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The 5th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) makes it unmistake-
ably clear: unacceptable climatic impacts, which are likely to escalate beyond the 2  °C guard rail, can only be 
avoided if further increases in greenhouse-gas concentrations are halted as soon as possible. The WBGU 
therefore recommends reducing CO2 emissions from fossil fuels to zero by 2070 at the latest. This policy 
goal is both ambitious and incisive, because the zero target must be reached by every country, every 
 municipality, every company and every citizen if the world as a whole is to become climate-neutral. 
 However, the 2  °C line can only be held if a large proportion of actors – especially the OECD countries – 
start reducing their emissions much earlier. Global society as a whole has only a very limited carbon budget 
at its disposal; emissions should therefore peak by 2020 if possible, but certainly in the third decade at the 
latest. In this report the WBGU outlines a dual strategy for global climate protection based on interaction 
between multilateralism and civil society. To achieve this, on the one hand the Paris climate agreement 
 targeted for late 2015 should exhibit certain characteristics set out by the WBGU. In particular, a process 
should be agreed to ensure compliance with the 2  °C guard rail. On the other hand, all  civil-society  actors 
should make their specific contributions towards decarbonization. In this way, an  intricate responsibility 
 architecture for the future of our planet can emerge in which vertical delegating and horizontal 
 engagement are not contradictions, but  complementary factors that reinforce each other.
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Summary

The 5th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 
makes it unmistakeably clear: unacceptable climatic impacts, which are likely to esca-
late beyond the 2  °C guard rail, can only be avoided if further increases in greenhouse 
gas concentrations are halted as soon as possible. The WBGU therefore recommends 
reducing CO2 emissions from fossil fuels to zero by 2070 at the latest. This policy goal 
is both ambitious and incisive, because the zero target must be reached by every coun-
try, every municipality, every company and every citizen if the world as a whole is to 
become climate-neutral. However, the 2  °C line can only be held if a large proportion of 
actors – especially the OECD countries – start reducing their emissions much earlier. 
Global society as a whole has only a very limited carbon budget at its disposal; emis-
sions should therefore peak by 2020 if possible, but certainly in the third decade at the 
latest. In this report the WBGU outlines a dual strategy for global climate protection 
based on interaction between multilateralism and civil society. To achieve this, on the 
one hand the Paris climate agreement targeted for late 2015 should exhibit certain 
characteristics set out by the WBGU. In particular, a process should be agreed to ensure 
compliance with the 2  °C guard rail. On the other hand, all  civil-society  actors should 
make their specific contributions towards decarbonization. In this way, an  intricate 
responsibility architecture for the future of our planet can emerge in which vertical 
 delegating and horizontal engagement are not contradictions, but  complementary 
 factors that reinforce each other.

The timely phasing out of fossil CO2 emissions is 
absolutely essential
The conclusions of the IPCC’s 5th Assessment Report 
are clear: climate change is taking place, and the influ-
ence of mankind is unequivocal. The evidence on global 
warming is overwhelming. Global temperatures could 
rise by more than 4  °C if greenhouse gas emissions con-
tinue unchecked up to the end of the century. Global 
warming of more than 2  °C already involves consider-
able risks, e.  g. for food security, coastal regions, infra-
structures and ecosystems. A global transformation 
towards a low-carbon society can be achieved without 
major consumption losses or huge costs for the global 
economy. Many studies even provide evidence of posi-
tive co-benefits of this transformation, for instance for 
health and energy security – in contrast to the humani-
tarian and economic losses to be expected if climate 
change continues unabated. Any further delay in the 
decarbonization of the world economy would make the 
required climate stabilization more difficult and consid-
erably more expensive.

From the WBGU’s point of view, it is therefore appro-
priate to make the 2  °C guard rail legally binding and 

to ensure compliance with it. This becomes possible if 
global greenhouse gas emissions peak – if possible by 
2020, but certainly in the third decade of this century 
– and CO2 emissions from fossil fuels are cut to zero 
by 2070 at the latest (the ‘zero target’). In order not to 
exceed the global carbon budget, it is important that 
particularly the industrialized countries and emerging 
economies – and the upper and middle income groups 
worldwide – reduce their CO2 emissions as quickly as 
possible.

Despite the ever-growing body of knowledge about 
climate change, and notwithstanding the increasingly 
attractive options for a transformation towards a low-
carbon economy, emissions continue to rise almost 
unchecked worldwide. This suggests a dysfunctional 
responsibility architecture and barriers to action in 
global society that must be overcome. The refusal to 
enforce the required changes comes at the expense 
of future generations. Compliance with the 2  °C guard 
rail and a complete phasing out of emissions require 
both individual people and the community to take on 
responsibility. 
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The planned Paris climate agreement as a signpost
International climate protection within the frame-
work of the United Nations remains indispensable, 
but it should be strengthened by civil society taking 
on responsibility. The collective assumption of respon-
sibility should be operationalized in line with the fol-
lowing equity principles: the principle of equality, the 
precautionary principle and the polluter pays princi-
ple. The WBGU recommends that the Paris agreement 
should take the form of a legally binding protocol to the 
UNFCCC in which the 2  °C guard rail, based on the pre-
cautionary principle, is enshrined in international law. 
This should be fleshed out by agreeing a global zero 
 target for fossil CO2 emissions by 2070 at the latest. 

The WBGU’s budget approach offers an ideal orien-
tation framework here, because it does justice both to 
the equality principle (equal emission rights within the 
budget for all people) and to the polluter pays principle 
(different responsibilities taking historical and current 
emissions into account). If many states are unable to 
comply with their national budgets for the 2  °C guard 
rail as a result of their historical responsibility and path 
dependencies, they should have to meet their respon-
sibility through emissions trading, accelerating the 
spread of technology, or paying into technology and 
financing funds. A link can be made to existing mecha-
nisms here.

In addition to this, the WBGU makes the following 
proposals for the Paris Protocol: (1) The scientific state of 
knowledge drawn up by the IPCC should be incorporated 
as a mandatory part of the negotiations. The transparency 
obligation and accountability towards the population, as 
well as the monitoring function of ‘ climate procurators’, 
should be strengthened by improved participation (e.  g. 
consultation, information and class action rights). This 
would contribute towards the  democratization, accep-
tance and effectiveness of the Protocol. (2) Ambitious 
climate clubs – e.  g. alliances of Energiewende countries 
and city networks – should be strengthened by mecha-
nisms of the Protocol to promote incubators and climate-
protection pioneers. In future, multilateral climate policy 
should take its orientation not from sluggish players, but 
from ambitious ones. China and the USA also seem to be 
becoming more open to a multilateral framework linked 
to a strengthening of  pioneer alliances in the meantime. 
European players should use this window of opportu-
nity to enshrine support for ambitious mitigation within 
the Protocol. (3) The WBGU recommends an ambitious 
pledge-and-review process whereby all member states 
commit themselves to submit self-selected targets for 
combating climate change up to 2030 and verifiable 
decarbonization roadmaps for reaching the zero target 
by 2070 at the latest. These are checked and enhanced 
by regular reviews conducted by UN institutions on the 
basis of binding measurement, reporting and verifica-
tion mechanisms. (4) The industrialized countries should 
honour their pledges to mobilize US$100 billion every 
year from 2020 to support mitigation and adaptation in 
developing countries. 

New momentum in climate protection
The collective responsibility called for by the WBGU 
has not been sufficiently embraced in the multilat-
eral negotiations up to now. It is foreseeable that the 
Paris agreement alone will not be ambitious enough to 
ensure sufficient mitigation. However, the protection 
of Earth system services is essential for sustainable 
development. This is why a paradigm shift is needed 
in society and the economy. It is thus up to all actors 
– from individuals to businesses to nation states – to 
assume responsibility.

The WBGU uses both local and global examples to 
portray the range of instruments and initiatives, social 
movements, clubs and alliances with which attempts 
at climate protection are already being made. This is 
where the horizontal dimension of a responsibility 
architecture is forming, in which global civil society is 
taking on responsibility itself and supplementing the 
vertical delegation of responsibility to climate diplo-
macy. In this context, different initiatives can mutually 
reinforce each other and extend their impact to differ-
ent actor levels. This world citizen movement increases 
the legitimation pressure on state actors in the inter-
national negotiation system and extends societies’ 
 horizon of values and standards. 

This strengthens the democratically legitimized 
mandate of states for tasks that only they can take 
on: (1) promoting pioneers of climate protection, 
(2)  translating self-commitments based on the Paris 
 Protocol into concrete decarbonization roadmaps and 
monitoring their implementation, (3) honouring fund-
ing pledges and supporting global technology develop-
ment. This ensures that arrangements agreed at the 
global level are implemented at the national and local 
levels. 

Climate protection is a task for the whole of human-
kind and must be perceived and tackled as such. Inter-
national climate policy and civil-society initiatives are 
not opposed to each other; rather, they can powerfully 
complement each other. A world citizen movement can 
show that climate protection in and with society can 
work and even generate economic benefits. This is the 
form of interaction in which global climate protection 
can and must succeed.
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Our knowledge of climate change, its causes and 
mainly dangerous impacts has expanded and deepened 
 dramatically over the last few decades, while the number 
of climate-protection initiatives around the world has 
grown just as quickly. And yet, global greenhouse gas 
emissions continue to rise almost unabated. Solving this 
dilemma has become a key challenge for humankind.

There is a consensus in international climate diplomacy 
that global warming should be limited to a  maximum of 
2  °C. The aim should now be to enshrine this common goal 
in a comprehensive international agreement in  December 
2015 in Paris.

Expectations have been rather subdued, however, 
since the failure of the Copenhagen Climate  Conference 
in 2009. Although some positive signals on climate 
 policy have been coming from China, the USA and the 
EU recently, the question remains: How can a consensus 
be found between almost 200 states on an agreement 
that is both inclusive and ambitious?

Strong additional forces are therefore needed in the field 

of climate protection to urge the political  decision-makers 
to act decisively and take  complementary  effective 
 measures of their own. This special report therefore 
focuses on two main aspects and their interaction. First, 
the report investigates what strategic and  operational 
 elements a multilateral climate agreement should include 
if it is to have a realistic chance of  having an impact big 
enough to overcome the stagnation of the past decade. 
Second, it highlights the rapidly growing importance of 
the contribution being made by civil- society alliances and 
actors and demonstrates this  contribution using numer-
ous examples. 

In addition, the WBGU’s study highlights the poten-
tial for progress that can grow from interactions between 
multilateral negotiations and civil-society activities. 
In this respect the report emphasizes the common 
 responsibility architecture that should emerge after all 
the matching vertical and horizontal elements of climate 
protection have been pieced together.

Introduction
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The reports of the three Working Groups to the Fifth 
Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) were published in September 
2013 and in March and April 2014; a Synthesis Report 
will follow in October 2014. Because of the size of the 
IPCC Assessment report (it has a total of several thou-
sand pages), the WBGU follows the IPCC’s suggestion 
and quotes the chapters of the report under the name of 
the respective lead author. In the following, the WBGU 
presents key, selected results from the report. 

The report of Working Group I (IPCC, 2013a) deals 
with the physical science basis of climate change. Here, 
the WBGU emphasizes primarily the new findings since 
the IPCC’s Fourth Assessment Report published in 2007 
(IPCC, 2007a), and adds further topical research find-
ings on climate change. 

Working Group II’s report (IPCC, 2014a) covers the 
vulnerability of socio-economic and natural systems 
to climate change and its impacts. Here, the WBGU 
highlights the issues that have particular potential to 
adversely affect natural life-support systems and pose a 
particularly serious risk to human societies. 

The report of Working Group III (IPCC, 2014b) 
reveals political and technological climate-protection 
measures, and especially development pathways for sta-
bilizing climate warming and achieving compliance with 
the 2  °C guard rail. The WBGU analyses these findings 
mainly in terms of their relevance to transformation and 
action. It then deduces from this the sectors and frame-
work conditions that are necessary for the transforma-
tion to a low-carbon society and that help avoid path 
 dependencies. Findings are also highlighted that are 
of particu lar importance for the planned Paris Climate 
Agreement and for climate-change initiatives in civil 
society. The scientific state of knowledge forms an indis-
pensable foundation for decision-making under condi-
tions of uncertainty. 

While the IPCC’s mission is to present policy-relevant 
findings without making policy recommendations, the 
WBGU has an explicit mandate to deduce policy recom-
mendations from the scientific state of knowledge. After 
presenting the scientific state of knowledge, therefore, 
the WBGU formulates specific recommendations for 
 policy-makers and shows possible forms of action that 
can be taken by civil-society.

1.1
Global warming is unequivocal: Observations of 
the climate system

There is no longer any doubt: the climate system is heat-
ing up. Observations of the atmosphere, oceans and ice 
reveal a progressive warming of the Earth, and the scale 
of some of the observed changes are without precedent 
in the past few decades or even millennia. The highest 
average temperatures for 1,400 years have been meas-
ured in the northern hemisphere in the 30 years between 
1983 and 2012. The global mean surface temperature 
has risen by almost 0.9  °C since the end of the 19th cen-
tury, and the Arctic sea ice continues to shrink drasti-
cally. Mountain glaciers and ice sheets are losing mass, 
and the rises in the mean ocean temperature and the sea 
level continue unabated (IPCC, 2013b). The snow cover 
of the northern continents is becoming smaller, and the 
frequency of temperature extremes is on the increase. 
The water cycle is intensifying, with the result that the 
wet areas of the Earth (the Tropics and middle latitudes) 
are receiving more precipitation, while the Earth’s arid 
regions are becoming even drier.

Over time scales of between a few years and several 
decades, the trends in the climatic variables are super-
posed by short-term natural fluctuations in the climate 
system. These fluctuations are caused by interactions 
between the components of the climate system, which 
are characterized by feedback mechanisms. For exam-
ple, global air temperatures are currently rising more 
slowly than in the nineteen-nineties. Nevertheless, the 
long-term trend of global warming – with globally rising 
atmospheric and ocean temperatures and melting polar 
ice masses – is unequivocal. 

While the ongoing climatic trend compared to the 
Fourth IPCC Assessment Report is documented by many 
climatic variables, there are also some special features 
within the warming of the atmosphere and oceans and 
the melting of the ice. These differences and special 
 features are explained in the following sections.

1Knowledge on anthropogenic 
climate change 
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1.1.1 
Warming of the atmosphere

Between 1971 and 2010 the Earth climate system 
absorbed about 274x1021J of additional energy. 93  % 
of this went into the warming of the oceans, 3  % into 
the melting of the ice and 3  % into the warming of the 
continents. Only 1  % remained for the warming of the 
atmosphere. The trend, i.  e. the rate of energy absorp-
tion over the forty years, amounted to 213 terawatts 
(TW). Between 1993 and 2010 the trend was larger and 
came to 275 TW (Rhein et al., 2013). This corresponds 
to almost twenty times humanity’s average energy use.

Despite the atmosphere’ comparatively low level of 
energy absorption, global mean surface temperatures 
have risen by almost 0.9  °C since the end of the 19th 
century (Hartmann et al., 2013). Each of the last three 
decades was warmer than any previous decade; 2001-
2010 was the warmest decade for at least 1,400 years 
(Figure 1.1-1).

The global temperature trend is subject to considera-
ble variability due to natural internal fluctuations in the 
climate system, caused for example by such phenomena 
as El Niño/Southern Oscillation (ENSO) or the Pacific 
Decadal Oscillation (PDO). This internal variability of 

the climate system is able to strengthen, weaken or even 
reverse the long-term climate trend for short periods of 
time. Such variations are often found in observations, 
but climate models can also simulate such cases. How-
ever, the models cannot predict the precise timing of 
such variations on a time scale of a few years. 

The observations show that warming over the last 
15 years was only half that of the previous 15 years. 
However, it must be emphasized that a trend over 15 
years is not significant in climatological terms, especially 
if it is highly dependent on the beginning of the time 
period over which it is calculated. The trend for 1995-
2009 amounts to 0.13  °C per decade, the one for 1996-
2010 is calculated at 0.14  °C per decade. The result for 
1997-2011 is 0.07  °C per decade and for 1998-2012 
only 0.05  °C per decade.

This weaker rate of warming is an expression of nat-
ural climate fluctuations, which direct the additional 
heat generated by the increased greenhouse effect into 
other climate components such as the ocean or the ice 
masses. Further factors suggested include a minimum in 
the 11-year solar cycle and the effect of minor volcanic 
eruptions (Flato et al., 2013).

It can be concluded from the observations that the 
heat content of the ocean continues to rise, the ice 
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masses on the continents are melting, and the sea level 
is rising as a result, currently at a rate of 3.2 mm per 
year, corresponding to 32 cm per century. According to 
the IPCC’s assessment, therefore, one cannot speak of a 
pause in the warming process. 

1.1.2 
Warming of the ocean

The global energy balance is decisively influenced by 
the heat capacity of the oceans. Only in recent years 
have technological developments made it possible 
to determine the heat content of the ocean and how 
it is changing. Over the past 30 years, approximately 
93  % of the additional radiation energy caused by the 
increased greenhouse effect has been absorbed by the 
seas. As a result, the ocean has warmed up, especially 
at the surface. Since the 1970s, the top 75 metres of 
the ocean have warmed by about 0.11  °C per decade 
(IPCC, 2013b: Figure 1.1-2). At greater depths, warm-
ing is not  proceeding evenly because the water column 
in the oceans is highly stratified. Although warming has 
reached all depths in the meantime, its effect declines 
at greater depths. The trend is 0.04  °C per decade at a 

depth of 200 m and 0.02  °C per decade at 500 m. 
Between 1993 and 2010, the thermal expansion of 

the seas as a result of this energy input led to an aver-
age rise in the sea level of about 1.1 mm per year (Rhein 
et al., 2013). This corresponds to one-third of the total 
rise in sea levels. Much of the remaining increase is due 
to the change in mass of the glaciers and ice sheets. The 
mean rise in the sea level since 1993 amounts to approx. 
3.2 mm per year; this is twice the mean trend for the 
20th century. 

1.1.3 
Ocean acidification

Another important role of the oceans in the climate sys-
tem is their capacity to absorb CO2 from the atmosphere. 
The CO2 content of the seas is about fifty times higher 
than that of the atmosphere (Rhein et al., 2013). Small 
variations in the ocean’s absorption of CO2 can exert a 
major influence on concentrations of CO2 in the atmos-
phere. The absorption of CO2 from the atmosphere 
changes the chemical balance of the sea water. When 
the concentration of dissolved CO2 rises, this leads to 
the formation of carbonic acid (H2CO3), which emits 
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hydrogen ions (protons) into the water column; this in 
turn leads to a reduction in the pH value. This process 
is termed ocean acidification. The average pH value of 
the oceans varies between 7.8 and 8.4; they are thus 
slightly alkaline. Increased absorption of CO2 leads to a 
gradual acidification. Since the beginning of the Indus-
trial Revolution, the pH value of the oceans has fallen 
by 0.1, i.  e. the ocean has become markedly more acidic. 
A critical by-product of ocean acidification is the reduc-
tion in calcium carbonate saturation (CaCO3). Aragonite, 
a form of calcium carbonate, is essential for exoskeleton 
formation in many marine organisms. Rising ocean acid-
ification, coming in addition to the rising temperature 
and oxygen depletion of surface waters, could become 
another critical stressor threatening the biodiversity of 
the seas. In some countries, fish is the most important 
supplier of animal protein, and fisheries are an essen-
tial component of the economic system (WBGU, 2013). 
Coral reefs, which are particularly threatened by acidi-
fication, also represent an important source of revenue 
for the  tourism industry. Although research into the pos-
sible consequences of ocean acidification for the ecosys-
tems of the seas is still in its infancy, considerable prob-
lems must be feared if current trends remain constant or 
even intensify (WBGU, 2006, 2013).

1.1.4 
Melting of the ice masses

The cryosphere comprises the areas of the Earth that 
are covered by snow and ice. A large proportion of the 
world’s freshwater resources is stored here, for exam-
ple in mountain glaciers, the ice sheets of Greenland and 
the Antarctic, and the permafrost of the Northern Tun-
dra. Because snow and ice reflect more solar radiation 
than open ocean or land surfaces, the cryosphere acts as 
a natural counterbalance to the warming of the Earth’s 
surface, since cold air is generated over its surfaces as a 
result of the lower level of energy absorption. Losses of 
parts of the cryosphere due to melting lead to positive 
feedback processes, causing an acceleration of climate 
change. This is why the regions of the Earth that are 
dominated by snow and ice react sensitively to climate 
warming. 

Changes in the continental ice masses have a direct 
influence on the sea level, and mountain glaciers in 
many regions of the lower and middle latitudes repre-
sent an important source of drinking water and agricul-
tural irrigation systems. 

The new assessment of the contribution of glacier 
melt to sea-level rise has not changed substantially com-
pared to the IPCC’s Fourth Assessment Report (IPCC, 
2007) and remains at 0.8 mm per year. Until recently, 
melt water from the largest mountain glaciers have con-
tributed most to the increase in the sea level. Accord-
ing to the new estimate, the contribution of the two ice 
sheets of Greenland and the Antarctic is now greater 
than that of the glaciers: 1.0 mm of sea-level rise per 

year for the six years from 2005 to 2010. 
The Northern Hemisphere’s snow cover in March and 

April has receded by 1.6  % per decade since the middle 
of the 20th century; the permafrost temperatures have 
also risen further, as already noted in the Fourth IPCC 
Assessment Report, by up to 3  °C since the mid-1980s 
in northern Alaska. These assessments have existed 
since the Fourth IPCC Assessment Report. By contrast, 
the Fifth IPCC Assessment Report also registers major 
changes in the sea ice and the two ice sheets. These are 
described in the following.

1.1.4.1 
Sea ice, contrary trends at the two poles
Sea ice plays an integral role in the climate system. 
Changes in sea-ice cover in the polar regions have a 
whole series of knock-on effects on the regional and 
global climate. The high reflectivity of the sea ice means 
that a large proportion of incoming solar radiation is 
reflected, and when the ocean surface is covered by ice 
it is shielded from the atmosphere, leading to a corre-
sponding reduction in both the exchange of heat and the 
substance input into the water column (e.  g. CO2 input). 
The formation and melting of sea ice changes the salinity 
of the underlying water layers. This can lead to changes 
in the circulation of ocean currents. In addition, the sea 
ice is a key component of the polar ecosystem, which, 
because it is adapted to the extreme conditions, reacts 
very sensitively to disturbances. 

Data sets of the polar sea-ice cover with high tempo-
ral resolution have been available since the beginning 
of satellite-based measurements in 1973. The dynam-
ics of ice cover are subject to large natural seasonal fluc-
tuations. The average sea-ice cover in the Arctic fluc-
tuates between 6 million km2 in summer and 15 mil-
lion km2 in the winter months. Since 1979, the average 
extent of Arctic sea-ice cover has decreased by 3.8  % 
per decade, with the strongest decline of 11.5  % tak-
ing place in the summer months (Vaughan et al., 2013; 
Figure 1.1-3). This decline exceeds earlier model predic-
tions. If the trend continues, a simple extrapolation sug-
gests the sea surface will be completely ice-free during 
the Arctic summer by the early second half of this cen-
tury, with far-reaching consequences for the eco- and 
climate system and the economic usability of the region. 

In contrast to the Arctic sea ice, the Antarctic sea ice 
is growing slightly. The natural seasonal variability of the 
sea-ice cover is more pronounced in Antarctic waters and 
varies between a minimum ice cover of approx. 3 million 
km2 in February and a maximum coverage of 18 million 
km2 in September. The development of sea-ice cover since 
1979 shows a positive trend on average with a growth rate 
of approx. 1.5  % per decade (Comiso and Nishio, 2008). 
The increase in the areas  covered by sea ice in the Antarc-
tic can most probably be explained by increased sea-ice 
production in  near-shore polynyas (Comiso et al., 2011) 
and an increase in the westerly wind circulation in the 
peripheral areas of the sea ice. Observations also show 
strong regional  differences in these trends.
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1.1.4.2 
The Greenland and Antarctic ice sheets
The massive Greenland and Antarctic ice sheets are 
highly sensitive components of the climate system. The 
strong acceleration in the flow speed of a large propor-
tion of the Greenland glaciers, calving events like the 
collapse of the Antarctic Larsen B ice shelf in 2002, 
and the growing contribution of the ice sheets to sea-
level rise speak a clear language: the polar ice sheets 
are adjusting to climate change. Since the Fourth IPCC 
Assessment Report, both the quality of data and the 
physical understanding of the dynamics of the ice sheets 
have improved significantly. As a result of the global 
warming trend, especially during the last few decades, 
the contribution of the ice sheets to sea-level rise has 
grown and now, together with thermal expansion and 
glacier melt, constitutes the largest component at 1.0 
mm per year. A comparison between the estimates in 
the Fourth IPCC Assessment Report and measurements 
made between 2005 and 2010 (Vaughan et al., 2013) 
shows that Greenland’s contribution (0.6 mm per year) 
has tripled and that of the Antarctic has doubled to 0.4 
mm per year (Figure 1.1-4). 

The possibility of rapid mass losses in the West Ant-
arctic and Greenland remains worrying, should climate 
warming continue. In the medium term, this could lead 
to a much greater rise in sea levels. Positive feedback 
processes – e.  g. the reduction in the albedo caused by 
melting ice, the expansion of the melt areas as a result 
of a decline in the ice surface, and the loss of ice shelves 
in the Antarctic leading to an acceleration of the gla-
ciers behind them – could significantly increase the cur-
rent loss rates. 

1.1.5 
Sea-level rise

Since the end of the last Ice Age 20,000 years ago, the 
sea level has risen by approximately 120 metres; it stabi-
lized 2,000 to 3,000 years ago and then remained almost 
constant until 1900. During this period of a constant sea 
level, human settlements developed on the coasts, and 
there are now very many major cities there.

The sea level began rising again in 1900, and it has 
risen globally by about 17 cm over 100 years. Water-
gauge measurements and satellite observations cur-
rently point to a global rise in the sea level of 3.2 mm 
per year.

Sea-level rise is caused by the inflow of water from 
the continents and the warming of the sea water, caus-
ing it to expand. In some regions, ocean currents and 
vertical movements of landmasses are also important. 
One example is the rise of Scandinavia, which began 
20,000 years ago when, after the last Ice Age, the melt-
ing of the great ice sheet relieved the land of consider-
able weight. 

The IPCC’s Fifth Assessment Report (IPCC 2013b; 
Rhein et al., 2013) measured a sea-level rise at 3.2 mm 
per year for the period from 1993 to 2010. 1.1 mm per 
year of this total stemmed from thermal expansion, a 
figure deduced from temperature measurements in 
the ocean. Meltwater contributions come from moun-
tain glaciers (0.8 mm per year) and the two major ice 
sheets in Greenland (0.3 mm per year) and the Antarc-
tic (0.3 mm per year). Losses from water reservoirs on 
the continents raise the sea level by a further 0.4 mm per 
year. This makes it possible to explain the observed sea-
level rise within the error bars by the individual contri-
butions of ocean warming, continental reservoirs, gla-
ciers and ice sheets (Church et al., 2013). The ice-mass 
losses increased between 2005 and 2010: in Greenland 
by up to 0.6 mm per year and in Antarctica by up to 0.4 
mm per year (Vaughan et al., 2013). Expectations on the 
future sea-level rise are discussed in Section 1.5.

1.2
Capabilities and limits of climate models and 
 scenarios

Climate models integrate the basic physical equations of 
the climate system on the basis of prescribed initial con-
ditions and simulate climate fluctuations over a chosen 
period of time (which can range from a few months to 
many centuries). For this they need boundary conditions 
that can change over time: e.  g. the seasonal changes in 
solar irradiation, or dust emissions into the atmosphere 
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after volcanic eruptions. Figures must also be given for 
anthropogenic emissions of greenhouse gases and aero-
sols as a result of land-use changes, cement production, 
and especially the use of fossil fuels. As far as the past is 
concerned, these figures are quite well known from the 
extraction, sale and production of fossil fuels. For sce-
narios of the future, a consistent set of emissions, con-
centrations and radiative forcings must be provided to 
enable the different climate  models to calculate mutually 
comparable climate scenarios. This task is carried out by 
integrated assessment models (IAMs), which link socio-
economic and technical developments with the use of 
fossil fuels in order to determine consistent figures for 
greenhouse gas and aerosol emissions, atmospheric con-
centrations and radiative forcings. Unlike the new sce-
narios (representative concentration pathways or RCPs), 
which were used in the IPCC’s Fifth Assessment Report, 
the scenarios developed for the Third Assessment Report 
(SRES) did not take mitigation strategies into account.

1.2.1 
Climate and Earth-system models

Climate models are complex computer programs that 
apply the current knowledge about the physics of the 
eco- and climate system. They are based on physi-
cal natural laws and simulate the interactions between 
the atmosphere, the oceans, land surfaces, snow and 
ice, the biosphere and various chemical and biological 
processes. The climate models have become much more 
complex since the IPCC’s first climate report was pub-
lished in 1990. Furthermore, the great improvements in 
computing power today mean that many processes can 
be resolved and described in much greater spatial detail. 

Compared to the Fourth IPCC Assessment Report, 
most of the climate models in the Fifth IPCC Assess-
ment Report have been expanded into full Earth-sys-
tem models which not only contain an improved repre-

sentation of the physics of the climate system, but also 
describe the global carbon and sulphur cycles and can 
thus simulate important biological and chemical pro-
cesses. The new Earth-system models therefore provide 
a greatly extended description of the eco- and climate 
system. But have they also improved? This can only be 
decided by comparing their results with observations.

Systematic comparisons of simulations carried out 
by different climate models with observations in the 
Coupled Model Intercomparison Project (CMIP) have 
shown continuous improvements in model quality in 
the description of variations in temperature and pre-
cipitation patterns from the CIMIP2 models (2000) to 
the CMIP3 models (2005) and the present-generation 
CMIP5. These comparisons show that the models have 
not only become more complex and provide a more com-
plete description of the eco- and climate system, but that 
they also actually provide a better simulation of reality 
(Flato et al., 2013). In addition to the marked increase 
in computing power, the main reasons for this improve-
ment in the model systems are the new observation sys-
tems and analytical methods of climate research, which 
have led to a better understanding of the climate system. 

Climate models can only be tested against obser-
vations, i.  e. past climatic situations. Likewise, in the 
case of seasonal forecasts it is impossible to determine 
whether nature and model agree until after the fore-
cast period. Such a comparison is impossible for long-
term projections, especially of the human impact on the 
climate over decades and centuries. In this context, sci-
entists assume that a good description of the past also 
simulates the essential processes for the future. In con-
trast to weather-forecasting models, the focus in climate 
models is on averages, their trends and the variability 
of the climatic variables, not on their value at a certain 
point in time.

The limits of climate models lie in particular in the 
simulation of clouds, which exert an influence on the 
Earth’s radiation balance and water cycle which is dif-
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ficult to describe because of the clouds’ diversity and 
their fast-changing and complex shape. Regional charac-
teristics of the more or less global CO2 signal are a major 
challenge. This requires an improved understanding of 
regional processes, which in turn depends on new obser-
vation systems and models that are currently at the cen-
tre of national and international climate research.

Although they are not perfect, climate models are 
certainly some of our society’s best tools for projecting 
certain aspects of the future. As such, they represent a 
sound basis for decision-making processes. 

1.2.2 
Integrated assessment models

Scenarios for limiting and mitigating climate change are 
primarily developed by large-scale integrated assess-
ment models (IAMs), which are able to quantitatively 
describe major driving forces of greenhouse gas emis-
sions and their long-term effects on the climate, even 
beyond the middle of the century. In addition, the 
models can describe transformation pathways, and in 
some cases also adaptation strategies. In order to cover 
all the emission sources of CO2 and other greenhouse 
gases and radiatively active substances, IAMs usually 
include  representations of the most important sectors 
of human activities (e.  g. the economy, energy, trans-
port, buildings, land use) and the interactions that exist 
between them. These sectors, especially the energy sec-
tor, are often represented ‘bottom-up’, which opens 
up many technology options and thus conversion and 
transformation pathways. One specific strength of 
IAMs, therefore, is that many transformation indica-
tors are internal variables of the model, making it pos-
sible to show interactions and flexibilities across sectors 
and over long periods of time. In most cases, important 
physical processes of the Earth system that are relevant 
to climate change (e.  g. the carbon cycle, radiative forc-
ing) are also represented, at least in a rudimentary form.

The main application of these models lies in analy-
sing transformation pathways that lead to a long-term 
stabilization of anthropogenic climate change, but also 
in studying future developments without mitigation. A 
recent refinement in the process of generating  scenarios 
in this context is to embed qualitative assumptions into 
narrative storylines. This achieves an improved and 
more consistent formulation of scenario drivers that 
cannot be modelled with quantitative methods. It also 
helps with the interpretation of model results. Exam-
ples of such fundamental drivers include future cultural 
developments or changes in values (lifestyles). 

IAMs are highly aggregated modelling frameworks. 
Abstracting from details allows them to represent the 
complex relationships between different sectors in a 
systematic way. Global models usually consist of about 
a dozen world regions, and they capture (physical) sys-
tems such as the climate system in a very stylized man-
ner. This is why important model results, such as emis-

sions or land-use activities, are often passed on as inputs 
into other specialized models, such as Earth-system and 
climate models, to study their influences in greater 
detail. 

Generally, the IAMs are driven by the requirement 
of economic cost minimization, or multicriteria mini-
mization, which can be represented by different target 
functions, but basically always has the effect that, for 
example, the total costs of emissions mitigation are min-
imized, taking into account any given constraints. The 
underlying assumption that justifies such a ‘social plan-
ner’s’ perspective is that the markets are fully compet-
itive, and that there are no information asymmetries 
between players, so the result would be an optimum 
allocation of resources. Since these conditions are often 
only partially met in reality, the model results should be 
seen more as an orientation. Ultimately, the aggregated 
decision-making is partly a result of numerical restric-
tions used to make it possible to solve the models at all. 
However, imperfect conditions and structural breaks can 
be shown indirectly by calibrating the model data.

In order to be able to interpret the model results, gen-
erally a large number of policy scenarios is developed; 
these are then contrasted with a reference case. The 
weaknesses of IAMs lie in the high degree of aggrega-
tion and the difficulty of representing a limited ration-
ality of the decision-makers, or strategic behaviour by 
actors. A further limitation is that most models often 
implicitly assume perfect foresight. Recursive-dynamic 
models are a further development; they take new deci-
sions at each point in time on the basis of the informa-
tion that is then available. In spite of these shortcom-
ings, IAMs are today an indispensable component of 
climate research for evaluating and understanding miti-
gation and adaptation strategies.

1.2.3 
Emission scenarios

Future emissions will depend on economic, social and 
political trends. However, these cannot be predicted, 
but are determined by decisions that have not yet been 
taken. Emission scenarios therefore comprise a wide 
range of assumptions on the future development of 
humankind, from which different emission pathways 
are deduced; these, in turn, form the basis for projec-
tions on the future development of the climate and 
for adaptation and mitigation strategies (Section 1.5; 
Figure 1.2-1). 

The IPCC Special Report on Emission Scenarios (SRES; 
IPCC, 2000) uses 40 alternative scenarios which differ in 
terms of their assumptions on the further development 
of global society. The 40 scenarios are based on a com-
prehensive literature review and designed to depict most 
of the variations in their underlying drivers (e.  g. demog-
raphy, economic and technological developments) and 
also in the scenario results (such as greenhouse gas emis-
sions and other substances relevant to the climate). This 
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was an innovation at the time, since before then most 
scenarios had focused only on CO2, while the SRES sce-
narios also took into account all sources of CO2 and other 
Kyoto gases such as CFCs, HFCs and sulphur aerosols. 
The authors also introduced a number of other innova-
tions to develop the scenarios. The most important one 
related to the development of four narratives, which 
helped improve the interpretation and consistency of 
the scenarios. However, the SRES scenarios did not con-
tain any mitigation measures or policies, as required by 
the IPCC at that time. As a first step, the resulting emis-
sions of all relevant substances were integrated into the 
climate models in the form of four so-called ‘Marker 
SRES scenarios’. The resulting climate projections were 
analysed in a large-scale Coupled Model Intercompar-
ison Project (CMIP) and also analysed in detail in the 
Third (IPCC, 2001), Fourth (IPCC, 2007a) and to a lesser 
extent also in the Fifth IPCC Assessment Report (2013a). 
The scenarios and climate projections were used in turn 
by Working Group II to assess possible climate impacts 
and vulnerabilities. The SRES scenarios from the Third 
IPCC Assessment Report are still often used.

A new scenario-development process was initiated in 
2006 with the aim of creating a new ensemble of sce-

narios. These are now called ‘representative concentra-
tion pathways’ (RCPs) and ‘shared socio-economic path-
ways’ (SSPs) and were used in the IPCC’s Fifth Assess-
ment Report (Figure 1.2-1). Unlike in the SRES pro-
cess, these scenarios were not developed by the IPCC, 
but independently by the scientific community with 
the IPCC’s support. Proceeding on the basis of prede-
fined radiative forcings at the end of the 21st century 
(RCPs were named according to these radiative forc-
ings of 2.6, 4.5, 6.0 and 8.5 W per m2), IAMs were used 
in close cooperation with climate and impact model-
lers to develop possible ranges and trajectories of radia-
tive forcings, as well as the associated developments of 
greenhouse gas emissions and chemical concentrations 
in the atmosphere. The development process was char-
acterized by a ‘parallel’ approach: in a similar way as in 
the case of the ‘marker SRES scenarios’, the climate and 
Earth-system modellers were given the RCP emission 
pathways so that they could start work in parallel while 
other groups continued developing the socio-economic 
drivers. Four RCPs were made available for this purpose, 
and the climate projections in the Fifth IPCC Assessment 
Report are based on these scenarios. All RCPs are sta-
bilization scenarios – the lowest complies with the 2  °C 
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Old and new scenarios for the period 1950–2100. The diagram shows total anthropogenic radiative forcing (W/m2) – both 
historical and projected for the different scenarios – relative to 1765 (pre-industrial). The IS92a scenario stems from the Second 
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forcing for the year 2000: the later scenarios take into account more recent findings on emissions in this period.
Source: Cubasch et al., 2013
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guardrail (RCP2.6) with a probability of 66  %, while the 
highest shows warming of more than 4  °C above pre-
industrial levels (RCP8.5) by the end of the 21st century. 

Parallel to this, ‘shared socio-economic pathways’ 
(SSPs) were developed with the help of integrated 
assessment models to deduce the driving forces for the 
analyses of Working Groups II and III. The results of this 
work were also published in the Fifth IPCC Assessment 
Report. It is to be expected that a large number of global 
and regional scenarios will emerge here that are consist-
ent with the new RCPs.

1.3
The human impact on the climate is evident: 
Understanding recent changes

Direct measurements and analyses of climate archives 
and geological findings clearly show that climate 
changes take place naturally on all time scales, and that 
long-term changes are typically characterized by larger 
deviations. Changes can occur as a result of both exter-
nal stimuli and internal interactions in the climate sys-
tem. A typical internally generated form of variability 
can be seen for example in the El Niño phenomenon and 
in the Pacific Decadal Oscillation, both of which gener-
ate specific geographical and temporal patterns in the 
climate fluctuations. External stimuli include changes in 
the brightness of the sun (caused by sunspots), changes 
in the parameters of the Earth’s orbit (orbital eccentri-
city, tilt and precession of the Earth’s axis) and volcanic 
eruptions. These natural external stimuli have left clear 
traces during the history of the climate – from the ice 
ages to periods of short-term cooling caused by dust 
ejected during volcanic eruptions. 

Ever since the beginning of industrialization, human-
kind has been impacting on the climate (mainly through 
CO2 emissions, which can also be regarded as an exter-
nal stimulus), adding a distinct anthropogenic contribu-
tion to natural climate changes. But how can this anthro-
pogenic contribution be distinguished from the natural 
climate changes, which continue to occur? And how can 
it be quantified?

Every individual external stimulus, be it natu-
ral or anthropogenic, generates a specific response in 
the climate system. However, this is not simply super-
imposed over the internal variability, it also changes 
it, making it more difficult to attribute a cause to an 
observed change in the climate. This process of attribu-
ting causes is carried out by means of targeted climate-
model experiments. To this purpose, the models must 
be good at describing both internal variability and the 
climate’s response to external stimuli. A large number 
of model experiments have shown that the present-day 
generation of climate models is well-suited to the task of 
attributing certain causes to observed climate changes.

In the past few years, model experiments have been 
used to study the climate system’s response patterns 
to different individual external stimuli, thus determin-

ing their fingerprint in the climate system. A compari-
son of these experiments clearly shows that the warm-
ing observed over the past 50 years cannot be explained 
either by internal variability or by natural exter-
nal  stimuli, but only by the increase in the concentra-
tion of CO2 in the atmosphere generated by anthropo-
genic emissions (Figure 1.3-1). This also leads to the 
statement in the Fifth IPCC Assessment Report that it 
is extremely likely (> 95  % probability) that more than 
half of the observed increase in the Earth’s global mean 
surface temperature from 1951 to 2010 came about as a 
result of human activities.

