipping, so that cross-border cooperation in 
spatial planning is necessary for the EEZs in regional 
seas (Section 7.3.9.2). Similarly, cumulative effects on 
ecosystems can arise when all coastal states develop 
their marine energy systems on the borders of their 
respective area of jurisdiction. The WBGU therefore 
recommends coordinating marine spatial planning at 
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the level of regional marine agreements such as OSPAR 
or HELCOM (Section 7.3.5).

Strengthen environmental monitoring and control 
In order to give proper consideration to the risks that 
the use of marine renewable or fossil energy can cause 
to the environment and to people, the government 
should make greater efforts to monitor the environ-
ment and control installations. 

As is already being practised by some states parties 
to UNCLOS, installations for generating energy should 
on principle be subject to a preventive ban under which 
the supervisory authority reserves the right to grant 
authorization. The required approval process, in con-
trast to subsequent control measures, has the advan-
tage that the risks that such an installation might 
involve can be assessed and evaluated before the plant 
is built and commissioned. The process used in this con-
text should be adaptive in order to make use of the 
latest knowledge from research. Adaptive management 
requires long-term research accompanying it, target-
ing the areas where there is still a lot of uncertainty 
about the possible interactions both between technolo-
gies and ecosystems, and between different technolo-
gies (Section 8.3.4.2). An official approval process to 
be carried out by the coastal states would also ensure 
that the public can get involved. Approval should also 
include obligations on the part of the plant operator to 
conduct regular environmental monitoring of the sur-
rounding marine area and to supervise the plant. The 
WBGU  recommends that this information be made 
accessible to the public, so that civil society is enabled 
to enforce marine conservation.

Coastal-state monitoring after the approval of an 
installation can only be effective if the government 
institutions have sufficient expertise, infrastructure and 
personnel. The WBGU therefore recommends making 
more funds available. Regular information and report-
ing obligations of the plant operator should be made 
legally binding to make supervision easier. A coastal-
state regulatory framework should also make it possible 
to issue subsequent rules and constraints, especially to 
be able to meet new requirements derived from scien-
tific findings or experience with the installations.

Germany could be a role model for other countries 
on such coastal-state licensing and monitoring regimes 
with its regulations on offshore installations (Seean-
lagenverordnung). They provide for a comprehensive 
licensing regime covering the construction and opera-
tion of installations for generating energy from water, 
currents and wind; in particular the regime aims to pro-
tect the marine environment, takes objectives of spatial 
planning into account, and insists on a regular environ-
mental impact assessment being carried out. However, 

even in Germany the public control regime is not exten-
sive enough; e.  g. there is a lack of effective powers of 
intervention. 

Regulate oil and gas production 
The offshore production of mineral oil and natural gas 
will continue to play an important role in the use of the 
oceans in the medium-term, given the ongoing devel-
opment of deep-sea extraction technologies, as well as 
new discoveries (e.  g. in Brazil and the Arctic) and their 
importance for national energy security. Since gas acci-
dents and especially oil spills can cause grave damage 
to the environment and do not stop at national bor-
ders, the WBGU believes that the regulatory framework 
must be strengthened for all existing and future min-
ing activities, since it can reduce the risk of accidents, 
improves damage-repair capabilities and regulates the 
liability of polluters. The WBGU recommends stricter 
regulation of fossil technologies and the establishment 
of an international liability regime for the operators of 
offshore oil and gas installations, as well as in marine 
mining; this raises the cost of oil and gas production 
and prices-in the environmental risks to the marine 
ecosystems. 

To avoid the risk of accidental leakages of methane, 
CO2 or oil, the WBGU proposes giving companies the 
obligation to prove the absence of damage and intro-
ducing a regular reporting requirement. This change in 
the burden of proof could create incentives to develop 
safe extraction techniques, necessary measuring tech-
nologies and security techniques. 

At the European level, the European Commission 
has submitted a ‘Proposal for a Regulation of the Euro-
pean Parliament and of the Council on safety of off-
shore oil and gas prospection, exploration and produc-
tion activities’ (EU Commission, 2011a). The aim of the 
proposal is to expand the EU’s environmental liability 
regime to cover all waters of Member States, including 
the EEZs and, possibly, the extended continental shelf. 
A liability regime would be set up for offshore activities 
within the EU which includes, in particular, an obliga-
tion to remedy environmental damage. The WBGU sup-
ports this initiative for this reason. 

In addition, the WBGU proposes agreeing interna-
tionally uniform technology standards, as well as reg-
ulations on use and liability and embedding these in 
national law. The European Union could promote such 
proposals in international bodies and push for corre-
sponding international agreements. 
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7.5.1.3 
Innovation policy
In addition to formulating legally binding development 
targets for offshore renewable-energy technologies as 
a political signal to potential investors, an innovation 
policy to support these technologies is required; after 
all, both offshore wind energy and, in particular, the 
various marine electricity-generating technologies are 
still far from mature (Sections 5.4.3, 7.3.7.1; WBGU, 
2011, 2012). Public support for research and develop-
ment can provide incentives for innovations by busi-
nesses via temporary subsidies or tax concessions. Pub-
lic-financed cooperation between science and indus-
try and international research and technology collab-
orations – like the Implementing Agreement on Ocean 
Energy Systems of the International Energy Agency 
(IEA) – could ensure that sustainable marine-energy 
technologies are internationally diffused and deployed 
as quickly as possible. Governments should create an 
environment that is attractive to venture capitalists. 
Public demonstration projects, or public provision of 
infrastructure, could also minimize the risks for private 
investors. In the diffusion stage, access to private cap-
ital can be improved by providing soft loans and tem-
porary credit guarantees, thus helping to facilitate the 
commercialization of the corresponding technologies 
(Section 7.3.7.1; WBGU, 2011).

7.5.2 
Build an offshore supergrid

The WGBU believes that an offshore power grid inter-
connecting the various marine power-generating plants 
and different countries has more advantages than indi-
vidual, direct connections to land. In a similar way to a 
continental, transnational power grid, it improves market 
integration and facilitates the integration of  fluctuating 
power-generating systems by smoothing the output gen-
erated, thus reducing the need for balancing (e.  g. using 
storages).

At the same time the development of a transnational 
offshore grid involves a number of challenges.  Planning 
one requires the coordination of both the grid and the off-
shore power-generation plants between different coun-
tries and different national authorities.  Furthermore, the 
terrestrial grids need to be modified and adapted. 

A key challenge is the creation of investment incen-
tives for private companies. In addition to a national 
energy policy, a transnational energy policy is needed 
for countries with regional-sea coasts that want to con-
nect their power grids by means of an offshore grid. 

Only in exceptional cases have EU Member States 
planned for a transnational offshore grid at the national 

level up to now, and this planning has also been rather 
cursory. The current practice consists of point-to-point 
links, which are disadvantageous for the WBGU’s vision 
of combining all power-generation options (Section 5.3). 
The current arrangement will lead to higher future costs 
and lock-in effects, which are preventable. Although 
individual connections – such as the Dutch-Norwe-
gian 700 MW cable or the planned 1.4 GW  connection 
between Germany and Norway – are economically very 
attractive, they cannot include all the North Sea off-
shore wind farms. The WBGU therefore recommends 
that the Federal Government should go ahead and build 
an offshore grid in the North Sea as soon as possible – 
as announced in the Energiekonzept (Energy Concept) 
and the Entwicklungsplan Meer (Development Plan for 
the Sea). The vision of a transnational offshore power 
grid should already be included today in the national 
plans for the development of offshore grids in the EEZs. 
In addition, offshore grid planning should be taken into 
account in the national planning of terrestrial grids and 
transnational grid connections to enhance transmission 
performance between the countries. The relevant North 
Sea countries should coordinate their actions on this 
basis. 

The WBGU supports the European initiatives and 
plans to develop a marine supergrid and suggests that 
offshore wind farms should initially deliver power to 
land together via marine cables, as currently provided 
for in the North Sea offshore grid plan for Germany. The 
next step should then be to make transnational plans 
on developing a meshed grid, which can link up with 
the European Energy Programme for Recovery if the 
EU promotes three pilot projects as building blocks of 
a future offshore grid: a submarine cable between the 
Netherlands and Denmark (COBRA Cable), the offshore 
Kriegers Flak wind farm, which is connected with the 
German and Danish power grids, and a high voltage DC 
distributor (HVDC hub) off the Scottish coast. 

The WBGU recommends EU-level harmonization 
of national support systems for renewable energy and 
the creation of harmonized terms for investment in a 
transnational offshore grid. Furthermore, more sup-
port should be given to the offshore grid initiative and 
the implementation of the Kriegers Flak pilot offshore 
wind farm.

7.5.3 
Refrain from marine methane hydrate mining

Mining marine methane hydrates is associated with 
environmental risks that have not yet been quanti-
fied. They include landslides, sea-floor subsidence as a 
result of sediment destabilization, uncontrolled escape 
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of methane into the sea, unknown effects of solvent 
use in certain mining techniques, and damage to marine 
ecosystems (Section 7.1.5).

At this stage, therefore, the WBGU is against min-
ing marine methane hydrates. Nevertheless, research 
should continue on the deposits, their stability and the 
environmental risks. However, since some countries, 
e.  g. Japan, look likely to start the commercial extrac-
tion of methane hydrates within the next few years, 
the WBGU reiterates its previous recommendation that 
the risks of methane hydrate mining should be care-
fully examined in each individual case (WBGU, 2006). 
In the WBGU’s view it is necessary to carry out an envi-
ronmental impact assessment and to monitor the state 
of the ocean according to universal standards. Both of 
these instruments should form part of marine spatial 
planning. At the same time, these instruments should 
be in place before mining licences are issued. 

The International Seabed Authority is responsible 
for methane hydrate deposits outside the EEZ. Here, 
too, the WBGU is in favour of a ban on mining, for the 
reasons stated above. Moreover, this fossil energy car-
rier is not needed worldwide for the future low-carbon 
and sustainable global energy supply (Section 5.1). As 
stated in Section 7.2.3.1, the ‘common heritage of man-
kind’ principle, a systemic approach and the precau-
tionary principle should be applied to ‘the Area’, i.  e. 
the ocean floor seaward of national jurisdiction. Given 
the likelihood that methane hydrates will soon be 
mined, the WBGU recommends, as a minimum solution, 
that the signatories to UNCLOS agree on international 
standards for the marine mining of methane hydrates; 
the Seabed Authority could then make these a require-
ment for licensing. In addition, the WBGU recommends 
interdisciplinary research to develop suitable standards 
for sea-floor mining (Section 8.3.4.2). 

The danger of CH4 release from methane hydrates 
also exists in principle in other sea-floor mining activi-
ties. As recommended in Section 7.5.1.2, in this case, 
too, it should be incumbent on the companies to prove 
the absence of damage; this would create incentives to 
develop the necessary measurement technologies. As 
called for in the case of monitoring and the supervi-
sion of installations (Section 7.5.1.2), marine-mining 
companies would also be under an obligation to report 
releases of methane, other greenhouse gases or sub-
stances that damage or destroy marine ecosystems.

7.5.4  
Develop regulations for sub-seabed CCS

The WBGU already examined the option of storing CO2 
both in the ocean and under the sea floor in its spe-

cial report ‘The Future Oceans – Warming Up, Rising 
High, Turning Sour’ (WBGU, 2006) and explained why 
the injection of CO2 into sea water is not a sustainable 
option, i.  e. due to uncontrollable risks and the insuffi-
cient retention period.

The situation is different when it comes to storing 
CO2 in geological reservoirs under the ocean floor which 
have already served as stores in nature, such as par-
tially emptied gas and oil fields. There are leakage risks, 
although these can be minimized by selecting suitable 
storage sites. Retention times of 10,000 years, which 
the WBGU considers necessary in the large-scale use of 
CCS (carbon capture and storage), should also be used 
here to ensure that the technology also contributes to 
long-term climate stabilization. If countries want to 
continue using fossil fuels in the long term, the com-
bination with CCS represents a possible application to 
prevent anthropogenic climate warming of more than 
2  °C. However, permanent monitoring and contingency 
plans are essential.

The WBGU’s assessment of the sub-seabed storage 
of CO2 is that it is less risky than storage in land-based 
locations; it therefore recommends focusing research 
on this form of use (Section 8.3.4.2). CCS in the sea-
bed could potentially also be combined with the use of 
aquatic biomass for energy generation, thus creating an 
additional sink for CO2 from the atmosphere (Section 
5.2.2). The current arrangements under the London 
Protocol allow the storage of CO2 under the sea floor in 
principle, whereas the injection of CO2 into the water 
column is not permitted. They also contain guidelines – 
but no binding liability rules – for evaluating and mon-
itoring potential CO2 storage activities in the seabed. 
There is room for improvement here. The regulations 
were also adjusted under OSPAR, so that CO2 storage in 
the seabed has been allowed since 2007.

CO2 is already being stored under the ocean floor in 
individual cases, e.  g. in the Sleipner project in Norway 
(Section 1.1.5). However, certain technological and legal 
conditions still need to be clarified before this technology 
can be used on a large scale. Current experience with CO2 
storage is limited to relatively small-scale installations. 1 
million tonnes of CO2 is stored per year in the Sleipner 
project, which is less than one-tenth of the amount of 
CO2 that could be released annually by one large coal-
fired power plant with CO2 capture. To date CCS on the 
relevant scale is an unproven technology, although the 
individual components are already being used on a large 
scale by the oil and gas industry – e.  g. the injection of 
CO2 into oil and gas fields, although up to now this has 
mainly been done to increase production (Enhanced Oil 
Recovery, EOR) and does not target the long-term stor-
age of CO2. CO2 compression and CO2 transportation in 
pipelines have also been tested on a large scale. 
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The WBGU recommends continuing to examine 
doubts on the retaining ability of CO2 stores (Sections 
5.1.5, 8.3.4.2). CCS technology should not be used on 
a larger scale until it can be proved in scientific stud-
ies that the required retention period of at least 10,000 
years can be guaranteed. Before it is used, it should also 
be clarified how long-term monitoring can be imple-
mented. Another prerequisite should be an (interna-
tional) legal framework regulating not only liability for 
the escape of CO2 over a period of decades, but also 
the climate-relevant question of long-term escape over 
thousands of years. The WBGU refers here to its 2006 
report, in which it already gave comprehensive recom-
mendations on how this could be organized under the 
UN Framework Convention on Climate Change (WBGU, 
2006). 
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8.1
Research in the context of the transformation 
towards sustainability 

The WBGU has presented extensive evidence for the 
necessity of a ‘Great Transformation’ towards a sustain-
able society and demonstrated its feasibility with the 
example of climate change (WBGU, 2011). The WBGU 
defines this Great Transformation as moving the econ-
omy and society worldwide towards sustainability, with 
the goal of safeguarding humanity’s natural life-sup-
port systems. 

The Great Transformation will require leaps in tech-
nology, new concepts of welfare and knowledge, a wide 
range of innovations and an unprecedented level of 
international cooperation. By ‘innovations’ the WBGU 
means both sustainable technologies (and the societal 
parameters needed for their global application) and 
sustainable production, lifestyles and consumption 
patterns. 

Research plays a key role in this transformation pro-
cess, as the Great Transformation towards sustainability 
is an open, societal search process characterized to a 
large extent by action under conditions of uncertainty 
(WBGU, 2011). Although objectives can be named and 
structural options revealed, it is not possible to describe 
the precise, ultimate goal or the paths that might lead 
there. 

Sustainable stewardship of the oceans therefore also 
depends on support from research accompanying the 
process – to help make it possible to develop sustain-
able solutions and derive guiding principles for system-
atically safeguarding the future. 

The WBGU has furthermore underlined the impor-
tance of education in the context of a Great Transforma-
tion (WBGU, 2011). Achieving a high level of education 
for as many citizens as possible is a basic prerequisite for 
enabling people to form their own judgments, and hence 
for achieving a desirable broadly based participation in 
shaping a sustainable future. 

Education should critically convey the latest scien-
tific findings so that people gain a well-founded under-
standing of the current state of the oceans and a sys-
temic understanding of what action is possible. Society 
should be regarded as a stakeholder in the transforma-
tion process and allowed to participate in the education 
process itself in future. People need to see themselves 
as actors in the historical process if they are to take on 
responsibility for their actions. Corresponding educa-
tional structures are an essential precondition for this 
(Leinfelder, 2013).

Germany has a dual responsibility with regard to a 
sustainable stewardship of the oceans in the context 
of the Great Transformation. First, Germany is a highly 
developed industrial nation. This means that it has a 
particular responsibility for ensuring that its own inter-
actions with the oceans are driven by considerations 
of sustainability – not just in the North Sea and the 
Baltic but, as a flag state, also for the other oceans. 
 Second, Germany is responsible as an important centre 
of research. Germany has outstanding capacity in the 
field of marine research and should use this to address 
the scientific questions relating to the sustainable stew-
ardship of the oceans. The country’s significance as a 
centre of scientific marine research should be safe-
guarded and extended so it can support the sustainable 
stewardship of the oceans. 

In the following chapter the WBGU describes the two 
types of research which it considers relevant – trans-
formation research and transformative research – and 
gives recommendations on each. The recommendations 
on transformation research are divided into the follow-
ing key research themes: societal transformation pro-
cesses and transformation ability, transformation paths, 
acceleration, and global cooperation. The recommenda-
tions on transformative research cover the themes of 
global-change research, governance research and the 
focal themes of this study: food and energy from the 
sea. This is followed by the WBGU’s recommendations 
on research policy. 

8
Recommendations for Research 
and Education
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8.1.1 
Key types of research

To improve the scientific basis for the transformation 
towards sustainability, the WBGU has proposed the 
creation of a new field – ‘transformation research’ – 
and described the potential role of traditional research 
under the heading ‘transformative research’ (WBGU, 
2011). The demands to be made on restructuring 
research outlined by the WBGU (2011) have contrib-
uted to the discussion on the development of policy-
relevant sustainability research (UBA, 2012).

Research on the ‘transformation of human inter-
action with the oceans’ first requires transformation 
research, that is to say the interdisciplinary scientific 
analysis of societal transformation processes as such, 
and in particular the identification of the ‘conditions 
of possibility’ (to use Kant’s phrase) of social and tech-
nological innovations and their potential effects on the 
Earth system and society. This calls for a comprehensive 
understanding of the interactions between societal, 
technical and natural systems – in other words close 
collaboration between the social, natural and engineer-
ing sciences. In addition, research on the ‘transforma-
tion of human interaction with the oceans’ requires 
transformative research, i.  e. all scientific activities that 
can collectively generate the decisive innovations in the 
sectors relevant for transformation, thus enabling the 
transformation. Recommendations on both types of 
research in relation to the oceans are made in Sections 
8.2 and 8.3. 

Transformation research and transformative research 
do not call into question the necessity of basic research 
or the freedom of research. Among other things, free-
dom of science is a prerequisite for a person’s ability 
to form his or her own opinion and hence a condition 
of functioning democracies. Basic research can be com-
plemented by transformative aspects and thus become 
transformative research itself. Basic research in marine 
sciences can be combined with other disciplines such 
as economics, social science or history to create a novel 
interdisciplinary approach. In this way it can contrib-
ute to both transformation research and transformative 
research. 

To expand and further substantiate its research rec-
ommendations, the WBGU has discussed them with 
representatives of marine research in Germany. It did 
so at a workshop with representatives of the German 
Marine Research Consortium (Konsortium Deutsche 
Meeresforschung, KDM), a body covering all the major 
research institutes and university departments in the 
field of marine, polar and coastal research. It has also 
held hearings, conducted reviews and had external 
expert opinions written on selected topics in the area 

of marine research. The results have been incorporated 
into the WBGU’s research recommendations.

The representatives of the German Marine Research 
Consortium have also argued for an extension of the 
existing institutes involved in German marine research, 
which are currently strongly focused on the natural sci-
ences, to include the fields of economic, jurispruden-
tial and social-science disciplines. They also considered 
a more interdisciplinary approach in both basic and 
applied research to be a prerequisite for any science 
that aims to find solutions to problems, as well as a pre-
requisite for developing options for the sustainable use 
of the oceans.

On the international front, the International Coun-
cil of Science (ICSU, 2010) has identified five Grand 
Challenges for Earth system science with regard to glo-
bal sustainability. In Box 8.1-1 the WBGU discusses the 
relevance of these Grand Challenges for the oceans and 
assigns each of them to the relevant WBGU category 
– transformation research or transformative research. 

8.1.2 
Innovative approaches in German marine 
research

Much of the marine research in Germany is basic 
research carried out from a natural-science perspec-
tive. The research is mainly in the areas of physical oce-
anography, marine and atmospheric chemistry, bioge-
ochemistry, biological oceanography, marine biology, 
biodiversity research, marine geology, geophysics and 
sea-ice physics. Research projects examine the inter-
actions between the oceans, the atmosphere, the cry-
osphere and the geosphere, study the changes that are 
occurring in them and predict future changes. Another 
major area of research focuses on how marine ecosys-
tems function and the ways in which they are chang-
ing, sometimes with an explicit focus on coasts and the 
land, as well as on material cycles, biodiversity and the 
organismic biology of marine life, including marine 
microbiology. There is also research on the state of the 
oceans, on marine pollution and ecotoxicology. On the 
technical side, marine research in Germany generally 
focuses on technologies for measuring and monitoring. 
However, research is also conducted on the develop-
ment of technologies for purposes such as the exploi-
tation of marine resources, geoengineering and nature 
conservation.

Individual research institutes focus on economic 
questions, as well as on issues relating to management 
and the law of the sea, mainly with reference to fishing. 
Social-science research and environmental economics 
are not well represented. Interdisciplinary research is 
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Transformation research

Forecasting
Develop a theory of global transformation towards sustain-
able interaction with the oceans and develop interdisciplinary 
scenario techniques:

 > How do human behaviour, institutions and technical 
 systems impacting marine ecosystems interact with each 
other? 

Confining 
 > What institutional structures are needed to reduce the 

 negative and possibly cumulative effects of multiple 
marine uses at the local and regional levels? How can they 
be set up?

Responding 
 > What strategies, instruments and mechanisms for avoid-

ance, adaptation and transformation are possible from the 
local to the global level, and which ones are effective in 
dealing with gradual or abrupt environmental changes in 
the oceans? 

 > What changes in human behaviour make sustainable inter-
action with the oceans possible? How can they be brought 
about?

Responding and innovating 
 > How can effective, legitimate, binding, equitable and com-

prehensive solutions to marine environmental problems be 
implemented on a large scale? 

 > How can the necessary changes be rapidly triggered at the 
economic, institutional and behavioural levels?

Innovating 
 > What changes in economic uses of the seas could contri bute 

most to improving the ecological state of the oceans and to 
promoting sustainable interaction with the oceans? How 
can this be achieved?

 > How can the need to place interaction with the oceans on 
a sustainable footing be reconciled with other challenges, 
such as the need to eradicate poverty, resolve regional con-
flicts, distribute income equitably and establish security?

Transformative research

Forecasting and observing
Develop instruments, methods and indicator systems for fore-
casting the impact of human activity and technical systems 
on the oceans, and develop appropriate monitoring systems:

 > What aspects of marine socio-ecological systems harbour 
risks that are exacerbated by positive feedback?

 > How can discontinuities and tipping points in marine eco-
systems be identified, and how can we determine how much 
time remains before they are reached?

 > What significant environmental changes result from human 
activity? 

 > How do these changes influence human well-being and how 
do people react to them?

 > What impact do technical systems have on the state of the 
oceans?

Observing 
 > What threats do changes to marine ecosystems pose to vul-

nerable human communities? On what time scales are they 
to be expected? 

 > What indicators of socio-ecological systems must be mon-
itored to enable an appropriate response to changes in the 
marine environment? What would a suitable information 
system look like?

Confining and responding (examples)
 > What role can be played by marine renewable energy 

sources in global energy security? How can marine ecosys-
tem services sustainably improve living conditions for the 
very poorest people?

 > What technological, institutional or social innovations are 
most effective at reducing and preventing damage in the 
context of marine uses? Which ones open up sustainable 
development trajectories?

Innovating (examples)
 > How can learning processes increase individuals’ and deci-

sion-makers’ capacity to act and give research a more 
practical orientation? 

 > How can different forms of marine use be integrated in 
technical and spatial terms (e.  g. by combining sustainable 
energy generation with aquaculture)?

 > How can integrated assessment analyses in scenarios make 
better provision for context-specific factors such as culture, 
specific institutional structures, norms and values? 

Box 8.1-1

Research recommendations relating to the ICSU Grand Challenges

In 2010 the International Council for Science (ICSU) identified five broad topics of global sustainability as Grand Challenges to 
Earth system science (ICSU, 2010). These are: 
1. Forecasting: Improving the usefulness of forecasts of future environmental conditions and their consequences for human 

societies.
2. Observing: Developing, enhancing and integrating the monitoring systems needed to shape global and regional environ-

mental change.
3. Confining: Improving the way we recognize, anticipate, avoid and manage disruptive global (environmental) change.
4. Responding: Determining institutional, economic and behavioural changes towards global sustainability.
5. Innovating: Encouraging innovations in developing technologies, policies and social strategies in order to attain global 

 sustainability.
The WBGU endorses the ICSU Grand Challenges. To illustrate their importance for the oceans, the WBGU has concretized and 
assigned them to the WBGU’s categories of transformation research and transformative research. By way of example, the 
WBGU recommends tackling the following research questions relating to sustainable interaction with the oceans:
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conducted mainly between different disciplines within 
the natural sciences. The structural barriers to estab-
lishing a comprehensive interdisciplinary approach are 
summarized in Box 8.1-2.

Some initial, highly promising approaches to inter-
disciplinary, more problem-based research and aca-
demic training are also found, however. One example is 
an excellence initiative called GLOMAR (Global Chain 
in the Marine Realm), a graduate school for the marine 
sciences at the University of Bremen. The school’s aim 
is to combine training for doctoral students in the nat-
ural and social sciences and to offer an at least par-
tially interdisciplinary education for future academ-
ics by means of joint events and mandatory introduc-
tory lectures in different disciplines. The INTERCOAST 
( Integrated Coastal Zone and Shelf-Sea Research) inter-
national research  training  group operates in a simi-
lar way, combining research on coasts in the fields of 
both the natural and social sciences. The Kiel-based 
 excellence cluster ‘The Future Ocean’ (Ozean der 
 Zukunft) also takes an explicitly interdisciplinary and 
problem-based approach, combining marine sciences in 
various integrated research fields such as sustainable 
ocean management and scenario research. The aim of 
this cluster is to investigate the past, present and future 

changes in the oceans in an interdisciplinary manner 
and by so doing contribute to sustainable ocean man-
agement.

The Leibniz Centre for Tropical Marine Ecology 
(Leibniz-Zentrum für Marine Tropenökologie, ZMT) in 
Bremen has set itself the goal of creating a scientific 
basis for the conservation and sustainable use of tropi-
cal coastal ecosystems. The centre has its own social-
sciences department and strives to develop interdisci-
plinary solutions for preserving threatened ecosystem 
services which take the socioeconomic realities in tropi-
cal coastal states into account. 

Innovative, interdisciplinary research approaches 
are also found in marine technology development. One 
example is a research group called ‘Marine Aquaculture, 
Maritime Technologies and Integrated Coastal Zone 
Management’ at the Alfred Wegener Institute for Polar 
and Marine Research in Bremerhaven, which develops 
platforms for integrating marine aquaculture and off-
shore wind power. It also investigates their acceptance 
by various user groups and organizational aspects of 
co-management.

Another positive example of an application-oriented 
project is ‘Offshore Site Selection for a sustainable and 
multi-functional use of marine areas in heavily utilized 

Box 8.1-2

Structural challenges to marine research

Since humans do not live in the sea, they often lack any 
direct experience of developments that take place far from 
the coasts. It is therefore all the more important to step up 
both research and systematic monitoring, because our know-
ledge of the links between human activity and the state of the 
oceans is still limited, and gathering data is a laborious task. 

Adopting an interdisciplinary approach is important to 
transformation-related research. It is also a prerequisite for 
problem-oriented, transdisciplinary research (UBA, 2012). 
At present, marine research specializes primarily in the natu-
ral sciences and technological disciplines. Yet activities that 
harm the environment touch on all kinds of different aspects 
of marine ecosystems and cannot be understood in isolation 
from terrestrial ecosystems and terrestrial activities. Harm-
ful activities have repercussions both in the sea and in the 
atmosphere, on land and in the many and varied facets of 
human societies. The causes and continued existence of grave 
environmental problems, such as climate change and the loss 
of biodiversity, are too complex to be grasped by observa-
tion from the perspective of any single discipline, as are their 
effects and interdependencies.

The impact of solutions to problems can likewise only be 
understood on a systemic and interdisciplinary basis, because 
the solution to one aspect of a problem often interacts with 
other aspects. Interrelated and extensive changes to technol-
ogies, societal institutions and individual modes of behaviour 
lead to far-reaching transformations. Only systemic, inter-

disciplinary research can adequately model such contexts 
and develop effective intergenerational design proposals. 
Relevance to society and the incorporation of practical (e.  g. 
local, traditional or indigenous) knowledge can be ensured 
by integrating transdisciplinary stakeholders when research 
questions and objectives are being defined, as well as by 
involving them in the research process and getting society 
to discuss research outcomes. Making interdisciplinary and 
transdisciplinary research more effective will require a new 
generation of researchers who not only excel in their chosen 
fields, but are also able to speak and understand the language 
of other disciplines.

Despite promising approaches, efforts to increase inter-
disciplinarity in science face a number of structural barriers. 
The scale, organization and structures of faculties and depart-
ments and, in particular, their incentive, accreditation and 
evaluation mechanisms are not appropriate to give interdisci-
plinary approaches the weight they need in transformation-
relevant research.

The duration of research funding presents a further chal-
lenge. Scientists should be given an opportunity to engage in 
long-term interdisciplinary research in order for them to have 
sufficient time to devote themselves to what are mostly com-
plex issues. Especially when researching complex marine 
issues, three-year funding periods for research projects are 
too short, as they preclude long-term observation and the 
chance to build up suitable structures. Marine-research insti-
tutes require appropriate overall conditions and should be 
endowed with sufficient funds to build up permanent cap-
acity. 
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seas as exemplified by the North Sea (OSS)’, a project 
funded by the Federal Ministry of Food, Agriculture 
and Consumer Protection. The aim of this project is to 
develop criteria for choosing sites for offshore aquacul-
ture farms in conjunction with offshore wind power. 

German marine research institutes are also partic-
ipating successfully in innovative projects within the 
European Union’s Seventh Framework Programme, for 
example with a programme called ‘Vectors of Change 
in Oceans and Seas Marine Life (VECTORS)’. This pro-
gramme studies how the distribution and productivity 
of fish stocks change as a result of changing uses and 
anthropogenic pressure. The programme also plans to 
look at how these changes impact on ecosystem serv-
ices, to estimate further socio-economic consequences, 
and to develop political strategies to avoid negative 
impacts. 

8.2
Transformation research for the oceans

8.2.1 
Conceptual background

The term ‘transformation research’ is used by the 
WBGU to mean the scientific analysis of societal trans-
formation processes, in particular identifying the ‘con-
ditions of possibility’ (in the Kantian sense) of tech-
nological and social innovations and their interactions. 
Transformation processes are only possible if the inter-
actions between societal, technical and natural systems 
are properly understood:
1. Transformation research sets out to investigate the 

institutional parameters, key players, drivers and 
obstacles in transformation processes and their rel-
evance both now and in the future. The history of 
technology and institutional theory play impor-
tant roles in this. Also of significance are the scien-
tific, cultural, psychological, social, economic, polit-
ical and technological prerequisites for, and barriers 
to, transformations. Since these transformation pro-
cesses occur from the local level right up to the glo-
bal level, they should be analysed as interdepend-
ent multi-level dynamic forces. 

2. Transformation research, in cooperation with the 
natural sciences, aims to identify the interactions 
between past, present and future transformation 
processes and the natural environment. It works on 
the assumption that, in the Anthropocene, societal 
parameters – in particular the organization of eco-
nomic activity – strongly determine the state of the 
natural environment and the perception of ecologi-

cal crises. For this reason, cooperation between the 
social and natural sciences is required in order to 
record, understand, evaluate and predict the effects 
of human activity, and to make it possible to com-
municate these effects to others.

3. On this basis transformation research, assisted by 
the engineering and technical sciences, designs and 
evaluates technological systems that respond to 
the ecological and social challenges. Future uses of 
the oceans – and redesigning existing uses – often 
requires the application of extensive technologies 
and infrastructures, as in the case of integrated 
renewable-energy systems (Sections 5.3, 7.5). 
Due to path dependencies, once established these 
have far-reaching and sometimes unintended con-
sequences for society and the environment; they 
are also very difficult and sometimes expensive to 
change. Interdisciplinary reflection on the future 
development of technology helps reduce such unin-
tended consequences. 