The general question here is how sensitive the climate 
is to a change in the balance between the absorbed solar 
irradiance and the dissipation of heat from the Earth into 
space? Climate sensitivity is often defined as the change 
in the Earth’s surface temperature associated with a 
doubling of the CO2 concentration after equilibrium has 
been reached. According to new, sounder assessments 
by the IPCC (Collins et al., 2013), the figure lies between 
1.5 and 4.5  °C, with a probability of more than 66  %. The 
lower value has been reduced from 2.0 to 1.5  °C com-
pared to the Fourth IPCC Assessment Report; the upper 
value is still the same. However, equilibrium sensitivity 
has only limited informative value, because the Earth 
is never in such a state of equilibrium. More impor-
tant is the ‘transient climate response’ to disturbances 
in the radiation balance. This is defined by the simu-
lated average annual global temperature when double 
the CO2 concentration is reached after rising linearly for 
70 years. This figure lies between 1.0 and 2.5  °C with a 
probability of more than 66  %. 

1.4
CO2 from fossil fuels – the core of the climate 
 problem

The IPCC’s Fifth Assessment Report makes it clear that 
anthropogenic climate change can only be stopped by 
reducing net emissions of CO2 to zero. In this context, 
the scale of climate change is largely determined by the 
total amount of CO2 emitted by humanity.

1.4.1 
The role of CO2

Today, the atmospheric concentration of CO2 is about 
400 ppm; this is significantly higher than at any time 
during the whole of human history. Before industrializa-
tion it ranged between 180 ppm in cold periods and 300 
ppm in warm periods (Ciais et al., 2013). Since the begin-
ning of industrialization, i.  e. between 1750 and 2011, a 
total of about 2,000 Gt of CO2 has been released as a 
result of the use of fossil fuels and changes in land use; 
about 900 Gt is still in the atmosphere. The rest of the 
emitted CO2 was absorbed partly by the terrestrial bio-
sphere and partly by the oceans, where the input of CO2 
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has already led to a noticeable fall of 0.1 units in the pH 
value (ocean acidification, Section 1.1.3). The anthropo-
genic emissions have been unequivocally identified as 
the cause of the increase in atmospheric CO2, e.  g. by the 
parallel decline in the concentration of atmospheric oxy-
gen, which is clearly measurable and is being caused by 
the combustion of the fossil fuels. CO2 accumulates in 
the atmosphere. Even after a period of a thousand years, 
a considerable proportion of the emitted CO2 will still be 
in the atmosphere. Depending on the total amount of 
emissions, the portion of the emitted CO2 remaining in 
the atmosphere might be between 15 and 40  %. If CO2 
emissions are eliminated completely, the warming that 
has taken place up to this point in time will remain for 
several centuries. In terms of human time scales, there-
fore, a considerable proportion of climate change is irre-
versible, unless CO2 can be extracted from the atmos-
phere on a large scale. However, this is only possible 
to an extremely limited extent (Section 1.8.3; WBGU, 
2010a). The results compiled in the IPCC’s Fifth Assess-
ment Report show that the extent of anthropogenic 
warming essentially depends on the total amount of 
CO2 emitted and not so much on the exact timing of the 
emissions (Figure 1.4-1). In order to keep global warm-
ing below 2  °C with a probability of more than 66  %, a 

total of only about 1,000 Gt of CO2 may be emitted from 
anthropogenic sources as from 2011 (IPCC, 2013b). This 
already takes into account the fact that other green-
house gases also contribute to climate change. 

Currently, about 15  % of anthropogenic CO2 emis-
sions stem from changes in land use (Clarke et al., 2014). 
The (relative) importance of CO2 emissions from land-
use changes is declining sharply at present, however, 
primarily because of the considerable increase in emis-
sions from the use of fossil fuels (Figure 1.4-2). The 
main problem for the global climate is therefore CO2 
emissions from fossil fuels. 

According to the IPCC’s analyses, global CO2 emis-
sions from fossil sources in the emission scenarios that 
remain below 2  °C in 2050 are about 50  % lower on aver-
age than the emissions measured in 1990; they decline 
to (round or below) zero in the second half of the 21st 
century. The earlier the CO2 emissions are lowered, the 
less ‘negative emissions’ will be necessary, i.  e. the active 
absorption of CO2 from the atmosphere and its storage, a 
process that has not yet been commercially proven. The 
WBGU recommends halting global CO2 emissions from 
fossil sources completely by 2070 at the latest in order 
to have a realistic chance of limiting global warming to 
2  °C compared to pre-industrial levels (WBGU, 2014). 

Figure 1.3-1
Time series of the global mean 
surface temperature between 1860 
and 2010 (black line) compared to 
model results (coloured lines and 
areas of uncertainty). The upper 
panel (a) shows results from models 
driven by only natural forcings. 
The models in the lower panel (b) 
were driven by both natural forcing 
and human-induced changes in 
greenhouse gases and aerosols. It 
becomes clear that only models 
that take all impacting factors into 
consideration arrive at a realistic 
temperature development.
Source: Bindoff et al., 2013
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The above scenarios also take the emissions of other 
long-lived greenhouse gases and radiatively active sub-
stances into account, although these contribute much 
less to climate change (Section 1.4.2).

1.4.2 
Other climate-relevant gases and substances 

Other greenhouse gases and radiatively active substances 
apart from CO2 are also important for the develop ment 
of the climate. They include, for example, gases listed 
in the Kyoto Protocol like methane (CH4), nitrous oxide 
(N2O), perfluorocarbons (PFC), hydrofluorocarbons 
(HFC), sulphur hexafluoride (SF6), as well as nitrogen 
trifluoride (NF3) which was added for the second com-
mitment period under the Kyoto Protocol. These gases 
are often considered together with CO2, but they differ 
in terms of their behaviour in the atmosphere. Unlike 
CO2, both methane (CH4) and nitrous oxide (N2O) belong 
to the chemically reactive greenhouse gases, which 
decompose in the atmosphere (Kirtman et al., 2013). 
The ozone-depleting chlorine and bromine compounds, 

e.  g. CFCs, also contribute to climate warming. Their con-
centration in the atmosphere is already declining as a 
result of the regulations of the Montreal Protocol.

The role of short-lived substances in global climate 
protection has been under discussion for some time now; 
apart from CH4, they include, for example, tropospheric 
ozone (which originates from precursor gases like nitro-
gen oxides or incompletely combusted carbon com-
pounds) and aerosols (e.  g. soot particles, organic car-
bon compounds, sulphate aerosols). The precise climate 
impact of many of these substances is scientifically con-
troversial, as is their importance for mitigation (David 
et al., 2014). While tropospheric ozone causes warm-
ing, aerosols have an cooling effect overall; this is made 
up of a warming effect caused by soot particles and a 
cooling effect caused by other particles such as sulphate 
 aerosols (IPCC, 2013b: 13).

A comparison of the different radiatively active sub-
stances is not easy, since they behave differently in 
the atmosphere and also have different effects on the 
climate. The greenhouse warming potential (GWP) 
is used to compare greenhouse gases regulated under 
the Kyoto Protocol; it compares the average radia-
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tive effect of other greenhouse gases with that of CO2 
over a certain period. The total amounts of these green-
house gases are shown on this basis as CO2 equivalents 
(CO2eq). Figure 1.4-3 shows the development of emis-
sions of the different greenhouse gases that have been 
calculated with a GWP over 100 years. The global emis-
sion trend is dominated by CO2, which comes from the 
energy sector (primarily from electricity generation) and 
the transport sector. 

If a different time period is chosen, the relative con-
tributions of the different gases shift significantly. For 
example, in 2010 CH4 made up 16  % global green-
house gas emissions using a GWP over 100 years; over a 
shorter timescale of 20 years, however, it was 42  %, and 
only 7  % in the long term (500 years). The Kyoto Proto-
col uses a period of 100 years for GWP; this has no sci-
entific justification, but was negotiated at the political 
level (David et al., 2014).

Due to their very short lifespan, the attribution of a 
100-year greenhouse warming potential to aerosols and 
other very short-lived substances would not make sense. 
These substances do not accumulate in the atmosphere 
either. Their concentrations therefore vary considerably 
from region to region and fluctuate over time; they are 
not determined by historic emissions, but almost exclu-
sively by emissions in the very recent past.

It is therefore by no means irrelevant for mitigation 
which greenhouse gases or radiatively active substances 
are reduced. Whereas the reduction of short-lived 
greenhouse gases, such as CH4 or aerosols, has a pri-
marily short-term impact on the climate, the long-term 
temperature development is dominated by the emissions 
of long-lived gases. The relative importance for global 
climate protection of different measures to reduce radi-

atively active substances ultimately depends on what 
target is pursued. For example,  Bowerman et al. (2013) 
argue that, with a view to the 2  °C guard rail, reducing 
short-lived greenhouse gases is only of major impor-
tance at a point in time when the emissions of long-
lived greenhouse gases are already falling. Although 
an immediate reduction in emissions of short-lived 
 radiatively active substances – compared to the reduc-
tion in a future decade – could lengthen the time win-
dow for adaptive measures by weakening short-term 
global warming, it would not extend the time window 
for the necessary reduction in CO2 (Bowerman et al., 
2013).

1.5
The future development of the climate depends 
very much on humanity’s actions

A relatively warm, stable climate has been benefit-
ing the development of human civilization for over 
10,000 years. Technological achievements have given 
humankind the ability to shape and manipulate the 
world both to their advantage and to their disadvan-
tage. The massive use of fossil energy sources has had 
the effect that the CO2 concentration in the atmosphere 
is now higher than it has been for several million years. 
As a result, more than half of the warming of the past 
50 years is attributed to the rising CO2 concentration. 

Because of the immense inertia of the climate system 
in general – and the ocean in particular – and the fact 
that the rise in temperature is almost linearly depend-
ent on the total amount of CO2 emitted to date, warming 
will persist even if CO2 emissions are immediately halted 
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Land-use emissions and CO2 emissions from fossil fuels according to the Global Carbon Project. The CO2 emissions are shown in 
terms of GtC per year; 1 GtC corresponds to 3.67 Gt of CO2.
Source: Le Quéré et al., 2013
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all over the world. In such a situation, the temperature 
would remain approximately constant at the higher level 
for several centuries. The sea level would continue to rise 
for several centuries due to the ocean’s great thermal 
inertia (IPCC, 2013b).

The future development of the climate will depend 
crucially on the will of the international community to 
drastically reduce CO2 emissions.

1.5.1 
Representative concentration pathways (RCPs) – 
a glimpse into the future

Projections into the future have always been subject to 
great uncertainty. Models designed to depict the climate 
dynamics of the next 100 years require assessments of 
socio-economic, technological and ecological develop-
ments that are as precise as possible. The future dynam-
ics of climate change will be dominated by the develop-
ment of greenhouse gas emissions, which is a function 
of a complex system of societal, political and economic 
processes (technological developments can also play an 
important role here, but are difficult to forecast). Repre-
sentative concentration pathways (RCPs; Section 1.2.3), 
on which the IPCC’s current climate projections are 
based, map possible greenhouse gas emissions up to the 
year 2100 (IPCC 2013a; Meinshausen et al., 2011; van 

Vuuren et al., 2011). The next two sections describe the 
most extreme scenarios RCP2.6 and RCP8.5 and what 
consequences they would have for the climate.

1.5.1.1 
RCP2.6: Ambitious climate policies –  
negative emissions
In emissions scenario RCP2.6 (also called RCP 3PD, peak 
and decline), greenhouse gas emissions peak before 
2030 and then fall continuously. Under this scenario, the 
temperature would rise by an average of 1  °C relative to 
the 1985-2005 average, or by 1.6  °C compared to pre-
industrial levels (Figure 1.5-1; Collins et al., 2013), and 
in this way limit the longer-term damage due to climate 
change. The extent of the summer sea ice in the Arc-
tic would shrink to about 3 million km2 – i.  e. to about 
half of today’s figure – and the sea level would rise 
by about 40 cm compared to the 1985-2005 average 
(Figure 1.5-2, 1.5-3).

This scenario assumes that immediate measures will 
be taken to reduce greenhouse gas emissions and that an 
ambitious global climate policy will be pursued. In the 
second half of the century, many models show net neg-
ative emissions – i.  e. the active removal of CO2 from the 
atmosphere – in order to reach this scenario. The WBGU 
discusses this technical option in Section 1.8.3. 
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1.5.1.2 
RCP8.5: The road to climate disaster – business as 
usual
RCP8.5 is based on the assumption that the current rate 
of increase in greenhouse gas emissions will continue, 
combined with population growth at the upper end of 
the UN projections (12 billion by 2100). A compari-
son of global greenhouse gas emissions since the pub-
lication of the RCPs shows that we are at the top end 
of this scenario. If this trajectory continues, it is highly 
likely (greater than 66  %) that the global surface tem-
perature will rise on average by more than 4  °C by 2100 
(Figure 1.5-1). Because of the bigger rise in temperatures 
over the continents and polar amplification in the North-
ern Hemisphere, this could lead to regional increases in 
the average temperature of 6-10  °C. The Arctic Ocean 
would be ice-free in summer (Figure 1.5-2). The realiza-
tion of this scenario would most likely lead to consider-
able risks for most of humanity. The rise in the sea level 
would average 63 cm in this century; weather extremes 
would be frequent, and non-linearities would lead the 
climate system into irreversible states (e.  g. monsoon, 
ice sheets, permafrost, ocean circulation, ocean acidifi-
cation; Section 1.5.2).

1.5.2 
Potential instabilities of the climate system – the 
risk of triggering non-linear processes

Should climate warming continue beyond 2  °C, non-
linear processes could trigger large-scale, irreversible 
changes in the climate system within a few decades. Such 
highly non-linear responses by system components are 
often referred to as ‘tipping points’ or ‘tipping elements’ 
of the climate system (WBGU, 2008; Lenton et al., 2008; 
Figure 1.5-4). They could have substantial effects on the 
natural life-support systems of a large proportion of the 
human race. Although many of these processes are not 
well understood at present, their risk potential demands 
that they be examined in greater detail. 

Weakening of the North Atlantic Current
The thermohaline circulation spans the entire globe and 
transports energy in the form of heat into the North 

Atlantic. It is driven by temperature and salt concentra-
tion gradients and could be weakened or even stopped 
by increased freshwater influx due to climate warm-
ing. The model studies summarized in the Fifth IPCC 
Assessment Report confirm the estimates of the pre-
vious report on the potential weakening of the North 
Atlantic Current. A moderate degree of climate warming 
(RCP2.6) would cause it to weaken by 11  % (1-24  %). 
If CO2 emissions continue rising unchecked, a weaken-
ing of 34  % (12-54  %) must be expected (Collins et al., 
2013). A complete collapse is highly unlikely in the 21st 
century. However, this possibility cannot be ruled out 
in subsequent centuries, should humankind continue 
to emit greenhouse gases at the same rate. The conse-
quences of such a collapse are difficult to assess. It is 
possible that the cooling of northern Europe that the 
collapse would cause could be largely offset by the 
warming of the atmosphere. A large-scale weakening, 
let alone collapse of the North Atlantic Current would 
most likely cause a considerable deterioration in living 
conditions in the North Atlantic region (WBGU, 2008).

Instability of the polar ice sheets
An accelerated decline in the size of the Greenland and 
Antarctic polar ice sheets can already be observed. An 
increasing climate change could speed this process up 
further – with potentially far-reaching consequences 
for sea-level rise, the regional ecosystems and the ther-
mohaline circulation. A breaching of the 2  °C guard rail 
could lead to an irreversible decline in the Greenland Ice 
Sheet (e.  g. Robinson et al., 2012). Even if such a dra-
matic decline is not expected in the course of the 21st 
century, positive feedback processes could lead to an 
almost complete disintegration of the massive Greenland 
Ice Sheet within a few centuries. This would cause a rise 
in the sea level of several metres (the complete melt-
ing of the Greenland Ice Sheet would raise the sea level 
by approximately 7 metres). The picture is different in 
the Southern Hemisphere. Climate warming is transport-
ing more moisture to the Antarctic ice sheet, leading to 
an accumulation of snow on the surface. Nevertheless, 
the Antarctic ice sheet is also shrinking, caused by the 
melting of the surrounding ice shelves, which in turn 
accelerates the glaciers and ice flows. ‘Marine ice sheet 
instability’ (Schoof, 2007) could lead to an irreversible 

Figure 1.5-1
Model simulations of the change 
in the global annual mean surface 
temperature relative to the reference 
period 1986-2005. Approximately 
0.61  °C must be added to the figures 
on the temperature scale to obtain 
the temperature change relative to 
pre-industrial levels. Shaded areas 
show the uncertainty range.
Source: IPCC, 2013b, slightly 
changed
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Figure 1.5-2
Model simulations for (a) the annual mean surface temperature change, (b) the average percentage change in annual mean 
precipitation, (c) the Northern Hemisphere September sea ice extent, and (d) the change in the ocean-surface pH. The simulations 
are based on the scenarios RCP2.6 and RCP8.5. With the exception of panel (c), the changes are shown for 2081–2100 relative to 
1986–2005. In charts (a) and (b), hatching indicates regions where the changes in the multi-model mean are small compared to 
natural internal variability (i.  e. less than one standard deviation in 20-year means). Stippling indicates regions where the changes 
determined by the models are large compared to natural internal variability (i.  e. greater than two standard deviations in 20-year 
means) and where at least 90  % of the models agree on the sign of the change. In panel (c) the lines show the extent of the ice 
cover for the period from 1986 to 2005; the filled areas show the extent of the ice cover for the end of the century. For further 
details see Stocker et al. (2013).
Source: Stocker et al., 2013



1 Knowledge on anthropogenic climate change 

20

disintegration of large areas of the West Antarctic and 
parts of the East Antarctic. The latest research (Joughin 
et al, 2014) indicates that parts of the West Antarctic ice 
sheet have already reached a stage of irreversibility and 
are possibly heading for collapse. This process, which is 
fortunately extremely lengthy (several centuries to mil-
lennia), could be accelerated by uncontrolled climate 
warming and also impact on the Greenland ice sheet.

Disappearance of the Arctic sea-ice cover in summer
In the case of the Arctic sea ice, the transition to a new 
state already seems to be emerging, with drastic con-
sequences for the highly specialized ecosystem that is 
adapted to the sea ice. Projections on the shrinkage of 
the summer sea-ice cover in the Arctic range from 43  % 
(RCP2.6) to 94  % (RCP8.5), with potentially far-reach-
ing consequences for the Arctic’s economic viability, as 
well as for its vulnerability (Collins et al., 2013). The 
size of the Arctic sea ice could be reduced by half in the 
summer months even if a highly ambitious climate pol-
icy were implemented, keeping climate warming below 
2  °C (RCP2.6; Section 1.5.1). This demonstrates to what 
extent the face of the Earth will change as a result of the 
burning of fossil fuels in the past. The continuation of 
an emissions-intensive economy would lead to the com-
plete disappearance of the Arctic sea ice in the summer 
months and thus to a profound, unpredictable change in 
a large-scale ecosystem. The disappearance of the Arctic 
sea-ice cover is not irreversible by definition, because a 
sufficient fall in Arctic surface temperatures would lead 
to a return of sea-ice cover within a few years. However, 
such a drop in temperature would require an extreme 
reduction in atmospheric greenhouse gas concentrations 
within a short period of time. This is neither technically 

possible (at least at the present time), nor could it be 
achieved by the natural carbon cycle. In the case of the 
Arctic, serious upheavals in the ecological and climate 
system can already be expected by the end of this cen-
tury.

Change in the monsoon circulation 
Studies using conceptual models have shown that the 
Indian summer monsoon can take place in two stable 
states: a wet state with much rainfall and a drier one 
with little precipitation. These studies have also shown 
that disturbances in the radiation balance that reduce 
the air-pressure difference between the land and the sea 
could lead to abrupt changes in the monsoon. 
Many studies using complex coupled climate models 
show an increase in precipitation in the summer mon-
soon if greenhouse gas emissions increase. Other stud-
ies show that anthropogenic aerosols have the opposite 
effect and weaken the monsoon. For these reasons, the 
IPCC’s Fifth Assessment Report regards an abrupt tran-
sition of the monsoon to a dry phase as unlikely (Chris-
tensen et al., 2013).

Ocean acidification
About 30  % of CO2 from fossil fuels is absorbed by the 
ocean and leads to a decline its pH value (ocean acidifi-
cation; Section 1.1.3). Since CO2 remains in the atmos-
phere for many centuries, such a process is irreversi-
ble over civilizational time scales and could – in interac-
tion with rising ocean temperatures, oxygen depletion, 
overfishing, and other stressors – have disastrous conse-
quences for marine ecosystems and thus for the oceans 
as an economic region. If CO2 emissions continue to rise 
(RCP8.5), this would intensify the process of ocean 

Figure 1.5-3
Projections of the global mean 
sea-level rise during the 21st 
century relative to 1986–2005. 
The simulations are based on the 
scenarios RCP2.6 (blue) and RCP8.5 
(red). The assessed likely range is 
shown as a shaded band. 
Source: IPCC, 2013b, slightly 
changed
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 acidification by about 170  % relative to pre-industrial 
levels by the end of this century (Ciais et al., 2013). In 
some areas of the world’s oceans (especially in the Arctic 
and the Antarctic) there would already be an undersatu-
ration of calcium carbonate (calcite, aragonite) within a 
few decades in surface waters. 

1.6
Observed impacts of climate change 

Climate change is not only expected to have an impact 
on natural and human systems in the future; in fact 
impacts can already be observed today on all continents 
and across the oceans (Cramer et al., 2014). In particular, 
warming, shifts in precipitation patterns and ocean acidi-
fication are having impacts that are already  measurable 
today. The Fifth IPCC Assessment Report shows very 
clearly that climate change is an increasingly important 
factor in many natural and human systems, although it 
can be superposed by many other natural and societal 
factors impacting at the same time.  Attributing these 
observed impacts to climate change is correspondingly 
difficult, but such attributions are increasingly being 
made, even when other factors like pollution or land-
use change are exerting an influence at the same time. 

Human systems
Knowledge on observed climate impacts on human 
systems has grown considerably since the time of the 
Fourth IPCC Assessment Report (IPCC, 2007b). In agri-
culture, climate-induced impacts have been proven on 
many agricultural products that are of great importance 
for food security and the world economy. For example, 
decreases in output have already been documented for 
wheat and maize – in many regions and in terms of the 
global total – while the negative effects on rice and soya 
are smaller. Extreme weather events such as heavy rain-
fall or heat waves are on the increase and can damage or 
destroy crop harvests. By contrast, the positive fertiliz-
ing effects of anthropogenically elevated CO2 concentra-
tions are having only little influence on trends in total 
agricultural production. 

Measurable impacts of climate change on indigenous 
peoples can already be observed in several regions. This 
is the most visible in the Arctic, where climate change is 
having a very negative impact on livelihoods (e.  g. with 
regard to hunting, food security, traditional migration 
routes and cultural values). The links between climate 
change and migration, security, poverty, living and 
working conditions and economic growth are increas-
ingly becoming the subject of scientific studies. How-
ever, attributing the impacts to climate change as a  factor 
is difficult to prove; there is therefore still a considerable 
need for research in relation to human systems. 

Figure 1.5-4
Potential instabilities (tipping elements) in the climate system and population density. The subsystems shown could exhibit non-linear 
behaviour in response to anthropogenic climate changes, where a small perturbation near a threshold leads to qualitative changes in the 
future development of the system. Question marks indicate systems whose status as tipping elements is particularly uncertain.
Source: Schellnhuber, pers. comm., based on Lenton et al., 2008
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Natural systems
Knowledge on the impacts of climate change on natu-
ral systems is much more extensive than in the case of 
human systems. Confidence regarding already observed 
consequences of climate change is high for the cryo-
sphere (snow and ice on sea and land) and medium for 
the water cycle (Section 1.1). Precipitation patterns, the 
regional water balance and the availability of freshwater 
are already being affected by climate change on all con-
tinents and many islands. For example, in Europe and 
North America the number of extreme rainfall events 
has increased, with an increased risk of floods in the UK, 
while droughts have become more frequent and intense 
in other regions.

The climate impacts on ecosystems described by the 
IPCC (2007b) have been confirmed and the knowledge 
base broadened. The development of species in the 
course of the year, as well as their productivity and dis-
tribution, are already being affected by climate change. 
For example, a shift in terrestrial populations towards 
the poles and up mountains can be observed in many 
regions, and this is happening two to three times faster 
than had been expected. Such shifts can cause cascad-
ing effects, e.  g. in marine ecosystems, which can ripple 
through the entire food chain to fish and ultimately, via 
fisheries, to humans. The rule here is that the further 
the studied climate impact is from the cause (climate 
change) along the chain of cause-and-effect relation-
ships, the more difficult it is to prove the causal link. 

Considerable climate impacts have been observed in 
Arctic ecosystems, as well as in many freshwater and 
coastal ecosystems. In the oceans the physical (e.  g. 
warming) and chemical (primarily acidification) prop-
erties have changed markedly as a result of anthropo-
genic climate change (Section 1.1). Regionally, consider-
able climate damage has already been observed in coral 
reefs, where climate change has triggered an irreversible 
loss of biodiversity. 

Global synopsis 
The regional range of already observable climate 
impacts is growing compared to the Fourth IPCC Assess-
ment Report (IPCC, 2007b). For the first time, in its Fifth 
Assessment Report, IPCC (Cramer et al., 2014) has com-
piled the many case studies on observed climate impacts 
in a world map showing the intensity of the effect and 
the respective confidence level (Figure 1.6-1). In this 
map the climate impacts are allocated to three areas: 
physical systems (freshwater and droughts, cryosphere, 
and coasts), biological systems (terrestrial and marine 
ecosystems; wildfires), and human and managed sys-
tems (food systems; livelihoods, health, economics). The 
figure shows that there is evidence of climatic effects in 
all three areas all over the world. In Australasia, Asia and 
Europe a large number of observed impacts attributed to 
climate change have already been found in several areas, 
and there is not a single major region where no serious 
climate impacts have occurred.

The Arctic is particularly affected by climate change: 

many case studies of serious climate impacts from all 
three areas have been described with a medium to high 
confidence level. Overall, regime shifts, i.  e. large-scale 
and profound changes in the biophysical conditions, are 
in progress in the Arctic region, and this is having cas-
cading effects on the ecosystems and livelihoods of the 
population living there. The rapid retreat of the Arc-
tic ice cover has passed a tipping point which is caus-
ing considerable changes in the Arctic marine ecosys-
tems, with negative consequences for the populations 
of mammals that live there (e.  g. seals and polar bears). 

Conclusions 
The IPCC’s synopsis of the scientific state of knowledge 
on observed climate impacts (Cramer et al., 2014) is not 
only of great scientific value, it is also of considerable 
importance for improving the quality of advice that can 
be given to policy-makers. The effects that are already 
occurring today can give political decision- makers 
an indication of how the world will change if climate 
change intensifies. If rising sea levels, an increase in 
droughts or melting glaciers can already be observed 
in a region today, then this is an indication that these 
effects might intensify in the future. On a case-by-case 
basis, however, confidence of these statements tends to 
be quite low, since, in the complex climate system, pro-
gressive warming can by no means always be expected 
to cause a linear increase in regional effects. Moreover, 
not only can the already observed impacts intensify, but 
new impacts can also be expected to be added if warm-
ing continues. 

Almost all individual studies have a clear regional 
focus, but more and more examples of similar and inter-
acting impacts in different regions are becoming known. 
Furthermore, looking at the impacts together across the 
regions makes it increasingly possible to recognize pat-
terns, so that, seen overall, the synopsis of case  studies 
submitted by the IPCC (Cramer et al., 2014) offers a val-
uable basis for further climate-risk analyses. Four of 
the five reasons for concern relating to global climate 
change described in various IPCC reports (Section 1.7) 
have been confirmed and substantiated by studies of the 
observed impacts of climate change. 

The regional quality of studies of climate impacts 
varies considerably; for example the data for Africa are 
not yet good enough in many sub-regions to be able to 
derive well-documented case studies. The WBGU there-
fore recommends the continuous and systematic collec-
tion and evaluation of new case studies in the future. 

1.7
The future impacts of global climate change on 
humanity’s natural life-support systems

The IPCC’s Fifth Assessment Report impressively con-
firms that unabated climate change endangers human-
kind’s natural life-support systems. The report confirms 
earlier projections on the impacts of climate change, fur-
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ther substantiates their justification, updates estimates, 
and looks into new problem constellations not previously 
covered, such as the security risks of climate change. 
This Assessment Report demonstrates how humani-
ty’s natural life-support systems will be changed if the 
business-as-usual attitude to greenhouse gas emissions 
continues. In view of the huge damage that is already 
being caused by extreme weather events such as floods, 
storms and drought today, the report also points out that 
the international community is not adequately prepared 
for the foreseeable challenges, emphasizing the need 
for transformative adaptation (as opposed to incremen-
tal adaptation); i.  e. fundamental efforts to adapt. This 
might come too late for some parts of the natural envi-
ronment: regime shifts have already begun in the Arctic 
and in tropical coral reefs (Section 1.7.3.8).

1.7.1 
Dangerous anthropogenic interference with the 
climate system: Five reasons for concern

The report identifies five overarching, systemic rea-
sons for concern that are especially relevant to danger-
ous anthropogenic interference with the climate sys-
tem: (1) unique and threatened systems, (2) extreme 
weather events, (3) distribution of impacts, (4) global 
aggregate impacts and (5) large-scale singular events 
(IPCC, 2014c). These five reasons for concern  illustrate 
the implications of climate warming and the adapta-
tion limits of people, economies and ecosystems. It 
becomes clear in this context that negative effects of 
global climate change can already occur below the 2  °C 
guard rail, and that beyond this threshold humanity as 
a whole must reckon with high risks. In order to under-
stand where we stand today, it is important to know that 
the global mean temperature has risen by almost 0.9  °C 
since the beginning of industrialization, so that there 
is only about 1.1  °C to go before the 2  °C guard rail is 
reached. Unless otherwise stated (e.  g. in diagrams), all 
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figures on climate-change-related temperature changes 
given in the following relate to the period 1986-2005. 
0.61  °C must be added to arrive at the figure relative to 
pre-industrial levels. The 2  °C climate guard rail relates to 
the pre-industrial period.

The assessment of the (cross-sector and cross-
regional) risks of individual reasons for concern is 
based on an evaluation of the current state of research 
( literature review) and expert assessments. Eval-
uation of research literature since the Fourth IPCC 
Assessment Report (IPCC, 2007b) has essentially con-
firmed the assessment of these five reasons for concern 
(Figure 1.7-1); it has also led to an updating of previous 
assessments (Oppenheimer et al., 2014): 

 > Regarding unique and threatened systems, as well as 
large-scale singular events, the risks involved if 
warming exceeds 2  °C are now considered greater 
than was the case in the Fourth IPCC Assessment 
Report (now newly marked purple; Figure 1.7-1). 

 > Compared to the Fourth IPCC Assessment Report, the 
assessment of the risks from extreme weather events 
and the distribution of the effects are now confirmed 
at a higher confidence level.

 > The assessment of the risks of global aggregate 
impacts and the confidence level formulated in the 
Fourth IPCC Assessment Report are confirmed. 

Depending on the degree of warming, the follow-
ing effects are expected on the individual risk areas if 
climate change continues unabated: 
1. "Unique and threatened systems: Some unique and 

threatened systems, including ecosystems and cul-
tures, are already at risk from climate change (high 
confidence). The number of such systems at risk of 
severe consequences is higher with additional warm-
ing of around 1  °C. Many species and systems with 
limited adaptive capacity are subject to very high 
risks with additional warming of 2  °C, particularly 
Arctic-sea-ice and coral-reef systems.

2. Extreme weather events: Climate-change-related 
risks from extreme events, such as heat waves, 
extreme precipitation, and coastal flooding, are 
already moderate (high confidence) and high with 
1  °C additional warming (medium confidence). Risks 
associated with some types of extreme events (e.  g., 
extreme heat) increase further at higher tempera-
tures (high confidence).

3. Distribution of impacts: Risks are unevenly 
 distributed and are generally greater for disadvan-
taged people and communities in countries at all 
levels of development. Risks are already moderate 
because of regionally differentiated climate-change 
impacts on crop production in particular (medium to 
high confidence). Based on projected decreases in 
regional crop yields and water availability, risks of 
unevenly distributed impacts are high for additional 
warming above 2  °C (medium confidence).

4. Global aggregate impacts: Risks of global aggre-
gate impacts are moderate for additional warming 
between 1–2  °C, reflecting impacts to both Earth’s 

biodiversity and the overall global economy (medium 
confidence). Extensive biodiversity loss with associ-
ated loss of ecosystem goods and services results in 
high risks around 3  °C additional warming (high con-
fidence). Aggregate economic damages accelerate 
with increasing temperature (limited evidence, high 
agreement), but few quantitative estimates have 
been completed for additional warming around 3  °C 
or above.

5. Large-scale singular events: With increasing warm-
ing, some physical systems or ecosystems may be at 
risk of abrupt and irreversible changes. Risks asso-
ciated with such tipping points become moderate 
between 0–1  °C additional warming, due to early 
warning signs that both warm-water coral reef and 
Arctic ecosystems are already experiencing irre-
versible regime shifts (medium confidence). Risks 
increase disproportionately as temperature increases 
between 1–2  °C additional warming and become high 
above 3  °C, due to the potential for a large and irre-
versible sea level rise from ice sheet loss. For sus-
tained warming greater than some threshold, near-
complete loss of the Greenland ice sheet would occur 
over a millennium or more, contributing up to 7 m of 
global mean sea level rise" (IPCC, 2014c:  12).

A World Bank report states that in a 4  °C warmer 
world (compared to the pre-industrial period),  hitherto 
unknown heat waves and severe droughts must be 
expected in many regions (World Bank 2012a:  xiii).

1.7.2 
Key risks to the conservation of the natural life-
support systems

The key risks posed by climate change for human living 
conditions include the potentially severe effects relat-
ing to a ‘dangerous anthropogenic interference with the 
climate system’ (Article 2 of the UNFCCC). Such key 
risks can involve far-reaching and irreversible conse-
quences, a high probability of damage, or limited adap-
tation options (IPCC, 2014c:  13):
1. "Risk of death, injury, ill-health, or disrupted live-

lihoods in low-lying coastal zones and small island 
developing states and other small islands, due to 
storm surges, coastal flooding, and sea level rise.

2. Risk of severe ill-health and disrupted livelihoods 
for large urban populations due to inland flooding 
in some regions.

3. Systemic risks due to extreme weather events lead-
ing to breakdown of infrastructure networks and 
critical services such as electricity, water supply, and 
health and emergency services.

4. Risk of mortality and morbidity during periods of 
extreme heat, particularly for vulnerable urban pop-
ulations and those working outdoors in urban or 
rural areas.

5. Risk of food insecurity and the breakdown of food 
systems linked to warming, drought, flooding, and 
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precipitation variability and extremes, particularly 
for poorer populations in urban and rural settings.

6. Risk of loss of rural livelihoods and income due to 
insufficient access to drinking and irrigation water 
and reduced agricultural productivity, particularly 
for farmers and pastoralists with minimal capital in 
semi-arid regions.

7. Risk of loss of marine and coastal ecosystems, bio-
diversity, and the ecosystem goods, functions, 
and services they provide for coastal livelihoods, 
 especially for fishing communities in the tropics and 
the Arctic. 

8. Risk of loss of terrestrial and inland water ecosys-
tems, biodiversity, and the ecosystem goods, func-
tions, and services they provide for livelihoods.” 

1.7.3 
Key risks for sectors and regions: Examples

1.7.3.1 
Food production and food security
The overwhelming majority of studies on the influence 
of global warming come to the conclusion that agricul-
tural yields will be adversely affected, especially in the 
Tropics (IPCC, 2014c). If no adaptation measures are 
taken, temperature increases of 1  °C or more will already 
be enough to damage harvests of important food cereals 
(wheat, rice, maize) in the Tropics and in temperate lati-
tudes, although yields in some regions will (temporarily) 
benefit from these higher temperatures. Overall, climate 
change can be expected to lead to a reduction in agricul-
tural yields of between 0 and 2  % per decade up to the 

end of the century and also cause greater yield variabil-
ity. These decreases in yield are expected in a situation 
where the global demand for food will be increasing; the 
current assumption is that demand will rise by 14  % per 
decade up to 2050. 

If the rise in the global mean temperature exceeds 
4  °C, then far-reaching negative effects on agriculture 
must be expected worldwide. Although there are still 
opportunities for adaptation if the climate warms by 
up to 2  °C (Figure 1.7-2), an increase in the global mean 
temperature of more than 4  °C can be expected to con-
siderably widen the gap between the rising demand for 
food and food production in many regions; food insecu-
rity will increase markedly despite adaptation measures. 

1.7.3.2 
Freshwater resources
A warmer world intensifies the global water cycle, 
so that overall precipitation increases; however, arid 
regions generally become drier, and wet regions gener-
ally wetter, and the risk of extreme precipitation also 
increases in arid regions (Jiménez Cisneros et al., 2014). 
This assessment, which was already made in previous 
IPCC reports, is also confirmed in the Fifth IPCC Assess-
ment Report. The models show that this trend becomes 
clearly recognizable (statistically significant) when tem-
peratures rise by more than 1.4  °C. 

Climate change can alter the regional availability of 
freshwater resources to such an extent that it becomes 
difficult to meet the demand from households and irri-
gation agriculture in the same region, especially in arid, 
subtropical regions (Figure 1.7-3) and where there 
is increasing demand from population growth and 
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 economic development (Jiménez Cisneros et al., 2014). 
Models evaluated by the IPCC show that, if climate 
change continues unabated, primarily the Mediterra-
nean region and parts of southern Africa be affected by 
a decline in the natural water supply (Jiménez  Cisneros 
et al., 2014). For South and Southeast Asia, the model 
results show a much greater degree of variability. 
According to the IPCC’s model evaluation, up to a glo-
bal mean temperature increase of about 1.4  °C, popula-
tion development remains the dominant factor affecting 
water availability in a region; beyond this temperature 
threshold, the influence of climate change can regionally 
become the dominant factor. It is estimated that there is 
still adaptation potential both in a 2  °C world and in a 
4  °C world (Figure 1.7-3).

Climate change will also increase the variability of 
surface-water availability as a result of higher precipita-
tion variability and the reduction in the amount of water 
stored in ice and snow. The most obvious solution – tap-
ping groundwater resources – will not be a sustainable 
solution if the amount of water abstracted is expected to 
exceed the natural groundwater renewal rate. Model cal-
culations have shown that, depending on the scenario, 
between 24  % (RCP2.6) and 38  % (RCP8.5) of the popu-
lation will suffer a more-than-10  % decline in renewable 
groundwater resources in the period from 1980 to 2080 
(Jiménez Cisneros et al., 2014). 

1.7.3.3 
Urban agglomerations
Climate change will have profound effects on a wide 
range of urban functions, infrastructures (e.  g. cascade 
effects on water, energy, sanitation, transport and com-
munications infrastructures) and services, and could 
further exacerbate existing problems. The potential 
effects of climate change in urban agglomerations will 
depend to a large extent on their location, resilience 
(e.  g. of the infrastructure) to weather extremes, the fab-
ric of the buildings, the population’s vulnerability, cop-
ing capacity, etc. Large cities in low-lying coastal areas 
and river plains, many of which are located in Asia, are 

regarded as being particularly at risk in the next few 
decades (McGranaham et al., 2007; Revi et al., 2014). If 
temperatures rise by 3-4  °C (RCP8.5), a sea-level rise of 
0.45-0.82 m (average 0.63 m) is to be expected by the 
end of the century. 

Many climate-change-related key risks – and risks 
that are yet to emerge – are concentrated in urban 
areas. For example, the rapid urbanization in low- and 
 middle-income countries is being accompanied by a fast 
growth of informal settlements that are often particu-
larly exposed to risk with highly vulnerable populations 
(Revi et al., 2014). The projected increase in the number 
of droughts will have a particularly severe impact on 
the approx. 150 million urban dwellers, who are already 
suffering from severe water shortages. It is usually the 
inhabitants of informal settlements who have no relia-
ble access to adequate water supplies, while at the same 
time having to pay the highest prices. A review of the 
scenarios shows that the number of people suffering 
from a severe shortage of water could increase to about 
a billion by 2050 (McDonald and Schrattenholzer, 2001; 
Revi et al., 2014). The over-exploitation of groundwater 
resources in densely populated coastal zones and rising 
sea levels have already led to salt-water intrusion into 
the groundwater in many places. 

Since many urban areas are situated in low-lying 
coastal zones, there are particularly serious hazards 
because of a combination of sea-level rise, subsidence 
of the land masses (caused by the weight of buildings 
and groundwater depletion), storm events and flooding. 
By the end of this century, sea levels are expected to rise 
by 26-98 cm, tropical cyclones to intensify, and weather 
extremes in general to increase. Furthermore, several 
hundred million people are expected to be affected 
by flooding in coastal zones by the end of this cen-
tury, especially in the South, Southeast and East Asia, 
if climate change continues unabated, current develop-
ment pathways are continued, and no adaptation meas-
ures are taken (Field et al., 2014). At the same time, this 
region is currently experiencing the world’s most intense 
urbanization. 

Key risk

Reductions in mean crop
yields because of climate
change and increases in
yield variability
(high confidence)

With or without adaptation, negative impacts
on average yields become likely from the 
2030s with median yield impacts of 0 to -2% 
per decade projected for the rest of the 
century, and after 2050 the risk of more 
severe impacts increases.
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Figure 1.7-2
Climate-change-related key risks to food production and potential for adaptation.
Source: Porter et al., 2014
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It is estimated that a sea-level rise of only half a metre 
could already more than triple the number of people at 
risk and increase the amount of assets at risk more than 
tenfold in value terms – especially in port cities, which 
are important hubs for goods and where large indus-
trial installations are located (Hanson et al., 2011; Revi 
et al., 2014). According to this study, the 20 most vul-
nerable cities (in terms of people and assets) are: Mum-
bai, Guangzhou, Shanghai, Miami, Ho Chi Minh City, 
Calcutta, New York, Osaka-Kobe, Alexandria, Tokyo, 
Tianjin, Bangkok, Dhaka and Hai Phong. Focusing only 
on assets as the criterion, cities like Miami, New York, 
Tokyo, New Orleans, Guangzhou, Shanghai and Tianjin 
are at the top of the risk list. 

1.7.3.4 
Human health
Global climate change can exacerbate existing health 
problems and generate additional hazards for human 
health (Smith et al., 2014a). This became clear during 
the extremely hot summer in Europe in 2003, when 
about 15,000 mainly old and sick people died in France 
alone (Smith et al., 2014a). The number of heat waves 
 quadrupled in Europe between 1999 and 2008 as a result 
of climate change. Since many people all over the world 
work out in the open (e.  g. in agriculture or construc-
tion), the number of heat strokes and cases of exhaus-
tion caused by heat stress can be expected to increase, 
thus having an adverse effect on labour resources (Smith 
et al., 2014a).

The likelihood of injuries, an aggravation of existing 
diseases, the geographical distribution of disease carri-
ers (e.  g. malaria, dengue) and mortality risks (especially 
among the elderly, children, pregnant women and the 
sick) can be expected to rise in future due to increasing 
heat waves, floods, storm events, wildfires and a general 
warming of the climate. Although a reduction in cold-
induced mortality can be expected, this positive trend 
will be more than offset overall by much greater neg-
ative effects on human health caused by global warm-
ing. Climate-change-related disruptions of food produc-

tion are also likely to lead to an increased risk of mal-
nutrition. A rise is also forecast in diseases (especially 
 diarrhoea) transmitted by contaminated water or food. 

Moreover, in many cases global warming improves 
living conditions for carriers of such infectious diseases 
as dengue fever, malaria and tick-borne encephalitis. 
On the other hand, if a certain temperature threshold 
is exceeded, this can inhibit the spread of these infec-
tious diseases. For example, some malaria-transmitting 
mosquitoes cannot survive at temperatures above 40  °C 
(Smith et al., 2014a).

Dengue is the fastest spreading mosquito-borne viral 
disease; its global incidence has increased thirty-fold 
over the last 50 years, according to the WHO (Smith et 
al., 2014a). About 390 million cases of dengue fever are 
registered every year, about 96 million of which exhibit 
symptoms. Three-quarters of all cases occur in the Asia-
Pacific area. The first case of dengue fever in Europe 
since 1920 was registered in Madeira (Portugal) in 2012. 
The carriers of Dengue (Aedes aegypti and Ae. Albopic-
tus) are climate-sensitive. 

According to the WHO, there were an estimated 216 
million cases of malaria worldwide in 2010, mostly in 
Africa among children under the age of five. The number 
of deaths from malaria in 2010 was estimated at more 
than 1.2 million (Smith et al., 2014a). Since the inci-
dence of malaria mosquitoes is also highly dependent on 
socio-economic factors, however, the generally improv-
ing climatic conditions for the spread of the disease have 
been more than offset by better controlling measures. 
There are no studies indicating a return of malaria to 
North America or Europe (Smith et al., 2014a). 

Ticks are spreading north in Canada and Scandinavia, 
thus expanding the range of infectious diseases that are 
transmitted by them. However, the observed spread of 
tick-borne encephalitis and lyme borreliosis cannot be 
explained by climate change alone (Smith et al., 2014a). 
Socio-economic factors (leisure activities, agriculture) 
also seem to be playing a role here. 

Key risk

Climate change is projected
to reduce renewable water
resources significantly in
most dry subtropical regions
(high agreement, robust
confidence)

This will exacerbate competition for water
among agriculture, ecosystems, settlements, 
industry and energy production, affecting
regional water, energy and food security.
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Figure 1.7-3
Climate-change-related scarcity of freshwater resources and risk-reduction potential. 
Source: Jiménez Cisneros et al., 2014
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1.7.3.5 
Loss of cultural heritage and cultural diversity
Unchecked climate change threatens the cultural her-
itage of humanity (Adger et al., 2014; Figure 1.7-4). 
A  society’s “cultural practices embedded in livelihoods 
and expressed in narratives, world-views, identity, com-
munity cohesion and sense of place” are key elements 
that determine how people perceive and deal with envi-
ronmental change. They are correspondingly varied 
(Adger et al., 2014). The 400 million people attributed 
to  indigenous communities have a particularly wide 
range of cultural diversity. At the same time they are 
particularly exposed to the risks of unmitigated climate 
change (combined with other influences of globaliza-
tion). Examples include the Inuit people of the  Arctic 
and the Sahel nomads (Adger et al., 2014). In addi-
tion, sea-level rise poses an existential threat to many 
UNESCO World Cultural Heritage sites, such as Venice 
or Hoi An (Vietnam). A recently published study shows 
that 136 of 700 UNESCO World Cultural Heritage sites 
will eventually be below sea level (Marzeion and Lev-
ermann, 2014). In addition there is the threat of losing 
unique cultural landscapes with a high symbolic value. 
In Europe, for example, these include the cork oak for-
ests of Portugal, the Garrigue in the south of France, 
the Alpine meadow landscapes, the polder landscapes 
of Belgium and the Netherlands, the grouse moors in 
the UK, the Marchair in Scotland, the Irish peatlands, 
and the European wine-growing regions with their typ-
ical ‘terroirs’ linked to the soil and the immediate envi-
rons (Revi et al., 2014). 

1.7.3.6 
Climate change as a security risk
The IPCC’s Fifth Assessment Report focuses for the first 
time on the security risks that can be associated with 
unabated climate change and draws attention to numer-
ous new studies on these risks. In 2008, the WBGU – in 
its report ‘Climate Change as a Security Risk’ – showed 

that without resolute counteraction, climate change 
would overstretch many societies’ adaptive capaci-
ties within the coming decades, which could result in 
destabilization and violence and considerably jeopardize 
national and international security (WBGU, 2008). On 
the other hand, climate change could also unite the inter-
national community, provided that countries recognize it 
as a common threat to humankind and act together. “If 
it fails to do so, climate change will draw ever-deeper 
lines of division and conflict in international relations, 
triggering numerous conflicts between and within coun-
tries over the distribution of resources, especially water 
and land, over the management of migration, or over 
compensation payments between the countries mainly 
responsible for climate change and those countries most 
affected by its destructive effects” (WBGU, 2008:  1). 
The global increase in temperatures can endanger the 
livelihoods of many people, especially in the develop-
ing regions, and thus increase vulnerability, particularly 
in weak and fragile states. Overall, the WBGU regards 
climate-induced wars between states as unlikely. How-
ever, it does expect climate change to aggravate national 
and international distributional conflicts and to inten-
sify already hard-to-manage problems like failed states 
and a rising propensity to violence. This could lead to 
a proliferation of destabilization processes with diffuse 
conflict structures (WBGU, 2008:  1).

1.7.3.7 
Migration
About 80  % of migration worldwide currently takes 
place within countries; the dominant trend is rural-urban 
migration (Adger et al., 2014). As a rule, migration deci-
sions are based on a large number of considerations, so 
that many authors currently regard it as problematic to 
speak of (pure) climate migrants. Nevertheless, availa-
ble studies and scenarios indicate that the climate will 
play a much more important role in migration deci-
sions in the future if climate change continues unabated 

Example risk

Loss of land, cultural and
natural heritage disrupting
cultural practices embedded
in livelihoods and expressed
in narratives, world views,
identity, community cohesion
and sense of place (high
confidence)

Cultural values and expressions are
dynamic and inherently adaptable and
hence adaptation is possible to avoid
losses of cultural assets and expressions.
Nevertheless cultural integrity will be
compromised in these circumstances.
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Figure 1.7-4
Loss of cultural heritage due to climate change. Since cultural heritage is deemed to be irretrievable, once lost, there is no scope 
for adaptation here. 
Source: Adger et al., 2014
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(WBGU, 2008). According to the Internal Displacement 
Monitoring Centre, approximately 32.4 million people 
worldwide fled the effects of floods, storms and other 
environmental disasters in 2012. In 2012, 98  % of these 
disasters were climate- and weather-related (IDMC and 
NCR, 2013:  6). Environmental degradation, sea-level 
rise, coastal erosion and falling agricultural productiv-
ity will impact on migration movements worldwide, and 
existing migration trends, such as those from the coun-
try to urban areas, are expected to strengthen. In future, 
there will be coastal areas where people used to live that 
have been made uninhabitable by rising sea levels. A 
study (Curtis and Schneider, 2011; Adger et al., 2014) 
on four large coastal zones in the USA comes to the con-
clusion that around 12 million people will have perma-
nently lost their homes by 2030. Another, global study 
(Nicholls et al., 2011; Adger et al., 2014) on the influ-
ence of sea-level rise on migration movements shows 
that, if sea levels rise by 50 cm and no adaptation meas-
ures are taken, there is a likelihood of over 66  % that 
about 72 million people will lose their homes (involv-
ing an area loss of 0.877 million km2). Assuming a sea-
level rise of 2 metres, the number of people who would 
lose their homes – particularly in Asia – would rise to 
187 million (area loss: 1.789 million km2). If adapta-
tion measures are taken in good time, this study con-
cludes that a 50 cm sea-level rise will cause only a small 
number of migrants, whereas almost 500,000 people will 
be affected if sea levels rise by two metres. Such adapta-
tion measures are ‘very likely’ (>90  %) to be less expen-
sive than the expected damage to unprotected urbanized 
coastal zones, especially in the large urban areas. The 
loss of homes as a result of extreme weather events is 
usually temporary, but in the event of unabated climate 
change a permanent loss of homes becomes more likely 
(Figure 1.7-5). If the global climate warms up by more 
than 2  °C, this will markedly reduce the remaining scope 
for adaptation measures. 

1.7.3.8 
Ecosystems and biodiversity
The number of endangered ecosystems and the risks to 
biodiversity are growing with increasing climate warm-
ing (Field et al., 2014). Many species can only adapt 
to a limited extent to climate change and are there-
fore already exposed to very serious risks if tempera-
tures rise by 2  °C, especially in the Arctic and in coral 
reefs. Globally speaking, major risks from a considera-
ble loss of biodiversity and ecosystem services are to be 
expected at about 3  °C. Extreme weather events such as 
heat waves, droughts, floods or wildfires can cause great 
damage to ecosystems. As warming increases, tipping 
points in ecosystems can be crossed, leading to abrupt 
and far-reaching changes in the composition, structure 
and functioning of ecosystems (regime shifts). Initial 
signs of irreversible regime shifts can already be seen 
in coral reefs and in the Arctic; in the event of a tem-
perature increase of 1–4  °C, the risks of such develop-
ments are estimated to be high. In the future, large-scale 
and irreversible regime shifts are expected in the Arctic 
tundra and the forests of the Amazon region (RCP4.5, 
6.0 and 8.5); this in turn can lead to higher emissions 
of greenhouse gases and thus intensify climate change. 

In the second half of the 21st century, climate change 
will exert considerable pressure on terrestrial and fresh-
water ecosystems. Many species will be unable to adapt 
quickly enough to the changing climatic conditions, so 
that the risk of extinction will increase for a large pro-
portion of the species. Tree and forest dieback must be 
expected over the coming decades in many regions if 
climate change continues. The probability of species 
extinctions increases with the intensity and speed of 
climate change, not least because climate change inter-
acts with other anthropogenic drivers, such as habitat 
loss, over-exploitation, pollution and the introduction 
of invasive species. 

Over the next few decades, climate change is 
expected to cause shifts in the populations of fish and 
invertebrates over large areas in marine and coastal eco-
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Adaption to extreme events are well understood,
but poorly implemented even under present
climate conditions. Displacement and
involuntary migration are often temporary.
With increasing climate risks, displacement
is more likely to involve permanent
migration.
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Figure 1.7-5
Loss of homes as a result of climate-change-related extreme events; potential risk mitigation through adaptation. 
Source: Adger et al., 2014 
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systems. The higher latitudes will see an influx of spe-
cies from the lower latitudes, and high local extinction 
rates are expected in the Tropics – coupled with a cor-
responding redistribution of catch potential for fishery 
and impacts on food security. The loss and global redis-
tribution of biodiversity will threaten fishery produc-
tivity and other ecosystem services in regions sensi-
tive to climate change. As in the case of terrestrial eco-
systems, climate change also makes the management of 
marine ecosystems more difficult, because it interacts 
with other anthropogenic drivers such as overfishing. 
Ocean acidification, which is caused by anthropogenic 
CO2 emissions, involves further risks for marine ecosys-
tems, mainly in the polar ecosystems and in coral reefs. 

The loss of biodiversity, ecosystems and the associ-
ated ecosystem services entails risks for humans (Field 
et al., 2014). The livelihoods of the fisheries- dependent 
coastal communities in the Tropics and the  Arctic are par-
ticularly at risk. Local communities that are  dependent 
on the services of terrestrial ecosystems will also be 
exposed to additional risks due to the impact of warm-
ing, precipitation patterns and extreme events on these 
ecosystems. 

1.7.4 
Regional challenges

As examples, the impacts of unmitigated climate change 
are outlined here with reference to three world regions. 
Europe has been selected to illustrate what conse-
quences climate change might have even in a highly 
developed region; Africa and Asia were chosen to repre-
sent particularly hard-hit regions.

1.7.4.1 
Europe
The key risks in Europe include, among other things 
(Kovats et al., 2014):

 > Economic losses: The rise in sea levels and the increase 
in extreme precipitation events will markedly raise 
the flood risk in river and coastal zones in the second 
half of this century. The coastline of north-west 
Europe is the most vulnerable. Many European coun-
tries (the Netherlands, Germany, France, Belgium, 
Denmark, Spain and Italy) will have to reinforce their 
coastal protection measures. In some coastal zones a 
‘managed retreat’ is likely (>66  %) to be unavoidable. 
Substantial increases in flood damage are to be 
expected if no adaptation measures are taken. Timely 
adaptation can prevent most damage here. Restric-
tions on shipping traffic on major rivers (e.  g. on the 
Rhine) are to be expected in the summer months. 
Hydroelectric power generation will probably (>66  %) 
decline in all regions except in Scandinavia. A decline 
in tourism is expected in southern Europe from the 
second half of the century, and an increase in north-
ern and continental Europe. Ski tourism will no longer 
be possible at lower altitudes in the long term. 

 > Restrictions on natural water supply: Climate change 
will markedly restrict the availability of surface and 
groundwater in several European regions, especially 
in southern Europe. The use of irrigation in agricul-
ture will increase, but this will be limited by changes 
in the regional water balance, competing demand 
from other sectors, and excessively high costs. 

 > Changing conditions for agriculture: While cereal 
yields will improve in northern Europe (temporarily: 
a decline is also to be expected here if warming 
exceeds a certain level), they will fall in southern 
Europe. At the same time, the seasonal occurrence of 
pests and plant diseases will continue for longer in 
northern Europe. 

 > Increased health risks: Heat-related deaths and health 
problems are likely (>66  %) to increase, especially in 
southern Europe. Despite more favourable climatic 
conditions in Europe for the spread of tropical dis-
eases such as malaria, this has not happened because 
people carrying malaria (travellers) are quickly iden-
tified and treated. However, in central and eastern 
Europe there has been a marked increase in tick-
borne encephalitis since the 1970s, although this 
cannot be explained by climate change alone (Smith 
et al., 2014).

 > Change in biodiversity: It is very likely (>90  %) that 
there will be changes in natural habitats, in particular 
a reduction in the size of Alpine flora habitats; this 
will involve the extinction of local species and conti-
nent-wide shifts in species distribution. Shifts in, or 
losses of wetlands in coastal zones are also considered 
likely. Finally, a growing proliferation of non-Euro-
pean invasive species is also to be expected. 

Certain regions of Europe will be particularly hard hit by 
the climatic consequences described, especially coastal 
regions and the Mediterranean area. Virtually all analy-
ses indicate that, unless climate warming is sufficiently 
restricted, the Mediterranean region will become a 
European flashpoint of climate-change impact, suffer-
ing multiple stresses and systemic failures (Kovats et al., 
2014). 

1.7.4.2 
Africa and Asia

Africa
The key risks in Africa include, among other things, the 
following (Niang et al., 2014):

 > Natural water supply: Rising temperatures and 
changes in precipitation will come on top of the exist-
ing pressures on freshwater resources caused by 
over-exploitation, degradation and rising demand. A 
decline in precipitation is likely (>66  %) in Northern 
Africa and the south-western parts of Africa (under 
the A1B and A2 scenarios). The future development 
of precipitation in sub-Saharan Africa is uncertain 
overall (due to a lack of data). 

 > Food security: Climate change will have a significant 
negative impact on food security in Africa (food pro-
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duction, access to food, food utilization and security 
of supply; Niang et al., 2014). Rising temperatures 
and changes in rainfall regimes are very likely (>90  %) 
to cause a reduction in yields of food cereals and thus 
have an adverse effect on food security. There is new 
evidence that high value perennial crops (e.  g. cocoa, 
coffee, tea) might be negatively affected.

 > Health risks: Due to changing climatic parameters 
such as temperature variability, mean temperature 
and precipitation, changes are expected in the inci-
dence and geographical range of diseases that are 
transmitted by vectors. For example, there is growing 
evidence to suggest that malaria is spreading in the 
East African highlands. Furthermore, climate change 
can exacerbate health risks caused by drinking-water 
pollution (e.  g. due to a high microbial load) or malnu-
trition (e.  g. due to crop failures).

Asia
The key risks for Asia include, among other things 
(Hijioka et al., 2014): 

 > Food security: The impact of climate change on food 
production and food security in Asia will vary from 
region to region, but overall the impact on food pro-
duction is expected to be negative. Most models 
come to the conclusion that higher temperatures lead 
to shorter growing periods and thus above all to 
losses in rice production. In some regions climate 
warming has already reached the limits of heat stress 
that rice can withstand. In the Indo-Gangetic Plains, 
South Asia’s granary, heat stress could cause harvest 
losses of approx. 50  % (if CO2 levels double) in the 
areas used for growing high-yielding wheat, the core 
regions of the ‘Green Revolution’. Fertile agricultural 
land, especially rice-growing areas in coastal plains 
(e.  g. in the Mekong Delta, the granary of south Viet-
nam), will be lost in many parts of Asia as a result of 
rising sea levels. 

 > Natural water supply: At present, no well-founded 
estimates can be made on the development of pre-
cipitation at the sub-regional level. Water scarcity is 
expected to become a major challenge in Asia because 
of population growth and rising per-capita consump-
tion. 

 > Extreme weather events: Extreme weather events will 
have a growing, regionally varying, negative influ-
ence on health, security and local living conditions 
(livelihood, poverty; Field et al., 2014). Most at risk 
will be the population living in low-lying coastal 
zones; about half of Asia’s population lives in such 
regions (Hijioka et al., 2014). Globally, 90  % of the 
people that are exposed to tropical cyclones live in 
Asia. 

 > Health: More frequent and more intensive heat waves 
will increase mortality, especially among people who 
are already in poor health. Rising water and air tem-
peratures will favour the transmission of infectious 
diseases like cholera, the occurrence of schistosomia-
sis (bilharzia), and in general the incidence of diar-

rhoeal diseases among children in rural and urban 
areas. The incidence of Japanese encephalitis, e.  g. in 
the Himalayas, and malaria in India and Nepal has 
been associated with rainfall. A higher incidence of 
malaria is therefore also likely in urban areas due to 
direct (changes in land use) and indirect effects (ris-
ing temperatures, growing demand for water storage) 
(Bush et al., 2011). Rising temperatures are also 
expected to lead to a higher incidence of dengue fever 
(Banu et al., 2011). In addition, the distribution areas 
of diseases spread by vectors will probably shift 
(Hijioka et al., 2014). Negative health consequences 
are also expected due to the likely increase in flood-
ing events (McMichael et al., 2012).

1.8
Limiting anthropogenic climate change

The analyses of the Fifth IPCC Assessment Report show 
that compliance with the 2  °C guard rail is possible via 
different development pathways. The sectors that need 
to decarbonize can be clearly named, and technical solu-
tions for avoiding emissions are largely known. The dis-
cussion on these possibilities often focuses on ‘supply-
side’ decarbonization options, while a transformation of 
final energy use also promises a lot of mitigation poten-
tial, although this often involves a change in lifestyles. 
However, there are few indications that the turnaround 
this would require is likely, so that more and more spec-
ulative measures to avoid the rise in temperature are 
being discussed: e.  g. negative emissions or solar-radia-
tion management (Section 1.8.3). 

1.8.1 
Transformation pathways to ensure compliance 
with the 2  °C guard rail

Stabilizing greenhouse gas concentrations in the atmos-
phere requires a transformation towards a low-carbon 
society and involves issues ranging from how we gen-
erate and use energy to how we farm the land (Clarke 
et al., 2014). The Fifth IPCC Assessment Report gives 
an overview of technological development pathways 
that could make it possible to restrict climate change. 
The core message is still that a stabilization of atmos-
pheric greenhouse gas concentrations within a range of 
430 to 530 ppm CO2eq, which is compatible with the 2  °C 
guard rail, can still be reached via different development 
pathways reflecting a range of different technological, 
socio-economic and institutional assumptions. However, 
at the same time these scenarios show that low-emission 
energy technologies would have to approximately quad-
ruple their share of primary energy generation by 2050 
compared to 2010, and greenhouse gas emissions world-
wide would have to peak by 2020 if possible, but certainly 
by the third decade of this century, in order to stabilize 
greenhouse gas concentrations within the range of 430 to 
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530 ppm CO2eq (Figure 1.8-1). Globally speaking, there 
are currently no signs of such a development, although 
renewable energies are expanding with increasing speed. 
Scenarios in which such an expansion is not reached only 
achieve a corresponding stabilization by introducing tech-
nologies for generating net negative emissions on quite 
a large scale. This restricts  flexibility with regard to the 
 technologies used. In addition, the availability of technol-
ogies for generating  negative emissions is highly uncer-
tain (Section 1.8.3). Cost- effective scenarios are charac-
terized by greenhouse gas emissions between 30 and 50 
Gt CO2eq in 2030, because in  scenarios with higher emis-
sion levels a greater percentage of the emissions-inten-
sive infrastructure can no longer be used in subsequent 
years if climate stabilization is to be achieved.

A change of direction is therefore needed in all  sectors 
contributing to greenhouse gas emissions. The technol-
ogies for this are available and can be developed at an 
acceptable cost. The decisive factor now will be to ensure 
the necessary dynamics among the actors in order to 
direct resources in the appropriate direction. 

1.8.2 
Fields of action and sectors for climate protection

1.8.2.1 
Energy
The energy-supply sector is the biggest emitter of green-
house gases today. In order to stabilize the  concentrations 
of CO2 in the atmosphere, it is necessary to  completely 
eliminate the release of CO2 from the use of fossil fuels 
(Clarke et al., 2014).

Transforming the global energy systems is a key 
element of climate protection, yet this transforma-
tion is making only slow progress. Renewable ener-
gies accounted for 8  % of primary-energy generation 
in 2010 excluding traditional bioenergy use, and 16  % 
including it. Nuclear energy’s share was 6  %. Consider-
ing only the commercial energy system (i.  e. not taking 
privately collected fuels into account), the share of  fossil 
fuels fell only slightly from 88  % to 86  % between 1990 
and 2010.
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Figure 1.8-1
The implications of different 2030 greenhouse gas (GHG) emissions levels for the rate of subsequent emissions reductions up to 
the year 2050 in mitigation scenarios that reach concentrations of 430–530 ppm CO2eq by 2100 (i.  e. in which anthropogenic 
warming can be limited to 2  °C). The left panel (a) shows the pathways of GHG emissions up to 2030, the middle panel (b) the 
corresponding average annual emissions-reduction rates for the period from 2030 to 2050. The scenarios are grouped according to 
different shades of green, reflecting different emissions levels in 2030. The right panel (c) shows the magnitude of zero- and low-
carbon energy-supply up-scaling from 2030 to 2050 subject to different 2030 emissions levels. Those scenarios in which there 
has not been a trend reversal in emissions by 2030 require much higher emissions-reduction rates in the years after 2030 and an 
extremely fast expansion of low-emission technologies. By contrast, the scenario group coloured dark-green – in which emissions 
peak much earlier and whose emissions are below 55 Gt CO2eq in 2030 – requires lower reduction rates and a less aggressive 
growth of low-emission technologies.
Source: IPCC, 2014d
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In addition to the transformation of the energy sys-
tems, further key elements of mitigation are improving 
efficiency, particularly in final energy use, and reducing 
the demand for energy. The more efficient the energy 
system, and the lower the demand for energy, the more 
flexibility there is in the choice of power-generation 
technologies.

1.8.2.2 
Transport
The transport sector has a key role to play in the decar-
bonization of final energy use. This sector is currently 
responsible for about 27  % of final energy use and 
directly for the emission of almost 7 Gt CO2 (Sims et al., 
2014). Both passenger and freight traffic are expected 
to rise worldwide in the future, so that annual CO2 emis-
sions in this sector could double to about 13 Gt CO2 by 
2050 if no further mitigation measures are taken. The 
introduction of low-carbon technologies is much more 
difficult in the transport sector because of the low 
energy density of low-emission fuels; however, mitiga-
tion measures must also be taken in the transport sector 
if efforts in other sectors not to be completely thwarted. 
Efficiency improvements in drive technologies in par-
ticular could lead (in 2030) to savings in the demand for 
final energy of 30-50  % per annum compared to today; 
integrated spatial planning, forward-looking transport 
policies and more compact urban landscapes support-
ing mobility on foot or by bicycle can also make a con-
tribution here. Furthermore, other important measures 
include redesigning urban spaces from a low-carbon 
perspective and investing in new infrastructure such as 
high-speed rail systems to at least partially substitute 
the demand for flights. According to estimates made by 
the IPCC, CO2 emissions in the transport sector could be 
reduced by 20-50  % compared to the baseline scenario 
by 2050.

1.8.2.3 
Buildings
Buildings are currently responsible for about a third 
of global final energy consumption; annual emissions 
amount to just under 9 Gt CO2. According to the IPCC 
(Lucon et al., 2014), it is assumed for the baseline case 
that the demand for energy in this sector will double 
by the middle of the century and that emissions will 
increase by 50-150  %. The increase in the demand for 
energy is primarily due to the global increase in pros-
perity, to urbanization, lifestyle changes, improved sup-
plies of modern energy services and the rising per-cap-
ita living space. With this momentum is linked to the 
risk of path dependencies from the long life of newly 
created building infrastructure. It is therefore important 
to make full use of existing constructional and techni-
cal solutions according to low-energy specifications for 
new and existing buildings to significantly reduce heat-
ing and cooling needs in the buildings sector. Options 
for avoiding greenhouse gas emissions can lead to neg-
ative costs, since their lifespan often exceeds the period 

of amortization (e.  g. in the case of building insulation). 

1.8.2.4 
Industry
The industrial sector currently accounts for almost 30  % 
of global final energy demand, as well as 13 Gt CO2 of 
direct and indirect greenhouse gas emissions (Fischedick 
et al., 2014). Under the baseline scenario a further 
increase in emissions of 50-150  % is expected by 2050, 
unless the introduction of efficiency measures is signifi-
cantly accelerated. However, the industrial sector also has 
a number of short- and long-term mitigation options at 
its disposal. For example, energy intensity in the indus-
trial sector could be reduced by 25  % simply by using 
state-of-the-art methods everywhere. And further reduc-
tions in greenhouse gas emissions could be generated 
 relatively easily using systemic approaches like recycling 
or improved material-flow planning. However, long-term 
structural changes are also necessary in addition to these 
improvements in efficiency if emissions are to be reduced 
further. These include, inter alia, providing process energy 
with electricity generated using low-carbon methods, rad-
ical product substitutions – for example by using alter-
natives to cement – or  carbon capture and storage (CCS) 
 technologies to avoid process  emissions. 

1.8.2.5 
Agriculture, forestry and other land use
The land-use sector currently generates about one-
quarter of global greenhouse gas emissions (Smith et al., 
2014b). The main drivers are emissions from deforest-
ation and agricultural emissions from land management 
and fertilization. Unlike the sectors examined above, 
the land-use sector is characterized by decreasing glo-
bal annual average CO2 emissions, primarily as a result of 
reforestation and a decline in deforestation. This shows 
the potential for establishing land use as a CO2 sink. The 
most cost-effective measures to reduce emissions in the 
land-use sector are reforestation, management of for-
est resources, prevention of deforestation, sustainable 
management of agricultural and pasture land, and res-
toration of organic soils. In addition, considerable but 
difficult-to-quantify emissions reductions can also be 
achieved using demand-side measures. One example is 
reducing the amount of food that is thrown away during 
the production process or at the end-user level; another 
is reducing consumption of animal-derived foodstuffs.

1.8.2.6 
Human settlements, infrastructure and spatial 
planning
Urban areas are responsible for 70  % of global energy 
use and global energy-related CO2 emissions. The urban 
population is expected to double by 2050 (IPCC, 2014d). 
The next two decades are therefore a decisive opportu-
nity for climate protection, since the majority of urban 
infrastructures are just being built. Should the global 
population grow to about 9 billion by 2050, the produc-
tion of infrastructure materials alone could cause about 

Limiting anthropogenic climate change  1.8
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470 Gt of CO2 emissions (Seto et al., 2014).
Since infrastructure and urban development are 

interdependent and determine the patterns of land use, 
mobility, housing and behaviour, climate protection can 
be boosted primarily by mixing residential and work-
ing areas, improving public transport, and implement-
ing demand-management measures. The biggest share 
of future urban growth is expected in small to medium-
sized towns and cities in developing countries. Whether 
the instruments of low-carbon urban spatial planning 
can be successfully used will depend to a large extent on 
the cities’ financial possibilities, their governance capa-
bilities, and the extent to which they adopt knowledge 
and technology. 

Thousands of cities have developed climate-protec-
tion programmes (Section 4.3.6). For lack of data it is 
difficult to say whether these have been successful up 
to now. A considerable proportion of the climate-protec-
tion programmes are currently focusing on energy effi-
ciency and the deployment of technology, and less on 
spatial planning, changing behaviour and cross-sectoral 
approaches aimed at avoiding urban sprawl and high-
traffic development. 

1.8.3  
Large-scale technical intervention

At first sight, the most important statement by  Working 
Group III in the Fifth IPCC Assessment Report is the 
same as in the previous Fourth IPCC Assessment Report: 
the 2  °C guard rail can still be met via a variety of devel-
opment pathways. However, a closer look reveals that 
many of the assessment models that calculate the 
transformation pathways can only reach solutions for 
2  °C-compatible pathways by allowing ‘negative emis-
sions’ or even the manipulation of the Earth’s radiation 
balance, which makes it more and more likely that this 
option will be needed. In the WBGU’s view, such a con-
clusion implies that too little attention is being paid to 
two arguments: 

First, most of the scenarios presented and evaluated 
in the IPCC report are not ‘transformative scenarios’ in 
the strict sense of the word. The assessment models 
are designed to show a large number of possible areas 
of long-term development compared to a baseline that 
extrapolates existing policies. Climate policy is then 
usually implemented in the form of CO2 prices or other 
restrictions (in practice, however, a large number of 
instruments are often implemented), leading to a  gradual 
tapping of CO2-mitigation potential. In these modelling 
studies, investment decisions are usually made accord-
ing to cost-minimization criteria (Section 1.2.2), which 
tends to favour existing infrastructures and in this way 
contributes to a certain degree of inertia in the system. 
In reality, change does not always take place gradually, 
but often in a disruptive way. This can be illustrated by 
the expansion of photovoltaics, which took place much 
faster than would have been possible according to cost-

minimization criteria. Integrated assessment models cor-
respond to the scientific state of the art when it comes 
to assessing climate-protection measures; they aim to 
present a large number of areas of development, but 
not necessarily the speed of change in the sense of a 
holistic transformation. Research is therefore needed to 
improve the representation of complementary instru-
ments of energy and climate policy for creating trans-
formative scenarios in which an accelerated substitution 
and diffusion of technologies is possible (Section 5.2.3). 
This suggests that structural breaks can greatly speed 
up the expansion of low-emission technologies and thus 
reduce the need for large-scale interventions.

Secondly, although large-scale technical interven-
tions have the potential in principle to mitigate warming, 
other unacceptable risks of climate change, especially 
the acidification of the oceans (WBGU, 2014), are left 
out. This is evident in the case of technologies to mani-
pulate the Earth’s radiation balance, since these exert no 
influence on the core of the problem, the increase in CO2 
concentration in the atmosphere. By contrast, the active 
removal of CO2 reduces the concentration of CO2 in the 
atmosphere; at best, however, this can only slow acidi-
fication down by reducing the rate at which CO2 enters 
the ocean from the atmosphere. An extreme reduction in 
the atmospheric CO2 concentration would be necessary 
to remove the CO2 from the ocean, and this is almost 
impossible to model plausibly. And even that cannot 
reverse the acidification that has already taken place, 
since large quantities of CO2 have already reached, and 
will continue to reach, the deeper layers of the ocean; it 
cannot be removed on human time scales (Mathesius et 
al., in preparation). It therefore follows that this meas-
ure should only be used as an accompanying measure: 
it cannot reverse the mistake of not reducing emissions. 

1.8.3.1 
Active removal of CO2

The active reduction of the atmospheric concentration of 
CO2 by generating net ‘negative emissions’ is only pos-
sible to a limited extent. For example, the technical cap-
ture of CO2 from the atmosphere is not economically fea-
sible at present (Socolow et al., 2011). A much-discussed 
option for ‘negative emissions’ is combining bioenergy 
with CO2 capture and storage (BECCS). The plants absorb 
the CO2 from the atmosphere by photosynthesis, and after 
the biomass has been converted into thermal energy, the 
CO2 is not returned to the atmosphere, but captured and 
stored. Overall, therefore, CO2 is withdrawn from the 
atmosphere in this way. Apart from the availability of 
secure storage facilities for CO2, one important limiting 
factor for such negative emissions is the amount of sus-
tainably produced biomass that is available. The WBGU 
has estimated that a maximum of 1.8-3.7 Gt CO2 per year 
could be made available for sequestration from sustain-
able biomass (WBGU, 2010a).

Another option for reducing the CO2 content of the 
atmosphere is afforestation, as long it can be ensured 
that the timber is protected from decomposition. Also 
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in question would be the cultivation of algae in the 
ocean (WBGU, 2013). The CO2 would then be stored 
either by sinking the algae in the deep sea – although 
this would involve unknown risks – or by fermentation 
and transfer to CO2 repositories. Less well-known and 
little-researched options include the use of biochar and 
‘artificial trees’ (Milne and Field, 2012). Biochar is made 
by slowly heating agricultural residues in a low-oxygen 
environment. The biochar can then be added to the soil, 
causing an increase in production under certain circum-
stances. In the case of ‘artificial trees’, the CO2 is cap-
tured by coating a supporting material, which is exposed 
to the wind, with sodium carbonate; this reacts with CO2 
to form sodium bicarbonate. The advantage here is that 
the CO2 can be easily released. 

1.8.3.2 
Manipulation of the Earth’s radiation balance 
Processes for manipulating the radiation balance aim to 
reduce incoming solar radiation, for example by intro-
ducing aerosols into the upper atmosphere, or by means 
of other large-scale technical installations that reflect 
some of the radiation. What all the processes have in 
common is that they can have side-effects on the climate 
and ecosystems, since they represent targeted interven-
tions in a non-linear, coupled system. Furthermore, they 
are not suitable for restoring a climate that corresponds 
to a state with a lower greenhouse concentration. Even 
if the temperature can be reduced as desired, other cli-
matic parameters such as precipitation patterns might 
be greatly changed (IPCC, 2013b). Moreover, these 
 methods do not affect the forms of CO2-induced dam-
age that are independent of temperature, such as ocean 
acidification. Because some of the processes are tech-
nically relatively easy to implement, there is a risk of 
unilateral action being taken, with consequences for 
the entire international community. There is no suffi-
cient basis in international law for regulating a large-
scale application of such processes. In view of the given 
uncertainties, the WBGU advises against the use of pro-
cesses to manipulate the radiation balance. The impacts 
of these processes on the climate system should first be 
subjected to more thorough research.

1.9
Overall conditions needed for the transformation 
towards a low-carbon society 

1.9.1 
Emission trends and their drivers

Despite all the efforts that have been made to date to 
combat climate change, global greenhouse gas emissions 
have continued to grow over the past few years. Between 
2000 and 2010 the growth rate was 2.2  % per year, com-
pared to average increases in the three previous decades 

of only 1.3  % per year (Section 1.4; Figure 1.4-3). 
Figure 1.9-1 gives a breakdown of trends in green-

house gas emissions according to different country 
groupings which correspond to the World Bank’s clas-
sification of countries in four income groups: (1) low-
income, (2) lower-middle-income, (3) upper-middle-
income and (4) high-income countries. However, this 
classification does not take into account the consider-
able income disparities within the countries. These dif-
ferences also have a considerable impact on per-capita 
emissions, which vary greatly both between the coun-
tries in the same income group and within these coun-
tries themselves (Figure 1.9-1c).

A considerable proportion of the absolute increases 
in global emissions over the past few years has been in 
upper-middle-income countries, where economic and 
infrastructure development has been strong. A sectoral 
breakdown of the emissions shows that these countries 
are essentially following the development paradigm of 
the industrialized countries (David et al., 2014). How-
ever, this should not obscure the fact that it is still the 
countries with high incomes that generate the highest 
per-capita emissions. Overall, per-capita emissions in 
the industrialized countries have changed little over the 
past few years. They are about five times higher than 
those of the poorest countries, which have also hardly 
changed. In-between lie the per-capita emissions of 
the upper-middle-income countries, which have risen 
greatly over the last few years (Figure 1.9-1). 

The main driver of the increases in global emissions 
over the last few years has been the economic develop-
ment of a growing world population. Unlike the years 
between 1970 and 2000, when there was a steady 
decarbonization of energy production, the carbon inten-
sity of the energy sector (i.  e. emissions from the genera-
tion of a certain amount of energy) has increased in the 
last ten years. This is because the use of coal in power 
generation has been rising again (David et al., 2014).

At present just 20 countries are responsible for a total 
of 75  % of global emissions. This clearly shows that the 
decisions made by a small number of countries about 
their future development pathways have a considera-
ble impact on global climate protection. However, these 
countries cannot halt climate change completely on their 
own, since anthropogenic climate change can only be 
stopped if fossil CO2 emissions fall to zero in all coun-
tries (Section 1.4).

1.9.2 
Climate protection requires new investment 
 patterns

The transformation towards a low-carbon economy 
requires fundamental changes in investment patterns 
(WBGU, 2012). The IPCC’s scenario calculations sug-
gest that annual investment in conventional, fossil-
fuel-based electricity generation would have to fall 
by US$30 billion (US$2–166 billion) over the next 
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twenty years, while annual investment in low-emis-
sion power generation would have to increase in paral-
lel to US$150 billion (US$30–360 billion). Annual glo-
bal investment in energy currently amounts to about 
US$1,200 billion (IPCC, 2014d). 

The International Energy Agency warns: “The date at 
which the existing energy infrastructure will lock in all 
the CO2 emissions from the energy sector provided for in 
a global CO2 emissions budget consistent with a 2  °C tra-
jectory, leaving no provision for emissions from new car-
bon-emitting infrastructure to meet growing demand, 
is close” (IEA, 2013a:  44ff.). It therefore recommends 
already restricting the use and construction of ineffi-
cient coal-fired power plants in the period up until 2020.

In addition to changing investment in energy-gener-
ation sectors, the IPCC’s 2  °C-compatible scenarios show 
a rise in annual investments in energy efficiency in the 
fields of transport, buildings and industry amounting to 
US$336 billion (US$1–641 billion) (IPCC, 2014d).

As the WBGU has stated elsewhere (WBGU, 2012), 
although a transformation of the energy systems 
towards sustainability involves additional investment in 
the short and medium term, it offers the economy as a 
whole considerable long-term cost reductions and addi-
tional societal benefits compared to maintaining the cur-
rent structure of energy systems (IEA, 2010; WWF et 
al., 2011; GEA, 2012; Section 1.9.3). 

Studies suggest that globally cost-effective pathways 
ensuring compliance with the 2  °C guard rail will require 
a large proportion of investments to be made in non-
OECD countries this century (Edenhofer et al., 2014). 
In this context, effort-sharing systems can help clarify 

discrepancies between the distribution of costs based 
on mitigation potential and a sharing of responsibility 
based on ethical principles (Chapter 2). They can also 
help offset these differences by means of international 
financial transfers (medium confidence level). Accord-
ing to studies, financial transfers aiming to offset these 
asymmetries could reach the order of a hundred billion 
US dollars a year by the middle of the century (IPCC, 
2014d). 

1.9.3 
Mitigation measures and their co-benefits

The IPCC names the following policy instruments for 
mitigation:

 > economic incentives, such as taxes, tradable allow-
ances, penalties or subsidies;

 > direct regulatory measures, such as technological or 
performance standards; 

 > information programmes, such as labelling or energy 
audits; 

 > public procurement, e.  g. of new technologies or in 
state-owned companies; and

 > voluntary actions initiated by governments, compa-
nies or NGOs. 