4. Whereas the analysis of societal transformation 
processes primarily draws on knowledge about his-
torical and current transformation processes, trans-
formation research also works with knowledge 
about the future. Since it has been scientifically 
shown that, in the Anthropocene, staying within 
planetary guard rails requires a comprehensive soci-
etal transformation, transformation research fur-
ther investigates the possibilities and boundaries of 
future developments (Box 1-1). It draws up visions 
and goals, contextualizing them within the Anthro-
pocene by indicating the possible consequences of 
alternative visions for the natural environment. In 
addition, it suggests how the transformation should 
be structured to enable visions to be implemented. 

As yet no comprehensive, detailed theory exists of the 
multifaceted interactions between the anthroposphere 
and the natural world (biosphere and geosphere) – a 
theory that could serve as a heuristic equally well for 
the natural, technical and social sciences. The WBGU 
recommends that such a systemic perspective be devel-
oped as a matter of priority in the natural, technical and 
social sciences and in the humanities. This perspective 
should interlink and integrate knowledge from the var-
ious disciplines and strengthen compatibility between 
them.

Various international scientific organizations also 
draw attention to the importance of a better under-
standing of transformation processes in order to be able 
to avoid or reduce harmful human influences on nature 
and society. In 2011 the International Social  Science 
Council (ISSC) recommended increasing the role of 
the social sciences in international research into glo-
bal change. According to the ISSC, such research should 
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primarily address questions relating to transformation, 
looking at aspects such as the societal conditions for a 
transformation towards sustainability, the correspond-
ing transformation of markets, the policies required, 
the role of change agents and the transformation of 
consumer behaviour (ISSC, 2012). The international 
global change research programme ‘Future Earth’ also 
stresses the necessity of transformative change and sci-
entific support for this transition to a globally sustain-
able society. One of its three key research themes will 
therefore probably be called ‘Transformations towards 
Sustainability’. Research recommendations on global 
change can be found in Section 8.3.1.

8.2.2 
Research recommendations 

The WBGU has suggested four Key Research Themes 
for transformation research (WBGU, 2011) and bases 
the following proposals for ocean-related transforma-
tion research on them.

Key research theme 1: Societal transformation 
 processes and transformation ability
The focus here is on analysing historical and current 
transformation and upheaval processes. The objective 
is to gain a better understanding of transformations and 
their impact on the Earth system, so as to draw conclu-
sions about how to develop policies that can actively 
shape transformations. 

There are very few long-term interdisciplinary stud-
ies or regional models of change in the oceans. Never-
theless, enough knowledge about the relationship 
between human use of the oceans and the damage it 
causes is usually available to make it possible to trans-
form specific uses and make them sustainable. What is 
often lacking is integrated solutions for transforming 
the multiple uses of the sea and activities on land into 
a sustainable form of ocean stewardship, while avoid-
ing or minimizing conflicts of objectives and trade-
offs. The key questions are whether changes in human 
behaviour that would permit a sustainable stewardship 
of the oceans are possible, and whether and how the 
political will to create suitable parameters for this might 
develop.

Particularly important in this context are studies on 
the appropriate design of institutions and their cap-
acity for innovation. Global governance research has 
neglected the oceans in the past. What is needed is 
an understanding of which effective, non-hierarchi-
cal, polycentric governance structures are likely to be 
needed in order to handle future multiple uses. This 

leads to the additional question of what form the trans-
formation of the existing governance regime should 
take. Particular focus needs to be placed here on the 
role of change agents, participatory procedures and the 
distribution of resources to promote or block change. 
Research should also include looking for second- and 
third-best solutions.

Particular attention should be paid to the significance 
of the oceans as the connecting and transport route 
between the continents – a bridge in the development 
of the global society. Despite the de facto importance 
of the seas for the emergence of the global society, the 
various forms of international ocean governance have 
so far been paid little attention by attempts to theorize 
the global society. A key component of these studies 
should be the interaction between the emerging global 
society and the natural environment – especially the 
oceans – and the question of which aspects, if any, of 
the global society react to threats to the natural life-
support systems. 

The WBGU therefore proposes a systematic study 
of the role of the oceans in the formation of the global 
society, or of the interdependence between the world’s 
oceans and the global society. Historical analyses could 
examine major changes in the use of the oceans (from 
artisanal to industrial fishing; the use of the oceans 
for intercontinental travel; the laying of the first tel-
egraph cables for communication purposes; the begin-
nings of oil and gas exploration, and so on) and the 
related effects on ecosystems and societies. The same 
goes for historical efforts to protect oceans and coastal 
areas. The role of key locations and infrastructures in 
transformation processes should also be analysed more 
closely, as well as the significance of ports and islands. 
The historical co-evolution of technology and ocean 
governance and the resulting state of the ocean ecosys-
tem is also a relevant area for research. 

The increase in environmental damage to the oceans 
is closely related to the emergence of the global society 
and the global economy. With this in mind, research 
into the global society should be linked to Earth- system 
research. In this way, researchers could identify the 
repercussions of the many transformations associated 
with the emergence of the global society on the natural 
foundations of human life and consider the effective-
ness of existing governance systems. 

A related question is the influence of key global soci-
etal trends and the associated environmental impact 
on current, fast-changing uses of the ocean – and the 
resulting demands on (global) governance. 

Such trends include the perception of global envi-
ronmental change, new markets like aquaculture and 
their contribution to the global food supply, the grow-
ing demand for food combined with reductions in the 
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amount of available farmland, new resource short-
ages (e.  g. rare earths), economic growth in Asia, shifts 
in power between the old and new powers, the rapid 
growth of urban populations, the expanding middle 
classes worldwide and the strong growth of cruises as 
a sector of tourism. 

International research into the stewardship of the 
oceans and coastal areas would be a further component 
of this key theme of transformation research. Research 
priorities here include how the sea is treated by dif-
ferent cultures, what it means to them and what are 
the resultant environmental effects. Also especially 
relevant is the question of how interactions with the 
oceans, and hence the environmental impacts, have 
changed over time, paying special attention to techno-
logical change. An important area for research is how 
prevailing cultural conditions affect people’s under-
standing of transformations and, in a second step, how 
they then affect related policy-making with respect to 
the oceans. 

Identifying barriers to implementing the existing 
governance structures for nature conservation and 
environmental protection is also particularly impor-
tant, especially with regard to the high seas (Section 
7.3.4.2). Equally important are rules for the sustain-
able management of fisheries (Section 7.4.1) and cer-
tain areas of environmental protection in international 
shipping (e.  g. ballast water, grey-water, organic waste). 
Moreover, there is a lack of risk and technology-impact 
assessments – e.  g. on the extraction of oil and gas, 
deep-sea mining or the large-scale use of carbon cap-
ture and storage (CCS). With regard to both historical 
and current changes in humanity’s interaction with the 
oceans, it should be investigated what enables different 
actors (countries, companies, associations, NGOs) to 
become change agents. Studies are needed of the over-
all framework governing action by players and the spe-
cific capacities of individual players, as well as regional 
and global cooperation between them. Another rel-
evant area of transformation research is examining 
the particular constellation of actors or change agents 
needed for transformation processes. One key ques-
tion, for example, is how the functional importance of 
different groups of players for the use of the oceans 
is currently legitimized. Studying obstacles to the move 
towards sustainability is also vital. 

On the basis of the analyses described above, trans-
formation research studies the prerequisites for policy-
making with regard to the road towards a sustainable 
stewardship of the seas, and the extent to which socie-
ties can or do meet these prerequisites. Closely related 
to policy-making options is the question of the trans-
formation ability of coastal states and countries that 
use (or damage) the ocean indirectly. Here, specific 

resources and capacities should be identified which 
allow conclusions to be drawn on the ability of a coun-
try to transform. This leads to questions about measur-
ing (using a new set of indicators yet to be developed) 
and potentially increasing a country’s ability to achieve 
transformation. Appropriate indicators from the natu-
ral sciences should be identified and monitoring sys-
tems developed to make the effect of transformative 
developments visible and to readjust them where ne-
cessary. 

Key research theme 2: Transformation paths
Developing and evaluating visions for a sustainable 
future stewardship of the oceans, describing possible 
paths and making suggestions about related policy-
making form the core of this key research theme. 

Improved research into the normative basis for 
human interactions with the oceans is a prerequisite 
for evaluating visions and transformation paths. Fun-
damental ethical and normative questions arise from 
the perspective of the Anthropocene about humanity’s 
responsibility for the future of the Earth system and for 
global public and common goods, including the oceans. 
A key element of transformation research is develop-
ing theories of responsibility and justice for the preser-
vation of global public and common goods – including 
future options such as the use of genetic diversity for 
new materials and processes. Gaps in research also exist 
when it comes to evaluations of the oceans in cultural 
studies. There are some initial analyses of the ecosystem 
services of the oceans and their monetary significance, 
but only isolated examples of corresponding investiga-
tions into the cultural significance of the oceans. Yet 
even a superficial examination shows that the function 
of the oceans for humanity cannot be reduced to mate-
rial and utilitarian aspects. Interdisciplinary research 
is needed here, too, to show the extent to which cul-
tural differences influence a society’s relationship with 
nature and hence its interaction with ecosystems. The 
WBGU therefore also recommends promoting marine 
research in the cultural sciences.

At present there are no visions for a sustainable 
stewardship of the oceans involving different, long-
term uses. Within the framework of interdisciplinary 
marine futurology, researchers should use both tradi-
tional foresight methods and model-based scenario-
development approaches to draft visions, models and 
concepts for the sustainable stewardship of the oceans 
in the context of the Great Transformation (WBGU, 
2011). This field should take an integrated approach 
to different uses (e.  g. energy generation, tourism, 
resource exploitation), describing the conflicts and syn-
ergies between them and examining relevant interac-



8 Recommendations for Research 

304

tions between land and sea and their interdependencies 
with ecosystems. This will require scientific research 
into the ‘tipping points’ of marine ecosystems – which 
are defined as the maximum possible levels of stress 
before far-reaching and irreversible changes to the 
marine ecosystem are triggered. Progress on determin-
ing such tipping points will make it possible to discuss 
concrete transformation paths in more specific terms, 
partially because environmental tipping points limit the 
scope for ’safe’ human activity. Closely related to this is 
global governance research, the role of which is shown 
in Box 8.2-1. 

A better understanding of the affected ecosystems 
and the interactions with alternative transformation 
paths will make it possible to identify guard rails and 
outline development corridors for transformation pro-
cesses. Building on the vision of a sustainable steward-
ship of the oceans, researchers should develop poten-
tial transformation paths and evaluate their sustain-
ability impacts. To this end they should draw up vari-
ous scenarios, e.  g. on different theoretically possible 
models or systems – global institutions, local steering 
by the markets, polycentric models, etc. 

It is decisive for this key research theme that the 

description of the various transformation processes 
includes a discussion on the interactions and interde-
pendencies between them. For example, the road to sus-
tainable urbanization of coastal areas raises questions 
not just about the coastal cities themselves, but also 
about the required hinterland infrastructure, potential 
competition between different uses and the necessary 
institutional and legal parameters. Estimating different 
interactions with ecosystems should also form part of 
research into different transformation paths. 

Key research theme 3: Acceleration
Apart from defining the societal preconditions for suc-
cessfully structuring and influencing transformation 
processes, it should also be examined what options 
exist for accelerating such processes. Particular focus 
should be placed on examining societal tipping points 
and key initiation points, as identified above under key 
research theme 1. In addition to a historical and soci-
ological understanding, technical expertise is relevant 
here, as are insights into socio-psychological and inter-
cultural processes, not least in terms of the global reach 
and legitimacy. 

Box 8.2-1

Research as a ‘laboratory of the future’ – the 
Anthropocene and global ocean governance

Since the oceans have been greatly underrepresented as an 
object of global governance research up to now, we lack 
answers to the question of what forms of global governance 
are needed to support sustainable stewardship of the oceans 
within the framework of the Great Transformation. Nor do we 
know how such forms might be implemented.

The WBGU recommends an increase in funding for 
research that analyses the significance of the oceans as a glo-
bal public good in the Anthropocene and develops forms of 
polycentric global governance which are commensurate with 
the systemic challenges.

Research with such a focus would see itself as a kind of 
‘laboratory of the future’. Its role would be to analyse past 
developments in, and forms of, global ocean governance, iden-
tify weaknesses and draft options for new ocean- governance 
structures that include, but also go beyond, nation states. 
Long-term, visionary research of this nature will initially be 
accused of being an ivory tower that has nothing to do with 
political realities. This criticism in no way undermines the 
importance of such approaches to research, however. On the 
contrary, the history of science has seen several examples of 
visionary designs without which the dynamic developments 
that followed would never have occurred. As early as the end 
of the 18th century, for example, Immanuel Kant formulated 
important basic principles of international law in his essay 
‘Perpetual Peace’, introducing the concept of world citizen-
ship long before the notion of a global society had found its 

way into established scientific and political discourse.
Research on how a systemic approach to a global govern-

ance regime might be designed faces the challenge of outlin-
ing a coherent multi-level concept of ocean governance for 
all the seas of the world and for all relevant uses. The WBGU 
sketches what ocean governance might look like in the future 
in Section 7.2. Research is needed both into the WBGU’s 
vision as outlined there, and into alternative visions of trans-
formative ocean governance. Research is also required into 
the guiding principles of a form of global ocean governance 
that could meet the challenges of the Anthropocene (such as 
the systemic approach), into the ethical and legal-philosophy 
foundation for the application of guiding principles (such 
as the common heritage of mankind principle), and into the 
material design of these guiding principles. Moreover, espe-
cially in relation to the material design of guiding principles 
– such as the formulation of a level of conservation for the 
marine environment that does justice to our intergeneration-
al responsibility – there is a need for further research into 
the design of the institutions and instruments that this will 
require (Sections 8.3.2.1, 8.3.2.2). 

Furthermore, there should also be studies on how ocean 
governance based on this kind of guiding principle might be 
linked with existing use and conservation regimes at the 
national and regional levels. This also touches on other envi-
ronmental regimes (e.  g. CBD, UNFCCC) in addition to ocean-
governance regimes. Investigations in this context should 
focus on how the impact of suitable principles for the conser-
vation and sustainable use of the oceans can be realized as 
fully as possible, while at the same time harmonizing them 
with other environmental regimes. 
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Key research theme 4: Global cooperation
The transformation towards a sustainable use of the 
oceans is necessarily a global process which must be 
supported by adequate institutions and global govern-
ance mechanisms. In this context, the yet-to-be-devel-
oped field of transformation research should exam-
ine whether and how global governance can support 
the processes investigated in the three key research 
themes elaborated above. This means that transforma-
tion research should examine the role of global govern-
ance and global cooperation in historical transformation 
and upheaval processes: learning from the past in order 
to shape the future.

One key problem is that the existing processes and 
institutions of global cooperation are inadequate for 
protecting the seas as a global public and common good 
and as a life-support system for human life. 

Examining the systemic aspects of ocean governance 
has revealed that social, legal and economic aspects are 
often neglected in natural-sciences research and poorly 
integrated into interdisciplinary references. It has also 
revealed that in the areas of legal, economic and politi-
cal sciences, research into global governance and public 
and common goods in one field often neglects research 
in the other fields; indeed in terms of topics, methods 
and concepts there is often no interaction between the 
different fields at all. In terms of research policy, inter-
disciplinary connections should therefore be strength-
ened: what is needed is an integrated perspective on 
global public and common goods. 

Major efforts are needed in the field of transforma-
tion research, not only with regard to analysing and 
solving problems, but also to communicating them. 
Societies that live near the oceans and rely on them for 
their survival differ greatly in terms of their cultures, 
and their cultural ties to the sea also vary enormously. 
Moreover, there is a very widespread notion that the 
oceans are an ‘uncomplicated’, often uncontrolled store 
of resources and a dumping ground. 

8.3
Transformative research for the seas

Transformative research promotes the transition to 
sustainability by means of problem diagnosis and by 
developing solution approaches and innovations in rel-
evant sectors. It includes the development of social and 
technical innovations. In addition, it implies a systemic 
view: first, by aligning innovation activities to the 
results of transformation research; second, by trying 
to systemically anticipate possible effects of innova-
tions. Research on innovations covers not only devel-
oping and assessing innovations, but also determining 

the societal prerequisites and developing political strat-
egies and instruments for their dissemination.

8.3.1 
Research on global change

Research on global change focuses primarily on changes 
in the subsystems of the Earth system, on humanity’s 
role in the observed changes, and on the effects of glo-
bal change on human societies. Global-change research 
is conducted at an internationally excellent standard in 
Germany. It makes an important contribution to under-
standing the complexity and vulnerability of the Earth 
system, also in relation to the oceans. 