The successful implementation of such policies depends 
in many ways on individual and institutional modes 
of behaviour. Social norms, decision-making rules, 
 behavioural biases and institutional processes also influ-
ence the activities that are to be addressed by climate 
policy (Edenhofer et al., 2014).
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Figure 1.9-1
Trends in GHG emissions by country income groups. (a) Total annual GHG emissions from 1970 to 2010 (Gt CO2eq/yr). (b) Trends 
in annual per-capita total and median GHG emissions from 1970 to 2010 (tCO2eq/cap/yr). (c) Distribution of annual per-capita 
GHG emissions in 2010 of countries within each income group (tCO2eq/cap/yr). Mean values show the GHG-emission levels 
weighed by population. Median values describe the GHG-emission levels per capita of the country at the 50th percentile of the 
distribution within each income group. Emissions are converted into CO2 equivalents based on global warming potentials with a 
100-year time horizon (GWP100) from the Second IPCC Assessment Report. Assignment of countries to income groups is based 
on the World Bank classification. 
Source: Edenhofer et al., 2014
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Since the Fourth IPCC Assessment Report, the focus 
has shifted to policies that pursue multiple objectives, 
boost co-benefits and minimize negative side-effects. 
The WBGU defines co-benefits as additional (positive) 
synergy effects which are not actually part of the objec-
tive but emerge when a political objective is achieved. 
Major co-benefits of climate-policy measures in the 
energy sector can, for example, be improvements in the 
local air quality or improved energy security. However, 
these effects are highly dependent on the circumstances, 
e.  g. on whether or not measures to combat air pollution 
are already in place. These co-benefits can mean that 
an ambitious mitigation policy leads to considerable cost 
savings in the areas mentioned. The IPCC also mentions 
a number of co-benefits for other areas of mitigation; 
however, many of these are often difficult to quantify. 

1.9.4 
Change agents and alliances for climate  protection

The Fifth IPCC Assessment Report comes to the conclu-
sion that international cooperation for climate protec-
tion has become more institutionally diversified over 
the last ten years. Although the UNFCCC is still the cen-
tral forum for climate negotiations, it has been joined by 
many other institutions at the global, regional, national 
and local level, as well as by public-private institutions 
and transnational networks (Stavins et al., 2014). 

The number of national mitigation policies and 
 strategies has also increased. In 2012, 67  % of  global 
greenhouse gas emissions were already covered by 
national legislations, compared to only 45  % in 2007. 
However, up to now this has not led to substantial 
 deviations in global emissions from the trend of the 
past (Edenhofer et al., 2014). In addition, the goals 
for the period up to 2020 that have been submitted by 
 countries up to now (‘Cancún pledges’; Figure 1.8-1) are 
not consistent with cost-effective mitigation pathways 
that offer a 50  % probability of compliance with the 2  °C 
guard rail. 

There is a huge gap between the potential for climate 
protection on the one hand, and the resources that are 
available, or are being mobilized, for its implementation 
on the other. The regions with the greatest potential for 
avoiding emissions-intensive development pathways 
and for directly pursuing a low-carbon pathway are the 
poorest developing regions; here, few path dependen-
cies have developed to date because a modern energy 
infrastructure has yet to be built up, and in many cases 
urbanization processes are yet to develop. At the same 
time, financially, technologically and institutionally 
these regions are the most poorly equipped to follow 
a low-carbon development pathway. Emerging econ-
omies are already more locked into emissions-inten-
sive pathways, while the rapid development of their 
energy  systems and cities offers considerable poten-
tial for implementing climate protection. However, their 
financial and technological possibilities are also limited. 

Industrialized countries have the strongest path depend-
encies, but at the same time they are the best equipped 
to change their orientation in the direction of a low-car-
bon development.

Climate change is therefore a problem that can only 
be tackled with the help of global cooperation – for two 
reasons: first, it is a global commons problem in which 
free access leads to overexploitation; second, emissions, 
mitigation options, capacities and resources, and the 
degrees to which people are affected are all unequally 
distributed, so that cooperation is necessary. Organizing 
such global cooperation in a just and equitable manner 
is the subject of the following Chapter 2.

1.10
Core messages

 > Climate change and human influence on the climate 
system are indisputable.

 > Climate projections based on present emission rates 
point to a temperature increase of 4  °C (compared to 
the pre-industrial level).

 > The 2  °C guard rail is becoming more important than 
ever in order to prevent great damage. 

 > Compliance with this guard rail requires a zero-emis-
sions target: CO2 emissions from fossil fuels should be 
cut to zero by 2070 at the latest.

 > The longer action is delayed, the more expensive 
compliance with the 2  °C guard rail will become and 
the riskier the necessary technologies will be. 

 > Climate protection is an investment in the future, but 
it is affordable and can reduce costs in the long term.

 > The transformation towards a low-carbon society 
offers considerable co-benefits.
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The goal that the international community has set itself 
with the United Nations Framework Convention on 
Climate Change (UNFCCC) seems clearly defined: to sta-
bilize atmospheric greenhouse gas concentrations at a 
level that prevents dangerous anthropogenic interfer-
ence with the climate system (Article 2 of the UNFCCC). 
Science can help specify and implement this goal by pro-
viding research findings on the interrelations and causes 
of climate change, by drafting scenarios and deducing 
scientifically founded recommendations. However, the 
decision on which level is to be sought and how a sta-
bilization is to be achieved must be negotiated at the 
political and societal level and translated into practical 
actions.

2.1
Compliance with the 2  °C guard rail as a key target 
of international climate policy

At the 2010 UN Climate Conference in Cancún, the 
international community set itself the target of lim-
iting human-induced global warming to less than 2  °C 
( Chapter 3). This target has been a subject of political 
discussion since the mid-1990s (WBGU, 1995, 1997).

The Fifth IPCC Assessment Report (IPCC, 2013a, 
2014a, b; Chapter 1) underlines the appropriateness 
of this target by showing more clearly than in previ-
ous reports the serious risks to be expected as a result 
of climate change if global warming exceeds 2  °C. If the 
2  °C guard rail is breached, this can endanger the natural 
life-support systems of millions of people, for example 
if food production is threatened by weather extremes, 
or the natural water supply declines in arid regions 
(Section 1.7). The WBGU therefore believes it is essen-
tial to gear global climate-protection efforts to compli-
ance with the 2  °C guard rail, and at present it still seems 
possible to prevent warming from exceeding 2  °C. 

The 2  °C guard rail has an important political and 
informational function, because it already enjoys a con-
sensus in the international community and because tar-
geted changes in actions are primarily made when they 
are focused on a target. Setting targets is effective when 
the targets are ambitious and simultaneously seem 
achievable in the given circumstances and with the avail-
able options (Locke and Latham, 1990), whereas targets 
that are not ambitious enough trigger little in the way 

of change (Becker, 1978). Another function of targets is 
that it is possible to continuously monitor the effective-
ness of the measures that are taken to achieve them and 
to reveal the inappropriateness of unambitious meas-
ures. Once ambitious goals like the 2  °C guard rail have 
become established, they are supported and defended 
against dismantling (Jordan et al., 2013).

However, with every year that anthropogenic CO2 
emissions continue to rise, humanity becomes less likely 
to be able to prevent warming from exceeding 2  °C. If 
the required fundamental change in policies is not made 
in time, at least in the major industrial countries and 
emerging economies, then a point will be reached at 
which a future breaching of this barrier can no longer 
be prevented. 

But even then, the WBGU’s view is that it would 
make sense to maintain the guard rail as an orienta-
tion guide: the guard rail primarily represents an upper 
damage threshold upon which politically agreement has 
been reached. As with other norms set by the interna-
tional community – such as the United Nations Char-
ter of Human Rights – the guard rail would not become 
obsolete because nations fail to comply with it. Ambi-
tious normative targets can therefore be regarded as a 
fundamental condition for the success of environmen-
tal and climate policy. 

However, the identification of shared, normative tar-
gets initially only opens the negotiation process and 
defines the overall room for manoeuvre. The question 
then is what requirements have to be met for the guard 
rail to be complied with (Section 2.2). The subsequent 
question of implementation and, in particular, how 
responsibilities are to be distributed, focuses attention 
on perceptions of equity and processes of negotiating 
equity; these are covered in Section 2.3. 

2.2
Prerequisites for compliance with the 2  °C guard 
rail

Continuing anthropogenic climate change can only be 
prevented if net emissions of CO2 are reduced to zero 
worldwide (Section 1.4). However, the change in the 
climate that has already been caused by the CO2 already 
emitted by then will remain irreversible for centuries: 
the surface temperatures will remain approximately 
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constant at elevated levels for many centuries, even 
after CO2 emissions have stopped completely (IPCC, 
2013a). If the 2  °C guard rail is not to be exceeded, there 
only remains a limited budget of still-sustainable glo-
bal CO2 emissions from fossil fuels (Section 1.8). Other 
greenhouse gases also contribute to climate change, and 
their emissions should be reduced; however, it will not 
be possible to limit anthropogenic climate change with-
out a cessation of CO2 emissions. 

In the IPCC’s new climate scenarios (Section 1.5) 
 enabling compliance with the 2  °C guard rail, CO2 emis-
sions from fossil fuels are at or below zero in the second 
half of the 21st century (Figure 2.2-1). The sooner the 
CO2 emissions are lowered, the less ‘negative emissions’ 
will be necessary, i.  e. the active absorption and storage 
of CO2 from the atmosphere, a process that has not yet 
been commercially tested (Section 1.8.3). The WBGU 
therefore recommends establishing the target of com-
pletely stopping global CO2 emissions from fossil energy 
sources by 2070 at the latest in order to have a realistic 
chance of limiting global warming to 2  °C (Section 1.10). 
This requires reducing fossil CO2 emissions to zero in 
every country, every region and every sector by 2070 
at the latest. 

2.3
Responsibility for compliance with the 2  °C guard 
rail 

Reducing CO2 emissions from fossil fuels to zero by 
the year 2070 at the latest is a key task for the present 
human generation in the context of inter- and intra-
generational equity. The core issue is to avert irrevers-
ible damage for future generations and not to shift the 
responsibility for climate protection – and for deal-
ing with the consequences of climate change – to the 
future generations. If action is delayed today, not only 
the costs of effective climate protection, but also the 
risks posed by climate change will rise sharply in the 
future. The affected future generations are not abstract 
groups of people. Rather, they are the children who 
have already been born in our time – who will spend 
the second half of this century either benefiting from 
an ambitious present-day climate policy or having to 
live with the negative consequences if it fails. According 
to Jonas’ universally recognized imperative of respon-
sibility (1979), future generations should not be con-
fronted with worse, but if possible with better, living 
conditions than the present generations. In the spirit of 
this responsibility for the future, it is necessary to begin 
now with the transformation to a low-carbon society 
and economy (WBGU, 2011). In the WBGU’s view, it is 
part of the common responsibility of all parties to the 
climate negotiations that every state creates the over-
all legal and political conditions for national climate-
friendly development and for phasing out the use of 
emissions-intensive fossil energy sources. In particular, 
all states should ensure that no investment is made in 

long- lasting,  emissions-intensive  infrastructure. 
However, this principle of being responsible for the 

future transformation into a decarbonized economy 
and society can be understood in different ways by the 
countries involved. There are various concepts (effort-
sharing systems) in literature on how the task of global 
climate protection might best be spread over the shoul-
ders of the states. The Fifth IPCC Assessment Report 
(Clarke et al., 2014) provides an overview of this along 
the lines of the categorizations presented by Höhne et 
al. (2013). The equity principles included there are as 
follows:
1. Historical responsibility: This can be a country’s 

cumulative emissions, for example. Reference points 
often proposed include the beginning of industrial-
ization and the year 1990; here it is assumed that 
the people were aware of the problem of climate 
change. Other reference years are also proposed and 
discussed.

2. Capability: Capability usually relates to the ability 
to pay and is represented, for example, by the gross 
domestic product GDP or the human development 
index (HDI). Other approaches relate capability to 
the concept of ‘basic needs’ or the right to develop-
ment. The argument is that states with a lower capa-
bility may first meet their ‘basic needs’ before being 
obliged to take action to protect the climate. 

3. Equality: Equality emphasizes that all human beings 
have an equal right to development and is usually 
translated into an equal allocation of emission rights. 
These equal rights can relate either to a certain point 
in time or to an average over a fixed period of time. 

4. Cost-effectiveness: Cost-effectiveness is not so 
much an equity principle as one of burden-shar-
ing. According to this principle, countries with high 
emission-reduction potential must implement more 
ambitious reductions than those with low mitigation 
potential. Mitigation potential is often defined using 
marginal abatement costs, i.  e. the costs of additional 
reductions beyond a certain baseline. These cannot 
always be unequivocally determined, however. 

Scientific observations of the climate negotiations have 
shown that the parties involved refer to different equity 
principles and often prefer those that involve the least 
operational effort and the lowest emission targets for 
themselves (Lange et al., 2010). However, since the var-
ious circulating principles can be connected with very 
different responsibilities and types of operationaliza-
tion, a strict insistence on the most self-serving prin-
ciple can block urgently needed agreements on practi-
cal steps toward implementation. In the WBGU’s view, 
the diversity of different equity principles and effort-
sharing approaches that exist side-by-side also have an 
ambivalent effect on the negotiation process. On the one 
hand, they create room for manoeuvre and flexibility 
within the discussions, which can be important for moti-
vating countries to take part in the process at all. At the 
same time, however, the diversity increases complexity 
in an already highly complex situation. Accordingly, the 
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supposed room for manoeuvre simultaneously creates a 
‘lock-in situation’.

The WBGU therefore regards consultations and agree-
ments on fundamental equity principles as a key precon-
dition for the operationalization of climate targets. The 
WBGU proposes using the budget approach (WBGU, 
2009; Box 2.3-1) and the equity principles enshrined 
therein for guidance. The budget approach is based on 
a clear and transparent system of distribution justice in 
which every human being is assigned equal emission 
rights (equality principle). At the same time, in line with 
the 2  °C guard rail, a ceiling is fixed on emissions (pre-
cautionary principle), resulting in different responsibili-
ties in view of historical and current emissions ( polluter 
pays principle). The WBGU proposes integrating these 
principles into the agreements on climate targets and 
using them as a basis for assessments of the suitability 
of targets and transfer payments. In the WBGU’s view, 
the budget approach can thus serve as an orientation aid 
for equitable climate protection. However, the function 
of the budget approach shifts in the light of the WBGU’s 
recommendation to reach the zero fossil CO2 emissions 
target worldwide by 2070 at the latest. Pursuing the 
zero-emissions target, the priorities will gradually shift 
from the distribution of emission rights to a fair distri-
bution of the costs of climate change, i.  e. the costs of 
mitigation, technology transfer, adaptation and dealing 
with loss and damage caused by consequences of climate 

change (Chapter 3).
Under the UNFCCC, the states agreed to protect the 

climate system “on the basis of equity and in accord-
ance with their common but differentiated responsi-
bilities and respective capabilities” (Article 3 (1) of the 
UNFCCC). In the WBGU’s view, the zero-emissions tar-
get is linked to two new meanings, or extended perspec-
tives, of the ‘common responsibilities’, i.  e. responsibili-
ties that are shared by all. These relate first to the climate 
negotiations in the narrower sense of the word and 
require all participating states to take responsible and 
committed decarbonization action in their own coun-
tries. Second, an extended interpretation of ‘common 
responsibility’ is also connected with opening the arena 
of climate protection to all social actors, who should con-
tribute to decarbonization and to both local and global 
climate protection according to their capabilities.

2.3.1 
The zero-emissions target as a common 
 responsibility of all states

The WBGU regards it as the common responsibility of 
all states to come to an agreement on reducing glo-
bal CO2 emissions from fossil fuels to zero by the year 
2070 at the latest. Ideally, this should be agreed mul-
tilaterally (Chapter 3) and would reflect developments 
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Figure 2.2-1
Global CO2 emissions from fossil fuels according to historical estimates and for different future scenarios (1 Pg of C corresponds to 
3.67 Gt of CO2). The dashed lines show the historical estimates and model results of integrated assessment models; the solid lines 
show the results of a model comparison of more complex Earth-system models with the related standard deviations (grey-shaded 
area). The upper, red line shows emission paths that will lead to global warming of well over 4  °C compared to the pre-industrial 
level by 2100; the lower, blue line shows emission paths that are compatible with the 2  °C guard rail. The 2  °C-compatible paths 
show average emissions for 2050 that are 50  % below those of 1990. The cumulative global CO2 emissions from fossil fuels 
between 2012 and 2100 for this scenario average about 990 Gt of CO2.
Source: modified on the basis of Stocker et al., 2013
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in recent international environmental law, where there 
is a process towards a symmetry of legal obligations 
for all  participating countries (e.  g. Minamata Conven-
tion; French and Rajamani, 2013). This responsibility, 
which is primarily based on the precautionary princi-
ple – i.  e. the shared concern to prevent irreversible 
damage for future generations in the spirit of intergen-
erational equity – is a special challenge especially for 
emerging economies and (above all) developing coun-
tries; after all, up to now they have perhaps been reluc-
tant to accept responsibility for global climate protec-
tion. Yet it also requires decisive action from them. They 
must reinterpret their ‘right to catch up in their devel-
opment’ against the background of a global decarbon-
ization strategy and join the industrialized countries in 
pursuing sustainable/zero-emission development paths. 

Following the principle of common but differentiated 
responsibilities and countries’ different capabilities, as 
mentioned in Article 3 (1) of the UNFCCC, this shared 
responsibility of all states cannot, however, mean that 
the financial burden of the transformation must borne 
by every country in the same way. In the WBGU’s view, 
here, too, the WBGU’s budget approach and its under-
lying principles can provide clear orientation. According 
to the equality and polluter pays principles, countries 

with currently and/or historically high per-capita emis-
sions in particular have a responsibility not only to pro-
ceed quickly with their own decarbonization, but also 
to support other countries financially, technologically, 
and through knowledge transfer and capacity building 
in their transformation towards a low-carbon society. 
This responsibility is also increasingly relevant to the 
 emerging economies, which are pursuing an emissions-
intensive development path and whose absolute and 
per-capita emissions are rising sharply (Section 1.9.1). 
For the emerging markets this means a change both in 
their self-image and in their role in climate negotia-
tions. As co-polluters they are confronted not only with 
the call to transform their own development path, but 
increasingly also to take on more responsibility for glo-
bal climate protection. 

The operationalization of the high-emission coun-
tries’ responsibility to provide financial, technological 
and capacity-building support should, in the WBGU’s 
view, represent a key point in the debate on equity in 
relation to climate protection. 

An interim appraisal of multilateral processes under 
the UNFCCC shows that there has not yet been a break-
through in international climate protection with the inter-
national community agreeing ambitious  decarbonization 

Box 2.3-1

Equity principles and the WBGU budget approach

Proceeding from the realization that the extent of global clima-
te change is largely determined by cumulative CO2 emissions, 
the WBGU began its 2009 report on climate policy (WBGU, 
2009) with a concept for a global climate treaty. According to 
this ‘budget approach’, the first step would be to decide on 
a global emissions budget; in order to achieve a two-thirds 
probability of complying with the 2  °C guard rail, this would 
be approximately 750 Gt of CO2 from fossil sources for the 
period from 2010 to 2050. This global budget would be distri-
buted among all countries based on their share of the world’s 
population. The approach further states that all countries 
should undertake to submit internationally and objectively 
verifiable decarbonization road maps which are oriented not 
only towards the national CO2 budgets, but also towards the 
country’s actual emissions-reduction potential. Any exceeding 
and undercutting of the allocated budgets would be offset by 
international emissions trading, in which transfers between 
high-emission and low-emission countries would be expected. 
In addition, the WBGU’s approach requires the states to make 
payments for adaptation measures to the countries affected as 
compensation for their historical emissions before the begin-
ning of the budget period (WBGU, 2009). 

The WBGU’s budget approach is based on the precauti-
onary principle, the equality principle and the polluter pays 
principle. 

The points of departure are the responsibility for future 
generations and the precautionary principle. This principle calls 
for timely action to prevent irreversible damage for future 
generations. As described above, this is taken up in the ope-
rationalization of the 2  °C guard rail by laying down a global 
emissions budget. This limited budget requires that the poli-
cies not only of the industrialized countries, but also of the 
emerging economies and developing countries aim for a low-

carbon future. A ‘catch-up’ development based primarily on 
fossil fuels would be tantamount to gambling with much of 
humanity’s natural life-support systems.

The equality principle postulates that every individual 
has an identical right to the use of the global common goods. 
Al though it has not yet been enshrined in law, it is recognized 
by many states. This principle suggests basing the distribution 
of national emissions budgets on per-capita emissions, i.  e. all 
states are allocated a national budget from the global budget 
in accordance with their share of the world’s population. This 
limited budget should not, however, be understood as an indi-
vidually enforceable right to a particular per-capita budget. It 
represents a special challenge for the industrialized countries, 
since their per-capita emissions will have to fall particularly 
sharply.

Finally, the polluter pays principle implies special obliga-
tions for industrialized countries due to their high cumulative 
emissions in the past and their expected over-exploitation of 
the budget – obligations not only to reduce emissions, but also 
to provide compensate to those countries that do not use their 
full budget in the spirit of common responsibility. But equally 
it is a great challenge for the emerging markets, whose current 
and cumulative emissions are rising sharply at present. From 
the point of view of intragenerational equity, high-emission 
countries also have a special obligation to support countries 
and regions that are currently particularly threatened by the 
consequences of climate change.

The impression from the current status of multilateral pro-
cesses in climate negotiations is that there is insufficient sup-
port for a practical operationalization of the budget approach 
as suggested by the WBGU, i.  e. a per-capita distribution of 
the budget among the states. However, the WBGU continues 
to regard the normative principles of the budget approach – 
i.  e. the precautionary principle, the principle of equality and 
 polluter pays principle – as an important orientation frame-
work, e.  g. with regard to the responsibility to support adapta-
tion measures (Chapter 3).
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targets and an equitable distribution of costs. It remains 
to be seen whether the positive signals recently coming 
from the USA and China in the field of climate protec-
tion are an indication that a trend reversal – and a new, 
ambitious agreement – can be reached in 2015 in Paris. 
The WBGU still believes the activities within the frame-
work of the UNFCCC are important and will make con-
crete proposals for developing them further in the course 
of this report (Chapter 3). Additional,  possibly decisive 
impulses for global climate protection are expected from 

other arenas – where there are initiatives that are rais-
ing expectations and intensifying pressure for multilat-
eral negotiations and designing their own solutions for 
climate protection (Chapter 4).

Box 2.3-2

CO2 budget – where does Germany stand? 

In its report entitled ‘Solving the climate dilemma: The budget 
approach’, the WBGU (2009) proposed agreeing a global emis-
sions budget for the period up to 2050 and distributing this 
budget among the countries of the world on a per-capita basis. 
Two possible options are explained in the following and com-
pared with the possible development of emissions in Germany. 

The ‘future responsibility’ option favoured by the WBGU 
lays down a global budget of 750 billion tonnes of CO2 for 
the period from 2010 to 2050; if no more than this amount is 
emitted, there is a two-thirds probability of limiting anthro-
pogenic global warming to 2  °C. This budget is then distribut-
ed among the individual states according to their share of the 
world’s population in 2010. In line with its estimated 1.2  % 
of the world population, Germany’s budget would amount 
to 9 billion tonnes of CO2 for the period from 2010 to 2050 
(WBGU, 2009). 

In the WBGU’s second option, called ‘historical responsibi-
lity’, the budget to be distributed begins in 1990. It is based 
on a global emissions budget of 1,100 billion tonnes of CO2 for 
the period from 1990 to 2050; this would limit warming to 2  °C 
with a probability of 75  %. In line with its 1.5% share of the 
global population in 1990, under this option Germany would 
be entitled to a total budget of 17 billion tonnes of CO2 for the 
1990 to 2050 period. This budget was already exhausted in 
2009 (WBGU, 2009). 

The German Federal Government is seeking a reduction in 
greenhouse gas emissions of 40  % by 2020 and 80–95  % in 
2050 compared to 1990. In 2010, on behalf of the German 
Federal Ministry of Economics and Technology and the  Federal 
Ministry for the Environment, Nature Conservation and 

 Nuclear Safety, energy scenarios were developed to implement 
these targets; they were complemented by further scenarios in 
2011 after the decision had been taken to phase-out nuclear 
power (Schlesinger et al., 2010, 2011). 

The WBGU bases its exemplary estimate of Germany’s 
cumulative CO2 emissions up to 2050, as outlined in 
 Figure 2.3-1, on a scenario incorporating both the nuclear-
energy phase-out and ambitious CO2 emissions reductions 
from the study by Schlesinger et al. (2011). The scenario con-
tains emissions figures for the years 2015, 2020, 2025 and 
2030, which were connected linearly in the figure. Since the 
scenario ends in 2030, a further linear reduction in emissions 
was assumed for the period between 2030 and 2050 in which 
emissions in 2050 are 87  % lower than those of 1990. In this 
scenario, Germany’s cumulative CO2 emissions – corresponding 
to the total area beneath the curve in Figure 2.3-1 – come to 
34  billion tonnes of CO2 for the period from 1990 to 2050. Of 
this, 17 billion tonnes of CO2 relate to the period from 1990 to 
2009, and a further 17 billion tonnes of CO2 to the period from 
2010 to 2050. 

As already mentioned, Germany already exhausted its bud-
get under the ‘historical responsibility’ option in 2009. Under 
the ‘future responsibility’ option, Germany would be entitled 
to a budget of 9 billion tonnes of CO2 between 2010 and 2050; 
in the scenario outlined this would be exceeded in the course 
of 2024 (Figure 2.3-1). 

This calculation shows that, if Germany maintains its 
 current objectives, it will overdraw its carbon account in 
both  responsibility scenarios. Germany would therefore have 
to make technology and financial transfers to support other 
countries in their efforts to reduce emissions, or promote adap-
tation measures and make compensatory payments to cover 
loss and damage.

Figure 2.3-1
Sketch of the possible development 
of Germany's CO2 emissions if the 
government's current mitigation 
targets are implemented as well 
as emissions permitted according 
to the WBGU's budget approach. 
In the case of the 'historical 
responsibility' option, which 
divides a global budget among all 
states as from 1990, Germany's 
budget has already been exhausted 
since 2009. In the case of the 
'future responsibility' option, 
which divides a global budget as 
from 2010, Germany will exceed 
its budget in the course of 2024 
if it follows the development of 
emission as outlined. 
Source: WBGU using data from 
Schlesinger et al., 2011
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2.3.2 
The zero-emissions target as a common 
 responsibility shared by all social actors

In the WBGU’s view, the zero-emissions target raises 
the prospect of further extending the common respon-
sibility for climate protection, bringing on board all rel-
evant actors – whether they be states, municipalities, 
companies or individual citizens – and motivating them 
to focus their actions on the zero-emissions target. This 
seems an especially good idea because the impression is 
that the current multilateral processes and the countries 
that are particularly influential in these processes – like 
the USA, China and Europe – still seem to be blocked 
by short-term economic and geopolitical interests and 
perceptions. In the global civil society (churches, asso-
ciations, citizens’ initiatives), as well as increasingly at 
the level of cities and in more and more companies, 
there is a growing unease about these blockades, and 
efforts to influence climate policy are on the increase 
(Section 4.1). 

At the same time these groups of actors are highly 
willing to take on individual and collective  responsibility 
for the causes and the prevention of climate change. At 
the national and international level, important moral 
authorities like churches, foundations and trade unions 
regularly send ideas and proposals, both individu-
ally and in alliances, to climate policy-makers in order 
to raise expectations and build pressure to take action 
(e.  g. EKD, 2013a; ITUC, 2010; Verolme et al., 2013). 
The tenor of these different publications is similar: they 
call for a commitment that is more serious and more 
 oriented towards active climate protection, that is based 
on accepting and taking on a high level of  responsibility 
– and on a sensitive approach to equity issues. The 
respective protagonists also see that they themselves 
have a responsibility to work on climate protection, both 
at the international level and locally in their own spheres 
of action (e.  g. the German Protestant Church’s Climate 
Report: EKD, 2011). These initiatives are  explicitly or 
implicitly guided by the norms of the precautionary, 
equality and polluter pays principles. They gear their 
own actions towards the categorical imperative and 
no longer want to be co-responsible for further delays 
in mitigation and any breaching of the 2  °C guard rail. 
Examples include the wide range of new initiatives that 
have emerged in great density over the last few years in 
local authorities, businesses and civil society, and reveal 
ways to overcome blockades in climate protection. They 
include ‘Sustainable Energy for All’, ‘Decarbonization 
2050’, ‘Climate-Neutral Church’ and the networks and 
self-commitments of cities and companies.

2.3.3 
A new responsibility architecture for climate 
 protection: The interplay between the world 
 citizen movement and multilateralism

If the multilateral process stagnates as the best way of 
solving a global ‘commons’ problem, this certainly does 
not mean that climate policy in the sense of a global 
assumption of responsibility for climate protection has 
failed. On the basis of the above-proposed expanded 
definition of ‘common responsibility’ and the zero-emis-
sions target, the global society and all social actors are 
also under an obligation – independently of multilateral 
or international cooperation. Initiatives with promising 
transformative potential are introduced in  Chapter 4, 
together with information on how their influence for 
global climate protection can be strengthened. 

However, the objective here is not to delegate respon-
sibility for global climate protection from the politi-
cal to another societal level. It is rather to connect the 
initiatives of different social actors and constellations 
of actors with the multilateral negotiations in a newly 
forming responsibility architecture. As explained in 
greater detail in Sections 4.6 and 6, the growing assump-
tion of responsibility by global civil society can achieve 
a more horizontal distribution of responsibility, power-
fully complementing the vertical delegation of responsi-
bility to climate diplomacy. The different  initiatives can 
reinforce each other and extend their effect to different 
actor  levels. The world citizen movement that is emerging 
from this (Appiah, 2006; Beck, 2009;  Benhabib, 2006) 
sends impulses to state actors of international climate 
diplomacy. It can vitalize the negotiations by extend-
ing the horizon of values and revealing exemplary low-
carbon practices and development paths. Interaction 
between the world citizen movement and multilateral 
climate diplomacy can also be strengthened by offer-
ing promising initiatives optimal conditions for diffusion 
and networking, and by enabling them to participate in 
the global climate-policy arena.

2.4
Core messages 

 > The 2  °C guard rail and the resultant focus on the 
zero-emissions target for every country, every region 
and every sector of society should be maintained as 
the political goal and normative orientation in the 
climate negotiations and laid down in a binding form.

 > Regardless of a global agreement, it is the responsi-
bility of all countries to initiate and implement a tran-
sition to a CO2-emissions-free economy, in order to 
preserve options for action and development oppor-
tunities for future generations.

 > Given their large contribution to the causes of climate 
change, the high-emission countries have a responsi-
bility to support the low-emission countries in their 
transformation.
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Core messages   2.4

 > For the further climate negotiations it is useful to 
agree on basic equity principles (such as the precau-
tionary principle, the principle of equality and the 
polluter pays principle) and to relate to them when 
evaluating the objectives of the individual countries.

 > The prospect that CO2 emissions must be cut to zero 
by 2070 at the latest offers actors at all levels and in 
all areas of society a clear orientation for their actions 
and a basis on which they can assume their share of 
the responsibility for achieving the zero-emissions 
target.
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The negotiations on international climate policy under 
the auspices of the United Nations Framework Conven-
tion on Climate Change (UNFCCC) are currently essen-
tially based on (1) a mandate to enhance pre-2020 
mitigation ambition, and (2) a mandate to negotiate a 
climate agreement applicable to all parties to come into 
effect from 2020 (Durban Mandate, Box 3-1). The basis 
for international climate policy is a consensus that glo-
bal warming should to be kept below 2    °C.

For the period up until 2020 there is a patchwork of 
binding and non-binding agreements. A small group of 
countries, including the EU member states, have agreed 
to a second commitment period under the Kyoto Pro-
tocol (2012-2020) and to binding quantitative mitiga-
tion targets. In addition, all countries were called upon 
to disclose their emissions-reduction plans and targets 
for the period from 2012 to 2020. These are not, how-
ever, binding obligations, but part of a ‘pledge-and-
review process’ in which the states first pledge climate-
protection targets which they believe can realistically be 
reached. Although compliance is reviewed, no sanctions 
are imposed if the targets are not reached. About 60 
countries have made such commitments to reduce their 
emissions. However, taken together, the targets submit-
ted by the states to date are far from sufficient to ensure 
an ambitious and effective climate policy that guaran-
tees compliance with the 2  °C guard rail (UNEP, 2013a). 
All states are currently being called upon to declare more 
ambitious mitigation targets for the period up to 2020. 

For the period after 2020, the mandate agreed in 
Durban states that a new binding agreement is to be 
negotiated by 2015 and applicable to all parties to the 
UNFCCC (Box 3-1). 

The WBGU recommends shaping the Paris agreement 
in the form of a protocol pursuant to Article 17 of the 
UNFCCC (Figure 3-1). A protocol agreed in consensus on 
this basis is legally binding. COP decisions with soft-law 
character should flesh out and, if necessary, supplement 
the protocol. This approach has also been  customary in 
UNFCCC processes before and has proved to be success-
ful. For example, the Kyoto Protocol was fleshed out by 
the COP decisions of the Marrakesh Accords (WBGU, 
2003).

The WBGU is convinced that an international solu-
tion incorporating all 196 parties to the UNFCCC (as 
of July 2014) is essential to address the global prob-
lem of climate change. Political conflicts of interest 

between developing and industrialized countries, as well 
as among the industrialized countries themselves, are 
currently blocking progress under the auspices of the 
UNFCCC. Despite its vagueness, the Durban Mandate, 
nevertheless offers a new opportunity to agree effective 
universal measures to combat continuing global climate 
change in conjunction with other inter governmental 
and civil-society processes. In the following sections the 
WBGU submits recommendations on how the planned 
Paris Climate Agreement can be designed in a way that 
it achieves as big an impact as possible and offers a real-
istic chance of political feasibility.

The following assessment, and the recommendations 
deduced from it, are based on an analysis of a wide range 
of scientific and policy proposals and drafts on the goals 
and content of a Paris agreement. A selection of impor-
tant proposals on the planned Paris Climate Agreement 
is shown in Table 3-1 for comparison; this list does not 
claim to be exhaustive (Box 3-2). The WBGU does not 
subscribe fully to any of the proposals; rather, in the 
light of the debate on the planned Paris Climate Agree-
ment and the demands of political feasibility, it devel-
ops a proposal of its own for a protocol that is compati-
ble with WBGU’s previous approaches in the context of 
the 2  °C guard rail. (1) The proceduralization of the 2  °C 
guard rail is a key element of the proposal: the idea is to 
put global civil society in a position – by means of infor-
mation, participation and ‘access to justice’ (cf. Aarhus 
 Convention; Box 3.2-1) – to measure, assess and moni-
tor the climate-protection efforts of the parties in rela-
tion to the global, long-term goal (Section 3.3.1.2); the 
WBGU’s budget approach (WBGU, 2009) should serve 
as orientation. (2) In addition to this democratization of 
the international climate regime, the WBGU proposes to 
use the Protocol to promote ambitious players in climate 
protection – e.  g. city networks and alliances of countries 
engaged in energy transformation – and in this way ini-
tiate a change in the culture of multilateral climate pro-
tection, so that it takes its orientation not from the slug-
gish players, but from the ambitious ones. (3) In addi-
tion, an ambitious pledge-and-review process should 
be enshrined as a legally binding element, and (4) the 
industrialized countries should honour their pledges to 
mobilize US$100 billion every year from 2020 to sup-
port mitigation and adaptation in developing countries.

Proposal for a Paris Climate  
Protocol in 2015

3
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3.1
Guiding principle: Proceduralization of the 2  °C 
guard rail

The negotiations on a post-Kyoto climate agreement are 
in deadlock because the parties cannot agree on new, 
internationally binding reduction targets. 

In the WBGU’s view, therefore, it is a good idea to 
place the emphasis in a new climate agreement in 2015 
on making commitments that relate to climate-pro-
tection targets and decarbonization roadmaps volun-
tary and flexible for the parties. In order to persuade as 
many countries as possible to sign up to a new climate 
agreement in Paris, the states themselves should be 
responsible for defining the size and modalities of their 
individu al contributions to mitigation, adaptation and to 
dealing with loss and damage. Such a flexible and vol-
untary approach based on self-commitments opens up 
creative scope for the parties. However, it will only con-
tribute to climate protection if (1) the states are obliged 
to submit mitigation targets and decarbonization road-
maps, and (2) these can be inspected, assessed and mon-
itored not only by the United Nations, but also by glo-
bal civil society. 

This requires accompanying rules on procedure that 
guarantee the linking of assessments and decisions to 
current knowledge in climate science, and ensure trans-
parency, participation and monitoring. To this extent, 
the WBGU pursues an approach that may be called the 
proceduralization of the 2  °C guard rail, since no compul-
sory and material reduction targets are agreed.

Rather, the extent and form of the individual nations‘ 
contributions to decarbonization are decided voluntarily 
by the parties themselves – without further rules under 
international law. However, they do have an obliga-
tion to develop climate-protection targets, e.  g. up until 
2030, and roadmaps for decarbonization up to 2070 at 
the latest. To this extent the WBGU’s proposal for the 
Paris Climate Protocol is a ‘hybrid approach’ with both 
compulsory and voluntary elements. 

Unlike the negotiation process on new global sus-

tainable development goals (SDG process), for which the 
WBGU recommends the recognition of the 2  °C limit as 
an environment-related planetary guard rail to protect 
the Earth-system services (WBGU, 2014), the parties to 
the UNFCCC have already recognized the 2  °C guard rail 
on several occasions within the framework of the climate 
regime. Nevertheless, it is legally doubtful whether the 
guard rail is a target in the international climate regime 
that is recognized under customary international law and 
therefore marks the borderline of “dangerous anthropo-
genic interference with the climate system” within the 
meaning of Article 2 of the UNFCCC. In order to over-
come this legal uncertainty, the WBGU  recommends 
enshrining the 2  °C guard rail in a legally binding Paris 
Climate Protocol (WBGU, 2011, 2014). The  conditio sine 
qua non for compliance with the 2  °C limit is the scien-
tifically derivable, long-term objective of reducing CO2 
emissions from fossil fuels to zero worldwide in the sec-
ond half of the century; the WBGU recommends striv-
ing to achieve this by 2070 at the latest (Section 1.4, 
Chapter 2). This global long-term objective should also 
be enshrined in a legally binding Paris Climate Protocol.

In view of the global rise in temperatures to date, the 
Paris Climate Protocol cannot, however, restrict itself to 
climate-protection measures; rather it must also include 
rules on adapting to climate change and on how to deal 
with loss and damage caused by climate change. The 
three areas – mitigation, adaptation and dealing with 
loss and damage – should be designed as an instrumental 
 cascade. As before, measures based on the precautionary 
principle primarily target mitigation, i.  e. preventing and 
avoiding “dangerous anthropogenic interference with 
the climate system” (Article 2 of the UNFCCC). At a sec-
ond level, adaptation measures aim to alleviate and limit 
the effects of climate change that have already occurred 
or are expected, in order to reduce the  hazards and risks. 
At a third level, finally, there is a need for measures to 
deal with the loss and damage that has already been – 
and will in future be – caused by climate change.

In the WBGU’s view, the Paris Climate Protocol 
should have a ‘General Part’ containing legally bind-
ing overarching, procedural regulations for these three 

Box 3-1

The Durban-Mandate

The Durban Mandate (UNFCCC, 2011) does not clearly spe-
cify what legal form, targets and instruments the new binding 
agreement should have. This has been the subject of intense 
discussions ever since. There is agreement that the Conference 
of the Parties (COP) should adopt the new treaty in 2015 in 
Paris, that it should apply to all UNFCCC parties from 2020, 
and that its level of ambition should be higher than in the 
past. In principle the Durban Mandate also offers the  option 
of  agreeing a completely new treaty that could replace the 
UNFCCC. Such an option is currently only being discussed on 
the fringes, since the states are continuing to search for solu-
tions under the auspices of the UNFCCC. In the WBGU’s view, 
this is to be welcomed, because developing and agreeing an 
entirely new agreement would considerably delay effective 

greenhouse gas reductions. The UNFCCC already has almost 
universal participation among the countries of the world (with 
196 parties), which should certainly not be put at risk. An 
attempt to replace the UNFCCC would further exacerbate the 
already fragmented nature of international climate-protection 
law, and hinder and delay ambitious solutions. 