No detailed recommendations on marine global-
change research are given here, since the WBGU’s pri-
orities in this report are ocean governance, and food 
and energy from the sea. However, some references to 
core topics are made below because of the great impor-
tance of global-change research for the transformation. 
The three most important methodological pillars in this 
context are (1) targeted measurements and experi-
ments at sea and in the laboratory, (2) regular moni-
toring (among other things as part of the Global Ocean 
Observing System) and (3) the development of model-
ling and forecasting capabilities.

Climate change
The world’s oceans are involved in climate change in 
many ways (Section 1.2). The most important research 
questions include the following:

 > How quickly are surface sea temperatures rising and 
how does the warming signal penetrate into the 
deeper ocean layers? How much thermal energy is 
stored in the ocean in this process?

 > How are ocean currents changing?
 > How is the sea level changing, both globally and 

regionally?
 > How do the ocean and the cryosphere interact in 

terms of both the change in sea-ice cover and the 
influence of ocean warming on the ice shelves and 
continental ice sheets in Greenland and Antarctica?

 > How are natural variability modes of the ocean 
changing, e.  g. El Niño/Southern Oscillation (ENSO) 
or the Pacific Decadal Oscillation (PDO)?

Material cycles
The chemistry of the ocean is increasingly and consider-
ably changing, because humanity has become an impor-
tant factor in the global material cycles in the Anthro-
pocene. This leads to a number of important research 
questions:
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 > How are CO2 storage in the world’s oceans and ocean 
acidification due to CO2 input developing?

 > How do the oxygen-deficient zones in the oceans 
spread?

 > How big is the danger of global warming causing the 
release of methane from hydrate deposits in the 
ocean floor?

 > How do pollutants – plastic waste, oil pollution, radi-
oactive substances – spread in the oceans?

Marine ecosystems and biodiversity
Life in the sea is exposed to multiple stress factors 
simultaneously in the Anthropocene: warming, acidi-
fication, pollution, overfishing, etc. (Chapter 1). Fur-
ther research is urgently needed to find out how the 
marine ecosystems cope with this, how they influence 
each other in the process, and where critical load limits 
are being exceeded. The overarching research questions 
listed below are specified in Section 8.3.3 in relation 
to the relationships between fisheries and aquaculture:

 > What effects are the increasing warming of the sea 
water, changes in the currents and interventions in 
natural sedimentation having on marine ecosystems 
and their biological diversity?

 > How are the acidification and spreading of oxygen-
deficient zones impacting on the ecology of the 
oceans, e.  g. on coral reefs and microplankton?

 > What effects are the spread of invasive, non-native 
species having?

 > How does ocean pollution affect the marine ecosys-
tems?

 > What influence does fishing have on the marine 
ecology?

 > What measures (e.  g. marine protected areas) are 
best suited for making marine ecosystems more 
resilient towards climate change, acidification and 
fishing pressure?

 > How can the yields and services of marine ecosys-
tems be evaluated in economic terms (Section 
8.3.3.1)?

The three above-mentioned key areas – climate change, 
material cycles and marine ecosystems/biodiversity – 
which are superficially assigned to the fields of marine 
physics, chemistry and biology, should not, however, 
be considered in isolation, but in the context of a sys-
temic approach which incorporates their interactions.

The question of the economic valuation of marine 
ecosystem services points beyond classical global-
change research in the direction of indicators for gov-
ernance. No comprehensive valuation has yet been car-
ried out of global marine and coastal ecosystem serv-
ices. Although individual valuation studies have been 
made on selected ecosystem services, mostly in cer-
tain subregions of the Earth, there is still a long way 

to go before a comprehensive inventory can be made 
of the value of the global marine and coastal ecosys-
tem services. This would require more complex national 
and global estimates and would have to be based on 
corresponding models mapping a large number of rel-
evant interactions. Projects and organizations attempt-
ing such a comprehensive valuation of marine ecosys-
tem services, e.  g. the international TEEB project (The 
 Economics of Ecosystems and Biodiversity; Beaudoin 
and Pendleton, 2012), should be supported. 

In addition, more support should be given to valu-
ation studies looking at ecosystems that are hitherto 
largely unexplored. At present, valuation studies exist 
primarily on coral reefs, mangroves and coastal ecosys-
tems, while hardly any efforts have been made to con-
duct an economic valuation of other marine ecosystems 
in general and deep-sea ecosystems in particular – not 
least because of the associated methodological chal-
lenges. As long as the economic importance of these 
ecosystems is unknown, we lack an important basis 
for making decisions on the protection and use of the 
oceans. 

8.3.2 
Ocean governance

Research on the governance of the oceans is broad and 
well-developed in individual sectors, particularly in the 
fields of jurisprudence and political science (e.  g. on reg-
ulatory and economic instruments in the field of fish-
eries and on individual institutions and regulations of 
UNCLOS). Less research has been conducted in other 
fields. For example, there are hardly any scientific find-
ings on political, legal and economic design options for 
such forms of ocean use as renewable marine energy or 
aquaculture (Sections 8.3.3, 8.3.4). Global governance 
research on the oceans is underdeveloped compared to 
other fields (such as the climate, forests or international 
financial markets). Overall there is a lack of cross-sec-
toral and coherent analyses and assessments of govern-
ance structures, or on legal and economic conditions and 
requirements relating to the current and future use of 
the oceans. At the same time, given the challenges of 
the Anthropocene there is a need to intensify cooper-
ation between global governance research in the fields 
of social sciences and jurisprudence on the one hand 
and the natural sciences and engineering on the other. 
Only if there is a better understanding of the interaction 
between the ecosystems, the socioeconomic systems, 
and the technical systems can governance patterns be 
developed that are able to meet the challenges involved.

The WBGU believes that developing governance 
research in this way is indispensable on the road to a sus-
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tainable stewardship of the oceans. This research should 
go hand in hand with laying down the theoretical foun-
dations of – and drafting and developing – potential glo-
bal guiding principles, such as the ‘heritage of mankind’ 
principle, and possible institutional and instrumental 
designs of governance based on such guiding principles.

8.3.2.1 
Ocean governance for the transformation towards 
sustainability 
Existing ocean governance is already well developed in 
some sectors, for example in fishing (Section 4.1.4). In 
some cases there are promising approaches for a fur-
ther development towards a transformative form of 
governance (e.  g. the designation of marine protected 
areas on the high seas under OSPAR; Section 3.4). 
Measured against the challenges of the Anthropocene, 
however, there are considerable deficits and gaps. In 
this context, research on ocean governance committed 
to the systemic approach should contribute to a bet-
ter understanding of the design, functioning and short-
comings of existing governance. A better understand-
ing of existing ocean governance is essential for devel-
oping a coherent transformation policy at the local, 
regional and global levels. The WBGU therefore recom-
mends funding both research into understanding the 
status quo and research that reveals the prospects of 
systematic interaction with the transformation towards 
a sustainable society. Ideally, this research would dove-
tail closely with the research on societal visions out-
lined in Box 8.2-1. 

Global level
In the field of ocean governance at the global level, there 
is also a need for research on individual steps towards a 
transformation. For example, not enough work has yet 
been done to determine to what extent future global 
implementing agreements could develop a transforma-
tive effect under UNCLOS, the Convention on Biological 
Diversity (CBD) or the UNFCCC. The first question to be 
asked here is what topics would be particularly important 
for further agreements in relation to the transformation 
and how might those that are  currently under discussion 
– for example on biodiversity on the high seas (Section 
3.3.2, 7.3.4.2) – be fleshed out? Secondly, there is need 
for research into the likely effects of additional global 
agreements at the regional and national level. For exam-
ple, there should be studies on what possibilities would 
be opened up, e.  g. as a result of additional competencies. 
In this context, the WBGU recommends also examining 
how global agreements should be designed to encour-
age the further development of regional ocean govern-
ance and to ensure better interaction between regional 
and  global governance.

There are also gaps in research on the institutional 
fragmentation of global ocean governance and on fur-
ther developing it towards an integrated form of gov-
ernance. Studies in this field should first look at how 
the activities of the various players at the United 
Nations can be better integrated institutionally ( Section 
3.3). In the context of current efforts under the Oceans 
Compact (Section 7.3.3.1), for example, interdiscipli-
nary governance research should here investigate how 
such integration might take place and how coherence 
can be encouraged – e.  g. between UNEP, FAO and IMO 
( Section 3.3). The aim is furthermore to examine the 
advantages and disadvantages of a unified form of 
ocean governance that brings together the existing and 
future institutions into a World Oceans Organization 
(WOO; see Section 7.2.2.1).

Regional level
Numerous regional governance structures exist world-
wide, both for protecting the oceans (e.  g. the Helsinki 
Convention for the Baltic Sea) and for improving sus-
tainable use (e.  g. RFMOs in the fishery sector). Up to 
now, these regional governance structures, most of 
which are specifically enshrined in international law, 
have not been fully researched from a political or legal 
perspective.

The existing social-science research conducted 
under the UNEP Regional Seas Programme is largely 
concerned with environmental, socioeconomic and cul-
tural aspects, as well as detailed management questions 
(Section 3.4.1). 

Developing a coherent policy of transformation 
requires better answers to overarching governance 
questions at the regional level. Research is needed pri-
marily into institutional conditions for the success of 
regional governance concepts for the seas. Compara-
tive research on the individual mechanisms of exist-
ing agreements and programmes would be appropriate 
in this field in order to identify best-practice solutions 
and make concrete suggestions on how to overcome the 
fragmentation of ocean governance and improve coop-
eration and coherence. 

There should also be research into the extent to which 
regional marine agreements not only meet their agreed 
objectives, but are also appropriate in view of the real 
challenges of the Anthropocene. This requires a more 
interdisciplinary direction of research involving the nat-
ural sciences. In this way, the effects of regional agree-
ments can be assessed on the basis of scientific findings 
on the targeted state of the respective marine region, 
rather than with reference to political objectives that 
have been formulated by the players to be evaluated. 
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Research on EU trade policy
Trade policy plays an important role within a system-
ically oriented marine policy. These issues are particu-
larly relevant for the EU because of its rising imports 
of fishery products. An improved understanding of 
the economic interests and their relationship to exist-
ing governance is required in order to make trade pol-
icy more sustainable. There should also be studies on 
trade flows and their relations to direct investments 
and agreements with third countries, on the strategies 
of retailer corporations, the effects of subsidies and 
the role of sustainability certification. Research is also 
needed on the compliance of minimum standards with 
WTO rules when issuing sustainability labels. The same 
applies to fishing subsidies, where there is a particular 
need for clarification with regard to the current round 
of negotiations (Doha round).

8.3.2.2 
Policy instruments for new challenges
The rapidly expanding number of ways of using the 
oceans – e.  g. resource extraction in the deep sea, access 
to Arctic resources, new Arctic shipping routes – poten-
tially involve considerable and, in some cases, incal-
culable effects on the marine ecosystems, as well as on 
 existing uses (Chapter 1). To ensure a future- oriented, 
sustainable stewardship of the oceans, instruments of 
governance should be developed which address the 
global challenges of the Anthropocene. Corresponding 
interdisciplinary research in the national and European 
context should also include the global level. 

At the same time, intensified research on the effect 
of the combined use of different instruments and pol-
icies is necessary with the aim of achieving an inte-
grated form of ocean governance. There should also be 
studies on what a player-specific mix of instruments for 
the respective policy areas might look like. This would 
also include research on the effects of private stand-
ards, such as eco-labelling in fisheries.

Global evaluation system on environmental effects 
of ocean uses
The WBGU believes that the effects of ocean uses on the 
marine environment require a global evaluation in line 
with the systemic approach. A globally applicable eval-
uation methodology should be developed to this pur-
pose that links up with global-change research (Section 
8.3.1) and existing evaluation systems. Among other 
things the development of an integrated and coherent 
system of indicators for evaluating the global, regional 
and local effects of the most important uses of the sea 
should be funded which also takes interactions and 
interdependencies into account. The WBGU also rec-
ommends developing political target indicators – e.  g. 

for fisheries (Section 8.3.3.1) – as a frame of  reference 
for future ocean governance.

The development of such an evaluation methodol-
ogy should build on existing national and European 
assessment procedures (e.  g. strategic environmen-
tal assessment, environmental impact assessment; 
Section 7.2.4) and – for the political target indicators 
– on existing experience, also in the context of regional 
marine agreements. The WBGU also recommends exam-
ining how marine aspects can be incorporated into the 
United Nations Sustainable Development Goals (SDGs), 
which are currently being developed (Section 7.3.3.1).

Spatial planning and marine protected areas
As a forward-looking instrument for balancing differ-
ent users’ interests and coordinating conservation and 
use, marine spatial planning can make an important 
contribution to sustainable coastal governance. An-
alyses have shown that only a small proportion of this 
potential has been used to date (Section 3.6.2). Along-
side the comparative analysis and evaluation of exist-
ing spatial planning on the sea, especially in the EEZs, 
there is a need for research above all on the possibilities 
and requirements of spatial planning on the high seas 
( Section 7.3.9). Studies here should focus on how global 
marine spatial planning based on the systemic approach 
– including the material and procedural design of the 
instrument – can be developed and implemented. The 
focus here is on questions relating to conservation 
standards, integration and formulating environmen-
tal, use-related and political target indicators, as well as 
transparency and how best to involve actors. Accompa-
nying socioeconomic, ecological,  political-science and 
jurisprudential research should also be funded.

Marine spatial planning is in its early stages. Research 
should be conducted into possible ways of adjusting 
marine spatial planning to land/sea interactions (mate-
rial flows, etc.) and to how the instrument of spatial 
planning can be made operational in regions that are 
outside national jurisdiction. Only a better understand-
ing of these special characteristics will make it possible 
to enhance marine spatial planning and turn it into an 
instrument that can meet the challenges of the Anthro-
pocene. 

There is also a need for more research on marine pro-
tected areas (MPAs). The questions to be asked here 
relate to the design and implementation of an effective 
network of MPAs in the context of marine spatial plan-
ning dedicated to sustainability. Research should be 
intensified into how much potential there is for regen-
eration and adaptation in areas that have already been 
damaged. Initial results, for example in coral reefs, indi-
cate that the highest adaptation speeds can occur in 
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reefs that are already damaged, which would need to be 
taken into account when designating protected areas. 
In this context, the WBGU recommends funding studies 
on the effectiveness of MPAs, also looking at selection, 
conception, protected status and enforcement. There 
is also a need for research on the use of MPAs as an 
instrument of fisheries management (Section 8.3.3.1). 
Here, too, there is a need for inter- and transdiscipli-
nary accompanying research. In addition, there should 
be research on how the granting of rights of use and the 
designation of protected areas on the high seas can be 
integrated with existing or yet-to-be-developed evalu-
ation systems (e.  g. under NATURA 2000) or environ-
mental impact assessments. Marine spatial planning in 
the German EEZ in the Baltic and North Sea can serve 
as a starting point for this research

User charges
With reference to the collection of user charges on the 
high seas, research is needed on aspects of practical 
implementation and legal form. The range of possibil-
ities in terms of legal form should be explored more 
closely in various uses, especially in fishing. Decisions 
on the type and amount of user charges should further-
more be based on studies on the economic implications 
of introducing user charges. It should also be clarified 
who could impose user charges and how these charges 
should be used.

8.3.3 
Food from the sea

8.3.3.1 
Fisheries 
The current problems caused by overfishing (Sections 
1.2.2, 4.1.1) have their roots not so much in inade-
quate knowledge about the sustainable management of 
fish stocks as in the inadequate application of existing 
knowledge. Nevertheless, there are gaps in knowledge 
about the structure and function of marine ecosystems, 
and about the effects on these ecosystems of different 
fishing methods, climate change and ocean acidifica-
tion. Research findings in this field are a prerequisite 
for implementing the ecosystem approach to fisheries 
(Sections 4.1, 7.4.1). 

Marine ecosystems
 > The implementation of the ecosystem approach in 

fisheries depends on broadly based background 
knowledge. A strengthening of research aiming at a 
better understanding of the structures and functions 
of marine ecosystems, including their biodiversity, 

material flows and productivity, is therefore recom-
mended to provide a scientific basis for the more 
specific research recommendations on fisheries and 
aquaculture made below. Studies of historical states 
of marine ecosystems and their relations to fishing 
and fishery governance can help in this context. 