There is an intense discussion on whether the COP in Paris 
should simply take one or several ‘COP decisions’, which are 
not legally binding under international law (soft law).  Although 
soft law is an important supplement to legally binding law in 
the context of international environmental conventions (see 
French and Rajamani, 2013, on the role of soft law in interna-
tional environmental law), a restriction to soft law would not 
be in line with the Durban Mandate, which aims at a result 
with legal force. Total renunciation of a legally binding set of 
rules should therefore be rejected.
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Guiding principle: Proceduralization of the 2  °C guard rail  3.1

PROCEDURES, PROCESSESSTATES GLOBAL CIVIL SOCIETY
& CLUBS

P A R I S   C L I M A T E   P R O T O C O L
(WBGU Proposal)
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Figure 3-1
The WBGU's proposal for a Paris Climate Protocol. The principles are the precautionary principle, the polluter pays principle, and 
the equality principle. The parties to the UNFCCC commit to two compulsory parts of the Paris Protocol. The General Part of the 
Paris Protocol would oblige the parties to consider scientific expertise in all decision making and to guarantee participation rights, 
thus promoting transparency and monitoring by global civil society. These stipulations would apply to all areas and mechanisms 
of the Special Part. In the Special Part of the Protocol, the 2  °C guard rail and, as its concretization, the goal of zero CO2 emissions 
by 2070 at the latest, would be enshrined as a compulsory, integral part of the treaty. The WBGU recommends a pledge-and-
review process to ensure compliance with these obligations. The pledges would be (1) voluntary self-commitments in the form 
of a specific emissions-reduction targets up to 2030, and (2) decarbonization roadmaps up to the year 2070. The pledges would 
be subject to a binding review. Compliance with the fixed targets would be monitored by regular measurement, reporting and 
validation (MRV). The Special Part of the Protocol should contain rules on technology transfer, financing, flexible mechanisms, 
adaptation and dealing with loss and damage. Pioneer clubs and networks that are particularly engaged in the field of climate 
protection could be given preferential access to funding and technology transfer. 
Source: WBGU
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areas on incorporating scientific expertise, on the trans-
parency of assessment, decision-making and monitor-
ing procedures, and on participation and opportunities 
for access to justice (Section 3.2). The ‘ Special Part’ of 
the Paris Climate Protocol should include legally binding 
special instruments on the three areas: mitigation (2  °C 
guard rail, global long-term goal, pledge-and-review 
process), adaptation (development of existing mech-
anisms), and dealing with loss and damage ( Warsaw 
Mechanism; Section 3.3.3). The Special Part should also 
contain  regulations on the instruments of the flexible 
mechanisms, technology transfer and financing.

As already mentioned, the Paris Protocol should be 
characterized by a hybrid approach that is based on a 
combination of compulsory and voluntary elements 
(Edenhofer et al., 2013). Since internationally binding 
commitments on emission reductions for all countries in 
the sense of a ‘top-down approach’ negotiated under the 
UNFCCC are still widely regarded as politically  unrealistic, 
it should be possible – in the context of a pledge-and-
review process (Section 3.3.1.3) – for the parties to freely 
choose targets in a ‘bottom-up approach’ that are consist-
ent with national policy (pledges). One important compul-
sory element would be a commitment by the countries to 
set themselves national climate-protection targets, sub-
mit them in the context of the UNFCCC, and implement 
them nationally by e.  g. 2030. Emissions-reduction targets 
are particularly relevant in this context. All the relevant 
framework conditions relating to the targets should be 

specified to make each target internationally comparable; 
this would make it possible to conduct a scientific review 
to determine whether the globally aggregated  targets are 
in line with the 2  °C guard rail. The targets should be sub-
mitted in the context of national strategic decarboniza-
tion roadmaps which explain how the global, long-term 
goal of avoiding all CO2 emissions by 2070 at the latest is 
to be achieved in the respective national context (WBGU, 
2009, 2014). The submission of the decarbonization road-
maps should also be a binding obligation. 

The target should be followed up by a review by a 
body of the United Nations to determine, inter alia, 
whether the submitted national targets, taken together, 
are sufficient to move towards a global emissions path-
way that allows compliance with the 2  °C guard rail. This 
review should also be part of the binding Protocol, as 
should agreements on the measurement, reporting and 
verification (MRV) of all agreed measures, which should 
be repeated regularly. 

Initially this approach primarily aims at offering a 
compromise that is acceptable to all countries. The ambi-
tions should be gradually raised in the repeated pledge-
and-review process, interacting with the national climate 
 policies of the parties. 

Figure 3-1 shows the WBGU’s proposal for a Paris 
Climate Protocol. It demonstrates how the procedurali-
zation of the 2  °C guard rail in the Paris Climate Protocol 
can forge a link between state multilateralism and other 
actors such as environmental organizations.
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3.2
Paris Climate Protocol: General Part

The WBGU recommends creating a General Part of the 
Paris Climate Protocol for the three areas of mitigation, 
adaptation and dealing with loss and damage. The Proto-
col would stipulate overarching and binding regulations 
on the following points: 

 > Procedural incorporation of scientific expertise (IPCC) 
into assessment, decision-making and monitoring 
procedures, 

 > Improved transparency, in particular by providing 
access to information for all, creating an obligation to 
publish documents, and giving ‘climate procurators’ 
the right to make statements (participation) and take 
legal action (environmental organizations acting on 
behalf of others under a ‘procuratory legal status’, 
they could also be referred to as ‘climate stewards’); 
these ‘climate procurators’ are associations or NGOs 
that must demonstrate their interest in climate pro-
tection and be recognized – for example by the con-
tracting states.

The General Part of the Paris Climate Protocol should 
thus consist primarily of legally binding procedural 
rules aimed at contributing to the democratization and 
greater effectiveness of the Protocol; they are explained 
in detail in the following.

3.2.1 
Incorporating scientific expertise on a legally 
 binding basis

Measures on mitigation, adaptation and dealing with 
loss and damage should be based on scientific evi-
dence (Kreft and Bals, 2013) and continuously updated 

to keep in line with the current state of science. The 
work of the Intergovernmental Panel on Climate Change 
(IPCC), which regularly assesses global knowledge on 
climate change (Chapter 1), is of great importance here. 
The IPCC conducts a globally unique process of review-
ing and scientifically assessing climate change. In the 
WBGU’s view, the current state of the science on climate 
change, which is determined at regular intervals by the 
IPCC in its Assessment Reports and Special Reports 
(see Chapter 1 for an analysis of the current Fifth IPCC 
Assessment Report), should form the basis for measures 
and instruments in the fields of mitigation, adaptation 
and dealing with loss and damage. 

Up to now, scientific findings on the development 
of climate change have been taken into account and 
included in the UNFCCC system via the Subsidiary Body 
for Scientific and Technological Advice (SBSTA). Accord-
ing to Article 9 (2) of the UNFCCC, the SBSTA should 
operate by “drawing upon existing competent inter-
national bodies”. A direct reference to the IPCC was 
 deliberately omitted to avoid the risk of political influ-
ence being exerted on the IPCC (Bodansky, 1993:  535). 
The first COP defined the remit of the SBSTA (UNFCCC, 
1995), which is to refer to competent bodies, including 
the IPCC. The UNFCCC thus neither contains an obliga-
tion to take account of the current state of climate  science 
in its decision-making procedures, nor does it precisely 
regulate how the current state of climate science is to be 
incorporated into decision-making  processes. 

The COP decisions at Cancún provide for the “review 
[of] the adequacy of the long-term global goal”, which 
is explicitly supposed to take the IPCC into account 
(UNFCCC, 2010: Article V.). This review of the 2  °C 
guard rail is to be completed by 2015. In this respect, at 
present the IPCC’s findings are de facto being included 
in the decisions. 

In addition to this, the WBGU recommends making 

Box 3.2-1

The Aarhus Convention

The Convention on Access to Information, Public Participati-
on in Decision-making and Access to Justice in Environmen-
tal Matters (Aarhus Convention), which was adopted in the 
Danish city of Aarhus on 25 June 1998, was developed by 
United Nations Economic Commission for Europe (UNECE) 
and entered into force in 2001. It has 47 parties including the 
EU (date: July 2014). The Aarhus Convention is not limited 
to member states of the UNECE region; any member of the 
United Nations can accede to the Convention, after approval 
by the Meeting of the Parties (see Article 19 of the Aarhus 
Convention). The objective of the Convention is to mobilize 
civil society, i.  e. individuals and non-governmental organiza-
tions, to engage in environmental protection, and to improve 
the enforcement of environmental law in the member states 
(Erbguth and Schlacke, 2014). The Convention codifies a novel 
legal development in international environmental law by com-
mitting the member states to grant individuals and associations 
rights to information, participation and access to judicial or 
non-judicial control procedures. The Convention therefore not 

only contains guidelines for states, it also imposes obligations 
on the parties vis-à-vis their citizens (Schlacke, 2008). The 
Aarhus Convention’s aim is to make decision-making in envi-
ronmental matters more transparent, to improve its quality by 
getting civil society involved, and to monitor public authori-
ties' enforcement of environmental law (Schlacke et al., 2010). 
Another purpose of the Convention is to support democratic 
and constitutional development by the parties, thus  following 
the guiding principle of the plural legitimation of public deci-
sions (Schlacke et al., 2010; on the further development of 
environmental law: Falke, 2004).

As far as the Paris Climate Protocol is concerned, the 
WBGU's view is that the regulations of the Aarhus Conven-
tion should not be directly transferred to the parties to the 
 UNFCCC. However, the three-pillar model of the Aarhus 
 Convention – (1) access to environmental information for all, 
(2) public participation in environmental decision-making, 
and (3) access to the courts – should be integrated into the 
 administrative, decision-making and monitoring procedures 
of the UNFCCC and the Paris Protocol in order to mobilize 
global civil  society, support climate-protecting measures and 
to promote and monitor compliance with climate-protection 
 commitments of the parties and the United Nations.
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Box 3.2-2

Climate-related lawsuits

National courts in particular are increasingly being confronted 
with ‘climate-related lawsuits’, i.  e. court actions brought by 
individuals who blame climate change for damage they have 
incurred. Furthermore, some states that are particularly affec-
ted by climate change, or most probably will be in the future, 
are considering taking other states that are among the main 
emitters of greenhouse gases (GHGs) to an international or 
even national court.

Individual lawsuits before national courts
Examples in the USA include Native Village of Kivalina v. 
ExxonMobil, Connecticut v. American Electric Power Compa-
ny, and Comer v. Murphy Oil. 

In the first case, an action brought by the inhabitants of 
the village of Kivalina in Alaska against the oil and gas com-
pany ExxonMobil was rejected by a US district court (as the 
court of first instance) on the grounds that climate change was 
non-justiciable, being a political rather than a legal issue (poli-
tical question doctrine) (US District Court for ND  California, 
Oakland Division, C 08-1138 SBA, 30.9.2009; Erling, 2010). 
The petitioners were also defeated before the court of appeal 
(US Court of Appeals for the Ninth Circuit, 09-17490, 
21.9.2012; Frank, 2013). 

In the case of Comer v. Murphy Oil, in which victims of Hur-
ricane Katrina sued several utility companies, the competent 
court first determined the admissibility of the case. Particu-
larly noteworthy in this case was the argument that the power 
utilities – by delivering or burning coal, thus causing emissions 
– had contributed to climate change and had ultimately been 
the trigger for the hurricane and the resulting damage (Erling 
2010). However, the action was finally dismissed after further 
appeals (US Court of Appeals for the Fifth Circuit, 12-60291, 
14.5.2013).

In the case of Connecticut v. American Electric Power 
Company, in which several American states sued the biggest 
emitters of GHG in the USA, the US Supreme Court, as the 
final instance, refused in its verdict to impose limits on GHG 
emissions on the defendants, stating that this fell under the 
jurisdiction of the Environmental Protection Agency (EPA; US 
Supreme Court, 10-174, 20.6.2011).

Lawsuits brought by countries before the International 
Court of Justice 
As early as the beginning of the millennium, the island  nation 
of Tuvalu, which is especially under threat from climate 
change, considered taking the main emitters of CO2, i.  e. the 
USA and Australia, to the International Court of Justice (ICJ) 
and, perhaps, to the national courts for their contribution to 
climate change. However, this project was never carried out 
(Ralston et al., 2004).

The neighbouring nation of Palau is now pursuing a cam-
paign in cooperation with other states with the aim of cla-
rifying issues under international law relating to liability for 
climate change. They are seeking an ICJ Advisory Opinion 
to draw attention to the international-law aspects of climate 
change. The first step is only to ask the ICJ what obligations 
states have under valid international law in relation to cli-
mate change (Yale Center for Environmental Law and Policy, 
2012:  8). According to Article 38 (1) of the ICJ Statute, the 
sources of international law include, inter alia international 
treaty law (sub-paragraph a.) and customary international law 
(sub-paragraph b.).

International treaty law and climate change
According to Article 2 of the UNFCCC, the parties’ objective 
is to prevent dangerous anthropogenic interference with the 
climate system. It can certainly be argued that this is not only 

a political statement, but a contractual obligation (Yale  Center 
for Environmental Law and Policy, 2012:  20; Voigt, 2008). 
Similarly, the commitment of developed countries and Annex 
I states to reduce emissions under Article 4 (2) of the UNFCCC 
can also be interpreted as binding (Yale Center for Environ-
mental Law and Policy, 2012:  21; Voigt, 2008). In order to 
meet their obligations under the UNFCCC, the parties ought, 
for example, to regularly adapt their efforts to reduce GHG 
emissions to the current state of science, in order to prevent a 
dangerous  anthropogenic interference with the climate  system 
(Yale  Center for Environmental Law and Policy, 2012:  21). 
Further obligations under international law can be deduced, 
for example from the Kyoto Protocol or the UN Convention 
on the Law of the Sea (Yale Center for Environmental Law and 
Policy, 2012:  22ff.) Even if these contractual obligations are 
considered too unspecific, state obligations can be deduced 
from customary international law.

Customary international law and climate change
In customary international law, one issue that is of particular 
importance for the problem of climate change is the concept 
of accountability for cross-border environmental pollution, 
or ‘transboundary harm’. The Trail-Smelter Award (1941) laid 
down principles for the prohibition of significant cross-border 
damage, and has since become accepted as part of customary 
international law (von Arnauld, 2012:  347). According to this, 
states may not use their territory, or allow it to be used, in a 
way that leads to significant environmental damage on the ter-
ritory of other states. In order for a country to be deemed  liable 
as a result of harmful use, e.  g. the emission of greenhouse 
gases, facts must exist that prove liability, i.  e. damage must 
have been done on the territory of another country caused by 
human acts on the territory of the other country; the damage 
must be significant and the breach of the duty of care must be 
the cause of the damage (Erbguth and Schlacke, 2014:  169). 
There are indications that significant damage is being (or will 
be) done as a result of climate change – caused by GHG emissi-
ons – and its impacts, such as sea-level rise; this has been suf-
ficiently proven by scientific studies, including the IPCC report 
(Frank, 2014). The difficulty lies in the fact that the damage 
that is possibly attributable to climate change has been caused 
by cumulative effect, and the causal contribution of a single 
country is probably virtually impossible to determine. Delibe-
rations on how this problem of causality and attribution might 
be overcome are based on the International Law Commissi-
on (ILC) Draft Articles on Prevention of Transboundary Harm 
from Hazardous Activities, and the Draft Articles on Respon-
sibility of States for Internationally Wrongful Acts (Frank, 
2014). As a subsidiary body of the UN General Assembly, the 
ILC’s task is to record and further develop  existing customary 
international law. 

If it is assumed that liability can be established by invo-
king the ILC Draft Articles, the legal consequence of the above 
 mentioned claim relating to cross-border damage would be that 
the state whose territory is the source of the damage would 
have to refrain from, or stop, the harmful use, and would be 
liable for damages according to the principles of responsibility 
under international law. Furthermore, in a different case the 
ICJ found that the states also have a primary duty to prevent 
damage (von Arnauld, 2012:  347, ‘duty to active preventive 
intervention’).

Finally, the question remains as to whether states can 
claim damages if they themselves have contributed to clima-
te change. According to Article 39 of the ILC Responsibility 
Draft, when calculating the size of the claim for compensation, 
account must be taken of the contribution to the damage made 
by the state that is suing for damages (Frank, 2014). It remains 
to be seen how a minimal contribution to climate change – as is 
the case with small island states – would be taken into account 
in this calculation.

Preventive and possibly greater (compensation)  obligations 



55

Paris Climate Protocol: General Part  3.2

it legally binding for the parties to consider the current 
state of climate science as made available by the IPCC 
in all three areas (mitigation, adaptation, dealing with 
loss and damage) in accordance with the precautionary 
approach, and to incorporate this commitment in the 
decision-making process.

3.2.2 
Ensuring maximum transparency through 
 information

Transparency plays a role in several proposals on the 
Paris Climate Agreement (e.  g. Edenhofer et al., 2013), 
although the details vary. Building on the Aarhus Con-
vention, which came into force in 2001 (Conven-
tion on Access to Information, Public Participation in 
 Decision-Making and Access to Justice in Environmen-
tal Matters; Box 3.2-1), the WBGU defines transparency 
as providing access to climate information for all, and 
obliging authorities, other public offices in the parties‘ 
sphere of influence, and international organizations to 
publish documents. The purpose of providing access to 
climate information is to enable global civil society to 
monitor parties and UNFCCC bodies and to promote not 
only the democratization of – and participation in – the 
decision-making procedures, but also acceptance of the 
decisions. In order to achieve these aims, a high degree 
of transparency should be ensured in the sense of giv-
ing the general public (e.  g. citizens and environmental 
organizations, clubs of pioneers) free access to all rele-
vant data and actively publishing all data by the parties 
to the  proceedings.

3.2.3 
Promoting acceptance and monitoring through 
participation

It is important for the monitoring and acceptance of 
measures and decisions that associations and NGOs that 
are engaged in climate protection (‘climate procurators’), 
can prove the fact and have perhaps been recognized by 
the parties, are given the right to participate in decision-

making processes. Also building on the Aarhus Con-
vention, these procurators should be given the right to 
issue statements that must then be taken into account 
in UNFCCC evaluation and decision-making processes. 
Currently, Article 7 (6) of the UNFCCC allows observ-
ers to participate in Conferences of the parties only if 
there is no objection by at least one-third of the par-
ties to the observers‘ accreditation. Observer status can 
be granted to the United Nations, its specialized agen-
cies, and non-governmental organizations, although 
the latter are not necessarily all ‘climate procurators’ 
in the sense discussed above. Up to now, the observ-
ers recognized by the UNFCCC de facto have the right to 
speak and to make submissions, which are published by 
the secretariat. However, they do not have the right to 
issue statements, and there is no binding obligation to 
take these into account. The WBGU recommends giv-
ing the above-mentioned associations and NGOs that act 
as climate procurators precisely these rights. For exam-
ple, the parties should commit themselves on a legally-
binding basis to deal with the submissions of recognized 
climate procurators in order to improve acceptance and 
monitoring. The main criterion in the selection of associ-
ations and NGOs to take on the steward function should 
be that their purpose is to protect the climate and/or 
the environment. Rules and criteria for accreditation 
as a climate procurator could be developed as soft law 
under the Paris Protocol. Recognition could be given by 
the parties as they implement the requirements of the 
Protocol. A similar legal position could also be granted 
to clubs of pioneers (Box 3.3-2) which consist not only 
of states, but also work with the participation of civil-
society actors.

3.2.4
Improving compliance by creating rights of action

Furthermore, the task of monitoring compliance with 
the regulations of the Paris Climate Protocol should 
certainly not be left to the parties alone. Supervision 
of how parties meet their obligations could equally be 
transferred to the climate procurators, who would be 
selected according to the above criteria. Clubs of pio-

of states can be deduced from (customary) international law. 
However, numerous legal issues are yet to be clarified with 
regard to the enforcement of these obligations by legal actions 
brought by individual citizens or affected states by means of a 
claim. Particularly problematic are the attribution of causal con-
tributions to climate damage, the burden of proof and the forfei-
ture of claims. Initiatives like those of the island nation of Palau 
or the appointment of the ILC Special Rapporteur on the protec-
tion of the atmosphere (ILC, 2014) are welcome in the sense of 
a further development of the enforcement of international law. 

Role of individuals and non-governmental organizations 
in the global arena
In addition to the need to clarify the outstanding questions 

of international law, national and global environmental orga-
nizations, as parts of global civil society, should be entrusted 
(as ‘climate advocates’) with the (judicial or extra-judicial) 
enforcement of obligations under international climate law. For 
example, environmental organizations could be assigned natio-
nal rights to bring legal actions through which they could assert 
compensation claims for individual citizens, either in or out 
of court, in the sense of representative actions. On the other 
hand, these environmental organizations could also be entrus-
ted with this task internationally (e.  g. within the framework of 
the Paris  Protocol). Such a recognition of the international legal 
personality of organizations would be justified because of their 
 channelling function.
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neers with the participation of civil-society actors could 
also be considered for selection. Such a form of moni-
toring could be carried out before international courts 
or extra-judicially; however, this aspect requires more 
discussion and a further development of international 
legal remedies. 

In this way, the third pillar of the Aarhus Convention, 
which provides for such judicial or extra-judicial mon-
itoring by selected environmental organizations, would 
also be transferred (Article 9 of the AC). Without legal 
remedies there would be a risk that the first and second 
pillar would peter out with no effect, and other climate 
commitments would not be monitored. 

In this way a form of monitoring would be created 
which could at least result in the parties complying with 
commitments they have entered into. When it comes to 
claims between parties – or claims by individuals against 
parties or corporations – when damage that has been 
(partly) caused by climate change has already occurred, 
most questions are still open or have only been partially 
answered (Box 3.2-2).

3.3
Paris Climate Protocol: Special Part

The Special Part of the Paris Climate Protocol, as pro-
posed by the WBGU, contains legally binding and spe-
cific regulations and measures for the three main areas: 
mitigation, adaptation, and dealing with loss and dam-
age. Mainly thanks to the hybrid approach, i.  e. the com-
bination of self-committing and compulsory elements, 
these are well-suited for giving the parties enough lee-
way for a future-oriented, non-static and flexible man-
agement. 

3.3.1 
Mitigation 

As already indicated, it is a conditio sine qua non for 
mitigation that the international community commits 
itself, in the context of the global climate regime, to 
comply with the 2  °C guard rail, to formulate a global, 
long-term goal on emissions reduction, and to imple-
ment both. To achieve this, in view of the current nego-
tiation  situation, the pledge-and-review process should 
be developed and firmly installed as a key mechanism 
of mitigation. Furthermore, the WBGU advocates the 
continuation and enhancement of flexible mechanisms. 
Technology  transfer, too, needs to be expanded and 
 fleshed out.

3.3.1.1 
Establish the 2  °C guard rail as a legally binding 
standard 
The 2  °C guard rail marks the level of global mean sur-
face temperature rise compared to the pre-industrial 
level that must not be exceeded if intolerable environ-

mental damage is to be avoided (WBGU, 1995:  107f.; 
2014). Neither the UNFCCC text nor the Kyoto Protocol 
lay down the 2  °C guard rail. 

The 2  °C guard rail could specify the UNFCCC’s fore-
most goal, as laid down in Article 2 – to prevent danger-
ous anthropogenic interference with the climate system 
– and thus be given binding character. In the UNFCCC, 
“dangerous anthropogenic interference with the climate 
system” is neither defined nor specified in terms of a 
threshold that must not be exceeded (Schlacke, 2014a). 
In principle, in the case of an international agreement 
like the UNFCCC, this process of concretization is in the 
hands of the parties. However, up to now the parties 
have not stipulated such a specification by creating a 
binding legal rule, i.  e. an amendment to the Conven-
tion within the meaning of Article 15 of the UNFCCC or 
a protocol pursuant to Article 17. 

The 2  °C guard rail was included for the first time 
in the Copenhagen Accord of 2009 and was part of 
the Cancún Agreements of 2010 (UNFCCC, 2010), the 
Durban Outcome of 2011 (UNFCCC, 2011), the Doha 
Climate Gateway of 2012 (UNFCCC, 2012) and the War-
saw Outcome of 2013 (UNFCCC, 2013a). The Copenha-
gen Accord of 2009 did not reach a consensus among 
all parties. The other four acknowledgements of the 2  °C 
guard rail by the parties were laid down as soft law in 
the form of COP decisions. 

The naming of the 2  °C guard rail in 2010–2013 in 
the form of COP decisions agreed by consensus could 
represent a “practice in the application of the treaty” 
by the parties – pursuant to Article 31 (3) (b) of the 
Vienna Convention on the Law of Treaties (VCLT) – 
interpreting Article 2 of the UNFCCC. Article 31 of the 
VCLT, as a regulation under customary international law, 
applies to the UNFCCC (ICJ, 1999: para. 18; Dörr and 
Schmalenbach, 2012:  523). There is disagreement as to 
whether the above-mentioned four acknowledgements 
of the 2  °C guard rail justifying ‘practice’ are in them-
selves sufficient to make it legally binding. In order to 
dispel legal doubts that might prevent or at least inhibit 
the operationalization of the 2  °C guard rail, the WBGU 
 recommends enshrining the guard rail as legally binding 
in the Paris Climate Protocol. 

3.3.1.2 
Stipulate a legally binding global, long-term goal
To ensure compliance with the 2  °C guard rail, the WBGU 
regards it as essential to codify an agreement on the glo-
bal, long-term goal of reducing CO2 emissions from fossil 
fuels to zero worldwide by 2070 at the latest. This goal is 
a scientifically deducible consequence of the 2  °C guard 
rail (Section 1.4) and should be enshrined in a legally 
binding form in the Paris Protocol. The reason for this 
is that, in the IPCC’s climate scenarios that allow com-
pliance with the 2  °C guard rail, CO2 emissions from fos-
sil fuels are at or below zero in the second half of the 
21st century (Section 1.8; Chapter 2). The sooner the 
CO2 emissions are reduced, the smaller will be the need 
for net ‘negative emissions’, i.  e. the active capture and 
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storage of CO2 from the atmosphere, a process that has 
not yet been commercially tested. The WBGU there-
fore recommends not only reducing the CO2 emissions 
from fossil fuels to zero worldwide by 2070 at the lat-
est (WBGU, 2014), but also enshrining this rationale as 
a global, long-term goal in the Paris Climate Protocol.

3.3.1.3 
CO2-reduction commitments by parties and verifi-
cation procedures (pledge-and-review process)
In addition to the binding incorporation of the 2  °C guard 
rail, it is necessary – as has often been proposed (e.  g. 
Haites et al., 2013; Kreft and Bals 2013; Edenhofer et al., 
2013) – to operationalize this guard rail, i.  e. to break it 
down into commitments by individual nations to reduce 
greenhouse gas emissions. With its budget approach, the 
WBGU has shown a meaningful and fair way of opera-
tionalizing the 2  °C guard rail (WBGU, 2009). The WBGU 
continues to see this proposal as an effective solution in 
the fight against climate change ( Chapter 2). However, 
the prevailing political negotiating situation suggests 
that a consensus on the budget approach is impossible; 
the same applies at present to the agreement of legally 
binding reduction targets for all parties in the sense of 
a ‘top-down approach’. The WBGU therefore considers 
it imperative to present proposals which, though still 
ambitious, seem politically feasible. 

To this extent, the pledge-and-review process ini-
tiated at the COP in Copenhagen should be continued, 
extended and standardized to bolster the acceptance of 
and compliance with this procedure by the parties. The 
first condition for an ambitious pledge-and-review pro-
cess is the acceptance of scientific findings that show 
what demands must be made on the development of 
emissions if the 2  °C guard rail is not to be breached. As 
already explained (Section 1.2), CO2 emissions from fos-
sil fuels should be reduced to zero worldwide by 2070 at 
the latest (WBGU, 2014).

First step: Pledge
The first step in the pledge-and-review process (Haites 
et al., 2013; Edenhofer et al., 2013; Zhang and Shi, 2014) 
is that the parties formulate offers which, in the WBGU’s 
opinion, should contain (1) self-selected targets to com-
bat climate change, and (2) self-created decarbonization 
roadmaps up to the year 2070 at the latest. This proce-
dure will still rely on each Party setting its own targets, 
but these should not relate to GHG reduction alone; they 
could also cover the expansion of renewable energies or 
improving the energy efficiency of buildings (Sterk et 
al., 2013a, b). Decarbonization roadmaps should con-
tain information on how the respective country intends 
to reach the zero target in 2070, indicating intermedi-
ate objectives (milestones), gearing its efforts to national 
emissions-reduction potential, and stating what condi-
tions still need to be met, such as financial or technology 
transfers (WBGU 2009:  3). Pledges can vary in terms of 
their timescale, i.  e. they can also include intermedi-
ate targets for certain periods; this ensures that differ-

ent individual national situations are taken into consid-
eration. The contracting parties should be required by 
the Protocol to submit pledges; only the contents of the 
pledges should be left to the countries themselves. 

In this way the parties formulate national mitigation 
schemes and decarbonization roadmaps showing the 
climate targets of the individual states in stages up to 
the year 2070. 

Second step: Review in two phases
The second step is then the review of the national 
pledges in two phases.

 > In the first phase, the individual countries‘ national 
climate targets are checked on the basis of the scien-
tific state of knowledge (especially the IPCC reports) 
to determine whether their sum total is compatible 
with the 2  °C guard rail. The decarbonization road-
maps must also be checked during this phase to 
determine whether they are plausible with respect to 
the zero target for the year 2070. Moreover, when 
examining these two elements together, the national 
targets chosen must be consistent with the decarbon-
ization roadmaps. The decisive issue is that the review 
process must be geared towards the 2  °C guard rail, 
and the climate targets and decarbonization road-
maps must be plausible in terms of compliance with 
the guard rail. 

 > The second phase of the review checks whether the 
emissions-reducing potential of each country (a) is 
sufficiently exploited (WBGU, 2009) and (b) corre-
sponds to a decarbonization pathway that is compat-
ible with compliance with the 2  °C guard rail. 

 > The final question to be asked is whether the package 
of mitigation targets and decarbonization roadmaps, 
which can also contain supplementary commitments 
on financial and technology transfers, leads to the 
country contributing a fair share to global mitigation 
(Box 3.3-1). 

Once the pledges have been defined, it is necessary to 
begin the continuous process of reviewing whether the 
targets and intermediate targets that have been laid down 
are being complied with or have been implemented. This 
should be carried out using the measurement, report-
ing and verification (MRV) procedure (Section 3.3.1.4). 

Box 3.3-1 explains how the WBGU’s budget approach 
can be used to judge the appropriateness of national 
reduction targets up to 2030 with regard to compliance 
with the 2  °C guard rail. An analogous analysis of other 
target years would also be possible. 2030 is under discus-
sion as the target year for mitigation efforts by the par-
ties under the Paris agreement. Among others it is used 
by the EU when calculating its reduction target, and is 
regarded as a meaningful target year by the WBGU. 

The commitments offered should be reviewed by a 
new body yet to be created within the UNFCCC insti-
tutional structure – in the best-case scenario involv-
ing the participation of UNEP – which has an obliga-
tion to incorporate the scientific state of knowledge and 
research findings.
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The results of this review should be published (trans-
parency requirement; Section 3.2.2). If the above-men-
tioned requirements are not met, the individual parties‘ 
commitments should be renegotiated. Pressure to raise 
ambition levels could be generated by the ‘blaming and 
shaming’ of states by civil society or other countries. 

Furthermore, incentives to raise the national ambition 
level could be offered (e.  g. technology transfer, finan-
cial support). 

The Paris Protocol should furthermore create incen-
tive systems for climate clubs such as city networks that 
have already embarked on a more effective decarboniza-

Box 3.3-1

What emission reductions will be necessary up to 
2030 to comply with the 2°C guard rail?

The Fifth IPCC Assessment Report makes it clear that, as from 
2011, a total of only about 1,000 Gt CO2 may be emitted from 
anthropogenic sources if global warming is to be kept below 
2  °C with a probability of two-thirds (IPCC, 2013b). In pre-
vious reports, the WBGU has submitted figures a for a  global 
 budget that are methodologically different (WBGU, 2009, 
2011). WBGU estimates based on the work of Meinshausen 
et al. (2009), Friedlingstein et al. (2010) and others showed 
a budget of 750 Gt CO2 from fossil sources for the 2011-2050 
period, which must not be exceeded if global warming is to 
be kept below 2  °C with a probability of two-thirds (WBGU, 
2011). The budget given by the WBGU relates to a limited peri-
od (2011-2050) and does not include the CO2 emissions from 
land-use change; it therefore does not contradict the figure 
cited by the IPCC, but is compatible with it. 

Distributing this global budget among countries according 
to their share of the world’s population, as the WBGU pro-
posed in 2009, makes it possible to deduce national budgets 
(WBGU, 2009). However, in the absence of a global regime 
with a top-down approach under which these budgets can be 
laid down and traded between the states, striking a balance 
between the emissions budgets allocated in this way and the 
individual countries‘ actual emissions-reduction potential 
is difficult, as is the timing of its use. It is therefore also not 
possible to unequivocally deduce specific national emissions-
reduction targets up to 2030 from the global budget alone; for 
this reason, other results on transformative scenarios are used 
in the following.

Analyses conducted by the IPCC’s Working Group III (IPCC, 
2014d) show that global emissions of all gases should be lower 
than 50 Gt CO2eq in 2030 to ensure that the rate of emissi-
ons reduction that then becomes necessary is not too high. 
 Analyses by UNEP (2013a) cite a figure of 35 Gt CO2eq (range: 
32–42 Gt CO2eq) for this. In 2011 the WBGU already sugges-
ted one possible way to deduce national emissions targets from 

these globally possible emissions for 2030 – for the existing 
pledge-and-review system (WBGU, 2011). Building on the 
WBGU’s budget approach, the globally possible emissions for 
2030 could also be divided up among countries according to 
their respective share of the world population. Based on glo-
bal emissions of 35 Gt CO2eq and using the EU’s population 
figures for 2010, this leads, for example, to total emissions of 
2.5 Gt CO2eq for the EU in 2030, which corresponds to a 50  % 
reduction compared to 1990. The emissions level for the USA 
would be 1.6 Gt CO2eq (equivalent to a reduction of about 70% 
compared to 1990); for China it would be 7 Gt CO2eq (which is 
about twice the figures for 1990). The targets derived in this 
way should be used to give some orientation in calculating fair 
contributions to mitigation by individual countries. However, 
it can be anticipated that in some industrialized countries the 
reduction targets derived in this way can only be reached at 
high costs, while in several developing countries emissions-
reduction potential might go unused. With a view to the total 
costs of transformation, it would therefore be sensible to take 
a more flexible approach to reaching targets in this context. If 
the derived targets are seen as the overall responsibility that 
a state should assume for global mitigation, then this can be 
made up of a slightly lower reduction target within the country 
itself plus supplementary commitments to make financial and 
technology transfers towards additional reductions in another 
country (WBGU, 2011). However, this requires that the actual 
reductions in emissions in the country receiving the transfers 
turns out to be higher than its reduction target as  calculated 
according to the system outlined above. Such a balance can 
also be created via flexible mechanisms ( Section 3.3.4). Ulti-
mately, the objective must be to ensure that a transformation 
towards an economy with no CO2  emissions from fossil fuels is 
initiated in all countries (Chapter 2).

Höhne et al. (2013) have summarized and evaluated alloca-
tions of global emissions that are compatible with the 2  °C guard 
rail according to different concepts of fairness. Table 3.3-1 
shows the range of reduction targets that result for different 
groups of countries up to 2030. The targets recommended by 
the WBGU are within the range of the figures in this table.

Table 3.3-1
Reduction targets for individual groups of countries for 2030 compared to 2010 and 1990 (Kyoto reference year) deduced 
from different effort-sharing systems. OECD 1990 comprises North America (USA, Canada), Western Europe, Japan, 
Australia and New Zealand; EIT refers to the economies in transition (e.  g. Eastern Europe and the Russian Federation); ASIA 
comprises South Asia (including India, Bangladesh and Pakistan), East Asia (including China, Korea, Mongolia), Southeast 
Asia and the Pacific; MAF comprises the Middle East, North Africa and sub-Saharan Africa; LAM covers Latin America and 
the Caribbean.
Source: Höhne et al., 2013

Deduced reduction targets  
(2030 compared to 2010)

Deduced reduction targets 
(2030 compared to 1990) 

OECD 1990 –37  % to –75  % –33  %  to –74  %

EIT –28  % to –53  % –52  %  to –69  %

ASIA +7  %  to –33  % +100  % to +25  %

MAF +24  % to –7  % +159  % to +95  %

LAM –15  % to –49  % –3  %  to –41  %
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tion pathway. Box 3.3-2 presents some visions on this.
The WBGU does not recommend automatic rises in 

the ambition level according to a certain annual rhythm 
(Haites et al., 2013), since this would only set an incen-
tive for a starting point that fixed a very low ambition 
level.

3.3.1.4 
Clear structure and legally binding basis for 
 reporting 
A decisive factor for achieving and monitoring targets in 
the field of mitigation (2  °C guard rail, long-term goal) 
is the establishment of a system for the measurement, 
reporting and verification (MRV) of commitments, i.  e. 
above all the pledges, of the parties (Section 3.3.1.3). 
The more precise and refined the standards for this are, 
the better will be the chances of success, e.  g. for emis-
sions reductions by the parties. 

In particular, the WBGU believes that plausible and 
detailed standards should be agreed for reporting. The 
reporting requirements could comprise four successive 
levels of information provision in which Level 4 would 
be the most ambitious form of reporting (Morgan et al., 
2013):

 > Level 1 contains simple reporting commitments such 
as the type of target and the period in which it is to 
be reached (corresponds approximately to the report-
ing obligations under the Kyoto Protocol).

 > Level 2 adds emissions projections and costs.
 > Level 3 also includes methods and calculation 

 standards.

 > Level 4 involves an additional description of the steps 
the parties intend to take to reach their targets.

Similar standards should also be developed in the areas 
of measurement and verification. Above all, this proce-
dure should not be limited to achieving GHG-reduction 
targets, but also be applied to adaptation and compen-
sation measures. 

3.3.2 
Adaptation: Continue and strengthen existing 
measures 

Adaptation measures are necessary in addition to mitiga-
tion measures, even when the 2  °C guard rail is observed 
(see Chapter 1).

The wording of the UNFCCC contains far-reach-
ing regulations on adapting to climate change. Article 
4 (1) (b) of the UNFCCC formulates the obligation that 
all states, “taking into account their common but dif-
ferentiated responsibilities,” shall “formulate, imple-
ment, publish and regularly update national and, where 
appropriate, regional programmes containing measures 
[...] to facilitate adequate adaptation to climate change”. 
 Article 4 (1) (e) determines cooperation between the 
parties “in preparing for adaptation to the impacts of 
climate change”. Article 4 (4) commits the developed 
states to “assist the developing country parties that are 
particularly vulnerable to the adverse effects of climate 
change”. Article 4 (8) refers in this context to  technology 
transfer and the generation of funds. 

Box 3.3-2

Strengthen climate clubs in the international 
climate regime

Climate clubs should be supported by the UNFCCC as pioneers 
for mitigation. By strengthening clubs, the UNFCCC’s parties 
should promote a change in the culture of multilateral miti-
gation, so that it takes its orientation not from the sluggish 
players, but from the ambitious ones. A more flexible, modu-
lar form of multilateralism incorporating different speeds could 
dynamize the UN negotiations (Section 4.2).

Climate clubs are alliances of actors (e.  g. countries, cities or 
civil-society actors) that set themselves ambitious and inno-
vative targets in the fields of mitigation, adaptation or dealing 
with climate-related loss and damage, which go beyond the 
general ambition level in the UNFCCC context (Section 4.2). 
In principle, according to its own text, the UNFCCC is open for 
complementary measures (Weischer and Morgan, 2013:  12). 
For example, Article 3 (3) of the UNFCCC states: “Efforts to 
address climate change may be carried out cooperatively by 
interested parties.” Thus far, however, there is not a formalized 
procedure for inclusion of obligations which go beyond what 
is required by the UNFCCC. 

The WBGU recommends that ambitious climate clubs 
should become better integrated, stronger and more visible in 
the UNFCCC process. For example, they should be supported 
with financial resources, but also with advice and mechanisms 
for mutual learning in the context of the UNFCCC. Develo-
ping countries and emerging economies that are members of 

 ambitious climate clubs could receive preferential financi-
al support for mitigation or adaptation measures. Similarly, 
OECD countries could be given financial incentives to pursue 
ambitious club targets. For example, a proportion of the Green 
Climate Fund could be reserved to support clubs and their 
pioneering activities. All members of ambitious climate clubs 
could then apply for such funds. 

Furthermore, the WBGU also sees opportunities for civil-
society actors that join together to form clubs or pioneer alli-
ances – with or without the participation of states – to make 
use of the proposed rights to information and participation and 
rights of action. They can support or monitor the mitigation 
efforts of the UNFCCC member states if they act as ‘climate 
procurators’. 

Weischer et al. (2012) propose going further in the Paris 
Climate Agreement: establishing a system by means of a COP 
decision to enable reports from pioneering alliances to be sent 
to the UNFCCC in a fixed format to raise their profile. The 
parties could also enable the clubs to enter into certain com-
mitments, and for the UNFCCC to review compliance. Another 
possibility might be for a small group of states to raise the 
ambition level of their commitments and then bring this higher 
ambition back into the UNFCCC process. ‘Bringing back’ could 
mean on the one hand that the ambition level in the UNFCCC is 
already raised by the fact that a climate club’s more ambitious 
efforts offer economic club benefits (Section 4.2). On the other 
hand, it might be conceivable for the club states to put their 
commitments under the control of the UNFCCC (Weischer et 
al., 2012).
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Box 3.3-3

Responsibility for climate migrants – a thought 
experiment

Present situation
Current estimates of climate-change-induced migration put 
the number of people who will be forced to temporarily or 
permanently leave their homes, either within their country or 
across national borders, as a result of climate change at between 
150 million and 300 million in the period up to 2050 (BAMF, 
2012; Biermann and Boas, 2010; Stern, 2006). The Internati-
onal Organization for Migration’s most cited estimate is 200 
million climate migrants (environmentally displaced persons) 
(IOM, 2009; Myers, 2005). This figure also includes people who 
have to leave their homes temporarily and should be seen as a 
rough estimate. The deviations between the estimates can be 
traced to a number of uncertainties. One is the multi-causality 
of migratory movements (WBGU, 2008). Qualitative studies 
cannot always determine why a person decides to leave his/
her home. For example, economic reasons are often given by 
those affected as the main reason for migration, and this can in 
turn be partially due to climate-change-induced crop failures. 
Furthermore, there is no adequate data on current population 
figures in many at-risk regions with a highly vulnerable popu-
lation. Ultimately it is almost impossible to determine to what 
extent the frequency or intensity of natural disasters that trigger 
migratory movements is caused or intensified by climate change, 
or whether it can be attributed to natural weather phenomena. 
Despite all the uncertainty, however, there is no doubt that 
climate change is one cause of growing migratory movements, 
and that they will increase in scale in the future.