 > In the context of the TEEB study, research on the 
economic valuation of biological diversity and eco-
system services provided by the seas should be 
extended to improve our estimates of the costs of 
overfishing and global environmental changes 
( climate change, acidification, oxygen-free zones). 
These findings can also serve as input for the new 
scientific advisory panel IPBES (Intergovernmental 
Science-Policy Platform on Biological Diversity and 
Ecosystem Services). 

Methods, indicators and data
 > The effects on biodiversity and ecosystems of differ-

ent fish-catching methods and their intensity should 
be researched more closely, especially to develop 
and scientifically evaluate solutions for more sus-
tainable fishing. Studies on the effects of different 
selective catching methods, as well as on protected 
zones and ecosystems should be intensified. 

 > Research should be funded on the technical improve-
ment of fishing gear in order to avoid bycatch, to be 
more selective in catching the respective target spe-
cies, and to minimize the harmful effects on marine 
ecosystems and habitats (e.  g. passive fishing 
 methods). One focus of research should be the 
replacement of methods that damage or destroy the 
marine habitat, for example substituting fishing gear 
that touches the sea floor by alternatives such as 
pulse fishing. The possible ecosystem effects of 
these alternative methods should also be examined.

 > The data basis on many stocks, which is required for 
modern, knowledge-based fisheries management, is 
poor even in developed countries, but the situation 
is particularly serious in developing and newly 
industrializing countries. For these ‘data-poor 
stocks’ research should develop instruments and 
indicators that make it possible to estimate the max-
imum sustainable yield and a sustainable manage-
ment system despite a lack of available data. In par-
allel, research collaborations should be stepped up to 
improve knowledge about the biology and ecology 
of the target species. 

 > Research on the sustainable management of fish 
stocks should be intensified. In particular, efforts 
should be made to improve the models and enhance 
indicators and monitoring concepts in relation to 
ecosystem linkages (maximum economic yield, opti-
mum sustainable yield, multispecies maximum 
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 sustainable yield and other multi-species approaches, 
cascading effects, etc.). Furthermore, workable con-
cepts should be developed on how the ecosystem 
approach can be integrated into fisheries manage-
ment. 

 > The scientific basis of the widely cited FAO analyses 
of the expected demand for fish should be signifi-
cantly improved. In particular, the options for 
responding to the projected increase in demand are 
insufficiently differentiated. Different strategies 
should be used for dealing with growing demand 
(e.  g. regulation via the price, substitution strategies) 
depending on the region and the level of economic 
development (developed country, emerging econ-
omy or developing country). 

 > Reliable proof-of-origin systems for fish and fish 
products would be very helpful for establishing 
effective port-state controls to combat illegal, unre-
ported and unregulated (IUU) fishing and illegal 
trade, as well as for sustainability certifications. 
Studies on the development of corresponding moni-
toring procedures and controls, including the use of 
genetic methods (DNA bar coding), should be 
funded, as should the creation of corresponding 
databases and communication structures for con-
sumers. 

 > Fishing for forage fish for use in aquaculture concen-
trates primarily on species at low trophic levels. 
Research results show negative effects of this 
‘reduction-fishing’ on food webs, marine ecosystems 
and the natural predators such as tuna, seabirds and 
marine mammals. Research should be intensified on 
sustainable management methods for forage-fish 
species.

 > Research should aim to find out how fish species 
that up to now have been used only as forage fish 
can be made usable as a food for direct human con-
sumption in order to raise the efficiency of fish 
farming. The development of non-perishable 
 products from these stocks is important, especially 
for markets in developing and newly industrializing 
countries.

Governance of fisheries
 > Socioeconomic research on framework conditions 

and incentive structures for sustainable fisheries 
management at the local and regional levels should 
be further strengthened. In particular, research is 
needed on the suitability of different arrangements 
on ownership and access rights under different local 
conditions, as well as on methods for reducing 
bycatch and other ecosystem stresses. In this con-
text studies should concentrate on how rules on the 
compulsory landing and use of bycatch can be 

designed in such a way that there are no incentives 
to increase the amount of bycatch. 

 > Research is urgently needed on drawing up the sci-
entific principles for a sustainable EU fisheries pol-
icy based on fisheries partnership agreements with 
third countries (the ‘external dimension’). Moreover, 
there should be studies on which economic, political 
and legal incentives are particularly effective in pro-
moting the enforcement of agreements by the EU 
Member States. Comparative analyses of best-prac-
tice examples could provide helpful insights.

 > Research should be conducted in the fields of politi-
cal and social science to examine the various options 
and instruments for overcoming the barriers hinder-
ing the transition to sustainable fisheries. 

 > Monitoring of stocks and fishing activities should be 
improved and intensified to gain a better overview 
of illegal, unreported and unregulated (IUU) fishing. 
The aim should be to uncover deficits and gaps in 
regulation and implementation in local, national and 
global governance, particularly in relation to devel-
oping countries. Furthermore, there should be stud-
ies on which policies and measures might be most 
effective in addressing these deficits. In particular, 
they should examine how effectively the EU’s IUU 
Regulation is being implemented. Transdisciplinary 
research, for example in cooperation with the 
authorities, could contribute to a better understand-
ing of the interactions between regional, national 
and international fishery and trade policies, and thus 
to more effective and more efficient coordination 
between the action levels.

 > Research on the implementation and design of an 
effective network of MPAs in the context of sustain-
able marine spatial planning should be intensified. 
Studies on the effectiveness and success factors of 
MPAs should be funded (Section 8.3.2.2). In the 
fishery context there is above all a need for research 
on the use of MPAs as an instrument of fisheries 
management.

Fisheries and global environmental change
 > Research is needed on the systemic effects of global 

environmental change (warming, acidification, oxy-
gen-free zones, biodiversity loss, increase in the 
numbers of invasive species, etc.) on marine ecosys-
tems in general and fish stocks in particular – espe-
cially on the regional effects on the transformation 
of fisheries and aquaculture towards sustainability. 
This research should increasingly pursue interdisci-
plinary approaches and integrate physical, bio-
logical, (geo)chemical, social-science and economic 
disciplines (Section 4.4.5). The effects of environ-
mental changes on marine organisms and ocean eco-
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systems should be studied in greater detail by devel-
oping realistic scenarios (e.  g. warming, lack of oxy-
gen, acidification). Efforts should be made to 
improve science’s understanding of climatic effects 
on fisheries and protein supply – and of the subse-
quent effects on societies around the world, e.  g. on 
economic performance, prosperity, employment and 
food security. 

 > The effects of climate change on fish species should 
be researched. Changes in the composition and 
occurrence of species could have a serious adverse 
impact on the livelihoods of small fishermen. For this 
reason, corresponding adaptation strategies and 
measures should be developed.

 > The concept of LIFE (low-impact, fuel-efficient) 
fishing can provide interesting ideas on the low-
carbon development of fishing. In particular, there 
should be further research on the use of win-win 
effects in terms of sustainability and reducing CO2 
emissions, and on designing framework conditions 
and incentives accordingly. 

 > Small-scale fisheriesThe available data should be 
urgently expanded at all levels to promote small-
scale fisheries. In addition to the scientific collection 
of information on fish stocks, more data should be 
gathered on the societal benefits of small-scale fish-
eries, for example in relation to food security or eco-
system services. In many developing countries, it is 
currently not possible to estimate the sustainability 
of small-scale fisheries due to a lack of research. In 
parallel, research on the management of data-poor 
fish stocks should be promoted. In this field it is 
especially important to integrate local knowledge on 
fish-stocks monitoring into the research. 

 > Since there is no scientific consensus on which gov-
ernance mechanisms are most effective for promot-
ing sustainable small-scale fisheries, the research on 
this topic should be intensified. A comparative anal-
ysis of existing incentive mechanisms could be a 
meaningful area in which to start. Since local, infor-
mal rules play an important role in small-scale 
 fisheries in developing countries, the analysis should 
take the participation of small-scale fishermen into 
account. 

 > There are few studies on optimizing the value chains 
of small-scale fisheries in developing countries. The 
key issue is what investments are most effective 
there in order to generate the maximum possible 
value creation in developing countries. Since there is 
no consensus on whether small-scale marine fisher-
men can be meaningfully incorporated into certifica-
tion systems, comparative research could shed some 
light on what potential and risks exist in this  context. 

 > Small-scale fishermen are sometimes forced to use 

non-sustainable fishing methods under certain cir-
cumstances (e.  g. competition from industrial fishing 
or falling prices) to ensure their survival. The ques-
tion arises as to which structures are suitable for 
safeguarding the social security of small-scale fish-
eries, preventing such over-exploitation and pro-
moting sustainable fishing. What possibilities are 
there for improving the socioeconomic situation of 
local communities, while simultaneously reducing 
the pressure on fish stocks by extending and raising 
the competitiveness of local value chains and alter-
native sources of income?

 > Another gap in research relates to the interactions 
between small-scale and industrial-scale fisheries. 
Such an analysis would be necessary to share eco-
logically and socially sustainable catch quotas 
between industrial fishing and small-scale fisheries 
and to develop suitable zoning concepts. In addition, 
there is hardly any research on the effective coordi-
nation of fisheries governance across different levels 
of political action (local, national, regional). 

 > The specific contribution of small-scale fisheries to 
combating malnutrition, so-called ‘hidden hunger’, 
has been insufficiently quantified. Filling this gap in 
research should complement knowledge about the 
role of small-scale fisheries in developing countries.

8.3.3.2 
Aquaculture
Aquaculture is a fast-growing sector with a great need 
for research, especially in the field of   sustainable pro-
duction methods. The rapid development of aquacul-
ture also requires research to be conducted into any 
adverse effects it might have on the environment and 
society.

Intensify research on forage-fish substitution
 > The aquaculture of carnivorous and omnivorous 

species remains dependent on catching forage fish 
(reduction fishery), which are used as feed in the 
form of fish meal and fish oil or raw fish/fish waste, 
and this aggravates the overfishing of the oceans. 
Research is in progress on technical solutions for 
substituting fish oil and fish meal, and has already 
met with some success; nevertheless, the problem of 
substituting of fish oil in particular has not yet been 
satisfactorily solved. Work is already in progress on 
extracting proteins and oils from protozoa (single-
cell oils, SCO). This has great potential, so funding 
for it should continue, especially with a view to a 
broader and less cost-intensive application. Possible 
synergies with the bioenergy sector should be 
explored with the aim of reducing costs. Research is 
also currently in progress on the genetic modifica-



8 Recommendations for Research 

312

tion of agricultural crops such as soybean and rape-
seed, which are supposed to produce unsaturated 
omega-3 fatty acids. Before they are used, possible 
ecological risks should be taken into account by 
making careful environmental risk assessments. 
Other feed alternatives include the use of residues 
from terrestrial animal production and from the 
processing of fishery and aquaculture products, as 
well as bycatch from fishing; their usefulness as feed 
and any negative effects (e.  g. obstruction of a 
desired bycatch reduction) should be assessed, and 
they can be further developed where appropriate. 
Further research into the use of algae as a source of 
lipids could also be profitable. 

 > There should be research into whether, and to what 
extent, Antarctic krill could function as a possible 
substitute for forage fish; the findings should be 
critically evaluated from an ecological perspective. 
In addition to collecting data on populations and 
abundance, it is imperative in the sense of the pre-
cautionary principle to analyse the possible effects 
of extensive krill fishing on food webs and marine 
ecosystems, since krill is at a low level of the food 
chain (Section 4.3.3). Furthermore, a comprehensive 
risk assessment should be conducted, and its results 
should serve as a basis for the further use of krill. 

 > Research is also needed on the interactions between 
expanding the production of plant-based aquacul-
ture feeds (such as soya and oil palms) on the one 
hand and alternative land uses on the other, espe-
cially in view of the growing pressure on land from 
the rising food needs of a growing population, which 
is increasing competition for land use. The potential 
of a regional, environment-friendly agricultural pro-
duction of plant substitutes should be measured and 
evaluated.

Expand research on sustainable and environment-
friendly aquaculture systems

 > The ecosystem approach should be the basis for 
developing sustainable aquaculture. In particular, 
interdisciplinary research into designing and imple-
menting this approach should be intensified. 
Research on various assessment frameworks based 
on this approach (e.  g. the ecological footprint) 
should be further intensified. 

 > The distinguishing feature of land-based aquacul-
ture recirculation technologies is that they are a 
resource- and space-conserving production method; 
however, they are relatively expensive due to their 
high production and operating costs and their com-
plex technology. The aim must be to improve these 
technologies by means of interdisciplinary coopera-
tion and to conduct market evaluations for them. 

Existing research on integrated multitrophic systems 
should be expanded and intensified because of their 
possible contribution to an environment-friendly 
form of production, above all in developing coun-
tries.

 > Fish larvae are often taken from the sea for breeding 
purposes for fish aquaculture. This primarily affects 
species that are seriously endangered but economi-
cally very interesting, such as tuna, eel or grouper. In 
Germany, biological knowledge is limited on the 
early egg and larval stages and their application for 
a technically successful rearing process. There is a 
need to catch up here in terms of making progress in 
breeding, primarily with the medium-term aim of no 
longer needing to take larvae from the wild. In 
 parallel to this, however, there should be support for 
research into breeding suitable new herbivorous and 
omnivorous species and into their sustainable pro-
duction and humane husbandry, since such species 
are hardly – or not at all – dependent on fish meal 
and fish oil in their feed. The research should include 
changes in consumer behaviour and marketing strat-
egies to promote new species. 

 > The development of offshore aquaculture, and the 
exploitation and promotion of synergies between 
offshore installations, such as wind power and aqua-
culture equipment or other multifunctional plat-
forms, might be the ways to go forward in view of 
increasing competition for the use of space in coastal 
regions. Research on offshore aquaculture should be 
expanded to clarify what breeding types and tech-
nologies are best suited for environment-friendly 
aquaculture production. Multitrophic aquaculture 
systems should take priority in funding, since they 
can ensure an optimal use of the nutrient and energy 
cycle. Research on breeding filter feeders such as 
mussels and algae, which hardly pollute the marine 
environment at all, should be intensified with this in 
mind. Work should also be done on how to optimize 
possible synergies, also in terms of risk assessment 
and safety, e.  g. in view of increasing shipping traffic 
in and around wind farms. Also, the impact of off-
shore aquaculture on marine ecosystems should be 
thoroughly investigated by continuous accompany-
ing research and monitoring. Research should be 
funded on the development of the infrastructure 
required both on land and offshore, coupled with 
comprehensive economic feasibility studies. Fur-
thermore, there is a great need for research on the 
overall socioeconomic conditions into which the off-
shore aquaculture projects are embedded.

 > In addition to the technical aspects, research should 
also be conducted on sustainability issues and the 
macroeconomic assessment of land-based recircula-
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tion systems and integrated multitrophic aquacul-
ture systems in offshore wind farms. These are prior-
ity research questions for Germany, since the coun-
try only has very few locations suitable for near-
coastal marine aquaculture. Efforts should be 
promoted to optimize the hitherto very expensive 
recirculation systems (e.  g. by means of a market 
evaluation of the products, a feasibility estimate of 
the facilities, securing sales, determining the impact 
of rearing on the animals, forage-fish substitution), 
which offer great potential.

 > Research on environment-friendly, resource-saving, 
socially acceptable and economically viable aquacul-
ture techniques should be intensified (both at the 
small-scale and at the industrial level), particularly 
in developing countries where there are frequent 
conflicts between aquaculture and other uses and 
aquaculture is growing rapidly. Issues relating to the 
socioeconomic impact of aquaculture development, 
acceptance and conflict-reduction measures should 
be integrated. 

 > Another research field is the combination of aqua-
culture candidates from different trophic levels, e.  g. 
fish with algae, mussels and polychaete, and the 
reduction of eutrophication on coasts. Eutrophica-
tion and oxygen deficiency can be reduced – and 
management programmes to reduce nutrient inputs 
into waters supported – by the bioextraction of 
nutrients like nitrogen. Existing research should be 
further expanded, in particular research on the 
effects of bioextraction on the marine ecosystems 
and their ecosystem services, as well as on the trans-
ferability of the results to other ocean regions. 

Intensify research on the environmental effects of 
aquaculture

 > Aquacultures can threaten the ecosystems sur-
rounding them with chemical substances, antibiot-
ics, superfluous nutrients, excrement, pathogens 
and gene transfer from escaped aquaculture organ-
isms. In particular, the effects of genetically modi-
fied breeding organisms on wild populations and 
ecosystems need to be further explored and possible 
risks analysed. Potential effects on biodiversity 
should also be analysed when cultivating new 
 species.

Promote research on governance in aquaculture
 > Studies should be conducted on which governance 

approaches are most likely to promote ecologically, 
economically and socially responsible aquaculture 
and under what societal and political conditions. 
There should also be research on how regional gov-
ernance can take future resource pressure and 

changing environmental influences on aquaculture 
into consideration so as to make sustainable adapta-
tion possible. In this context, existing deficits in gov-
ernance and barriers to the implementation of suit-
able governance measures should be included in the 
analysis. Since the conditions are very region-spe-
cific and context-dependent, case studies might be a 
suitable starting point. 

 > There should be studies on how measures for imple-
menting ecologically sustainable aquaculture can be 
designed in a way that is also socially sustainable 
and can thus make a simultaneous contribution to 
poverty reduction. Factors such as market access and 
market distortion, which put small businesses at a 
disadvantage, should be documented accordingly 
and compensation possibilities identified. Ways to 
build value chains that are compatible with aquacul-
ture should be examined. 

 > Having different certification schemes, criteria and 
labels for sustainable aquacultures makes marketing 
more difficult and complicates matters for consum-
ers. Research should be funded with the aim of uni-
fying criteria and labelling schemes and improving 
comparability.

Promote research on yield potential in aquaculture 
and food security

 > There is hardly any data to date on the global yield 
potential of different aquaculture scenarios (inten-
sive versus semi-intensive versus extensive, sustain-
able versus conventional production). Research on 
this subject should be encouraged, particularly on 
whether and to what extent the steadily growing 
demand for aquaculture products can be covered in 
the long term – worldwide, and particularly in 
regions with a difficult food situation – by ecologi-
cally sustainable and resource-conserving produc-
tion methods. This also includes the question of how 
well sustainable and environment-friendly aquacul-
ture can compensate for the reduced catches that 
will be experienced on the road to sustainable fish-
ery. Research on potential yields should also con-
sider issues like the amount of space available for the 
possible expansion of aquaculture, a potential 
expansion of agricultural land for growing forage-
fish substitutes like soya, and possible resultant con-
flicts over land use and other resource conflicts (e.  g. 
availability of fresh water for agriculture versus 
freshwater aquaculture). 

 > Direct and indirect contributions by aquaculture 
should be studied and quantified in relation to food 
security and poverty reduction. Case studies show 
that mechanisms like microcredits can be useful ini-
tiatives for generating self-sufficiency or creating 
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new sources of revenue. Even so, the effect of 
expanding aquaculture production on poor sections 
of the population has been insufficiently studied 
and quantified up to now (Section 4.2.2.2). Although 
existing case studies are already delivering informa-
tion, this is often not scalable or unequivocal. A 
more profound understanding of the mechanisms 
causing certain effects in different markets and 
value chains can reveal regionally and culturally 
specific support mechanisms for combating poverty 
and allow the prevention of undesirable develop-
ments that are not socially sustainable. This includes 
an analysis of the respective political and cultural 
framework. 

 > As a contribution to food security in urban areas, 
studies could be conducted on the extent to which 
the decentralized eco-friendly breeding of omnivo-
rous and herbivorous species in urban and semi-
urban areas is possible and can be promoted.

Intensify research on the effects of environmental 
influences on aquaculture

 > Aquaculture is influenced by changing environmen-
tal factors and will have to face future challenges 
caused by such environmental effects as climate 
change and associated warming, ocean acidification 
and sea level rise, as well as extreme weather events. 
There is a need here for research on the effects of 
these changes on the aquaculture sector in different 
regions. In addition, studies should be carried out to 
determine which adaptation options are likely to be 
the easiest to implement and how possible land-use 
conflicts could be mitigated by any relocations that 
become necessary.

 > Climate change may have an adverse effect on the 
availability of plant-based feed materials such as 
soya, since many of the corresponding plants are 
grown in tropical regions, and agriculture there 
could increasingly suffer from regional water short-
ages. Studies are needed to investigate the price 
changes of feed materials, as well as access to them 
and their availability, and to develop adaptation 
strategies.

 > Higher water temperatures and ocean acidification 
can have a negative impact on breeding organisms. 
There is a need for research on effective feeding 
methods at higher temperatures. The mussel indus-
try, which accounts for about 75  % of marine aqua-
culture production volume, is especially vulnerable. 
There is a lack of research into the physiological 
effects of higher temperatures and acidification, 
particularly on crustaceans. Research is also needed 
to better analyse the effects of toxic algal blooms on 
shellfish production sites and human health.

Strengthen the research infrastructure
 > The Bangkok Declaration calls for more investment 

in aquaculture research. Public-private research 
partnerships and greater cooperation between 
national and regional institutes have already gener-
ated stimuli for research and research funding and 
should continue to receive funding. Furthermore, 
the development of international research partner-
ships (e.  g. between developing, emerging and devel-
oped countries) should be intensified in order to 
support the aquaculture-producing countries in 
research on important socioeconomic, political and 
technical issues. National ‘aquaculture authorities’ 
could coordinate research to make sure that resources 
are used efficiently. The research findings should be 
publicly available and actively disseminated. The 
exchange of information and ideas between opera-
tors of aquaculture installations and scientists should 
be supported to encourage the exchange of know-
ledge about new technologies and practical experi-
ence with their application. 

 > In view of the situation of aquaculture in Germany 
the existing competencies should be bundled. To this 
end opportunities for cooperation between research 
groups and aquaculture study courses should be 
strengthened. As an EU member, Germany has an 
obligation to draw up a national strategy on the 
development of aquaculture by 2014. This will 
require the development of an interdepartmental 
and interdisciplinary research strategy for aquacul-
ture. In the WBGU’s view the strategy should in par-
ticular take precautionary and sustainability aspects 
into account.

8.3.3.3 
Overarching issues

 > There should be more support of research into the 
role of sustainable fisheries and sustainable aquacul-
ture within integrated strategies aimed at future 
food security in the context of sustainable land use 
and a growing world population. The functions and 
distribution of the marine food contributions should 
also be examined in this context in order to integrate 
land-based and offshore food-security strategies. In 
particular, there is a lack of studies on how to com-
pensate (food, income) coastal communities depend-
ent on fisheries in developing and newly industrial-
izing countries (but also in industrialized countries) 
in the event of fishing restrictions to rebuild healthy 
stocks. The options for ensuring food security which 
arise from reformed fisheries, sustainable aquacul-
ture and sustainable land use should be examined 
together with the interactions that exist between 
them. 
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 > A database of positive and negative case examples 
of fishery reform should be built up and evaluated, 
since this could provide valuable information on the 
kind of overall conditions, detailed content and tim-
ing required for reform initiatives.

8.3.4 
Energy from the sea

8.3.4.1 
Technology research
Further research and development efforts are required 
to find key technological components for future sus-
tainable energy generation in and on the sea. The 
marine-energy system of the future will be made up 
of a range of different energy carriers, energy-genera-
tion technologies and storage forms (Section 5.3). The 
WBGU expressly emphasizes that these should be used 
in an integrated, low-carbon energy system. This will 
require a systemic, integrated development and dis-
semination of technologies. The German Federal Min-
istry for Education and Research, too, has stressed the 
importance of a systemic approach in its paper entitled 
Basic Energy Research 2020+ (BMBF, 2008). 

The German Federal Ministry of Economics and 
Technology’s National Master Plan for Maritime Tech-
nologies mentions the development of offshore tech-
nologies for exploiting fossil energy carriers at great 
water depths and ice-covered regions, the underwa-
ter extraction of oil and gas, the related infrastructure 
(monitoring, ships, drilling technology), as well as tech-
nologies for marine CO2 storage and for prospecting for 
marine gas hydrates (BMWi, 2011a). The same applies 
to the Federal Ministry of Economics and Technolo-
gy’s research programme on Next-Generation Maritime 
Technologies (BMWi, 2011b).

In its vision of sustainable marine energy generation 
(Section 5.3) the WBGU advocates the shared use of 
infrastructures. This would not only open up possibili-
ties for a more efficient development of the infrastruc-
ture, but also facilitate the necessary long-term transi-
tion from extracting fossil energy to using renewable 
energy. However, this requires research on the systems 
integration of marine renewable energies and offshore 
wind, as well as gas, also for use as storage capacity.

For this reason, the WBGU recommends inviting 
inter-ministerial tenders for research programmes on 
joint infrastructure development, e.  g. for offshore gas 
as well as offshore wind or marine-energy technolo-
gies, e.  g. as a joint programme of the German Federal 
Ministries for Education and Research (BMBF), Trans-
port, Building, and Urban Development (BMVBS), Eco-

nomics and Technology (BMWi) as well as the Environ-
ment, Nature Conservation and Nuclear Safety (BMU). 
At present, the contents of the Federal Government 
ministries’ separate research programmes appear to be 
insufficiently integrated as a result of the responsibili-
ties of the respective ministries.

At the same time, the WBGU has a critical attitude 
towards the further development of extraction technol-
ogies for fossil fuels that have been inaccessible until 
now, particularly in the Arctic; it recommends not using 
fossil energy carriers in the medium term in view of the 
international climate-policy target of limiting the tem-
perature increase to 2  °C. The global transformation of 
the energy system towards a low-carbon, sustainable 
energy supply should be largely completed by 2050 
(WBGU, 2011). It is therefore not necessary to fur-
ther develop technologies to extract fossil energy carri-
ers; in terms of climate policy it would send the wrong 
signal and would possibly extend the technology path 
of fossil fuels. Since natural gas will play an important 
role both during the transition and in a future low-car-
bon energy system, the extraction systems should be 
improved by safety research. At the same time there 
should be research on how biogas production can be 
combined with other marine-energy technologies on 
floating platforms and integrated into a shared trans-
port infrastructure. Technological research on extract-
ing fossil energy carriers in the Arctic should concen-
trate on the development of monitoring technologies, 
safety research and environmental effects. There is also 
a need to determine the sustainable potential of marine, 
low-carbon energy systems in the Arctic.

The following is a list of what the WBGU regards 
as the priority research needs in the field of marine-
energy systems.

 > (Floating) multi-use platforms: Multi-use platforms 
can contribute to a better exploitation of the avail-
able marine areas within the EEZs and reduce con-
flicts over use (Section 5.3). However, given the 
early state of development of many technologies for 
the use of marine energy, little experience has yet 
been gained on multi-use platforms to date. Further 
research is therefore needed on this option of com-
bining several renewable marine energies: for exam-
ple research on which marine-energy technologies 
can be combined, how prone they are to failure, and 
how safe the respective storage technologies are. In 
addition, safeguards and contingency plans should 
be developed. The negative effects of platforms on 
marine ecosystems and ways of avoiding them 
should also be examined, especially noise emissions 
and the influence on biodiversity and currents.

 > Development of sea-based storage applications: The 
importance of storage systems will increase consid-
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erably in the course of the transformation of the 
energy-supply system, as renewable energy’s share 
of the energy mix increases. There are ways of stor-
ing electricity generated from renewable sources in 
the sea, too. For daily storage, in addition to physi-
cally storing the power in deep-sea underwater 
stores, osmotic drinking-water treatment plants can 
be converted into electricity storage installations 
(Section 5.2). At present, both technologies are still 
at the early concept phase and should be developed 
further. For long-term storage there is also the pos-
sibility of chemical storage by means of the electro-
lytic production of hydrogen with optional metha-
nation. Because of the role that gas could play in the 
marine-energy system, the WBGU recommends 
expanding research in this field. The WBGU recom-
mends beginning the development of marine storage 
applications as mentioned above under the auspices 
of the German National Master Plan for Maritime 
Technologies and the German 6th Energy Research 
Programme. This kind of storage should also be listed 
as a ‘research need’ in the German ‘Next-Generation 
Maritime Technologies’ Research Programme.

 > Multi-terminal high-voltage direct-current transmis-
sion for an offshore supergrid: High-voltage direct-
current (HVDC) grids offer the advantage of smaller 
line losses compared to alternating-current trans-
mission systems. However, they are technically more 
complex. The development of multi-terminal HVDC 
grids is required in order to build an offshore grid 
connecting more than two countries (point-to-point) 
based on HVDC technology. This technology is still 
at an early application phase, and the first systems 
are in operation; however, further experience should 
be gained on a relatively small scale before building 
large offshore grids. Accordingly, small pilot schemes 
should initially be funded in the near future to test 
and research the technology. Offshore grids are 
called a ‘priority theme’ in the German Maritime 
Technologies Master Plan; the development of 
multi-terminal HVDC systems should be explicitly 
incorporated into the respective action plan.

 > High-temperature superconductivity: Superconduc-
tors can carry very large electrical currents over long 
distances with practically no loss. When supercon-
ductors are enclosed in liquid methane for cooling 
purposes, they can act simultaneously as a gas pipe-
line. In the long term this can be used to transport 
methane parallel to the electric current, for example 
to connect offshore wind farms that also produce 
hydrogen. A considerable amount of research is 
required to develop this technology, including the 
construction of pilot and demonstration plants.

 > Determining the regional potential for combined use: 

The ORECCA Project (Off-shore Renewable Energy 
Conversion platforms – Coordination Action) has 
examined the spatial potential for the combined use 
of marine energy and aquaculture for Europe. The 
WBGU recommends building on these results in 
order to identify suitable locations for multi-use 
platforms as soon as possible. Against the back-
ground of the vision of a low-carbon, marine-energy 
system (Section 5.3), multi-use platforms should be 
extended by adding macro-algae breeding, as well as 
the production, storage and transport of renewable 
methane. It is crucial to identify suitable regions in 
good time in the course of marine spatial-planning 
processes, even if the technological development is 
not yet advanced enough to actually construct the 
corresponding installations (Section 3.6.2). 

 > Determining resource potential in the Arctic: Assess-
ments of the size and location of oil and gas deposits 
in the Arctic are largely based on probability state-
ments by the U.S. Geological Survey. Further studies 
on the specific location and size of the deposits are 
required to gain greater certainty about the true size 
of deposits of natural resources and to expand the 
existing evidence base. In the WBGU’s opinion, an 
expanded evidence base would help to objectify 
public debates and slow down the race for the Arctic. 

8.3.4.2 
Research on environmental hazards and risks
In the WBGU’s view, all stages of technology develop-
ment, as a general principle, should be accompanied by 
risk research and research on possible adverse effects on 
the environment. The stages are basic research, applied 
research, prototype development, first applications in 
niche markets, further dissemination, and integration 
into existing systems. Technology can change consider-
ably at all stages – and not necessarily as sequentially 
as described here. The aim must be to take into account 
the continuous process of innovation by means of con-
tinuous risk research and technology assessment. 

Many of the relevant technologies for a transforma-
tion of energy generation in and on the sea are still 
at an early stage of development, and their environ-
mental and other sustainability effects can only be esti-
mated with difficulty or only partially. The earlier in 
the development stage of a technology such possible 
adverse environmental effects are identified, the bet-
ter the prospects of avoiding them, since the emerg-
ing technology path is then still open. The key point is 
that research on technology assessment is not separated 
from technology development, but integrated into the 
research and development process. Examples of suitable 
processes in this context include real-time technology 
assessments and constructive technology assessments. 
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Such processes could be used to detect negative effects 
early on, for example when prototypes or test facilities 
are in use. The WBGU recommends incorporating sus-
tainable technology assessment and design into tech-
nological research programmes. One positive example 
of renewable energy technology development was the 
scientific programme accompanying the first German 
offshore wind farm ‘Alpha Ventus’. 

The WBGU’s detailed recommendations are as 
 follows: 

 > Intensify research on the environmental hazards of 
marine methane hydrate extraction: Several countries 
are planning the commercial mining of marine 
 methane hydrates, even though the risks of extraction 
are largely unexplored. The WBGU recommends 
 stepping up research efforts in the field of risk 
research and on the environmental hazards that can 
arise during the extraction of marine methane 
hydrates. The research findings can serve as a basis 
for drawing up international regulations on extraction 
that take the risks into account.

 > Conduct research on the comparative technology 
assessment of processes for extracting unconventional 
gas resources: At present there are sufficient global 
reserves of conventional methane to meet demand 
within ambitious climate scenarios. Should a need for 
unconventional methane arise in addition, work 
should be done to clarify as far as possible which 
unconventional gas type is the least risky and should 
therefore be extracted. The WBGU therefore 
 recommends carrying out projects of comparative risk 
research and sustainable technology assessment for 
the methods of mining marine methane hydrates, 
methane hydrates trapped in permafrost and other 
unconventional gas resources (shale gas, coal-bed 
methane, deep natural gas, tight natural gas, 
 geopressurized zone gas). The findings could provide 
a sounder basis for deciding which types of uncon-
ventional gas should be extracted and on what condi-
tions. It is important to immediately commence com-
parative technology and risk assessment. This must 
not be delayed until after commercial mining has 
become common practice in some countries, as is the 
case with the land-based extraction of unconven-
tional gas by ‘fracking’.