The problem of responsibility for climate-induced 
migration
Up until 2014, people affected by climate change have had 
no legal entitlement to compensation or asylum, and so far all 
lawsuits on such issues have been rejected – e.  g. the action 
brought in November 2013 by an man from Kiribati before the 
New Zealand High Court in Auckland (High Court Auckland, 
CIV-2013-404-3528 [2013] NZHC 3125, 26.11.2013). In 2014 
the New Zealand immigration tribunal discussed the danger from 
climate-change-induced environmental damage as the justifi-
cation of a humanitarian emergency in two judgements on the 
right of abode of a family from the island state of Tuvalu. The 
court refused to classify the affected family members as ‘refu-
gees’ within the meaning of the international law (Immigration 
and Protection Tribunal New Zealand, [2014] NZIPT 800517-
520, 4.6.2014). In this individual case, the tribunal granted 
the family right of abode on humanitarian grounds; they were 
allowed to remain in New Zealand due to strong their family 
ties (Immigration and Protection Tribunal New Zealand, [2014] 
NZIPT 501370-371, 4.6.2014). This decision, which does not set 
a precedent, shows once again that there is still no international 
consensus, let alone a legal basis under international treaties, 
for a classification or legal definition of migrants as ‘environ-
mentally displaced persons’ or ‘climate refugees’. In this respect 
the WBGU uses the term ‘climate migrant’ because the terms 
‘environmental’ or ‘climate refugee’ are highly controversial in 
literature, and the term ‘migrant’ has a much broader meaning 
than the legal term ‘refugee’ (WBGU, 2008:  129). However, 
there is a broad consensus, especially in scientific literature, 
that the international community must address this problem; in 
this context a separate legal regime for environmental or climate 
‘refugees’ is frequently proposed (WBGU, 2008). 

The hardest hit sections of the population, and therefore 
potential climate migrants, are to be found in developing coun-
tries and emerging economies, which have contributed little or 
nothing to climate change, i.  e. to greenhouse gas emissions. If 
responsibility were to be attributed according to the polluter 
pays principle (Chapter 2), countries that contributed most to 

the damage caused by anthropogenic climate change would thus 
have to compensate people for the climate-change-related loss 
of their livelihoods and homes. 

A closer look at responsibility for climate-induced 
migration: A WBGU thought experiment
Based on the above-quoted estimate of 200 million climate 
 migrants by 2050, different degrees of nation-state respon-
sibility for climate-induced migration could be derived from 
the application of the polluter pays principle. For Germany the 
calculation would be as follows. Based on the WBGU’s budget 
approach, which covers the period from 1990 to 2009 under the 
section ‘historical responsibility’ (WBGU, 2009:  25), Germany’s 
share of cumulative emissions from 1990 to 2009 would be 
1.54  % of the possible total emissions allowed under the 2  °C 
guard rail (75  % probability of compliance with the 2  °C guard 
rail). Calculating for the period from 1990 to 2050, the result is a 
share of about 3  % of the possible total budget according to the 
Federal Government’s targets (40  % CO2 emissions reduction up 
to 2020 and 80  % to 95  % CO2 emissions reduction up to 2050 
compared to 2009; Box 2.3-2). Relating this share of emissi-
ons generated to the damage (in this case the potential loss of 
livelihoods for about 200 million people), Germany could have 
a responsibility vis-à-vis 6 million  migrants according to this 
scenario. If the total number of climate migrants changes up to 
2050, there will also be a change in the number of people for 
whom responsibility could be assumed in this thought experi-
ment, e.  g. by making compensation payments or providing more 
development aid for disaster-control systems and resilience-
strengthening measures. Germany’s overall share of cumulative 
historical emissions from 1850 to 2008 was about 7  % (WRI, 
2008), which would correspond to a responsibility for just under 
14 million people. If Germany were to reduce its relative share in 
the years up to 2050 by making bigger reductions in emissions 
than is provided for in today’s emissions scenarios, the historical 
responsibility would fall. The calculation examples according to 
the polluter pays principle show that Germany’s responsibility 
is small in relative terms, but large in absolute terms.

Since most migrants only move temporarily within their own 
country’s borders or migrate to neighbouring countries, Germa-
ny will not have to expect a massive influx of climate immig-
rants. As a thought experiment, the above calculation makes 
Germany’s responsibility for the humanitarian consequences of 
climate change clear, and shows in addition how important it is 
from the perspective of the nation state to pursue a policy of 
emissions reduction in order to reduce one’s percentage share 
of total emissions. 

Outlook: Rising temperatures and migration
Seen over the period up to the fourth decade of this century, 
the different emissions scenarios do not make a great deal of 
difference to the development of the temperature. Thereafter, 
however, the impact of the decisions that are taken is clearly 
reflected in the global mean temperature. The present mitigation 
strategies will therefore have only a limited effect up until the 
middle of the century because of the inertia of the Earth system; 
they will, however, be crucial for subsequent developments. This 
also applies to the numbers of potential climate migrants. Conse-
quently, up to 2050, adaptation measures will have the biggest 
influence on the number of climate migrants; however, beyond 
a certain rise in temperature such measures can no longer limit 
the loss of human livelihoods (Adger et al., 2013). For example, 
the Fifth IPCC Assessment Report shows that the risks of dis-
placement by extreme weather incidents can be greatly reduced 
by adaptation measures in a 2  °C scenario for the period from 
2080 to 2100; by contrast, adaptation measures only achieve a 
minimal reduction in these risks in a 4  °C scenario (Adger et al., 
2013). If humanity continues following the present emissions 
pathway, the climate-induced migration figures could reach a 
dimension that destabilizes societal systems by 2100. This in 
turn could lead to, or at least intensify, national and even cross-
border conflicts (WBGU, 2008).
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Structures for adaptation measures have thus already 
been created under the UNFCCC. These have been fle-
shed out over the years by COP decisions, although 
these are not legally binding.

The Work Programme for Least Developed Countries 
(LDCs) was adopted by the COP in Marrakesh in 2001. 
It aims to support LDCs with capacity building, e.  g. with 
drawing up National Adaptation Programmes of Action 
(NAPAs). LDCs can use NAPAs to identify and report 
their needs for adaptation measures (UNFCCC, 2001). 
They are supported in this by the LDC Expert Group. The 
measures under the LDC Work Programme are ongoing. 
In May 2013, 49 LDCs had drawn up NAPAs and sub-
mitted them to the UNFCCC Secretariat (Adaptation 
Committee, 2013).

In Nairobi in 2006, the contracting parties decided 
to commission the Subsidiary Body for Scientific and 
Technological Advice (SBSTA) to conduct a programme 
to review consequences, vulnerability and adaptation 
in the context of climate change. The programme aims 
to improve the understanding and assessment of these 
problems. Building on this, decisions are to be taken to 
launch adaptation measures. These activities, too, are 
being continued. The programme plays an important 
role in the exchange of information between different 
stakeholders and for spreading information and know-
ledge on adaptation (Adaptation Committee, 2013).

In addition, the Cancún Adaptation Framework was 
adopted by the COP in 2010. It promotes action aimed 
at reducing vulnerability and strengthening resilience in 
developing countries that are particularly vulnerable to 
the effects of climate change. LDCs in particular are to 
be supported in preparing and implementing national 
adaptation plans (NAPs). 

In addition, the Cancún Adaptation Framework set up 
the Adaptation Committee (AC) to promote the imple-
mentation of adaptation measures (UNFCCC, 2010). The 
AC started work in September 2012. The first Adapta-
tion Forum was held in Warsaw in 2013.

The existing measures for adapting to climate change 
that have been launched and initiated in the context of 
the UNFCCC include some good elements. The WBGU 
recommends continuing and permanently strengthening 
them. This will require the provision of sufficient finan-
cial resources by the international community (Haites et 
al., 2013; Section 3.3.6). Furthermore, it must be possi-
ble to pass on adaptation technologies (Section 3.3.5).

Unlike mitigation targets, and especially reduction 
targets, adaptation targets cannot be laid down globally. 
They must be fixed and implemented locally, since they 
strengthen local resilience and offset loss and damage. 
One case of adaptation that has local causes and con-
sequences, but global dimensions, is migration that is 
triggered by the impacts of climate change (Box 3.3-3). 
It is evident that islands and coastal zones are exposed 
to great risks when sea levels rise and must be aban-
doned by the people who live there where there is peri-
odic or permanent flooding. Migratory movements can 
also be triggered by droughts caused by climate change. 

However, up to now it has not been possible to deter-
mine unequivocally to what extent historical and cur-
rent migratory and refugee movements are due to cli-
mate-related or environmental damage; this is con-
troversial because, among other things, it cannot be 
assumed that climate change is the single cause of any 
migration. In addition to ecologically motivated migra-
tory movements, there are also other causes such as eth-
nic and religious tensions, civil wars, poverty, or lack of 
economic prospects; these can in turn be exacerbated by 
climatic impacts. 

The international community and national govern-
ments will have to be prepared for local, internal and 
cross-border migratory movements induced by climate 
change, to which they will have to react – and for which 
they must to some extent take responsibility (Box 3.3-3). 

3.3.3 
Loss and damage: Extend the Warsaw Mechanism 

In 2013 the UNFCCC began to deal with the losses and 
damages caused by climate change by creating the 
 Warsaw Mechanism. More than two decades after its 
adoption, it is thus devoting itself for the first time to 
the hitherto neglected consequences of climate change. 
The purpose of the Warsaw Mechanism is to
1. improve knowledge and understanding of risk-man-

agement approaches in relation to loss and damage 
(e.  g. uncovering gaps in knowledge, data collection, 
best practices),

2. strengthen dialogue, coordination, coherence and 
synergies between relevant stakeholders (inside and 
outside the UNFCCC),

3. promote action and support in relation to funding, 
technology and capacity building (technical support 
and advice, information and recommendations for 
the COPs).

Under the Cancún Adaptation Framework the Warsaw 
Mechanism is equipped with an executive committee 
that is accountable to the COP. The committee reports 
once a year to the COP via the Subsidiary Body of Sci-
entific Technological Advice (SBSTA) and the Subsidiary 
Body of Implementation (SBI). Until an appointments 
procedure has been introduced, it consists of two del-
egates from different UNFCCC bodies whose selection 
aims to reflect a balance between developed and devel-
oping countries. 

The Warsaw Mechanism is supposed to become inte-
grated into the UNFCCC process and its institutions and 
to complement them – this applies equally to processes 
outside the UNFCCC relating to loss and damage. The 
Warsaw Mechanism is to undergo a review at the 22nd 
COP in 2016 (UNFCCC, 2013b). The Warsaw Mechanism 
is only to be part of the Cancún Adaptation Framework 
for a limited period of time (Kreft et al., 2013).

The creation of the mechanism sends out a positive 
signal. Up to now, the Warsaw Mechanism has been 
geared to research and consulting; this is appropri-
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ate, but it needs to be extended and specified in more 
detail, especially with a view to the financing of loss 
compensation and the technology transfer this requires 
(Section 3.3.5, 3.3.6). Since climate-related damage 
is caused by cumulative effect, the model of an insur-
ance pool for covering damage caused by climate change 
seems a good idea. One example of such a model is the 
African Risk Capacity, an insurance pool that covers Afri-
can states against drought risks (Kreft and Bals, 2013). 
If damage were to occur, the states concerned would be 
financially covered without their having to name a spe-
cific party or parties as the agents that caused the dam-
age (insurance solution). The WBGU believes the process 
initiated in Warsaw should urgently be speeded up and 
intensified in this direction.

3.3.4 
Flexible mechanisms

One major challenge for effective climate policy is 
that it has long been characterized by a short-sighted 
 ‘efficiency paradigm’. For example, under ideal condi-
tions certain governance designs, like emissions trading 
(Box 3.3-4), are economically superior to other political 
and societal approaches to economic management. They 
promise to reach given environmental targets (such as 
compliance with certain emission caps) with minimal 
economic costs. 

Yet the actual political experience of the past 20 
years shows that comprehensive and effective emis-
sions-trading regimes have rarely been successfully 
introduced under real political conditions. Primarily due 
to their inadequate or non-binding emission caps, little 
in the way of emission reductions has been achieved to 
date through emissions-trading schemes (Edenhofer et 
al., 2014; EU ETS: Box 3.3-4). 

From an economic perspective, this is assessed as 
a non-market failure or government failure. What is 
meant by this term is that politicians have failed to cre-
ate the necessary framework conditions for successful 
implementation. This diagnosis illustrates an important 
aspect of the use of market-based policy instruments; 
however, it falls short of the mark from the perspective 
of interdisciplinary transformation research. Complex 
transformation processes cannot be based solely on eco-
nomic mechanisms, which only work in an ideal model 
world. They do not help to effectively control environ-
mental challenges – on the contrary. What is needed, 
therefore, is an enlightened and interdisciplinary form 
of governance research that develops recommendations 
under framework conditions that can actually be cre-
ated (Section 5.2). After all, in the sense of interdisci-
plinary research the non-market failure comprises not 
only the failure of specific politicians or governments, 
but also political and social mechanisms like the resist-
ance of affected stakeholders, diverging political inter-
ests or social distribution of power, with which all pol-
icy-making is confronted and which must be taken into 

account in transformation research. 
In view of the epic environmental challenges facing 

the world at the beginning of the 21st century, there 
must be a primacy of ecological target achievement 
(effectiveness) and not a primacy of cost efficiency. 
Strategies that are often termed second best solutions 
by economists are frequently ‘first best’ from the point 
of view of effectiveness strategies, since they are polit-
ically easier to enforce and therefore more successful 
at supporting the transformation towards a low-carbon 
society. One example is the feed-in tariff for renewable 
energies, which is well-established in many countries in 
the meantime and has made an essential contribution to 
the success of renewable energy in Germany. 

Provocative as it may sound to economists: human-
ity will probably only be able to save the world in an 
inefficient way. The present special report is therefore 
also a plea for a more developed form of economics that 
incorporates the overall political and societal condi-
tions more intensively into the interdisciplinary discus-
sion. This does not mean that market mechanisms that 
are geared towards cost-efficiency no longer have any 
relevance for climate protection, but they must not be 
allowed to dominate politics and lead to exclusively eco-
nomics-based advice being given to politicians. 

Against this background, the WBGU discusses in this 
Section the conditions under which, in future, flexible 
mechanisms can be used to achieve cost-efficiency in 
climate policy, and recommends the further develop-
ment of the European Emissions Trading System. At the 
same time, market-based policy instruments can be used 
in the context of state pioneering alliances, in order, in a 
similar way as in the EU, to reach climate targets. 

3.3.4.1 
The flexible mechanisms under the Kyoto Protocol 
In the context of emissions reductions by committing 
parties, three flexible mechanisms were established 
under the Kyoto Protocol. These flexible mechanisms 
allow the states to meet a proportion of their emis-
sions-reduction commitments abroad, making cost-effi-
cient emissions reduction possible. First, industrialized 
countries can trade emissions allowances among them-
selves. Every country receives an allocation of emis-
sions according to its reduction target which can be 
divided up into tradable emission allowances (assigned 
amount units, AAUs). If a country reduces its emissions 
by more than its AAUs, it can sell the excess emission 
allowances to the highest bidder. The buyer countries 
can offset these emission allowances from their com-
mitments. After the end of the respective commitment 
period (first commitment period from 2008 to 2012, 
second period from 2013 to 2020), the states must 
submit an internationally recognized emission allow-
ance for every tonne of CO2 they have emitted. Second, 
there are two project-based mechanisms, Joint Imple-
mentation (JI) and the Clean Development Mechanism 
(CDM). The aim of the project-based mechanisms was 
to encourage additional investment in low-carbon tech-
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nologies in emerging economies and developing coun-
tries. JI facilitates projects between countries with emis-
sion-reduction commitments: the investing country can 
offset the emissions reduction with Emission Reduc-
tion Units. CDM facilitates projects between states with 
emission-reduction commitments and signatory states 
of the Kyoto Protocol with no emission-reduction com-
mitments, primarily emerging economies and develop-
ing countries. The investing countries can offset the Cer-
tified Emission Reductions. The Kyoto Protocol requires 
‘additionality’ for the JI and CDM projects. This means 
that a JI or CDM project must generate additional emis-
sions reductions from sources – or a reduction in emis-
sions via sinks – which would not have been made 
without the project. A registration authority has been 
 created for these  flexible mechanisms which registers all 
the projects, emission allowances and transactions, so 
that the activities are verifiable.

An intermediate appraisal of the project-based mech-
anisms to date paints a mixed picture. On the positive 
side, specifically the CDM has made a major contri-
bution to creating an awareness of the possibilities of 
emissions reduction and generating corresponding cap-
acity in emerging economies and developing countries 
(Kreibich and Fechtner, 2013). Current developments 

like the creation of a Chinese emissions-trading scheme 
would have been unlikely to happen in this way without 
the pioneering work done by the CDM.

However, the above-defined additionality of the 
emissions reductions achieved under CDM and JI is often 
doubtful; even in principle any solution can only be an 
approximation. The reduction in emissions achieved is 
calculated by contrasting the actual project with a sce-
nario (baseline) representing the fictitious future devel-
opment had the project not been implemented. Since 
this is a hypothetical question, windfall gains can never 
be completely excluded. In practice, various studies have 
called into question the additionality of up to half of the 
CDM projects (Haya, 2009; Schneider, 2009; Spalding-
Fecher et al., 2012).

Moreover, the project-specific approach generates 
considerable uncertainty which greatly weakens the 
mechanisms‘ incentive effect. Project managers can-
not be sure beforehand whether their project will be 
approved at all, whether the projected emissions reduc-
tion really will be reached as expected, and what price 
will be received for the emission allowances. Another 
issue is the price of emission allowances, which histor-
ically is usually relatively low. As a result, the mech-
anisms are seldom the crucial factor that determine 

Box 3.3-4

EU ETS: Problem areas and design options

Countries use economic policy instruments, inter alia, to meet 
their emissions-reduction targets. The European Emissions Tra-
ding Scheme (EU ETS) is a market instrument based on quan-
tity control. Its aim is to help achieve the EU’s self-imposed 
climate targets, as well as the commitments undertaken by the 
EU under the Kyoto Protocol, as cost-efficiently as possible. 

At present, the effectiveness of the instrument is being 
 criticized, since there is a surplus of more than 1.5 billion emis-
sions allowances in the second trading period as a result of the 
low level of demand; this has led to a collapse in the price of 
emissions allowances to €3 to €4 per tonne of CO2. 

The low price level, combined with the uncertainty about 
how the price will develop in the future, does not offer inves-
tors the necessary incentives to invest in low-carbon technolo-
gies. Yet precisely such investment is needed in order to reach 
European and global climate targets, avoid undesirable lock-in 
effects, and limit transformation costs (e.  g. the subsequent 
non-use of CO2-intensive infrastructure). 

The main reasons for the surplus of emissions allowances 
are the recent economic crisis in the EU and the very large 
supply of cheap certified emission reduction credits from CDM 
projects. The EU has responded to the latter issue by limiting 
the quota for emission allowances from flexible mechanisms in 
the third trading period. 

The weakness of the EU ETS in its current form is the ina-
bility of the cap (and thus prices) to adjust to these exogenous 
shocks. The WBGU therefore recommends the establishment 
of a price floor of about €12 to €15 per tonne of CO2, which 
could then rise over time. This will increase the security of 
investments in mitigation options. 

It would also be a good idea to adjust the cap flexibly to 
external developments, for example in the form of a ‘rolling 
cap’ which can be re-adjusted every five years, or by linking 

the cap to the development of relevant exogenous parameters 
such as economic development. The possibility of subsequent 
re-adjustment should furthermore already be institutionally 
laid down when the cap is fixed in the future. 

In addition, care should be taken to ensure that short- to 
medium-term caps are consistent with long-term climate goals. 
In the following, the cap is approximately determined for the 
year 2030. According to Kriegler et al. (2014), the EU’s reduc-
tion target for 2030 should be at least 40  % compared to 1990, 
in order to remain on the trajectory of the EU Low Carbon 
Roadmap for 2050 at acceptable costs. The emissions level for 
2030 to which the EU would still be entitled in 2030 – in line 
with the 2  °C guard rail and taking into account the fairness 
criteria laid down in the budget approach (WBGU, 2009) – can 
be derived in simplified terms as follows (Box 3.3-1).

According to the UN Gap Report (UNEP, 2013a), a global 
budget of 35 GtCO2eq would still be acceptable in 2030 to com-
ply with the 2  °C guard rail. If this budget is adjusted to the EU 
population’s share of the world’s population in 2010 (7.2  %), 
the resultant budget for the EU for 2030 is 2.52 GtCO2eq. This 
corresponds to a reduction in annual emissions of more than 
50  % compared to the figure for 1990, when emissions totalled 
5.37 GtCO2eq. This can be interpreted as a moral obligation, in 
addition to achieving a reduction of at least 40  % within the 
EU, to provide additional financial support for further reduc-
tions outside the EU, in order to reach a 50  % EU reduction 
target in the spirit of effort-sharing.

The reduction target of (at least) 40  % for 2030 must then 
be divided up into an EU ETS target and a target for the non-
ETS sectors. Analyses conducted by the European Commissi-
on (2014) show that the ETS sector should be weighted more 
heavily in order to reach the 40  % target cost-effectively. The 
European Commission’s proposal calls for a 43  % target for the 
ETS and a 30  % target for the non-ETS sector. In order to reach 
the 43  % target in 2030, it will be necessary to raise the linear 
reduction factor (which quantifies the annual reduction rate of 
the cap relative to the reference period) to -2.2  % from 2021.
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investment decisions. Project developers say themselves 
that, on the contrary, the emission allowances are usu-
ally more like the ‘cherry on the cake’ (Haya, 2009). 

Another criticism is the highly uneven geographical 
and sectoral distribution of CDM projects. About half 
of all projects take place in China and a further quarter 
in India, while poorer countries, especially sub-Saharan 
Africa, are hardly represented at all in the CDM. Sim-
ilarly, important sectors like transport or energy end-
use efficiency have hardly been addressed by the CDM 
up to now. This allocation, too, is a result of the instru-
ment’s design. In line with the goal of mobilizing emis-
sions reductions as cost-efficiently as possible, the CDM 
concentrates on relatively advanced countries with a 
low investment risk, as well as on cost-efficient types of 
projects with low complexity (Byrne et al., 2011).

In addition, the interventions of CDM and JI usually 
only have a selective impact because of their project-
based character; they are unlikely to cover entire 
regions, which would really be necessary in the fight 
against climate change.

Considerable efforts have been made in the past few 
years to resolve these weaknesses. Efforts to achieve a 
greater degree of objectivity and a broader range focus 
on the standardization of baselines and programmatic 
approaches (Kreibich and Fechtner, 2013). However, 
there are fears that the efforts to reform the CDM might 
become to nothing if carbon markets collapse.

3.3.4.2 
Future use of flexible mechanisms 
The WBGU advocates the inclusion of two key elements 
in the 2015 Paris Climate Protocol: (1) the complete 
elimination of CO2 emissions by 2070 at the latest as the 
target for all countries, and (2) an international pledge-
and-review process. It can be assumed that a meaning-
ful use of flexible mechanisms – building on those of the 
Kyoto Protocol – is also conceivable as part of a volun-
tary pledge-and-review process. It is also important for 
effective climate protection that national economies are 
not financially overstrained and that short- to medium-
term flexibility is used to reduce the global abatement 
costs. 

Under the pledge-and-review process, all parties 
stipulate their own national targets for avoiding CO2 
emissions. At the same time, all states are to develop 
decarbonization roadmaps in which they explain how 
they intend to meet their targets. With respect to flex-
ible mechanisms, the WBGU recommends carrying out 
most emissions reductions within the respective coun-
try; only a small proportion can be achieved abroad. 

The WBGU has repeatedly pointed out that the trans-
formation of fossil energy systems must begin immedi-
ately in order to avoid dangerous climate change (WBGU, 
2011, 2012, 2013). Should states carry out most of their 
emissions reductions abroad, the transformation of the 
national systems will be delayed, and there will be an 
increased risk of creating lock-in effects that will make 
a complete phasing out of CO2 emissions more difficult. 

The use of flexible mechanisms should only be 
allowed if ambitious pledges are made. In this case, they 
can make a useful contribution to ensuring that the 
national economies are not financially overstrained and 
to supporting developing countries. If the pledges are 
not very ambitious, the costs involved in target achieve-
ment will probably be comparatively low. A reduction in 
emissions abroad would probably not lead to substantial 
cost savings, but it certainly would delay the transfor-
mation to a low-carbon economy. 

The incentive to set ambitious emissions-reduction 
targets in a pledge-and-review process could increase 
the opportunities to use flexible mechanisms. The 
WBGU therefore recommends linking the entitlement to 
use flexible measures to sufficiently ambitious targets. 
If a pledge exceeds a certain level, a certain percentage 
could be carried out abroad. 

If it is assumed that all countries develop a decar-
bonization roadmap, developing countries could men-
tion in their plans what kind of support they need for 
their transformation to a sustainable society (WBGU, 
2009). In this case, the WBGU recommends using flex-
ible mechanisms along the lines of Joint Implementa-
tion. All participating countries set themselves reduction 
targets, and industrialized countries and emerging econ-
omies, if their own targets are ambitious, would have 
an incentive to meet some of their own commitments 
by investing in developing countries, in order to gen-
erate flexibility in emissions reductions for themselves 
(WBGU, 2009). It is important in this context to avoid 
double counting.

If all states gear their efforts to the goal of reduc-
ing global CO2 emissions to zero by 2070, such flexible 
mechanisms can offer all states cost flexibility in pre-
venting emissions, albeit only in the short to medium 
term. A global zero target implies that all states must 
cut back their CO2 emissions to zero. Since the aim is 
to achieve this by 2070 at the latest, according to the 
WBGU’s budget approach (WBGU, 2009) this implies 
that, although the timing of mitigation can vary in dif-
ferent countries, the industrialized countries should 
make a start in the course of this decade (WBGU, 2009, 
2011). Industrialized countries and emerging econ-
omies with ambitious targets could thus initiate a cost-
efficient climate policy via Joint Implementation in the 
short term; however, in the medium to long term it must 
effectively happen in their own country.

3.3.5 
A transformation fund for a low-carbon economy

Under Article 4 (5) of the UNFCCC and Article 10 of 
the Kyoto Protocol, Annex I countries have an obliga-
tion to transfer technology. Measures have been devel-
oped to meet this obligation; they include the Technol-
ogy Transfer Framework, several programmes financed 
by the Global Environment Facility (GEF) – e.  g. Con-
centrating Solar Power in Egypt, Mexico, Morocco and 
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Namibia – and technology-transfer mechanisms such as 
the Clean Development Mechanism (CDM) (Chuffart, 
2013). However, as early as 2009 the UNFCCC Sub-
sidiary Body for Scientific and Technological Advice 
(SBSTA) found many barriers to technology transfer 
that is oriented towards the needs of the emerging econ-
omies and particularly those of the developing coun-
tries. These include information deficits on technolo-
gies, economic problems in the developing countries and 
emerging economies, in some cases a lack of access to 
capital markets, institutional and regulatory deficits, a 
lack of technical and social infrastructure, and the def-
inition of intellectual property rights (Chuffart, 2013; 
 Mersmann and  Hermwille, 2014). Intellectual property 
rights can hinder the diffusion of low-carbon technolo-
gies in two ways. A lack of intellectual property rights 
can lead to lower direct investment. At the same time, 
patented technologies are more expensive to buy, so that 
many developing countries avoid them and choose low-
cost, established, high-emission technologies (Chuffart, 
2013). Other studies also show that there has been  little 
or no effective technology transfer to date under the 
UNFCCC beyond isolated programmes and individual 
demonstration projects (Ockwell et al., 2010; Hedger, 
2012). In 2010 the Cancún Agreement established 
the Technology Mechanism, which goes beyond sim-
ple technology transfer and supports developing coun-
tries in research, development, application and diffu-
sion in the field of low-carbon technologies in line with 
their national needs (Blanco et al., 2012; Mersmann and 
Hermwille, 2014). This Technology Mechanism con-
sists of the Technology Executive Committee (TEC) and 
the Climate Technology Centre and Network (CTCN). 
According to the Technology Needs Assessments (TNA) 
carried out by the TEC to date, it is clear that the big-
gest technological needs for developing countries and 
emerging economies lie in avoiding GHG emissions in 
the energy sector (TEC, 2013). 

Conceptually the UNFCCC’s new Technology Mecha-
nism goes one step further than the previous technology 
transfer by including diffusion efforts, the permanent 
application of technologies, and in particular the coun-
try-specific strengthening of research and development 
capacities – a prerequisite for a general improvement in 
the countries‘ innovation and technological expertise. 
This broader understanding of technology and innova-
tion is in line with the WBGU’s approach to use interna-
tional cooperation to encourage a global transformation 
towards a low-carbon society (WBGU, 2011). In addi-
tion to disseminating existing knowledge of low-carbon 
technologies, developing countries and emerging econ-
omies also need support for their economic develop-
ment, support for innovation potential, and the creation 
of suitable framework conditions for innovators who, as 
change agents, could play a key role in the transforma-
tion to a low-carbon society (Chapter 4; WBGU, 2011). 
In addition, the WBGU sees a need to support trans-
formative regulatory policies in the developing countries 
and emerging economies in the context of the UNFCCC’s 

Technology Mechanism. The networks that have already 
been initiated and individual joint learning schemes in 
the context of the CTCN are not enough for this purpose. 
In the WBGU’s view, that the  Technology  Mechanism 
should contribute to the transformation towards decar-
bonization by comprehensive and country-specific 
cooperation packages, and to the support of mitigation 
pioneers: it should be equipped with adequate financial 
resources for this purpose. 

The WBGU believes that compliance with the 2  °C 
guard rail and the global zero target for CO2 emissions 
(Sections 3.3.1.1, 3.3.1.2) can only be achieved with 
a transformation of the global energy systems and an 
extensive decarbonization of the economies (WBGU, 
2009, 2011, 2014). In Section 1.9.1, it was shown that 
the emissions trend of the last few years was the result of 
economic growth in developing countries and emerging 
economies that were following the fossil-based develop-
ment pathway of the industrialized countries. The rising 
emissions can only be stopped if all countries formulate 
and implement decarbonization roadmaps with corre-
sponding intermediate targets for their sustainable eco-
nomic development (Section 3.3.1; WBGU, 2009, 2011, 
2014). In these decarbonization roadmaps the individ-
ual countries not only describe their strategies, but also 
formulate their respective needs for assistance – to ena-
ble them to achieve an endogenous low-carbon develop-
ment in the transformation fields of energy, land use and 
urban development. The decarbonization roadmaps can 
be used to identify ambitious countries that should then 
be given particular support as climate pioneers (WBGU, 
2011). 

A global transformation to sustainable energy and 
economic systems is a societal challenge requiring con-
siderable investment. For example, high up-front invest-
ments are necessary for improved energy efficiency and 
the conversion to renewable energies; at the same time, 
however, these investments can trigger new stimuli for 
the economy and lead to national cost savings and addi-
tional societal benefits in the medium to long term. The 
high levels of up-front investment in renewable-energy 
technologies and energy efficiency can be offset by 
savings in the costs of fossil fuels required by conven-
tional technologies; this is very attractive for energy-
importing countries (WBGU, 2011, 2012). The follow-
ing picture emerges in the energy sector: GEA (2012) 
estimates current global investment in the energy sec-
tor at approx. US$1,300 billion per year. This corre-
sponds to about 2  % of the global gross domestic prod-
uct (GDP) (WBGU, 2012:  8). However, this percentage 
of investment varies considerably from one country to 
another. In developing countries, the energy sector’s 
annual share of investment averages 3.5  % of GDP, com-
pared to only 1.3  % of GDP on average in industrial-
ized countries (GEA, 2012: 1253). Approx. US$50 bil-
lion per year is currently being spent globally on (pub-
lic and private) research and development in the energy 
sector as a whole, half of which is invested in fossil and 
nuclear energy (WBGU, 2012:  8; GEA, 2012). The IPCC’s 
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scenarios for a decarbonized energy supply show that, 
in future, annual investment in climate-friendly power 
generation would have to rise to about US$150 bil-
lion and annual investment in energy efficiency in the 
fields of transport, buildings and industry to US$336 
billion (Section 1.9.2). The WBGU, too, has estimated 
the amount of global investment needed to build up a 
sustainable energy sector (WBGU, 2011, 2012): over-
all investment in the energy sector will need to double 
between now and 2030, and triple by 2050. GEA (2012) 
estimates the future additional investment required in 
the energy sector at between 1.8 and 2.3  % of the global 
GDP per year (GEA, 2012:  1255). A large proportion of 
this investment must take place in non-OECD countries 
(Section 1.9; WBGU, 2011, 2012; GEA, 2012). 

The involvement of both private- and public-sector 
agents will be needed to finance these investments. If 
public funds are targeted to support private investment, 
they can have a considerable leverage effect on private 
capital. For instance, the IFC Partial Credit Guarantee for 
Energy Efficiency has achieved a high leverage ratio of 
15:1, i.  e. a million of public funds was able to mobilize 
15 million in private capital. In other cases the leverage 
ratio was only 8:1 or 4:1. The leverage ratio increases at 
the rate at which public funds reduce the risk for private 
investors (Neuhoff et al, 2010; WBGU, 2012:  12). 

In the following, the WBGU outlines a transformation 
fund under the auspices of the UNFCCC for the decar-
bonization of the world economy. This proposed trans-
formation fund should make a significant financial con-
tribution and, using public funds, minimize risks for pri-
vate investors in the respective developing countries, 
thus promoting the momentum for transformation. 

3.3.5.1 
Proposal for a transformation fund
Up to now, private investors have been rather reluc-
tant to invest in the energy-system transformation, the 
development of climate-friendly energy systems, or the 
decarbonization of other sectors of the economy. The 
transformation fund aims to help minimize transforma-
tion barriers – such as inadequate political objectives; 
subsidies for fossil and nuclear energies; unfavourable 
risk-return ratios; inadequately developed markets and 
administrative structures in many developing countries 
and emerging economies; and high transaction costs due 
to fragmented international financing mechanisms. At 
the same time, the transformation fund should offer 
preferential support for pioneers from developing coun-
tries and emerging economies that unite to form climate 
clubs or join existing climate clubs with OECD countries 
(Box 3.3-2, Section 4.2). The WBGU recommends imple-
menting the following points when designing the fund:
1. Sufficient volume of funding: The WBGU assumes that 

about half of the public funds of the Green Climate 
Fund (Section 3.3.6) are invested in mitigation. A 
large proportion of this money for the decarbon-
ization of the economies should flow into the trans-
formation fund. These public funds can be used to 

reduce the private economic and technological risks 
of climate-friendly innovations in developing coun-
tries and emerging economies, e.  g. with loan guar-
antees, so that significant amounts of private capi-
tal, too, can be mobilized for climate-friendly invest-
ments via leverage effects. This could improve the 
risk-return ratio for potential investors. One possi-
bility would be to introduce insurance solutions for 
technological and project risks like the ones that 
already exist in industrialized countries. Another 
possibility is to provide financial support for pub-
lic measures to reduce economic risks, e.  g. by means 
of subsidies, feed-in tariffs, low-interest loans, loan 
guarantees, or public risk capital. Innovations can 
also be made more competitive by  measures like 
market-launch programmes or market regulation. 
The German Renewable Sources Energy Act (EEG) 
is an example of such measures. It is important 
that such policy instruments are subject to a grad-
ual degression over time and are eventually phased 
out to avoid permanent subsidies like the ones that 
have been – and still are – practised in the fossil and 
nuclear-energy fields. In cases where low-carbon 
key technologies are protected by intellectual prop-
erty rights, the fund could buy patents or licences 
from private companies and grant sub-licences, or 
broker licence agreements between companies as 
an intermediary. The Medicines Patent Pool (MPP) 
launched in 2010 could be a model for this task. 
Another possibility is joint research and innovation 
cooperation between industrialized and developing 
countries, as well as other public and private stake-
holders, in order to develop joint patents and intel-
lectual property rights and to design the technolo-
gies to be integrated in such a way that they can 
fit into the respective national innovation system 
(WBGU, 2009; Blanco et al., 2012; Chuffart, 2013). 

2. Country-specific solutions: The current economic 
development of emerging economies and developing 
countries is the result of public and entrepreneur-
ial activities, as well as foreign direct investment. 
As part of a decarbonization roadmap, each coun-
try should present a low-carbon development strat-
egy, part of which should be an innovation strategy. 
The WBGU recommends that the developing coun-
tries and emerging economies should document their 
need not only for funding or support with capacity 
building, but also for climate-friendly  technologies. 
It is crucial here that a country’s  technological capa-
bilities are taken into account. New knowledge 
about technologies – whether imported via inter-
national technology transfer or developed in the 
respective country with the help of innovation pro-
motion – does not automatically enable either the 
production or the diffusion of low-carbon technolo-
gies. For production to be possible, companies would 
already have to be present in the respective coun-
try that have the technological ability to understand 
and apply the new knowledge and adapt it to the 
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local situation. Only if new knowledge can be linked 
with national innovation systems and is compatible 
with the respective country’s capabilities can decar-
bonization efforts be sustainably promoted (WBGU, 
2011). The fund should therefore promote country-
specific research, technology and innovation policies 
and help reduce the risks of climate-friendly invest-
ments; it could also function as a facilitator in order 
to bring suitable partner countries, companies and 
research-and-development institutions together to 
form transformation alliances. 

3. Ensure the diffusion and long-term application of 
 climate-friendly innovations – promote low- carbon 
transformation reforms: The fund should ensure 
that not only measures for innovations in energy 
systems, urban areas and land-use systems in the 
respective country are promoted, but that their dif-
fusion and long-term application is also ensured. The 
diffusion and application of climate-friendly inno-
vations requires public support, due to the hith-
erto higher costs and the demands on systems inte-
gration. Examples include the decentralized sup-
ply of electricity from renewable energies in rural 
areas, the broad use of solar energy for water pumps 
in irrigation agriculture, and low-emissions public 
transport in the cities. For this purpose, the respec-
tive countries could explain in their decarboniza-
tion roadmaps what measures they intend to take to 
promote their energy and economic sectors. If they 
need additional funding and capacity development 
to do this, collaborations with the relevant institu-
tions would have to be integrated into the planning. 

4. Promotion of climate pioneers and ambitious climate 
clubs: In order to drive the global transformation pro-
cess, about a fifth of the transformation fund’s total 
financial volume should be used to promote pio-
neer countries of climate protection and ambitious 
climate clubs. Such privileged promotion acceler-
ates the dynamics of the global transformation, and 
successful examples of a rapid low-carbon conver-
sion are created, providing orientation which other 
 countries can follow.

3.3.6 
Financing

The Fifth IPCC Assessment Report reiterated the urgency 
of increasing investment in both mitigation and adapta-
tion (Gupta et al., 2014). At the same time, the current 
international financial architecture for private and pub-
lic investment in mitigation and adaptation is very com-
plex (Figure 3.3-1). 

At COP 15 in Copenhagen in 2009, the industrial-
ized countries promised to mobilize climate finance to 
support mitigation and adaptation to climate change in 
developing countries: US$30 billion for the period from 
2010 to 2012 and US$100 billion per year from 2020. 
This promise was repeated in the following years in the 

official COP decisions (e.  g. UNFCCC, 2010).
According to UNFCCC agreements, a significant pro-

portion of this climate finance is to be channelled into 
the newly developed Green Climate Fund (GCF). In addi-
tion, there are other multilateral funds mandated by the 
UNFCCC, for example the Special Climate Change Fund 
(SCCF), the Least Developed Countries Fund (LDCF) and 
the Adaptation Fund (AF). 

The Green Climate Fund was adopted at COP 16 
in Cancún in 2010 (UNFCCC, 2010). It is intended to 
finance measures in developing countries and emerging 
economies aimed at reducing emissions and adapting to 
climate change. The Fund will then manage a consider-
able proportion of these funds. It has been accepting 
payments since May 2014. Instead of only supporting 
individual projects, the Green Climate Fund has a more 
ambitious approach: to contribute to a major transfor-
mation – for example by promoting renewable energy 
laws in individual countries or supporting long-term, 
national plans in poorer countries to adapt to climate 
change. Germany has already paid almost €17 million 
into the Fund (German Climate Finance, 2014b) and 
pledged €750 million over the next nine years. 

The Special Climate Change Fund (SCCF) is adminis-
tered by the Global Environment Facility (GEF), which 
promotes the implementation of the Rio Conventions, 
including the UNFCCC, in developing countries. The 
SCCF supports developing countries that are members 
of the UNFCCC in their measures to adapt to climate 
change, as well as in technology transfer and capacity 
building. The SCCF is intended to be a catalyst for gen-
erating additional bi- and multilateral resources (Ger-
man Climate Finance, 2014d). Germany has pledged a 
total of €60 million to date for the SCCF (German Climate 
Finance, 2014d).