 > Step up research efforts on the safety of storing CO2 
under the seabed: The technologies for storing carbon 
dioxide under the ocean floor are at an early stage of 
development, and it is still unclear whether sub-
seabed sites can store CO2 safely and long-term with-
out leakage (Section 5.4.2.4). The WBGU recommends 
that the German Federal Government should continue 
researching the safety of CO2 storage sites under the 
seabed. The WBGU suggests a CO2 retention period 

of at least 10,000 years as a benchmark for safety 
and long-term sustainability (WBGU, 2006). Apart 
from direct research into sub-seabed CO2 storage, 
experience with secondary (enhanced) oil-recovery 
techniques – in which, for example, CO2 is pumped 
into oil fields – could also be studied from the view-
point of long-term CO2 storage.

 > Research the cumulative effects of offshore wind 
farms on marine ecosystems: With regard to the con-
struction of offshore wind farms there is already 
scientific evidence of negative environmental effects 
during the construction phase of offshore wind 
farms, and these are a matter of discussion among 
experts. It is necessary to close existing gaps through 
research into the subject. However, to date there is 
no scientific assessment of the cumulative environ-
mental effects of offshore wind farms. If, for exam-
ple, the EU’s targets for the expansion of offshore 
wind energy are reached or even exceeded, large 
sections of the North Sea will be used by wind farms. 
There is little knowledge either of the effects such 
installations – covering large areas – have on cur-
rents and sedimentation conditions, or on the 
behaviour of marine fauna in the vicinity of these 
plants. Up to now there are no reliable estimates of 
the effects of a large-scale use of wind farms on 
marine ecosystems or biodiversity. This requires 
anticipatory research to estimate such effects by 
means of models and complex ecosystem modelling 
– as basic research on the understanding of marine 
ecosystems. Similarly, interactions between different 
uses are as yet unexplored, as are their effects on 
marine ecosystems. 

 > Research the long-term effects of offshore wind farms 
on marine ecosystems: Accompanying research on 
offshore wind farms should continue on a perma-
nent basis in order to detect possible long-term 
effects of offshore wind-farm operations at an early 
stage. Findings from such accompanying research 
form the necessary basis for developing an adaptive 
management system for ocean use.

 > Research interactions between magnetic fields and 
marine ecosystems: The environmental hazards of 
the electricity transport infrastructure are also 
important factors in offshore wind power and 
marine-energy technologies. The magnetic fields 
associated with electricity transmission, local heat 
release and the electrochemical influence of DC or 
AC fields on sea water should be analysed much 
more closely in future than has been the case up to 
now. This would help us recognize and avoid nega-
tive environmental effects at an early stage.

 > Reduce noise emissions in the marine renewable-
energy sector: Underwater noise emissions – which 
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arise during the construction of offshore wind farms 
and also (potentially) when, for example, wave-power 
plants and tidal turbines are being anchored – must 
be significantly reduced. Various technologies, such 
as noise-reduction measures and alternative anchor-
ing structures, are already under development. But 
they cannot yet be described as commercially avail-
able technologies. The aim of further research in this 
field should be to develop production-ready tech-
nologies that are compatible with offshore logistics, 
and to optimize their noise-reducing effects. Due to 
the high costs of building and erecting prototypes of 
foundation structures, it is necessary to promote sev-
eral promising approaches in parallel to avoid com-
mitting to a particular technological design too early. 
It is also necessary to research the physical interrela-
tions of noise emissions, e.  g. how the geology of the 
subsoil, water depth, materials, etc., affect noise  levels 
and properties. The cumulative effects of large-scale 
installations should be examined, as should the com-
bined effects of installation and operation noise in 
conjunction with other anthropogenic noise sources. 
There are still large gaps in our knowledge of the 
effects of pile-driving noise on fish. In addition to 
technological development, it will be necessary to lay 
down maximum permissible noise levels (acoustic 
limits). The current limits relate to a single event. It 
is therefore necessary to examine whether existing 
limits are sufficient to prevent damage from cumula-
tive events, e.  g. when there is a lot of simultaneous 
pile driving taking place. Similarly, tests should be 
carried out for specific regions to determine whether 
a seasonal ban on impulse pile-driving is needed to 
ensure that animals, especially porpoises, can repro-
duce and rear their young. 

 > Conduct research on operations in the Arctic: A number 
of knowledge gaps need to be closed to enable knowl-
edge-based decisions to be made on future uses, par-
ticularly with regard to extracting fossil energy car-
riers in the Arctic. To this purpose, humanity’s fun-
damental understanding of the Arctic ecosystems 
should be improved and integrated into a compre-
hensive understanding of the whole region. Subse-
quently, research should identify ecologically valu-
able areas to prepare for their designation as pro-
tected areas. The cumulative effects of the uses of the 
Arctic, particularly oil and gas extraction, should also 
be studied more closely to minimize negative effects 
on the Arctic. It is necessary to update the hydro-
graphic maps of the North West Passage, because the 
melting of the ice there is opening up new shipping 
routes whose hazards (currents, icebergs, pack ice, 
etc.), have not yet been precisely mapped. 

8.4
Recommendations on research policy 

8.4.1  
Stronger integration of interdisciplinary marine 
research into research programmes

Programme for sustainable marine infrastructures at 
the European Academies Science Advisory Council
Marine infrastructures should meet sustainability cri-
teria and enable sustainable uses. In this report, the 
WBGU has called for a spatial integration of uses wher-
ever possible and for the shared use of infrastructures 
for different forms of marine energy generation. Both 
the technologies applied for the individual sustainable 
uses and the necessary infrastructures are at different 
stages of development. Furthermore, there is a lack of 
coordination between the various development paths. 
In order to establish a suitable basis for research within 
the EU, the WBGU recommends the creation of a pro-
gramme for an ‘Integrated Infrastructure for the Sus-
tainable Use of the Oceans’ at the European Academies 
Science Advisory Council (EASAC). 

Sustainable stewardship of the oceans in the EU’s 
8th Framework Research Programme 
‘Horizon 2020’, the European Union’s 8th Framework 
Research Programme (FRP), is currently being finalized 
by the EU Council and the EU Parliament. The EU Com-
mission’s proposal cites ‘marine and maritime research’ 
as a funding priority, and 60  % of funds are to be chan-
nelled into research into sustainable development. The 
WBGU therefore advises the German Federal Govern-
ment to give its backing to research-project tenders 
dealing with ’sustainable stewardship of the oceans’ in 
the context of the 8th FRP. Many of the research top-
ics referred to above could be tackled by such projects. 

Integration of the oceans as a cross-cutting 
subject in the BMBF’s ‘Research for Sustainability’ 
framework programme
‘Research for Sustainability’ (or to give it the German 
abbreviation ‘FONA’) is a framework programme run by 
the German Federal Ministry of Education and Research 
(BMBF). Under FONA the oceans fall under the remit 
of Earth-system research and are part of a variety 
of research projects focusing on Germany’s coasts. 
Given the importance of the oceans for transformation 
towards a sustainable society, as shown in this report, 
the WBGU recommends that ’sustainable stewardship 
of the oceans’ be established as a cross-cutting sub-
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ject within the FONA framework programme, in a sim-
ilar way to the existing cross-cutting subject ’sustain-
able land management’. In the latter case, an attempt 
has been made to take an integrated view of the var-
ious dimensions of local and global change, including 
anthropogenic influences and their implications for 
human societies and political design options (BMBF, 
2009). A similar approach should also be adopted for 
the oceans. 

8.4.2 
Stronger institutionalization of interdisciplinary 
marine research 

Although interdisciplinary approaches to marine 
research already exist, there are not enough research 
units to tackle interdisciplinary issues with a view to 
the transformation towards sustainable stewardship 
of the oceans (Box 8.4-1). This section outlines the 
WBGU’s recommendations on further aspects of inter-
disciplinary marine research. 

Analysis of the Pact for Research and Innovation 
from the perspective of sustainability science
With the Pact for Research and Innovation, the major 
German scientific organizations have committed them-
selves to research-policy goals external to the science 
system that have been decided on in conjunction with 
government policy-makers. The overall objective – to 

make German research more competitive – is to be 
achieved by penetrating new research topics, stepping 
up national and international networking, collaborat-
ing more closely with business and industry and mak-
ing German research organizations more attractive as 
places for scientists to work. Both the Federal Govern-
ment and the Länder (state) governments in Germany 
are supporting these objectives by increasing their 
financial subsidies.

The WBGU believes the Pact for Research and Inno-
vation can mark a first step towards the new contract 
between society and science it has already proposed 
(WBGU, 2011). Because of the Pact, science finds itself 
more starkly confronted with objectives that are of 
relevance to society (such as competitiveness). At the 
same time, cooperation with companies encourages it to 
integrate external knowledge. 

To prepare the way for similar forms of coopera-
tion between science and politics that might go even 
further, the WBGU recommends compiling an exhaus-
tive inventory of the experience that has already been 
gained from the perspective of sustainability sci-
ence. The key question would be: what conclusions 
can be drawn from the Pact for Research and Innova-
tion regarding the deeper integration of societal prob-
lems – especially the challenge of sustainability – into 
research? This appraisal should be performed over and 
above the monitoring that has already taken place and 
should focus on qualitative aspects. 

Box 8.4-1

Stronger institutionalization of interdisciplinary 
marine research

It would be particularly important to have a new research 
institution aimed at strengthening interdisciplinary transfor-
mation research; this does not yet exist in the marine field. 
Four possible ways of strengthening the institutional frame-
work are conceivable. 

The first option would be to set up interdisciplinary net-
works in order to cultivate working relations and develop 
joint research projects. The second might be to add economics, 
social-science and cultural-science departments to  existing 
(major) marine-research institutions. The new departments 
should be staffed and resourced in a way that is on a par 
with the existing natural-science departments. The third 
option would be to set up an independent marine-research 
institute with a focus on social science. Its mandate would 
be to engage in interdisciplinary collaborative research with 
the established marine-research institutes. The fourth option 
would be to set up a new, independent and interdisciplinary 
marine-research institute combining natural-science, techno-
logical, cultural-science and social-science skills. 

Building networks would be the least expensive option. 

However, networks offer little incentive to develop innova-
tive research agendas, unless further incentives to restructure 
established research relations are provided at the same time, 
for example by inviting tenders for corresponding research 
projects. Moreover, publicly funded networks usually only 
exist for the duration of the funding period. However, if 
 significant new funding programmes are launched in the long 
term, pre-funded networks can develop suitable funding 
applications and ensure their viability in this way. 

Expanding existing research institutions by adding hith-
erto unrepresented disciplines would increase the chances of 
encouraging innovative ocean research. The new departments 
should be of equal standing with the existing ones; and incen-
tives to collaborate – for example in the form of a new charter 
– should also be presented to existing departments. 

A new marine-research institute with a focus on social 
 science would greatly raise the profile of such approaches and 
create an opportunity to develop new research agendas. 
However, additional incentives to cooperate should also be 
given to existing marine-research institutions in this case. 
Setting up a completely new marine-research institute in 
which all disciplines are represented would offer the best 
chances of developing innovative research in line with the 
research needs outlined above.
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Discussion process on interdisciplinary research
The WBGU proposes meetings between the German 
Rectors’ Conference, the Joint Science Conference, 
the German Research Foundation and the Academies 
of Sciences to discuss recommendations and principles 
for implementing and assessing both interdisciplinary 
transformation research and transformative research 
(WBGU, 2011).

Interdisciplinary Collaborative Research Centres on 
the transformation of marine uses
Collaborative Research Centres (CRCs) at the German 
Research Foundation (DFG) enable scientists to engage 
in interdisciplinary work on complex and innovative 
research issues across different institutes of higher edu-
cation and for extended periods. Collaborative Research 
Centres strive for scientific excellence, but also culti-
vate an interdisciplinary approach. They can address 
issues of both basic research and societal research. For 
example, CRC1026 (Sustainable Manufacturing) devel-
ops resource-efficient production technologies and 
strategies, e.  g. by means of cooperation between mate-
rials research, engineering sciences, information tech-
nology and the social sciences. 

CRC 990 (Ecological and Socioeconomic Functions of 
Tropical Lowland Rainforest Transformation Systems) is 
investigating whether and how the ecological functions 
of tropical rainforests can be reconciled with agricul-
tural uses. It is also exploring the integration of agri-
culture and nature conservation. Biologists and econo-
mists are working hand in hand in these two Collabora-
tive Research Centres, both of which are examples of 
interdisciplinary, application-oriented transformative 
research. 

Collaborative Research Centres are suitable tools 
for establishing transformation-related sustainability 
research issues in university settings, given the long-
term funding that is available, the targeted interdisci-
plinary approach, their good reputation, their flexibility 
on content and the high academic standards that must 
be met before approval is granted. For this reason, the 
WBGU recommends setting up an experimental varia-
tion on the DFG’s Collaborative Research Centres pro-
gramme. In this programme, interdisciplinary research 
into sustainable marine uses that is of relevance to soci-
etal problems and to transformation should be estab-
lished as an approval criterion and given preferential 
funding. Extra personnel resources, logistical support 
and additional networking and marketing opportuni-
ties, etc., could serve as incentive mechanisms. 

Integration of biological marine research and 
technology assessment into innovation policy 
One of the goals of the National Master Plan for 
 Maritime Technologies is to make German marine tech-
nology more competitive. This field includes technol-
ogies for tapping offshore oil and gas reserves, off-
shore wind parks, underwater technologies, maritime 
hydraulic engineering, marine aquaculture, ice and 
polar technology, technologies for the use of energy 
from the sea and technologies for extracting marine 
mineral resources. 

A number of innovation policy measures – such 
as establishing networks and competence centres and 
carrying out demonstration projects – are mapped 
out within the framework of the master plan. Where 
technology-policy measures relating to the use of the 
oceans are implemented – especially in the fields of ice 
and polar technology, deep-sea technology and tech-
nologies for extracting marine mineral resources – the 
WBGU recommends the integration of research per-
spectives dealing with marine ecosystems and their 
protection, as well as technology assessment. In this 
way, possible negative impacts on the environment 
could be identified in advance, especially in the case of 
new technological developments. 

Establishment of a research centre for marine and 
polar policy 
Because of the growing relevance of marine and polar 
policy – be it for reasons of security, environmental or 
science policy – it would be a good idea to set up a 
marine and polar policy research centre. Germany has 
a national shortage of institutionalized and therefore 
appropriately focused research into marine and polar 
policy that both usefully complements existing scien-
tific marine and polar research and also accumulates 
practical expertise which can be channelled into the 
political process. In terms of content, such a research 
centre could link up with the recommendations on gov-
ernance research discussed in Section 8.2.2. 

8.4.3 
Strengthening of the interface between science 
and society in marine research

The WBGU believes that interaction between marine 
research and society needs to be improved. To this end, 
the Advisory Council proposes that the following four 
steps be taken:
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Leveraging the integrating effect of international 
reports
In 2005 the General Assembly of the United Nations 
passed a resolution to establish a Regular Process for 
Global Reporting and Assessment of the State of the 
Marine Environment (Regular Process; Sections 3.3.1.1, 
7.3.1.2) which would also serve as a scientific plat-
form for the Oceans Compact initiated by UN  Secretary 
 General Ban Ki-moon (Section 7.3.3.1). Within this 
framework, the ‘first integrated global marine assess-
ment’ is due to be produced by December 2014. The 
WBGU advises the German Federal Government to pro-
mote greater acceptance and awareness of the Regular 
Process among scientists and to enable a large number 
of respected researchers to take part in it. If the process 
were to achieve a high level of scientific quality and 
legitimacy, it could not only make an appropriate con-
tribution to the further development of ocean govern-
ance, but also provide fresh stimulus for transforma-
tive marine research. The work of the Intergovernmen-
tal Panel on Climate Change (IPCC) is a good example of 
how producing international reports can have an inte-
grating effect on research: the WBGU believes that the 
voluntary participation of scientists around the world 
in preparing the IPCC reports, which were expressly 
intended to be of relevance to political considerations, 
played a part in raising the level of interest in societal 
and interdisciplinary research in the climate field.

Research for a marine science/society interface in 
Germany
What is known as the science/society interface com-
prises aspects such as communicating and discussing 
research findings in many forms, from the media to 
blogs to formal political consultations. The WBGU rec-
ommends that an interdisciplinary research project be 
set up to develop proposals for an innovative interface 
between society and German marine research. 

Expanding civil society’s participation in designing 
marine-research programmes
In its flagship report entitled ‘A Social Contract for 
 Sustainability’ (WBGU, 2011), the WBGU appealed for 
greater civil-society involvement in the research pro-
cess, especially in the development of research ques-
tions and programmes. Given the importance of the 
oceans to sustainable development and their nature as 
a global public and common good, the WBGU advocates 
more public participation in developing the themes 
tackled by relevant research programmes. The first step 
should be to commission a scientific study on develop-
ing a concept for greater civil-society participation in 
the public selection of topics for marine research. The 
study should be produced by an independent research 

institution with the involvement of representatives of 
civil society. At the same time, a dialogue should be 
commenced with existing civil-society initiatives for 
greater participation in research policy, so that this 
enhanced participation can, in a second step, be tried 
out in practice using marine research as an example.

Launching information and educational campaigns
Since the oceans do not command the immediate atten-
tion of most people, the WBGU believes that further 
efforts – such as information and educational campaigns 
– need to be undertaken to promote an understanding 
of the current situation of the oceans among the pub-
lic at large. In particular, citizens should be given the 
information they need to be able to assess the conse-
quences which, for example, their decisions as consum-
ers or political decisions will have on the future of the 
oceans. To this end, government support could also be 
given to existing civil-society initiatives for the protec-
tion of the marine environment. In this way, large sec-
tions of civil society could become actively involved in 
marine conservation; after all, the future of the oceans 
is too important to be left solely to discussions among 
groups of experts.
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10Glossary

Anthropocene
Anthropocene means the ‘age of man’ and is partly 
derived from the concept of geological ages like the 
Palaeocene or the Holocene. The term was coined in 
2000 by Nobel Prize laureate Paul Crutzen together 
with Eugene Stoermer, and refers to a geological era in 
which the effects of human activities on the environ-
ment have reached a global dimension. This leads to – 
in some cases considerable – changes in ecosystems, 
even to the extent of their destruction. The most impor-
tant changes caused by humans include climate change 
and ozone-layer depletion in the Antarctic (Chapter 1). 

Aquaculture
Aquaculture refers to the cultivation of aquatic organ-
isms (fish, mussels and other molluscs, crustaceans, 
aquatic plants, as well as crocodiles, turtles and amphib-
ians) involving various forms of controlled intervention 
in the breeding process with the aim of increasing pro-
duction (Chapter 4.3.1). 

Area
According to UNCLOS (Article 1, para. 1, no. 1) the 
‘Area’ comprises the seabed and the subsoil thereof 
beyond the limits of national jurisdiction.

Areas beyond national jurisdiction (ABNJ)
ABNJ are ocean waters over which no nation state 
exercises sole jurisdiction, i.  e. all parts of the sea that 
are not included in the → exclusive economic zone, the 
→ territorial sea or the internal waters of a state, or in 
the archipelagic waters of an archipelagic state (Article 
86 of UNCLOS). 

Artificial upwelling 
Artificial upwelling is a technique by which the nutri-
ent-rich, cold deep-sea water is brought to the surface 
layers of the ocean. This technology can be used to pur-
sue a range of purposes, e.  g. to increase primary pro-
duction, to generate energy, in CO2 sequestration or for 
cooling systems (Box 4.1-2). 

Benthic
Benthic organisms are organisms that live on or in the 
bottom of water bodies.

Blue carbon
The term ‘blue carbon’ is used in the context of inter-
national climate policy to mean the carbon captured or 
stored by marine or coastal ecosystems. There is some 
debate on whether the protection of these ecosystems 
should be recognized as a climate-protection measure 
(Box 1.2-2).

Carbon dioxide capture and storage (CCS)
CCS is a process by which CO2 from combustion pro-
cesses in energy generation (or from industrial pro-
cesses) is separated, transported to a storage  location 
and stored. The aim is to isolate the CO2 from the 
 atmosphere for a very long time. 

Common heritage of mankind
The common heritage of mankind approach for global 
→ public and common goods (such as outer space, the 
sea, the atmosphere or the Antarctic) was developed in 
the 20th century. It requires that all current and future 
generations have access these spaces and that no state 
can claim national sovereignty rights (Section 3.1.5). 

Common-pool resource 
Common-pool resources or ‘commons’ are resources 
such as fish stocks, oil fields or water supplies which 
can be used by everyone, i.  e. no one can be excluded 
from using them (→ public and common good). How-
ever, they are subject to rivalry in consumption. The 
resulting negative externalities can contribute to the 
overuse of the resource (Sections 1.4, 3.1).

Continental shelf
According to the UNCLOS definition (Article 76), the 
continental shelf of a coastal state comprises the seabed 
and subsoil of the submarine areas that extend beyond 
its → territorial sea throughout the natural prolonga-



10 Glossary

360

tion of its land territory to the outer edge of the con-
tinental margin, or to a distance of 200 nm from the 
baselines from which the breadth of the territorial sea 
is measured, where the outer edge of the continental 
margin does not extend up to that distance (Section 
3.2.1.4). 

Dead zones
Dead zones, also known as ‘low-oxygen zones’, are 
marine regions where the concentration of oxygen in 
the water is low, destroying the structure and function 
of ecosystems. They can occur naturally, although dead 
zones are increasingly forming as a result of human 
activities, e.  g. → eutrophication. Climate change also 
contributes to the formation of dead zones. 

Ecosystem approach
The ecosystem approach was developed in the context 
of the Convention on Biological Diversity and describes 
a strategy for the integrated management of land, water 
and living resources that promotes conservation and 
sustainable use (CBD, 2000).

Ecosystem services
Ecosystem services are benefits that people derive from 
ecosystems. They include supply services such as food 
or water; regulatory services such as flood protection 
or protection against the spread of disease; cultural 
and recreational services; and support services like the 
nutrient cycle that maintain the basis of life on Earth. 

Eutrophication
Eutrophication refers to an excessive input of nutri-
ents into waters resulting in a higher rate of primary 
production, an increase in biological degradation pro-
cesses, and oxygen depletion. In extreme cases, this can 
lead to the development of → dead zones.

Exclusive economic zone (EEZ)
The EEZ is an area beyond and adjacent to the  → ter-
ritorial sea subject to a specific legal regime according 
to → UNCLOS (cf. Article 55 of UNCLOS). The rights 
and jurisdictions of the coastal state that declares such 
a zone are extended to this zone, although they only 
relate to the exploitation and conservation of the living 
and non-living natural resources in the zone in ques-
tion, including those on the seabed and in its subsoil. 

Fish Stocks Agreement (FSA)
FSA stands for the ‘Convention for the Implementa-
tion of the Provisions of the United Nations Conven-
tion of 10 December 1982 relating to the Conservation 
and Management of Straddling Fish Stocks and Highly 
Migratory Fish Stocks’. 79 states and the European 

Union have acceded to the Convention (as of Novem-
ber 2012; Section 4.1.4.4).

Governance
Governance refers to the system of management and 
control of a political unit in general; in the context of 
this report it is related to the seas (ocean governance). 
The concept originated in contrast to the term ‘govern-
ment’ and aims to express the idea that political con-
trol is exerted not only hierarchically by the state but 
also by  private  players such as associations. Govern-
ance  capacity refers to the ability to control by means 
of functioning institutions and regulatory systems. 

Great Transformation
WBGU (2011) defines a Great Transformation as a com-
prehensive change involving a restructuring of national 
economies and the global economy within the → plan-
etary guard rails in order to avoid irreversible damage 
to the Earth system and ecosystems and the effects this 
would have on humanity. 

HELCOM
HELCOM is an intergovernmental commission of  Baltic 
Sea states aiming to protect the Baltic marine envi-
ronment. The Commission issues recommendations 
and works on the basis of the → Helsinki Convention, 
which entered into force in 2000 (Section 3.4.2). 

Helsinki Convention
The Helsinki Convention is a multilateral environmen-
tal agreement which aims to protect the Baltic Sea. The 
1974 Helsinki Convention related primarily to technic al 
environmental issues and the pollution of the  Baltic 
Sea, whereas the ‘New Helsinki Convention’ of 1992 
takes into account the Baltic Sea area’s entire marine 
environment (Section 3.4.2). 

Heritage of mankind
→ Common heritage of mankind

High seas
According to Articles 86 and 89 of UNCLOS, the high 
seas are those parts of the sea that are not subject to 
the sovereignty or jurisdiction of any state and as such 
constitute ‘an area under international administration’. 
The principle of freedom of the high seas applies in this 
area. This comprises primarily freedom of navigation 
and of overflight, freedom to lay submarine cables and 
pipelines, freedom to construct artificial islands and 
other installations, freedom of fishing and freedom of 
scientific research. These freedoms may be exercised 
by all states, including land-locked states. In the area 
 constituting the high seas, no individual state is author-



361

Glossary 10

ized to impose restrictions of any sort on other states 
relating to use of the high seas.

International Maritime Organization (IMO)
The IMO was created in 1948. Its task is to reduce, and if 
possible prevent, pollution by shipping, and to improve 
the safety and security of ships and shipping in general. 
The UN specialized organisation has 170 member states 
(2013) and three associate members, and together they 
represent more than 97  % of world merchant shipping 
tonnage (Section 3.3.1).

International Seabed Authority (ISA) 
The ISA was founded in 1994 to manage the min-
eral resources of the Area as the → common heritage 
of mankind (Article 1, para. 1, no. 2 of UNCLOS). It is 
responsible for approving and monitoring activities in 
the → Area (Section 3.2.3).

International Tribunal for the Law of the Sea 
(ITLOS)
ITLOS, which was set up in 1996, serves to settle dis-
putes concerning the interpretation or application of 
→ UNCLOS (Section 3.2.3).

London Convention and London Protocol
The London Convention (Convention on the Preven-
tion of Marine Pollution by Dumping of Wastes and 
Other Matter) of 1972 (87 parties as of May 2013) was 
extended in 1996 by the addition of the Protocol to 
the London Convention (London Protocol; 42 parties as 
of May 2013). While the London Convention prohibits 
the dumping of certain substances that are on a ‘black 
list’, the London Protocol enshrines a general ban on 
dumping subject to certain exceptions. The  exceptions 
include dredged material, sewage sludge, fishery waste, 
ships, platforms and other structures erected at sea, 
CO2 in geological formations beneath the sea, organic 
material of natural origin and bulky structures (Section 
3.3.2). 

Low-oxygen zones
→ Dead zones 

Marine Strategy Framework Directive (MSFD)
Passed in 2008, the MSFD is an EU directive which 
places member states under an obligation to “take the 
necessary measures to achieve or maintain good envi-
ronmental status in the marine environment” in all 
European seas (Article 1 para. 1 of MSFD). The Euro-
pean coastal states are called upon to implement the 
aims of the MSFD in their respective marine regions by 
developing and carrying out national strategies (Article 
1, para. 2 of MSRL). 

Marine
Marine is a geological locational name meaning ‘in the 
sea’. By contrast, the term → maritime is used in rela-
tion to uses of the oceans, e.  g. for maritime technology 
as opposed to marine ecosystems. 

Maritime
The term maritime is used in relation to uses of the 
oceans, e.  g. maritime technology as opposed to marine 
ecosystems. By contrast, the term → marine is a geolog-
ical locational name meaning ‘in the sea’.

MARPOL Convention
MARPOL is the Convention for the Prevention of Pollu-
tion from Ships, and was adopted in 1973 (152 parties 
as of April 2013). MARPOL primarily targets the ships’ 
owners to stop the discharging of waste from ships into 
the sea during operations (Section 3.3.2). 

Maximum sustainable yield (MSY)
The MSY denotes the maximum catch that can be taken 
from fish stocks on a regular basis. The idea is to main-
tain a size of stock that provides a maximum growth 
rate for the stock (Box 4.1-5). 

Ocean acidification
The dissolution of carbon dioxide in seawater leads to 
considerable acidification (decrease in pH) and thus to 
changes to the biogeochemical carbonate/carbonic acid 
equilibrium. The oceans have absorbed about one-third 
of all anthropogenic CO2 emissions to date, which has 
already caused a significant acidification of the seawa-
ter. In this way such emissions influence the marine 
environment directly – without the detour via climate 
change. Unabated continuation of the trend will lead to 
a level of ocean acidification that is without precedent 
in the past several million years and will be irreversible 
for millennia (Section 1.2.5). 

Oceans Compact
The ‘Oceans Compact – Healthy Oceans for  Prosperity’ 
is an initiative launched in 2012 by UN Secretary- 
General Ban Ki-moon to increase coherence between 
all the UN system’s sea-related activities and to develop 
a strategic vision for a sustainable future of the oceans 
(Box 3.3-1).

OSPAR
OSPAR is the 1982 Convention for the Protection of 
the Marine Environment of the North-East Atlantic 
(Section 3.4.2).

Pelagic
Organisms that live in open water are called pelagic.
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Planetary guard rails 
Planetary guard rails are a concept introduced by 
the WBGU to describe quantitatively defined dam-
age limits whose transgression would have intolera-
ble or even catastrophic consequences. One example is 
the climate protection guard rail, which means that an 
increase in the global mean temperature by more than 
2  °C above the pre-industrial level should be prevented. 
Sustainable development pathways do not transgress 
these guard rails. The approach is based on the realiza-
tion that it is hardly possible to define a desirable, sus-
tainable future in terms of a state to be achieved. It is, 
however, possible to agree boundaries for range that is 
 recognized as unacceptable, and which society agrees 
to avoid. Compliance with the guard rails is a necessary, 
but not sufficient, criterion for sustainability

Public and common good
The WBGU uses the term ‘public and common goods’ as 
a generic term for both → public goods and → common-
pool resources. By definition, no person or state may be 
excluded from the use of public and common goods for 
technical or societal reasons.

Public good
Public goods are goods which can be used by everyone, 
i.  e. no one can be excluded from using them (→ public 
and common good); the benefit of a good id not subject 
to rivalry, i.  e. the benefit that accrues to the individu-
als from the use of the good is not dependent on the 
number of users (Section 3.1).

Regional fisheries management organizations 
(RFMOs)
RFMOs are the central institutions of fisheries govern-
ance on the high seas. They offer forums in which the 
states can negotiate on cooperation for the purpose 
of the conservation and sustainable use of fish stocks 
(Section 4.2.4.4).

Regional marine management organizations 
(RMMOs)
RMMOs are institutions proposed by WBGU which are 
yet to be established; their primary aim is to organ-
ize the protection and sustainable management of all 
marine resources on the high seas (Section 7.2.2.2). 

Seafood
Seafood is defined as all edible marine species includ-
ing fish and shellfish, i.  e. for example mussels, crabs, 
 oysters, squid, sea snails, shrimps or lobsters, and 
including marine plants, i.  e. seaweed or algae.

Social contract
A social contract is a hypothetical construct in which 
state orders are justified in so-called contract theories. 
The central idea behind the global social contract devel-
oped by the WBGU (2011) is that individuals and civil 
societies, the states and the international community, 
business and academia assume collective responsibility 
for avoiding dangerous climate change and preserving 
humankind’s natural life-support systems.

Territorial sea
The territorial sea (Articles 2 to 32 of UNCLOS) extends 
up to 12 nm seaward from the baseline. The sover-
eignty of the coastal state covers this territorial sea 
and includes territorial jurisdiction over the sea, the 
air space above it, the seabed and the subsoil (Section 
3.2.1.1). 

United Nations Convention on the Law of the Sea 
(UNCLOS)
UNCLOS is the most important legal basis for the con-
servation and use of the seas under international law. 
The treaty is also referred to as the ‘constitution of 
the oceans’. It establishes a comprehensive regula-
tory framework for the conservation and use of all the 
oceans and, as a framework convention, standardizes 
rights and obligations on a wide range of different uses 
of the ocean space and its resources. It was adopted 
in 1982 and came into force in 1994. 164 states and 
the European Union have ratified the Convention (as 
of January 2013; Chapter 3.2). 

World Oceans Organization (WOO)
The WBGU proposes the creation of a WOO to assume 
the function of a global steward of the sea as the com-
mon heritage of mankind. The WOO would only inter-
vene if the management and monitoring tasks assigned 
primarily to the UNCLOS states parties, or to regional 
marine agreements , were not being carried out in 
accordance with the principles of the → common 
heritage of mankind under international agreements. 
The institutions set up to date under → UNCLOS (i.  e. 
the → International Seabed Authority and the Com-
mission on the Limits of the Continental Shelf) should 
be integrated into the WOO’s new organizational struc-
ture. 
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