The Least Developed Countries Fund (LDCF) is also 
managed by the GEF. This fund is intended to help the 
48 least developed countries cope with adjustment costs 
(German Climate Finance, 2014c). Up to now Germany 
has pledged €115 million for the LDCF (German Climate 
Finance, 2014c). 

The Adaptation Fund (AF) was adopted under the 
Kyoto Protocol in 2001 and began its work in 2008. 
It finances specific adaptation projects in developing 
countries that are signatories to the Kyoto Protocol; with 
resources from the trade in Certified Emissions Reduc-
tions (CERs) and voluntary donations it gives these coun-
tries direct access to finance without the detour via mul-
tilateral institutions (German Climate Finance, 2014a). 
Because of the sharp fall in prices for CERs under the 
Kyoto Protocol, the AF sought to raise US$100 million 
from donor states in 2013 – and achieved this goal at the 
COP 19 in Warsaw (German Climate Finance, 2014a). 

There are other multilateral funds in addition to 
the UNFCCC funds and the UNFCCC-mandated funds, 
for example EU funds and bilateral funds like the Ger-
man-funded International Climate Initiative or the Brit-
ish International Climate Fund, which can also be used 
to reach UNFCCC goals. In addition to the provision 
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of climate finance by institutions of the international 
climate regime and official development assistance, 
funds can also come from the private sector or national 
and international civil society organizations.

The following five challenges should be addressed in 
order to reach the targets for climate finance that have 
already been agreed – to mobilize US$100 billion every 
year as from 2020 – and to adequately meet the addi-
tional financing needs for mitigation and adaptation. 
1. Mobilization of funds: The promised funds for miti-

gation and adaptation should be paid. It is essen-
tial for a functioning effective fund that criteria are 
defined and selected for the financial contributions 
of the states. One suggestion is to base the level of 
financial contributions to be paid by the UN Mem-
ber States on the UN scale of assessments (Haites 
et al., 2013:). The WBGU’s suggestion is to gear the 
individual countries’ financial contributions to the 
 polluter pays principle and to historical responsibil-
ity for emissions – this also takes into account the 
principle of common but differentiated responsibil-
ities (WBGU, 2009; Chapter 2). In addition to the 
nation-state contributions, the private sector plays a 
key role in the provision of the promised and addi-
tionally needed funds for mitigation and adapta-
tion. The closer the year 2020 approaches, the more 
attention is being paid to this private-sector contri-

bution in the international climate debate. Several 
developing countries fear that the focus on the pri-
vate sector could delay and reduce the flow of what 
are already limited public funds (Pauw and Dzebo, 
2014). However, the mobilization of private funds is 
of great importance for global adaptation and miti-
gation initiatives – also beyond the promised annual 
sum of US$100 billion (Romani and Stern, 2011; 
WBGU, 2012). 

2. Allocation of the funds: The allocation of the funds 
for climate finance raises important questions. As 
regards the funds for adaptation, a method needs 
be found to prioritize the countries – and specifi-
cally the population groups – that are most vulner-
able to the consequences of climate change and how 
such a vulnerability approach can be implemented. 
In this context the corresponding institutional solu-
tion at the national level is also an important chal-
lenge (Horstmann and Schulz-Heiss, 2014). It should 
be clarified here whether and how the money arrives 
at the local level and how the local population can 
be involved. The WBGU recommends continuing 
support for measures like the Federal Government’s 
GCF Readiness Programme, which prepares selected 
countries to use money from the Green Climate Fund 
(GCF). With regard to the allocation of the financial 
resources for mitigation, the WBGU suggests reserv-
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ing a certain proportion of the funds that are avail-
able for this (e.  g. 20  %) for particularly ambitious 
initiatives and pioneer clubs, in order to boost the 
momentum of the global transformation. Interna-
tionally visible decarbonization lighthouses can be 
created in this way.

3. Definition of climate finance: There should be an 
agreement on a precise and clear definition of 
climate finance, especially with respect to adapta-
tion measures. The funds for mitigation and adapta-
tion should be ‘new and additional’ to official devel-
opment assistance. A consensus should be sought on 
defining this concept, since different states currently 
use different definitions of these terms (Brown et 
al., 2010). The definition of ‘private climate finance’ 
and its assignment must also be clarified. For exam-
ple, if several private-sector agents are involved in a 
relevant investment, this investment should not be 
assigned and counted several times.

4. Balance between mitigation and adaptation: An 
appropriate balance needs to be found between the 
provision of financial resources for mitigation on the 
one hand and for adaptation on the other. Although 
the Copenhagen Accord and the Cancún Agreement 
call for such a balance, up to now less than half of 
the public funds have been made available for adap-
tation. The WBGU welcomes the fact that the Green 
Climate Fund is seeking a 50/50 balance and recom-
mends making a distinction between the two aims of 
mitigation and adaptation for two reasons: First, the 
rapidly rising investment in renewable energy and 
energy efficiency in recent years illustrates the fact 
that the financing of mitigation can be a business 
model for the private sector, whereas it is not easy 
to find promising business models for the financing 
of adaptation (Pauw and Pegels, 2013;  Surminski, 
2013). Second, most public climate finance for miti-
gation measures flows into emerging economies, 
where mitigation is relatively inexpensive. As often 
as not, little or nothing gets through to the least 
developed countries, small island developing states 
and countries in sub-Saharan Africa, which have the 
most urgent need for adaptation financing; they lack 
not only adequate resources of their own, but also 
the political and economic resources to solicit private 
and institutional investors (Lindenberg and Pauw, 
2013; WBGU, 2012). 

5. Transparency: The WBGU calls for climate finance to 
be organized in a transparent way. Developing coun-
tries contribute to mitigation with national climate 
strategies and receive support from the industrialized 
countries in the form of funding, technology trans-
fer and capacity building. Like the mitigation activi-
ties themselves, this support should be measurable, 
reportable and verifiable (MRV). Work should be 
continued on an MRV system for developing coun-
tries‘ mitigation efforts and the support provided by 
the industrialized countries; the essential basic prin-
ciple of climate finance must be  transparency. 

The German Federal Government has repeatedly 
announced its desire to make a fair contribution to 
climate finance. The WBGU welcomes this promise. 
Indeed, German funds provided for climate finance 
have increased markedly in the last few years. How-
ever, commitments for bilateral climate projects will be 
considerably lower in 2014 than they were in 2013. If 
the  Federal Government is to honour its pledges, how-
ever, the  German contribution should not be falling, but 
 moderately rising. 

Chancellor Angela Merkel’s recent promise that Ger-
many would pay €750 million into the new Green Climate 
Fund over the next nine years means that the Federal 
Government is contributing to a successful launch of the 
Fund. An initial payment of €20 million is planned for 
2015. The German Government’s pledge has now also 
put pressure on other countries. In addition to Ger-
many, France, the UK, Norway, Sweden, Japan and the 
USA have publicly announced that they will be making 
pledges. Some emerging economies, including  Mexico 
and South Korea, are also planning to make pledges of 
their own. No further pledges have yet been made apart 
from the Chancellor’s. If the pledges requested by the 
developing countries totalling US$15 billion are received 
by the end of 2014, this could improve the mutual trust 
between industrialized countries, emerging economies 
and developing countries and have a positive impact on 
the UN negotiations for a global agreement in Paris in 
2015. 

The WBGU recommends making more effective use 
of the diversity of available public instruments – such as 
grants, loans, credit lines, guarantees, bonds, structured 
funds and technical support (WBGU, 2012) – to mobi-
lize private capital for climate finance. The UNFCCC’s 
Green Climate Fund should consider extending its range 
of instruments and also using the whole range of possi-
ble instruments to mobilize private capital in addition to 
concessional loans and grants. 

Private-sector involvement in climate finance should 
be stimulated by effective public funds and politi-
cal measures in industrialized and developing coun-
tries. As the WBGU has already emphasized, there are 
a number of important starting points available here 
(WBGU, 2012). These include more suitable legal and 
institutional framework conditions, better risk-minimi-
zation strategies and efforts to close information gaps, 
especially a uniform definition of ‘climate finance’ and 
‘private’, as well as reliable data for measuring private 
climate investment. International institutions of devel-
opment and climate finance should strengthen the links 
between policies on energy, climate and development in 
terms of both content and finance. Corresponding insti-
tutions should be strengthened and equipped with suf-
ficient funding. When mobilizing private funds, clear 
social and ecological standards and safeguards, as well 
as compulsory control and accounting.
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3.4
Core messages

 > Interaction between all relevant actors: An 
 international solution to the global problem of climate 
change is indispensable. The level of decarbonization 
required to reach the zero target by the year 2070 at 
the latest can only be achieved through the  interaction 
of state, intergovernmental and civil-society 
 processes and actors.

 > Legally binding protocol: The planned Paris Climate 
Agreement should be designed in such a way that it 
includes as many of these processes as possible and 
promotes ambitious actors. The WBGU recommends a 
legally binding protocol to the UNFCCC and 
 complementary COP decisions.

 > Integrating the 2  °C guard rail and the zero-emissions 
goal: The Protocol should follow a hybrid approach 
based on a combination of compulsory and voluntary 
elements. The WBGU recommends integrating the 
2  °C guard rail into the Paris Protocol in a legally 
 binding form. To concretize the guard rail, it should be 
agreed as a legally binding global, long-term goal that 
CO2 emissions from fossil fuels must be reduced to 
zero worldwide by 2070 at the latest.

 > The proceduralization of the 2  °C guard rail: The 
WBGU recommends proceduralizing the 2  °C guard 
rail. This would be characterized by the obligatory 
consultation of scientific expertise (IPCC) in decision-
making processes of the UNFCCC and the Paris 
 Protocol, ensuring maximum transparency by 
 guaranteeing access to information for all, and by 
 giving participation rights and rights of action to 
climate procurators (i.  e. associations and non- 
governmental organizations that can prove an inter-
est in climate protection); this would promote accept-
ance and the monitoring of how well countries com-
ply with their commitments, thus supporting a kind 
of democratization of the climate regime. 

 > Install a hybrid approach in the pledge-and-review 
process: The WBGU recommends an ambitious 
pledge-and-review process which differs from the 
previous pledge-and-review process primarily in its 
hybrid (compulsory/voluntary) approach. 

 > Pledges: Every party to the Paris Protocol would be 
obliged to set self-selected targets, e.  g. up to 2030, 
and to submit decarbonization roadmaps (pledges). 
These should not relate solely to greenhouse gas 
reduction, but could also cover, say, the expansion of 
renewable energy or improving the energy efficiency 
of buildings. The decarbonization roadmaps explain 
how the respective country intends to reach the goal 
of zero emissions by the year 2070 at the latest. 
These plans can also include intermediate targets 
(milestones). 

 > Review: Submission of the pledges should be fol-
lowed by a legally binding review process to deter-
mine whether all the submitted targets, taken 

together, are sufficient to constitute a global emis-
sions pathway allowing compliance with the 2  °C 
guardrail. Similarly, the review should also deal with 
the plausibility and implementation of the individual 
national contributions. After the review, any deficits 
in the pledges determined in the review should be 
renegotiated between the states. The ambition levels 
can be gradually raised in the course of the repeated 
pledge-and-review process in interaction with the 
contracting states‘ national climate policies. 

 > Measurement, reporting and verification: Measure-
ment, reporting and verification (MRV) is a key 
mechanism for ensuring the implementation of the 
targets and the decarbonization roadmaps by the 
contracting states. The WBGU recommends that the 
German Federal Government advocates the develop-
ment of an MRV system for the Paris Protocol. 

 > Adaptation and dealing with loss and damage: Adap-
tation and dealing with loss and damage must be 
moved higher up the agenda. The Warsaw Mecha-
nism should be extended.

 > Flexible mechanisms: The WBGU believes that a 
meaningful use of flexible mechanisms – in a similar 
way to the Kyoto Protocol – can also be implemented 
as part of the pledge-and-review process recom-
mended by the WBGU, provided that the reduction 
targets submitted are ambitious enough. It is also 
important for effective climate protection that 
national economies are not financially overstrained 
and that short- to medium-term flexibility is used to 
reduce the global mitigation costs. At the same time, 
the possibility of using flexible mechanisms increases 
the incentive to make ambitious pledges.

 > Transformation funds: The WBGU recommends devel-
oping a transformation fund for the global decarbon-
ization of the economy. First, by providing sufficient 
financing, the fund should mobilize the necessary pri-
vate investment in the transformation of the energy 
systems and other areas of the economy, minimize the 
economic and technological risks of innovations, and 
ensure access to low-carbon technologies. Second, the 
fund should act as an intermediary between national 
and international actors and support country-specific 
solutions according to the national decarbonization 
roadmaps. Third, it should enable the diffusion and 
permanent application of low-carbon innovations. 
Fourth, the WBGU recommends providing preferential 
support in particular to ambitious climate clubs or pio-
neer alliances in developing countries and emerging 
economies. 

 > Financing: The industrialized countries should honour 
their financial pledges to mobilize US$100 billion 
every year from 2020 to support mitigation and adap-
tation in developing countries. The German Federal 
Government should set an example in this field by 
making a financial contribution of its own; this could 
serve as a blueprint for other industrialized countries. 
Transformative criteria for the allocation of the funds 
must be developed at the international level. 



71

The great risks of climate change have been further cor-
roborated by the IPCC and climate science (Chapter 1). 
Yet up to now the international climate negotiations 
have still not made a breakthrough, nor are there any 
indications of imminent ambitious agreements on miti-
gation at the global level (Chapter 3). Against this back-
ground, the WBGU looks in this Chapter at other pos-
sible ways of moving the mitigation of climate change 
forward – modular multilateralism, and narratives and 
laboratories for the transformation to sustainability. The 
WBGU also considers the possibilities of their inter-
actions and mutual reinforcement, which might bring 
fresh momentum to the multilateral negotiations. There 
are many examples, from the local to the global level, 
of promising citizens’ initiatives, social movements, 
enterprises and clubs that are taking on responsibility 
for climate protection, raising awareness and mobiliz-
ing people for political action. In this Chapter the WBGU 
shows some selected, striking examples illustrating the 
broad spectrum of instruments being used to actively 
try forms of mitigation. The interactions and synergies 
of the many initiatives are of great importance for their 
broad-based impact.

4.1
Vitalizing international negotiations

In view of the current status of climate diplomacy, the 
kind of agreement that can be expected in Paris will 
probably not be sufficiently ambitious to ensure ade-
quate mitigation (Chapter 3). Unless there is a decisive 
change of direction, the world is moving towards a level 
of global warming that could exceed 4  °C by the end of 
this century – as scientific evidence can now prove in 
greater detail and with more certainty than ever before 
(Chapter 1). Nevertheless, the WBGU regards interna-
tional mitigation within the framework of the United 
Nations as indispensable and recommends an ambitious, 
legally binding Paris Climate Protocol (Section 3.1), 
because the UNFCCC still offers a suitable framework 
for negotiations on universal challenges concerning all 
countries.

The question is: how can the deficits of climate pro-
tection on the global level be compensated and global 
climate policy be revived? The WBGU is convinced that 
pioneering countries and civil society can be a major 

driving force for both. In the run-up to the Paris Con-
ference of the Parties to the UNFCCC in 2015 (COP 21), 
demonstrations of considerable size are taking place in 
many parts of the world. They are being organized by 
environmental, development and climate-protection 
groups with the support of religious communities and 
trade unions, which have been advocating more active 
mitigation for a long time. 

The following overview shows that there are many 
and varied forms of unconventional social practices, 
which, once they start relating with each other, can act 
as catalysts for a more active climate policy and give 
added momentum to governments that are interested in 
as ambitious an outcome of the negotiations in Paris as 
possible. Accordingly, the German Environment Minis-
ter Hendricks recently set out the foundations of a suc-
cessful climate policy: “Implementation will involve an 
enormous effort from all of us. That is why I would also 
like to encourage all of Germany’s states, local authori-
ties and societal groups to join in” (BMUB 2014). In this 
sense, productive government action can be driven for-
ward and made possible by decisive action on the part 
of civil society in its many different forms. For although 
global climate policy has lost so much momentum since 
2009, and disappointment and disaffection have spread 
among climate activists, at the same time efforts in civil 
society have increased and taken on a more concrete 
form. The following synopsis of these efforts to sup-
port and strengthen climate-policy governance may also 
contribute to giving the diverse initiatives, which often 
seem isolated and weak to the actors involved, a feel-
ing of collective self-efficacy (Zaccaro et al., 1995): “It’s 
up to us – together we can move something” (Bandura, 
1997; Bandura and Locke, 2003).

Societal initiatives in the overall context
To begin with, these diverse initiatives are classified as 
part of an overall context. What can be observed is a 
potential or current interaction within a triangle made 
up of (1) civil society (including economic actors), (2) 
political institutions in the multi-level system from the 
local to the supranational level, and (3) pioneer coun-
tries in the multilateral negotiation system of the United 
Nations. The dynamic force field in this triangle has been 
formed in recent years by civil-society initiatives and 
new social movements. It is known from social-science 
research into societal movements that they work in an 
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area that has been neglected by the established  political 
forces, a so-called ‘enjeu’ (Alain Touraine), a challenge 
where much is at stake (Touraine, 1993). In this case it 
is the lack of protection for the global commons – like 
the atmosphere – which can trigger dangerous climate 
change. 

Social movements (like those in the 19th century on 
social injustice and political inequality) develop alterna-
tive narratives and open up horizons of expectation; they 
thus highlight and demonstrate political/moral dissent 
on prevailing conditions and opinions. Beyond this nor-
mative level, social movements can mobilize resources 
which they use in a historically favourable situation as 
a window of opportunity (Appiah, 2011). Despite this 
informality, even minority currents can intervene in the 
political and societal realm by linking ideas and ideals, 
practices and actions. In relation to climate policy and 
other international agendas of environmental protection 
and sustainability, it is significant that such social move-
ments have recently also been networking and bringing 
themselves into position transnationally in the course 
of economic and cultural globalization. International 
non-governmental organizations can operate as lawyers 
or stewards of global commons, and in the policy cycle 
they have also gained in importance at the international 
level. In this way they have become transnational actors 
(examples: WWF, Germanwatch, Greenpeace) that have 
taken on a mobilizing role, specifically in climate pol-
icy. There have been similar developments involving 
think tanks and scientific advisory bodies (e.  g. Ecofys, 
World Resources Institute, Woods Hole Research Center; 
Thinktankmap, 2014).

Similarly alternative pioneering practices can be 
observed among nation states. By setting up the 
‘Renewables Club’ in 2013, Germany’s Federal Govern-
ment gained the support of several countries that will 
be decisive for the success of mitigation to pursue new 
approaches of intensified cooperation. Such ambitious 
clubs of different actors (e.  g. the C40 Cities Climate 
Leadership Group) can have a catalytic, transformative 
effect by encouraging other players either to follow their 
example and replicate the club approach, or to join an 
existing club.

Historical experience shows that such currents and 
movements can ease situations that have been dead-
locked for a long time and create scope for action. Deci-
sive success factors are what might at first sight seem 
surprising links between local and wider individual initi-
atives, or alliances across sectors and national frontiers, 
which open up action parameters beyond the ‘usual 
 suspects’, i.  e. the well-known stakeholders, and allow 
‘contentious politics’ in a comprehensive sense (Tilly 
and Tarrow, 2006). By way of contrast to classic stake-
holders, such initiatives should be seen as ‘stewards’ that 
are concerned primarily with the matter in hand, regard-
less of the extent to which they are affected themselves. 
A closer look at climate-policy actors reveals that they 
are found in different societal subsystems (politics, busi-
ness, culture, knowledge) and use all media of politi-

cal interaction: power and influence, money, discourse, 
law. Such a parallel change happening at different, often 
unrelated societal levels indicates a profound transfor-
mation (Osterhammel, 2009). The initiatives described 
in more detail in the following can be systematically 
classified into subsystems (Figure 4.1-1). The strength 
of the initiatives probably lies in the fact that they are 
often present in several subsystems in parallel or end up 
moving ‘in step’.

When the individual initiatives are located and 
assigned to the societal subsystems, political clubs, 
driven by nation states, can be termed an element of 
modular multilateralism. The latter arose following a 
multipolar reorganization of the international commu-
nity, distinct from the classical multilateralism of the 
UN’s negotiation system. Ideally, regional and secto-
ral forms of cooperation develop where global coopera-
tion does not materialize. In the context of the UNFCCC, 
state clubs can generate ‘tipping points’ if their mem-
bers strive (nationally) for significantly more ambi-
tious goals than could be achieved in the UN process, 
enabling them to act – as a club – more ambitiously in 
the UN negotiations. Modular multilateralism is being 
backed up and motivated by a normative and cogni-
tive paradigm change. This is initiated and sustained by 
stimuli from, for example, religious communities, but 
also from  science that has a transdisciplinary orienta-
tion and systematically incorporates the local knowledge 
of non- scientists. This improves the prospects of a re- 
embedding of the markets (Polanyi, 1944) which favours 
and sustains low-carbon individual investment and con-
sumer decisions and analogous decisions by institutional 
actors, such as businesses and public administrations. 

All of this is happening at the same time as numerous 
individual and collective initiatives are declaring them-
selves responsible for the change and are able to rede-
fine responsibility for the future. 

The WBGU would like to demonstrate that the per-
formance and legitimacy of international climate protec-
tion depends to a substantial extent on such initiatives 
and their interactions. It can be taken as given that a 
broad normative consensus exists for global mitigation 
and related orders of preference for sustainable devel-
opment, which are gaining ground not only in devel-
oped economies, but also in emerging economies – or 
have at least influenced strategic groups in the  societies 
concerned. 

The change in values is in full swing
There are many indications – e.  g. the results of the 
World Values Survey (WVS) that has been carried out 
worldwide since 1981 – which suggest that value sys-
tems that assign a key priority to the protection of the 
natural environment are growing among large sections 
of the world population, that they are spreading globally 
and thus creating a basis for the transformation in the 
knowledge system and the cultural system (WVS, 2014). 
For example, the WVS’s current sixth ‘wave of enquiry’ 
also shows that the majority of respondents in almost 
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all participating countries regard environmental protec-
tion as important to them personally and, as a devel-
opment goal, of similar importance as education and 
the improvement of infrastructures. In the meantime, 
citizens in 30 of the 53 participating countries assign 
a higher priority to the protection of the environment 
than to economic growth (WVS, 2014). The growing 
concern for the environment and the spread of environ-
ment-related values is seen as an expression of a change 
in values towards post-material ideas and self-develop-
ment (Inglehart, 2008), which are to be found primarily 
in more prosperous, democratically organized countries, 
but are also spreading increasingly in emerging econ-
omies. Other international studies also show a lot of sim-
ilarity across countries and cultures when it comes to 
attitudes to the hazardousness – as well as the causes 
and consequences – of climate change and related con-
cerns (BBC, 2007; Brechin and Bhandarai, 2011). Fur-
thermore, surveys focusing explicitly on attitudes and 
assessments of international climate policy show that 
citizens in the nations involved in the negotiations take 
their own responsibility for mitigation much more seri-
ously – and are more agreed among themselves – than 
their government representatives. While the latter tend 
to focus on national self-interest in climate negotiations 
(Long et al., 2010), citizens consider principles of justice 
and responsibility to be more important than  pursuing 

one’s own interests (Kals et al., 2005; Schleich et al., 
2014). 

Similar developments can also be observed among 
international actors. For example, the heads of inter-
national organizations like the World Bank and the 
OECD have declared their support for the ‘decarboniza-
tion’ of energy supplies and the protection of resources. 
World Bank President Jim Yong Kim stated: “A 4 degree 
warmer world can, and must be, avoided – we need to 
hold warming below 2 degrees” (World Bank, 2012b); 
and OECD Secretary General Angel Gurría declared: “I 
am making a strong call for governments to put us on 
a pathway to achieve zero net emissions from the com-
bustion of fossil fuels in the second half of this cen-
tury” (OECD, 2014). This commitment is also reflected 
on a broad front in national and local mitigation plans, 
in self-commitments and investment decisions by com-
panies, and in a lot of scientific research. The examples 
all show that a normative discourse in favour of climate 
protection and sustainability has taken hold and that it 
has moved from the realm of ideas, visions and desires 
to concrete forms of social practice.

How change can take place
The political-strategic question now is how opinion-poll 
majorities and individual declarations of intent can be 
turned into effective collective action, and how climate 
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policy can be (re-)politicized. In other words, how can a 
global line of division and conflict develop that reaches 
the UN system via the above-mentioned influence of 
global civil society and avant-garde countries and cities?

The topic of climate protection is regarded as a ‘wicked 
problem’, i.  e. seemingly insurmountable at the national 
and local level because it is so long-term, complex, etc.; 
that is why it is rarely an important issue in national 
and regional elections, but usually hits the headlines via 
unconventional political participation. This begins with 
petitions (e.  g. the Memorandum of the Nobel Cause 
Symposium 2014, PIK 2014), fund-raising activities 
and the like. It then develops into demonstrations on 
the street calling for mitigation and a transformation of 
energy policy (e.  g. the ‘Mother Earth Day to May Day’ 
on 1 May 2014; Global Climate Convergence, 2014) or 
the decentralized demonstrations in Germany under the 
motto ‘Don’t Let the Energy Transformation Capsize!’ on 
10 May 2014, organized by the Climate Alliance Ger-
many (2014). Then come city networks (C 40), boycotts, 
‘divestment’ campaigns and environmental law suits – in 
which environmental organizations can act on behalf of 
others under a ‘procuratory legal status’ (Section 3.2.4; 
Schlacke, 2014B; Ekardt, 2014).

What is important now is how the different actors 
involved interact. Of course, this is not being directed by 
a fixed choreography or by ‘stage directions’, but unfolds 
polyphonically as a unifying basic narrative: decarbon-
ization and the transformation towards sustainability. It 
is not least the media effect of such ‘ glocal’ individual 
actions that creates a feeling of collective self-efficacy, 
which actually comes together in laboratories on decar-
bonized production methods and lifestyles, in science, in 
businesses and in civil society – for example in coopera-
tives and class actions. 

According to Ostrom, four factors favour responsible 
action in societal dilemma situations, of which climate 
change is one (Ostrom, 2009: 12f.; Poteete et al, 2010): 
1. A basic awareness of the problem (of climate change), 

its causes, the need for change and personal respon-
sibility among as many participants as possible. 

2. A high degree of reliability of information about the 
problem and continuous dissemination of this infor-
mation.

3. Information that other participants are also seeking 
change and that efforts are being monitored.

4. Communication between the participants or subsets 
of the participants.

Under these conditions, small, autocatalytic foci of miti-
gation can kindle a large-scale transformation dynamic. 
The effectiveness of isolated foci must be supported by 
institutional and procedural advances in climate nego-
tiations at the local, national and global level, since, 
for example, political consumerism and divestment 
approaches are subject to the cycles of social movements 
and the latter’s potential can dwindle as a result of dis-
affection and disappointment (Hirschman, 1970, 1982). 

In the following, exemplary action practices are pre-
sented that offer medium to high potential both for 

decarbonization (which represents a reliable planning 
factor for all actors (Chapter 2) and for the transforma-
tion towards a low-carbon society. From the perspec-
tive of social practices and initiatives they illustrate the 
stimuli that are at the disposal of the negotiators in the 
UNFCCC process. The selected initiatives range from the 
level of multilateral actors (clubs of nation states, city 
networks), via the meso level of social movements, to 
possibilities of collective actions by smaller communities 
and individuals. The transformative potential of the ini-
tiatives and their interaction is analysed in four catego-
ries (Table 4.6-1). 

The first is the ambition level chosen by the actors 
themselves: what and how much do the participants 
want to change with the alternative action practices? 
Is it a question of creating ‘islands’ or alternatives to 
the mainstream within the field of application, or is an 
alternative regime (of supply systems, financial systems, 
forms of social life) being sought? What counts in this 
context is not the specific, alternative action practice 
itself, but the vision or alternative to the mainstream 
which is developed by the actors and the extent to which 
this comprises a transformation of society. 

Second, the scalability of the initiative is of deci-
sive importance: how great is the extent of individual 
and collective mobilization? How far can the alterna-
tive action practice diffuse within societal levels, spatial 
borders and beyond? Can all people, regardless of their 
resources (financial, cognitive, social) and cultural back-
ground, take part, or is the alternative mainly suitable 
for certain social and cultural milieus? 

Permanence is the third category and it points to the 
future: are the alternative structures in question organ-
ized formally (like associations, cooperatives) or infor-
mally (like temporary actors’ networks, internet plat-
forms and forums)? Can they link up with existing 
structures (e.  g. company law, institutions), or are they 
more ‘isolated’? It is important in this context to distin-
guish between whether the activities of the initiative are 
the objective and are to be implemented permanently 
(e.  g. organizing energy supplies cooperatively based 
on renewable energies), or whether they are a means 
to an end that is not intended to be permanent, but will 
become obsolete once the aim has been reached (e.  g. 
political consumerism or divestment is not the aim, but 
a way of changing supply systems or financial systems; 
once the systems have changed, the means are no longer 
necessary). 

Fourth, every initiative must be judged according to 
its feasibility. Feasibility needs to be understood in two 
ways. As Type 1 with regard to the alternative practices 
as such: are these easy to implement? For example, can 
participants get started (e.  g. with de-investing) as soon 
as the necessary personal resources are available? Or 
is some form of preparation or activation of collective 
resources necessary first, e.  g. to set up an energy coop-
erative or a producer/consumer cooperative (develop-
ing a business plan, establishing contacts, finding fel-
low-campaigners, etc.)? As Type 2 with regard to the 
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ambition or the goal: how different from the existing 
regime is the alternative (see ambition level)? To what 
extent must established routines and systems change in 
how many areas of society for the alternative to become 
mainstream?

Only very limited assessments on this are currently 
possible for some of the examples listed below. Further-
more, it is the cumulative impact of networked initiatives 
that is crucially important, i.  e. the way in which they 
mutually influence and reinforce each other in the sub-
systems of politics, business, culture and knowledge. At 
best, they create an impression of self-efficacy among 
the participants, and support and legitimacy among the 
institutional actors whose aims are geared to sustainable 
progress. Demonstration and imitation effects arise, fol-
lowed by power shifts; in this way, narratives and sus-
tainability laboratories become effective; in this way 
they shape the routines and habitus of broad sections of 
the population; and in this way, as global action models, 
they become culturally acceptable to a majority and pos-
sibly hegemonic.

4.2
Modular multilateralism 

Definition
The UNFCCC should be complemented by a flexible form 
of modular multilateralism in order to dynamize the UN 
negotiations. Clubs are a promising format for such an 
approach. Clubs are voluntary associations in which (1) 
membership is linked to meeting specific criteria, and (2) 
only members have access to the respective club goods. 
Club goods are advantages of the club which offer an 
incentive to join the club (Buchanan, 1965). Club mem-
bers can be individuals (e.  g. in sports clubs), states (e.  g. 
the EU), cities (e.  g. C40), or totally different types of 
actors.

Examples
There are already a wide range of club-like group-
ings outside the UNFCCC. However, existing groupings 
 usually only aim for incremental changes. Although they 
make important contributions to mitigation as dialogue 
forums or initiatives geared towards implementation and 
capacity-building, they only strive for small advances 
(Figure 4.2-1). 

In order to generate fresh momentum for the cause of 
climate protection, what is needed instead of the exist-
ing groupings are ambitious clubs that actually contrib-
ute towards triggering fundamental change (Box 4.2-1). 
To date, no club exists that generates transformative 
change. 

Transformative potential
Clubs whose members have come together as climate 
pioneers to pursue an ambitious climate policy can con-
tribute to accelerating the transformation towards a low-

carbon, sustainable society. Even if such clubs cannot 
stop climate change alone, they can develop a trans-
formative effect as catalysts, for example by presenting 
a successful example; innovative approaches that have 
been successfully tested in the club can be replicated in 
other contexts. 

Ambitious clubs can act as role models and encour-
age other actors by demonstrating what is possible. The 
club approach is scalable: clubs can grow by accepting 
new members until they make themselves superfluous, 
i.  e. when all UN states have become members of the club 
and a global climate agreement is in place. The initially 
exclusive logic of the clubs can thus develop an inclusive 
dynamic in the long term.

Clubs can generate climate-policy ‘tipping points’ in 
the UN process, not by replacing the UN process, but 
by complementing and supporting it. The global prob-
lem of climate change can ultimately only be solved by 
a multilaterally agreed global response. Clubs, however, 
can boost momentum at the UN if their members pur-
sue much more ambitious national targets than would 
be possible in the climate negotiations, and at the same 
time take a more ambitious stance as a club in the mul-
tilateral process. 

Clubs can develop transformative potential through a 
variety of advantages:

 > Speed: As early as 1965, Mancur Olson argued that 
smaller groups reach a consensus faster because there 
is more social pressure between the members than in 
larger groups (Olson, 1965). Club advantages that 
exclusively benefit members also generate greater 
incentives for an agreement than in the large group of 
UNFCCC states, where the goal is the provision of a 
global public good. 

 > Ambition level: Smaller groups could reach agree-
ments that are more precisely tailored, but more pro-
found – i.  e. more ambitious – than would be possible 
as the lowest common denominator of all the UNFCCC 
members (Aldy et al., 2003; Biermann et al., 2009). 
Moreover, clubs are in a better position to experiment 
with innovative approaches.

 > Participation and fairness: Clubs could offer more 
scope for new actors. These can include, for example, 
cities, companies, or less influential actors that would 
be dominated by the more powerful negotiating 
 parties in the context of a larger group (Biermann et 
al., 2009).

 > Enforcement mechanisms: Clubs are better at avoiding 
free-riders because of their positive incentives (the 
clubs advantages) and sanctions (such as the threat of 
exclusion), and are therefore more effective at enforc-
ing their goals than initiatives and institutions with-
out enforcement mechanisms. 

In the WBGU’s view, clubs with a transformative effect 
must contain the following elements:
1. Ambitious vision: The members of the transformation 

club should share an ambitious vision. 
2. Clear criteria for membership: The club members must 

meet measurable criteria which are in line with the 
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club’s ambitious vision. 
3. Significant advantages for members: The club should 

offer members significant advantages which exclu-
sively benefit the members, so that they have strong 
incentives to meet the ambitious membership  criteria. 

4. Openness for new members: The club should be open 
for new members that meet the membership criteria 
– as well as for new types of members, such as cit-
ies or companies.

Examples of clubs that bring together different actors are 
presented in the following: state clubs (Section 4.2.1) 
and city clubs (Section 4.2.2).

4.2.1 
State clubs

Definition
A promising starting point for modular multilateralism is 
the formation of transformative clubs whose members 
are nation states. Germany and the EU should promote 
the creation of such state clubs which commit them-
selves to ambitious mitigation targets and policy for 
an energy-system transformation. Clubs can set them-
selves ambitious and innovative targets in the fields 

of mitigation, adaptation or coping with loss and dam-
age, which go beyond the ambition level that can be 
achieved in the UNFCCC context and can help breathe 
new life into the UN negotiations (Box 3.3-2). Alterna-
tively, or in addition, clubs can set themselves ambitious 
goals for expanding the use of renewable energies or for 
improved energy efficiency. 

Example
The ‘Renewables Club’ (Club der Energiewendestaaten), 
which was launched by Germany’s then Federal Envi-
ronment Minister Altmaier in 2013, could become a 
transformative club and give the UN negotiations a 
boost. China, Denmark, France, the UK, India, Morocco, 
South Africa, Tonga and the United Arab Emirates are 
members of the club. The Federal Government has thus 
succeeded in gaining support for the club from several 
countries that will be decisive for the success of mitiga-
tion. The other member states of the Renewables Club 
have high expectations of enhanced cooperation within 
the framework of the club. If only for reasons of cred-
ibility vis-à-vis important international partners, Ger-
many should take a lead in the expansion and develop-
ment of the club. 
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Figure 4.2-1
The landscape of clubs involved in mitigation: the seventeen groupings shown contribute to mitigation as dialogue forums or 
implementation groups, but lack transformative character. APP: Asia-Pacific Partnership on Clean Development and Climate; 
CCAC: Climate and Clean Air Coalition; CEM: Clean Energy Ministerial; CSLF: Carbon Sequestration Leadership Forum; Energy+: 
International Energy and Climate Initiative; G8: Group of 8; G20: Group of 20; GBEP: Global Bioenergy Partnership; GGGI: 
Global Green Growth Institute; GMI: Global Methane Initiative; IEA-IA: IEA Multilateral Technology Initiatives (Implementing 
Agreements); MEF: Major Economies Forum on Energy and Climate; LEDS GP: LEDS Global Partnership; M&MRV: International 
Partnership on Mitigation and Measurement, Reporting and Verification; REDD+: Reduced Emissions from Deforestation; REEP: 
Renewable Energy and Energy Efficiency Partnership; REN21: Renewable Energy Network for the 21st Century.
Source: Weischer et al., 2012, modified
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Transformative potential 
State clubs can be ambitious if they pursue a challeng-
ing vision. The club idea is scalable: if other countries 
meet the respective criteria for accession, they can join 
and the club’s transformation potential grows with the 
number of new members. However, in order to be able to 
have a transformative effect and boost the multilateral 
UN process, the Renewables Club must be more than a 
talking shop without commitments. The Federal Govern-
ment should propose a concept to its partners. Looking 
at the elements mentioned above, the following ideas 
should be considered for the transformative  Renewables 
Club.
1. A common vision: The common vision of the club 

members could be to create by 2050 an energy sys-
tem that is based as completely as possible on renew-
able energies and ensures competitive, affordable 
and predictable energy costs. This vision should be 
the point of departure for specific targets. The club 
members could agree to double renewable energy’s 
share of their joint energy mix by 2025. That would 
be compatible with the target pursued by the UN’s 
‘Sustainable Energy for All’ initiative – to double 
the share of renewable energy in the global energy 
mix by 2030 (SE4All, 2014). As pioneers, the club 
members would reach this target five years earlier. 
To manage this, each member would set itself clearly 
defined, individual targets. In addition, the club 
could support transformative strategies for renew-
able energy in other parts of the world. Since the 
club unites pioneers, it is in a unique position to use 
its expertise to support such strategies, for exam-
ple in small island developing states, sub-Saharan 
Africa, North Africa or Latin America.

2. Membership criteria: The criteria for member-
ship could be a share of at least 40  % for renew-
able energy by 2030, or at least 10 GW of renew-
able energy capacity, plus a target of adding at least 
3 GW of renewable energy a year (interesting for 

China, for  example), or a certain amount of annual 
investment in the expansion of renewable energies 
(potentially interesting for the Emirates), or as a 
percentage of gross domestic product (Weischer and 
Morgan, 2013). The membership structure of the 
Renewables Club should be reconsidered. For exam-
ple, Latin America is currently not represented in the 
club, which was founded in 2013, although there are 
promising candidates there, for example Mexico. The 
club could also offer companies a chance to be rec-
ognized as official partners. The condition might be 
a commitment by the company to procure a certain 
proportion of the energy it consumes from renew-
able sources. 

3. Advantages for club members: Club benefits can have 
either a softer character – like joint initiatives for 
mutual learning – or consist of ‘harder incentives’ – 
such as trade advantages through protection against 
so-called climate tariffs. Harder incentives for trans-
formation clubs in the context of trade policy, 
 especially the taxation of commercial transactions 
with non-members, involve the risk of side-effects 
like trade disputes. However, since softer incentives 
might ultimately be too weak to build up success-
ful transformation clubs quickly, harder incentives 
should at least be considered. The portfolio of club 
advantages should in any case be designed in such 
a way that all members can reap substantial bene-
fits from the club. 

Mutual learning 
The club members could benefit by mutual learning. For 
example, they could exchange their experience with rele-
vant policies and corresponding best practices; they could 
set up a peer-review process where members report at 
regular intervals on the current status of relevant tech-
nologies, policies and investments and then receive feed-
back for future steps; they could launch advanced-train-
ing measures for engineers and decision-makers from the 

Box 4.2-1

Examples of associations with club character

At present there are no clubs with transformative character 
in the climate policy field. The creation of such a club would 
thus be a social innovation. Outside of climate policy there are 
communities, clubs and club-like initiatives that can inspire the 
creation of clubs: 

Regional organizations like ASEAN, Mercosur and the EU 
can serve as such models. The European Coal and Steel Com-
munity (ECSC) was an European trade association and a pre-
cursor of the EU. The ECSC gave all member states access to 
coal and steel without having to pay duty. The EU is a commu-
nity with club character that has grown to 28 members in the 
meantime and is offering more and more club goods, including, 
for example, participation in the European internal market, the 
right to use European regional and structural funding, and the 
existence of a common foreign and security policy. 

The Association of Southeast Asian Nations, or ASEAN, is 

based in Jakarta. Its aims are to improve economic, political 
and social cooperation, but also cooperation on security, cul-
tural and environmental issues. In 2009 the heads of state and 
government of the ASEAN members decided to form a com-
mon economic area based on the European model. 

Another example can be found in the field of global health 
policy. The Advance Market Commitment (AMC) offers incen-
tives for the commercial development and rapid introduction 
of new vaccines: donors issue a legally binding guarantee that, 
if a vaccine against a certain disease is developed in the future, 
they will pay the developing countries‘ costs of purchasing the 
vaccine. The idea is thus that the vaccine will ultimately bene-
fit not only investors in research and development, but also 
others. In this context, the club good is the payment of the 
research and development costs. Although the logic is slight-
ly different than in the case of the proposed transformation 
clubs, AMCs could nevertheless provide ideas that could be 
taken up in mitigation, for example if they were set up to pro-
mote innovative low-carbon technologies.
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member states at their best universities and institutes; 
they could set up dialogue forums where they discuss 
what forms and amounts of support for renewable ener-
gies are most effective and  acceptable (Weischer and 
 Morgan, 2013).

Joint research and development
The club members could generate additional advantages 
for themselves by conducting joint research projects 
and implementing demonstration projects – and subse-
quently jointly apply for and use the corresponding pat-
ents (patent pools).

Cooperation on standards 
The club members could create further benefits by har-
monizing or mutually recognizing their existing stand-
ards or by cooperating within the club on the develop-
ment of new standards for future technologies – e.  g. in 
the context of e-mobility or power-to-gas technologies 
– in order to create new markets in this way. 

Better access to finance
The club should set up financing mechanisms for poorer 
member states, for example to support feed-in tariffs for 
renewable energy in developing countries (WFC, 2009; 
Deutsche Bank Climate Change Advisors, 2010; WBGU, 
2011; Weischer and Morgan, 2013). Such a measure 
would also be in the interests of Germany, other OECD 
countries and emerging economies, especially China, 
since the expansion of the markets for low-carbon tech-
nologies and renewable energy is also in their interests. 

Linking emissions-trading systems
Clubs could also generate advantages for their members 
by linking their emissions-trading schemes (WBGU, 
2010b, 2011). The EU should play an important role in 
this context, but must first overcome the current short-
comings of the European Emissions Trading Scheme 
(EU ETS) (Box 3.3-4). Apart from the EU, countries 
like Japan, Canada (Western Climate Initiative), New 
 Zealand and the USA (Regional Greenhouse Gas Initia-
tive) also offer promising points of contact. The exten-
sion of emissions trading would enhance the market 
liquidity of all the companies involved and open up new 
mitigation potential (WBGU, 2010b). 

Reducing trade barriers for climate-friendly goods 
and services
Furthermore, the club members could create club advan-
tages by mutually lowering their trade barriers for goods 
and services that are highly relevant for the develop-
ment of renewable energies. In this way, they would 
reduce the prices of these goods and services. Such a 
Sustainable Energy Trade Agreement (SETA) could be 
formed as a plurilateral agreement either within or out-
side the framework of the WTO (ICTSD, 2011).

Taxation of commercial transactions with non-
members
If climate clubs do not provide attractive club goods for 
members, there is no incentive for a country to join, 
since membership would not involve any additional 
benefits, but perhaps short-term costs. 

One approach to circumvent this dilemma is sug-
gested by William Nordhaus (2013). He proposes 
 creating advantages for the club members by taxing 
commercial transactions with non-members, without 
excluding them in principle from joining the club in the 
future. This leads to the establishment of a free-trade 
zone that is exclusively available to the club members. 
However, such a tax would violate Article I:  1 (princi-
ple of most-favoured-nation treatment) of the General 
Agreement on Tariffs and Trade (GATT). It is questiona-
ble whether this violation of world trade law can be jus-
tified for reasons of climate protection. A justification 
for discrimination against identical products could pos-
sibly be based on Article XX (g) of GATT (general excep-
tions; measures for the conservation of exhaustible nat-
ural resources) or on Article XXIV:  5 of GATT (territo-
rial application; free-trade area or customs union). Up 
to now, there has been no judgement by an arbitration 
court to clarify whether climate policy can be regarded 
as a measure to protect exhaustible resources (WBGU, 
2011). Ultimately, the question as to the WTO-compat-
ibility of such a tax on commercial transactions with 
non-members must be decided on a case-by-case basis 
and is at least doubtful. In principle, therefore, the idea 
of a Sustainable Energy Trade Agreement, which could 
resolve such conflicts, should be supported. 

4.2.2  
City club: The example of the C40 Cities Climate 
Leadership Group

In addition to the pioneering role being played by indi-
vidual cities in climate protection, cities are also among 
the best networked actors in international climate pol-
icy. Networks of cities are seen as a link between local 
pioneer cities and the global governance level (Gordon, 
2013). As a special case, the C40 Cities Climate Lead-
ership Group has gained considerably in importance 
and since 2011 has attempted to overcome the weak-
nesses of city networks (Section 4.3.6) by carrying out 
a number of reforms (C40 & Arup, 2014). For example, 
the self-commitments on the part of the member cities 
have been extended and formalized, thus raising the bar-
riers to entry. In addition, the C40 group has entered into 
partnerships, for example with the World Bank. Self-
commitments and partnerships are regarded as ways of 
increasing C40’s authority and legitimacy. Furthermore, 
internal agreements on meeting standards and reaching 
targets have been tightened up by making compliance a 
condition for such club goods as access to external fund-
ing or expert knowledge (Gordon, 2013:  294). 

As a result, the C40 group can be regarded as quite an 



79

Individual and collective responsibility  4.3

exclusive club of like-minded actors, although Gordon 
(2013:  301) questions this on the basis that club goods 
are available to all interested cities. The C40 group is 
currently made up of 63 major cities worldwide, includ-
ing Johannesburg, Rio de Janeiro, Jakarta, Tokyo, Los 
Angeles and London. Germany is represented by Hei-
delberg and Berlin. The members have committed them-
selves to reducing greenhouse gas emissions and under-
take to publish a report on their CO2 emissions once a 
year to ensure performance measurement and compa-
rability. C40 stresses that this enables the cities to call 
each other to account (C40 & Arup, 2014). Results are 
currently only measured in terms of the increase in the 
number of mitigation and adaptation measures. C40 cit-
ies are regarded as having a high ambition level (Barber, 
2013). C40 underlines the member cities’ potential for 
reducing CO2 emissions – also in the context of reach-
ing national reduction targets. As a result, the members 
together can reduce future greenhouse gas emissions by 
up to 1.3 billion tonnes by 2030 (C40, 2012).

Moreover, the C40 group makes good use of the media 
to position cities as a driving force in global climate-
change mitigation. The focus here is on the exchange 
of experience and direct support for implementation. 
Thanks to its stronger club character, C40 generates 
advantages such as faster enforcement and more ambi-
tious targets. The cities can build up a lot of pressure via 
shared partial interests. At the same time, the disadvan-
tages of city clubs are a lack of transparency, a lack of 
representation and the exclusion of rural areas and small 
to medium-sized cities. Mayors play a prominent role 
within C40. The former mayor of New York and ex-C40 
Chair Michael Bloomberg has been appointed UN Spe-
cial Envoy. This influential advisory role has now given 
him an opportunity to raise awareness for the theme of 
‘Cities and Climate Change’. 

Although city clubs represent an innovation in gov-
ernance as an intermediary between the local level 
and international politics, their possibilities are limited 
in terms of the scalability of measures. Up to now, a 
number of pilot projects and individual measures exist 
which have not yet had a particularly broad impact. 
Moreover, there is a lack of monitoring when it comes to 
the implementation of agreements. Inadequate scalabil-
ity and impact measurement of agreed measures make it 
difficult to build up legitimacy for inclusion in the inter-
national climate-policy processes (Gordon, 2013:  297). 
Another critical point is the fact that as a club of metrop-
olises increases its decision-making power, megacities 
and global cities, which have their own interests, also 
find themselves playing an advocacy role for small to 
medium-sized cities.

Overall, city-network clubs like the C40 group should 
not be regarded as the only new actors for international 
climate policy, but rather part of the interaction between 
different levels (Aust, 2013; Gordon, 2013). The deci-
sion-making structures in international climate policy 
are shaped by the complex relationship structures and 
dynamics that are typical of a multi-level system. In this 

context, city clubs are one of many actors operating at 
different levels with different degrees of decision-mak-
ing power at their disposal (Betsill and Bulkeley, 2006). 

Overall there are indications that clubs of large cities 
like C40 are becoming effective with respect to climate-
change-related adaptation and action needs. The WBGU 
plans to examine the importance of networks of major 
cities more intensely in its next flagship report because 
of their highly rated transformation potential. 

4.3
Individual and collective responsibility

4.3.1 
Political consumerism: Boycotts and buycotts 

The term ‘political consumerism’ refers to consumer 
actions in which the consumer does not base a purchase 
decision solely on product characteristics like price, 
quality or distinction gain, but also takes into account 
aspects like the production conditions or the manufac-
turer’s other economic activities. The purpose of this 
decision is not only to satisfy consumer needs, but 
also to send a political signal relating to certain busi-
ness and manufacturing practices (Micheletti, 2003). 
The most prominent forms of political consumerism are 
the  boycott, i.  e. deliberately avoiding certain products 
or manufacturers, and the buycott, a targeted decision 
in favour of a certain product or producer. 

The boycott continues a long tradition of specifi-
cally avoiding certain products or producers in order to 
exert an influence on, say, the environmentally harm-
ful behaviour of producers (as in the case of the boy-
cott of Shell gas stations in protest against the disposal 
of the Brent Star in 1995) or on discriminatory political 
systems (e.  g. the boycott of goods from South Africa at 
the time of the Apartheid regime). A buycott is a more 
recent form of political consumerism in which people 
either buy from a specific provider or purchase a spe-
cific product to express support or to reward certain pro-
duction practices. Boycotts in particular can also be used 
for stigmatizing or discriminatory purposes (Beck, 1997; 
Holzer, 2007). However, the current discourse on polit-
ical consumerism relates primarily to consumer actions 
where the underlying values target issues such as climate 
change or sustainability in general, but also social justice 
and health (Balsiger, 2013). Against the background of 
the debate on sustainable consumption and the respon-
sibility of consumers for sustainable development high-
lighted in the Rio Declaration of 1992 (UNCED, 1992), 
political consumerism is therefore also of great relevance 
for climate policy.

Examples of political consumerism are many and var-
ied, since all routine consumer decisions can in princi-
ple be ‘politicized’ and understood or used as a signal 
to suppliers and manufacturers. However, such signals 
have the biggest impact when the views behind them 
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are expressed in public. Boycott or buycott activities 
that are clustered into campaigns attract an especially 
high level of public attention. Networks and organiza-
tions like ‘Behind The Label’ or the ‘Clean Clothes Cam-
paign’, for example, draw attention to the political sit-
uation or labour conditions in countries where clothing 
is produced. By calling for a targeted boycott they want 
to exert media and economic pressure on companies to 
change their practices (e.  g. rates of pay, workers’ rights, 
cooperation with authoritarian regimes) (Baringhorst, 
2006; Micheletti and Stolle, 2005). 

Among buycott campaigns, so-called Carrotmobs in 
particular have attracted a lot of media attention. Car-
rotmobs encourage as many consumers as possible to 
shop in a selected store over a specific period. The shop’s 
owners commit themselves in advance to invest a cer-
tain proportion of the revenue generated during the 
action, for example in making their store more energy-
efficient. The main issue for Carrotmobs is, therefore, 
not to choose a specific, more sustainable product, but 
to reward and support a supplier with a purchase. Since 
the first action of this kind in 2008 in San Francisco, 
it has been imitated many times around the world; in 
the meantime Carrotmobs are even being politically pro-
moted (e.  g. the German Federal Environment Ministry’s 
support for the creation of a ‘Carrotmob Academy’) or 
institutionally integrated (e.  g. as an environmental edu-
cation project in schools). 

A large number of empirical studies suggest that polit-
ical consumerism has become a relevant form of political 
expression for a growing number of consumers in sev-
eral countries (Copeland, 2013; Micheletti et al., 2012; 
Sassatelli and Davolio, 2010). The current sixth ‘wave 
of enquiry’ of the World Values Survey (2010-2014) 
shows that, on average, more than half of the respond-
ents worldwide have taken part in a boycott at least once 
in the last two years (WVS, 2014). Compared to the data 
from previous waves of polls (e.  g. Stolle et al., 2005) 
and other forms of political participation (demonstra-
tions, petitions, strikes), this way of expressing opin-
ions has grown the most since the 1990s. Similarly, buy-
cotts enjoy considerable popularity – in some cases even 
more than boycotts – in many countries (e.  g. Balsiger, 
2013:  14). It should be noted, however, that a more pro-
found and permanent change in people’s actions can fail 
for lack of opportunities or be blocked by regular hab-
its and the rationalities of everyday life (Klöckner and 
 Verplanken, 2012).

The transformative potential of political consumerism 
does not lie primarily in consumers buycotting or boy-
cotting for political or ethical reasons, but in the under-
lying narrative. This speaks of competent, mature and 
committed consumers who, in their everyday behaviour, 
individually and collectively exert an influence on busi-
ness and manufacturing practices seeking change based 
on ethical and sustainability criteria. This is connected 
with the idea of expanding the possibilities of political 
participation: after all, everyone can consume politically 
at any time. Political consumerism thus has a medium 

ambition level for the transformation towards a climate-
neutral society.

The simplest forms of political consumerism – like 
being persuaded by a campaign not to purchase a prod-
uct or offer for political reasons – require little prepara-
tion and are easy for individuals to carry out if the cor-
responding opportunities and action options exist. The 
willingness to change behaviour can be strengthened if 
the gain in quality (of life) is emphasized (Eberle et al., 
2004), the imparting of knowledge is combined with the 
revelation of practical action alternatives and feedback 
on the effectiveness of the action (Abrahamse and Mat-
thies, 2013), and if the social relevance of the action 
is made clear (Aronson and O’Leary, 1983; BMU and 
UBA, 2013). Political consumerism is also an option for 
organizations, such as schools, businesses, institutions 
and even government ministries in the field of public 
procurement with their high volumes of investment, for 
example by awarding contracts according to sustainabil-
ity criteria or gearing procurement measures to these 
criteria (Section 4.5.2). The potential for scalability, i.  e. 
the extension of political consumerism to other groups 
of actors and other areas of society, is therefore high. 
However, as in the field of procurement, a large number 
of conditions have to be met, especially if entrenched 
institutional practices need to be changed. At the same 
time, extending measures to the public sector or compa-
nies of key importance to a given system can achieve a 
special degree of influence as well as spillover effects. 
Long-term visions, like those of a consumer democracy 
or a sustainable economy, will require numerous and 
wide-ranging changes. They include a considerable will-
ingness to change, great commitment among the actors 
concerned and a comprehensive change of economic 
practices and consumer styles. 

Critics regard political consumerism as an inappro-
priate politicization of everyday life that above all dis-
tracts politicians from the real tasks of societal trans-
formation and political responsibility for it (Grunwald, 
2010; Geden, 2008). Another criticism of the consumer-
empowerment model is that many consumers are influ-
enced unconsciously in their purchasing decisions, or are 
simply overburdened by the lack of sufficient informa-
tion or the routinization of everyday actions ( Scientific 
Advisory Board on Consumer and Food Policies at the 
Federal Ministry of Food, Agriculture and Consumer 
Protection, 2010). Furthermore, there can be conflicts of 
goals between ‘fair’ and ‘green’ consumption, as well as 
contrary side-effects: for example the frequent purchase 
of climate-damaging products at Carrotmob actions. 

Nevertheless, the WBGU believes political consum-
erism is important and has expandable transformative 
potential. In a first step, political consumerism contrib-
utes to a public discussion on the moral and political side 
of consumption and helps reveal new opportunities for 
action in the form of alternative consumption patterns 
both for individuals and for organizations. 

However, political consumerism, or boycott and buy-
cott actions, should rather be seen as a way to reach spe-



81

Individual and collective responsibility  4.3

cific objectives – e.  g. changes in manufacturing prac-
tices. Behind such forms of action, the focus should be 
on the vision of a transformation towards sustainable 
patterns of production and consumption, and on the call 
to open up political and economic systems to more con-
sumer participation. 

The political process seems to be so intertwined with 
the dynamics of the consumer society that the road to 
a climate-neutral society is no longer conceivable with-
out a politically supported ‘consumer citizen’. At the 
same time, the state alone is hardly likely to be able to 
restructure purchasing decisions comprehensively, nor 
should the transformative effect of the ‘consumer citi-
zen’ be overestimated. Rather, the potential of a ‘con-
sumer democracy’ in which a ‘consumer citizen’ makes 
politically motivated purchasing decisions lies in the fact 
that the public negotiation of consumption, and its polit-
icization in democratic areas for experimentation, ulti-
mately demands a political response in order to trans-
form the comprehensive form of (welfare) state (Lamla, 
2013).

4.3.2 
Individual emissions trading: Example of the CO2 
credit card 

In individual emissions trading, emissions generated 
by private consumption are priced and emission rights 
traded between consumers. Calculating one’s own eco-
logical footprint is already a well-established concept. 
There are internet portals for the purpose where indi-
vidual consumption can be estimated for many areas of 
life. But how does one deal with a CO2 footprint that is 
too high? The concept of emissions trading for private 
households could offer action possibilities and create an 
awareness of one’s own CO2 consumption compared to 
that of other people. 

Several years ago at the Tyndall Centre in the UK, the 
idea of emissions-trading rights for private households 
and a CO2 credit card was born (Starkey and  Anderson, 
2005): individuals have a specific CO2 budget, and if 
they exceed their credit limit they must cover their need 
for emissions by trading. The free monthly credit bal-
ance could be based on emissions-reduction targets or 
a global budget approach and be reduced accordingly 
every year (Starkey and Anderson, 2005). Pricing must 
be appropriate, since trading does not function if prices 
are too low or too many emissions are freely available or 
can be consumed for free. A pricing structure based on 
real CO2 prices which, for example, internalizes external 
costs such as damage to the environment or to human 
health, would also raise awareness in the population of 
the effects of CO2 emissions. 

The direct consumption of raw materials has been 
discussed as a basis for calculation in the context of a 
CO2 credit card (Starkey and Anderson, 2005; Aachener 
Stiftung Kathy Beys, 2008). For example, the CO2 credit 
card would be used in the purchase of crude oil, gas and 

electricity from fossil fuels. In Germany, too, a proposal 
for individually tradable emission quotas and a CO2 card 
has been presented by the Aachen-based Kathy Beys 
Foundation (Aachener Stiftung Kathy Beys, 2008). The 
basis would be a national CO2-reduction plan in which 
an individual CO2 credit balance is fixed for every citi-
zen. CO2 units would be charged for every purchase of 
fuels and energy sources. Purchases of other products, 
foodstuffs and services would not be paid for with CO2 
units; producers and suppliers would pay for these and 
in turn have to buy CO2 units on the market (Aachener 
Stiftung Kathy Beys, 2008). In this way high emissions 
would be reflected in the price. In Germany, transport 
and private households are indirectly registered with a 
national emissions target in the National Allocation Plan 
2008-2012. But under greenhouse gas emissions trading 
law, they do not take part directly in the emissions trad-
ing scheme. However, individual emissions trading could 
be integrated into, or linked to, the European Emissions 
Trading Scheme. 

In general, there is a need to inform consumers on 
the CO2 emissions of products, be it by settling accounts 
with a CO2 credit card, charging a correspondingly higher 
price, or labelling the respective product. Because of the 
lack of such information, it is currently difficult for con-
sumers to decide which products generate a lot of CO2 

emissions and which are more climate-compatible. How-
ever, this provision of data must be based on standard-
ized calculations and independent validation, which in 
turn takes a lot of effort to implement. The concept of 
the CO2 credit card depends on sound indexing. In the 
example given by the Aachen Foundation, this only hap-
pens when fuels are purchased for production. However, 
when parts or even the entire product is imported, inter-
national emissions would have to be determined.

The CO2 credit card, perhaps supplemented by emis-
sions-related product labelling, would give consumers 
a better basis for decision-making and enable them to 
avoid products that cause a high level of CO2 emissions. 
Subsequently, this could also put pressure on companies 
to consider more climate-compatible practices.

At the same time, an instrument like the CO2 credit 
card requires a considerable willingness on the part of 
the population to concern themselves with self-caused 
emissions and, where appropriate, also to pay for them. 
The distribution and scalability of an individualized 
emissions trading system also depends to a large extent 
on its degree of institutionalization. 

The idea of individual emissions trading is a convinc-
ing one: the nationwide introduction of a CO2 credit card 
would set the tone for the future and generate fresh 
impetus in many areas of transformation. For example, 
a positive correlation with boycott movements can be 
expected. Furthermore, there would be strong incen-
tives for people to question their own consumption and 
make it more sustainable within the existing system. 
This, in turn, would have the potential to change the 
current system from the inside. 
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4.3.3 
Transition town movement 

Definition 
The transition town movement, which is international 
in the meantime, is an interesting form of local, yet glo-
bally networked active citizenship. It includes features 
of social and environmental movements, business inter-
est in the public good, openness for local political pro-
cesses and an affinity with a ‘deep ecology’ ethic (Arne 
Naess, Joanna Macy). In both urban and rural regions 
this leads to transformation efforts with different prior-
ities and potentials.

The movement originated in 2005 from local ecologi-
cal energy and investment projects in Kinsale, Ireland 
(Hopkins, 2005), and Totnes, southern England. The 
basic idea of a transition initiative is to increase local 
resilience and adaptability vis-à-vis the predicted neg-
ative effects of climate change and dwindling resource 
availability – primarily of the key raw material for 
industrial societies: oil – and in this way to locally ini-
tiate comprehensive societal change (Hopkins, 2008). 
The movement and projects are based on the three eth-
ical principles also used in permaculture, which are usu-
ally only passed on orally: “care for the people, care for 
the Earth, fair share.” Resilience is to be made possi-
ble in a process-oriented way by means of bottom-up, 
broad-based, undogmatic and inclusive citizen involve-
ment, the development of one’s own visions to prepare 
for the local future, community-generating social prac-
tices, energy cooperatives (Section 4.5.3), more regional 
self-sufficiency in food, and social activities oriented 
towards the public good and a strengthening of crafts 
and culture. Satisfaction with life and the perceived cap-
acity to act are supposed to be enhanced, and any feel-
ings of impotence counteracted, by local practical action 
(Wessling, 2011). 

Dissemination and examples 
From the beginning, the movement comprehensively 
integrated and communicated information and know-
ledge. In this way it soon generated various instruc-
tions manuals (Brangwyn and Hopkins, 2008), books 
(e.  g. Hopkins, 2008, 2011, 2013; Chamberlin, 2009; 
 Pinkerton and Hopkins, 2009; North, 2010; Bird 2010), 
films, and its own extensive homepage. In addition, 
especially a self-developed seminar with handouts for 
multipliers who wish to start their own local transition 
initiatives represents one of the key elements of dissem-
ination. According to the international Transition Net-
work (UK), which was founded in 2007, requests were 
received for such seminars from more than 25 coun-
tries up to 2013. It says there are now over 1,100 reg-
istered initiatives in 43 countries worldwide (Transition 
 Network, 2014).

The highest density of initiatives is in the UK, where 
many projects have been initiated in the last few years, 
e.  g. energy cooperatives, local currencies, neighbour-

hood energy-saving clubs, urban garden projects – plus 
the creation and networking of numerous community-
run enterprises for the ‘common good’ (Hopkins, 2011). 

The approach has not only taken root in ‘western’ 
countries. In 2010 committed local residents founded 
the Brasilândia ‘transition favela’ in São Paulo and made 
good use of the process-oriented transition approach 
to tackle their own issues such as violence, social jus-
tice, local food supplies and education. In the meantime 
many projects are now being offered and run on a com-
munity basis, such as numerous swap shops, a cooper-
ative bakery, upcycling (trash-processing) companies, 
a social film workshop for producing their own media 
programmes, and numerous educational projects specif-
ically for the illiterate (Hopkins, 2013:  113). 

In many places, such initiatives are quickly supported 
by local administrations or companies or get directly 
involved in local politics themselves. One particular 
example here is the small town of Monteveglio in Italy, 
where a number of transition activists contested the 
local elections in 2009, were immediately elected to the 
local council, and declared that the administration would 
now cooperate with citizen initiatives as official policy.

Transformative potential
The potential of the local initiatives, which vary greatly 
in size, lies in their diversity and high level of adapta-
tion to the local context, combined with the empower-
ing feeling of belonging to a global movement. Inno-
vative and professional participatory and project for-
mats enable small-scale alternatives and experimenta-
tion opportunities to develop locally, as positive visions 
take practical shape. In this way, the transformation to 
a low-resource, self-sufficient, climate-neutral future 
that is worth living in can be imagined and experienced 
in a hands-on way and becomes established, both cul-
turally and in practice. Precisely these factors represent 
a necessity on the road to greater sustainability that is 
otherwise often overlooked (Welzer, 2013). The many 
examples of possible change continuously lead to highly 
effective narratives of change, which in turn have a pos-
itive effect on people’s individual and collective percep-
tions of their ability to act. 

However, a broad international study that accom-
panied the projects also showed that local factors – 
whether encouraging or inhibiting – are more important 
for the internal and external success of transition initi-
atives than is often thought (Feola and Nunes, 2013). 
This is why the transition movement – in addition to 
a largely self-organizing local structure – is pursuing a 
strategy of supra-regional and international network-
ing and experience exchange (e.  g. conferences) on the 
basis of its international network and national nodes. In 
2013 a European network of local civil-society bottom-
up actors for climate protection was founded in Brus-
sels with strong participation from the transition move-
ment (O’Hara, 2013). At the German-language level, 
the national transition network maintains an online 
exchange platform for sharing ideas, organizes annual 
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conferences, offers seminars and keeps in contact with 
the international movement.

Furthermore, because the transition approach is so 
dynamic, scientific interest in the movement – inter-
nal and external – has risen sharply in recent years. 
For example, numerous international studies have 
already been written on transition towns, and the Tran-
sition Research Network, which was founded in the 
UK, designs and initiates additional transdisciplinary 
research projects for the scientific monitoring of trans-
formation processes and methods. 

Doubts have been expressed about the movement’s 
assumption that professional participatory formats and 
projects can be implemented locally anywhere with-
out difficulty. Successful projects in particular (e.  g. 
 Nexthamburg; Petrin, 2012) show that success requires 
a high degree of professional project management and 
conflict-resolution strategies – an experience also shared 
by many less visible or disbanding transition initiatives. 
Furthermore, depending on the respective characteris-
tics there is a limit to how far the local populace will 
identify with local transition projects and opinions, 
despite their claims of inclusiveness. At the regional or 
national level, too, perceptions vary on the extent to 
which the movement is a networking point and inte-
grating force for existing initiatives. In Germany, com-
pared to major national environmental and social associ-
ations, it remains a niche phenomenon to date and lives 
very much in the form of non-formalized projects and 
as a cultural impulse. It remains to be seen whether the 
projects and experimentation spaces that have already 
emerged will correspondingly develop a more universal 
transformation potential.

4.3.4 
Divestment 

Divestment movements in the field of fossil fuels make 
use of the global consensus that the current path of 
exponentially growing CO2 emissions is not sustain-
able. While there is often no agreement on how emis-
sions should be reduced in the future, there is at least a 
consensus that they do need to be reduced. It therefore 
makes sense to stop acting contrary to this view and to 
stop investing in emissions-intensive companies. 

Definition
Divestment is the sale of holdings in companies – shares, 
private equity or corporate bonds – for political or eth-
ical reasons. The divestment movements against the 
extraction of fossil fuels demand the withdrawal of 
investment in fossil fuels and, where possible, its rein-
vestment in sustainable industries. Divestment aims to 
exclude investment and lending to companies whose 
business fields include the extraction, processing and 
distribution of fossil fuels (called ‘fossil-fuel companies’ 
in the following).

Apart from the normative rationality, economic risks 

also represent substantial grounds for large-scale divest-
ment. One risk for investors here is that the ‘carbon 
bubble’ might burst. The maximum budget that can be 
derived from the 2  °C guard rail is 750 billion tonnes of 
CO2; this is the amount that may still be emitted while 
ensuring – with a probability of two-thirds – that the 
guard rail is not breached (WBGU, 2009). However, 
if the confirmed fossil-fuel reserves that are already 
owned by public and private enterprises were to be used 
in full, this would release at least 2,795 billion tonnes 
of CO2 into the atmosphere (Carbon Tracker Initiative, 
2012). This figure is several times higher if owned dif-
ficult-to-extract or suspected fossil energy reserves are 
added. And exploration continues: in 2012 the 200 larg-
est fossil-fuel companies invested US$674 billion in the 
exploration of new reserves (Carbon Tracker Initiative 
and Grantham Research Institute, 2013). The world mar-
ket prices for fossil fuels are calculated on the basis of 
these existing reserves. However, if the goal is to avoid 
breaching the 2  °C guard rail, then 80  % of already con-
firmed deposits of fossil fuels will have to stay in the 
ground, making them therefore worthless for compa-
nies. The calculation is simple: if demand is reduced by a 
legally binding 2  °C guard rail, the shares of these com-
panies will lose value. 

Divestment as a societal movement can thus help per-
suade investors to consider the risks of a carbon bub-
ble. If key investors increasingly sell shares in fuel com-
panies, this can be an indicator of the future compo-
sition of the energy market. Very different actors can 
make a relevant contribution in divestment campaigns 
( Figure 4.3-1):

 > Private individuals: Personal equity portfolios can be 
evaluated in terms of carbon-intensive investments 
(‘negative screens’). This practice already exists for 
tobacco or arms trading (‘sinful stocks’).

 > Universities: Universities can play a special role in 
social movements as a source of innovation. In addi-
tion, from the perspective of intergenerational equity, 
students can be expected to be particularly commit-
ted.

 > Religious communities: Investments of churches and 
other religious communities could be withdrawn from 
fossil-fuel companies based on an attitude of wanting 
to protect the integrity of creation (Section 4.4.2). 

 > Cities and communities: In order to counter the risks 
of a carbon bubble, pension funds and other invest-
ment portfolios can divest shares and other forms of 
capital investment in fossil-fuel companies. Commu-
nities that are already beginning to be affected by the 
negative externalities of climate change, e.  g. increased 
flooding, could be pioneers in this context.

 > Foundations and non-profit organizations: Philan-
thropic organizations that want to improve the living 
conditions of specific groups have an interest in ethi-
cal investments.

 > Commercial banks: The influence of major banks on 
capital flows can hardly be overestimated. If lending 
to fossil-fuel companies stops, the effect on these 
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companies’ liquidity will be considerable.
 > Development banks: The influence of development 

banks is also very large. For example, if the KfW were 
to follow the announcements of the World Bank and 
stop issuing loans for coal-fired power plants, this 
would lead to changes in the development pathways 
and, in the long term, in the energy market.

The range of possible actors shows that the divestment 
movement can be encouraged not only by groups or 
individuals in society, but also at the institutional level. 
This inclusiveness also constitutes part of this move-
ment’s transformative potential; individual people can 
decide against rules that appear to be set in stone and 
promote the transformation to a low-carbon society by 
participating in a global divestment movement. 

Examples 
In the USA there have been divestment movements 
targeting, for example, the tobacco industry, the arms 
industry, and against the apartheid system in South 
Africa. The divestment movement against investment 
in fossil fuels has already developed a dynamic of its 
own. For example, a growing student movement has 
formed in the USA which is putting pressure on the uni-
versities to withdraw their capital from fossil-fuel com-
panies. Several universities, including Stanford, have 
announced divestment measures. The administration 
of Harvard University has also come under pressure 
from continuing student protests to divest its ‘carbon 
investments’ (totalling about US$33 billion; Goldenberg, 

2014). In Berkeley and at other campuses of the Uni-
versity of California a majority of students have voted 
against investing in the shares of fossil-fuel companies. 
64 professors and scholars, as well as over 800 students, 
alumni and employees of the University of Oxford have 
also signed a petition and an open letter calling on the 
university council to show leadership and responsibil-
ity in the societal discourse on climate change by divest-
ing from fossil fuels (Oxford Academics for Fossil Fuel 
Divestment, 2014). 

Similarly, several US cities, including San Francisco 
and Seattle, have announced their intention to divest 
(Greene and Kammen, 2014). In Norway an evaluation 
is currently ongoing to decide whether the investments 
of the Government Pension Fund (€800 billion), also 
referred to as the state oil fund, should be withdrawn 
from fossil-fuel companies. The largest holdings include 
BP and Royal Dutch Shell. Furthermore, Pope Fran-
cis has received an open letter from various Christian 
groups appealing to the Catholic Church to stop invest-
ing its money in the fossil-fuel sector (Readfearn, 2014). 
The World Council of Churches, with a membership of 
345 Christian churches in 140 countries, has announced 
that it will no longer be investing in fossil-fuel compa-
nies (WCC, 2014). Through the internet, too, a ‘multi-
plier effect’ has already developed in the divestment 
movement (Fossil Free, 2014a). The platform for divest-
ment movements, gofossilfree.org, coherently summa-
rizes the moral basis for divestment: “It’s wrong to profit 
from wrecking the planet” (Fossil Free, 2014). 

 

Churches  Universities  Cities  

Figure 4.3-1
Global divestment movements: selection of announced or implemented self-commitments to date to divest from the 200 largest 
fossil-fuel companies (as of July 2014). 
Source: WBGU, based on data from Fossil Free (2014a)
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Transformative potential
The impact of divestment does not lie primarily in any 
immediate financial impact on the companies. Assum-
ing constant consumption of fossil fuels, the withdrawal 
of small capital investments is initially relatively insig-
nificant from a financial point of view. This is because 
other, neutral investors who are not environmentally 
conscious quickly buy up the shares, which have, per-
haps, also fallen in price (Ansar et al., 2013). A finan-
cial effect therefore only occurs if the divestment has a 
disruptive impact on capital flows, i.  e. the cash outflows 
as a result of divestment are larger than the cash inflows 
from other investors. Nevertheless, divestment and 
other social movements have a great inherent strength: 
they can set new moral standards. If the global discourse 
on divestment leads to a tipping point, so that many 
investors consider it no longer acceptable in general to 
invest in fossil-fuel companies for ethical reasons, then 
this would have a considerable impact on these compa-
nies and the energy market as a whole. Furthermore, 
divestment can increase the political pressure to call 
into question, and ultimately reduce, the current subsi-
dies for fossil-fuel companies. In 2012, $544 billion was 
spent in subsidies for fossil energy (IEA, 2013b). This 
sum rises to as much as US$1,900 billion if  appropriate 
taxes for fossil fuels are taken as the yardstick, includ-
ing consumption taxes and the negative externalities of 
consumption (e.  g. health damage, environmental pollu-
tion, impact on the climate) (IMF, 2013). In 2011 only 
a total of 8  % of the global subsidies reached the poor-
est 20  % of the population (IEA, 2011). The abolition 
of these subsidies could lead to a 13  % reduction in CO2 
emissions (IMF, 2013). Even a partial diversion of these 
subsidies to the promotion of innovation in sustainable 
technologies would have a considerable transformative 
impact on the energy market.

Social movements generate an awareness for prob-
lems by incorporating different actors. This also applies 
to the divestment campaign: it reveals that churches, 
universities and other institutions with responsibility 
for the public have invested large sums in the shares 
of fossil-fuel companies. The public was not aware of 
this fact before. If cities like Berlin decided to divest, at 
least in individual sectors (the decision could be brought 
about by a referendum, for example), this would send 
out a strong signal. Individual major corporations or uni-
versities could also take on such a role-model function. 
For Germany this means that the withdrawal of public 
money from fossil-fuel companies should become part 
of the Energiewende (energy-system transformation).

The divestment movement is developing parallel to 
the stagnating international climate negotiations. This 
can be relevant, particularly in countries where the 
negotiation process is dominated by groups with a large 
self-interest in fossil fuels. Social movements like divest-
ment can cause cracks to form in a static system. They 
create room for transformation.

4.3.5 
Adaptation networks

In adaptation networks, actors facing similar climate-
change-related challenges can share information and, in 
addition, develop a common agenda for political objec-
tives. 

Since climate change has different effects world-
wide, adaptation strategies must, on the one hand, be 
developed and implemented in a regionally specific way. 
Adaptation networks can therefore open up oppor-
tunities for cooperation and reduce transaction costs 
within the network especially for regions with similar 
geographical conditions. On the other hand, regions are 
connected with each other, e.  g. by global trade flows. 
If there is damage in one place, e.  g. caused by extreme 
weather events, this can have a disruptive effect on the 
value chain. Hence, regional approaches alone are insuf-
ficient. Global databases can be used, for example, to 
identify places that are particularly relevant for adap-
tation and transnational adaptation risks, in order to 
strengthen resilience at the global level. 

Local examples
In addition to informal networks, formalized adapta-
tion networks already exist. One example is the ‘Klim-
zug-Initiative’ (‘sustainable approach to climate change 
in regions’; Klimzug, 2013), which is funded by the 
German Federal Ministry of Education and Research 
(BMBF). Here, adaptation strategies have been devel-
oped over the last five years based on seven different 
regions in Germany. They focus on issues such as coastal 
protection and flood control, health and agriculture. In 
the field of health, for example, studies have been con-
ducted in the North Hessian region by Fulda University 
of Applied Sciences to determine whether mosquitoes 
and ticks are becoming (or can be expected to become) 
more widespread as a result of climate change, lead-
ing to a higher health risk (Klimzug Nordhessen, 2012). 
Special aspects of the study included the spread of dis-
eases such as Lyme disease and tick-borne encephali-
tis. Another focus was to find out whether there were 
any Asian tiger mosquitoes in the region, which can be 
a carrier for various pathogens such as malaria and den-
gue fever.

Regional examples
UNEP also funds an adaptation network, the Asia and 
the Pacific Adaptation Network, with the aim of promot-
ing regional adaptation to climate change through know-
ledge transfer and capacity building (UNEP, 2012a). In 
this network another aim is to create a communication 
platform for the management of cross-border ecosys-
tems like the Himalaya region and various river deltas. 
The loss of land as a result of sea-level rise is partic-
ularly relevant for the small island states; here, migra-
tion offers the final adaptation option (Box 3.3-3). For 
the network of small island developing states, there-
fore, the community purchase of land can be an adapta-
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tion strategy, as can intensive participation in the inter-
national negotiations on dealing with loss and damage 
(Section 3.3.3), in which adaptation measures based on 
compensation payments are under discussion. 

Global examples
Adaptation is not only in the national or local interest, 
it can also attain global significance. For example, the 
floods in Thailand in 2011 (Kraas, 2012) caused a more 
than 30  % fall in the global production of hard disks in 
the fourth quarter of the year (Coughlin and  Grochowski, 
2012). To date, however, there is no adequate data basis 
for estimating the knock-on effects of damage caused by 
failures in the value chain after extreme weather events 
(Levermann, 2014). There is no information on this in 
the Fifth IPCC Assessment Report either. 

The citizen science project zeean collects data on 
the global flow of goods on its online platform www.
zeean.net. This makes it possible to demonstrate what 
can happen if production suddenly stops in a region 
( Levermann, 2014). Effects of the first and second order 
can be shown. For example, exports from the Philip-
pines fell after typhoon Haiyan, and this is estimated to 
have had a direct effect on up to 6  % of US production 
( Levermann, 2014). As a further result, this could mean 
that the value chains of 21  % of American production 
was affected by the supply shortage (Levermann, 2014). 
This does not only cause economic losses. For example, 
if the production of pharmaceuticals or medical devices 
is directly or indirectly affected, it can lead to difficul-
ties in maintaining supplies to hospitals and thus in the 
care of patients. 

Anyone can take part in entering trade data on the 
zeean platform. Using a similar principle to that of Wiki-
pedia, validity is checked by the scientific community, 
as well as by zeean’s operators (Levermann, 2014). It 
is hoped that broad participation will lead to ever more 
accurate flows of goods being mapped. This concentra-
tion of data aims to make it possible to identify vul-
nerable regions which are key nodes in trade flows. 
More effective disaster control systems or alternative 
trade routes can then be developed for these regions. 
The aim is thus to also strengthen global resilience by 
means of targeted adaptation. The project shows that, 
in a globalized world, climate change can also have hith-
erto unknown effects on temperate zones – indirect, but 
nevertheless significant effects. 

Transformative potential 
Adaptation networks are still in their formation phase. 
As the difficulties of adapting to climate change increase, 
however, regions, institutions, individual initiatives and 
smaller networks can increasingly be expected to join 
together in a formalized way to test mechanisms and 
share experience. These networks could also become 
the basis for unexpected partnerships which could gain 
in importance as actors in development debates. Online 
platforms like weadapt.org of the Stockholm Environ-
ment Institute (weADAPT, 2013, 2014), or adaptation-

learning.net (ALM, 2014), which is funded by UNDP, are 
growing steadily and making knowledge transfer possi-
ble across borders, even without formal meetings. 

4.3.6 
City networks

In view of the weakness of international climate pol-
icy, the local level in general and cities in particular are 
becoming increasingly important in climate protection 
(UN Habitat, 2011; Gordon, 2013; Monaghan et al., 
2013; Heinrichs et al., 2011; C40 and Arup, 2014). On 
the one hand, cities are important as contributors to the 
causes of climate change; on the other, they are espe-
cially affected by it and vulnerable because of their often 
exposed locations and great concentrations of people. At 
the same time, being the level that is closest to individ-
ual citizens, they can be part of a broader movement, 
influence the opinion-forming process, and take mitiga-
tion and adaptation measures. The Fifth IPCC Assess-
ment Report refers to studies which show that the ICLEI 
Cities for Climate Protection Initiative has not only influ-
enced political decisions, but also helped the exchange 
of knowledge and experience (Revi et al., 2014). 

Cities set up networks in the climate field primarily 
to act together effectively and constructively in climate 
protection (Lee, 2011; Barber, 2013). City networks 
vary in terms of membership numbers and reach. They 
range from national networks such as the Swiss Kli-
maBündnis-Städte (Climate Alliance of Cities) with 21 
member cities; to regional networks like the Asian Cit-
ies Climate Change Resilience Network with 10 mem-
bers; the Climate Alliance of European Cities with Indig-
enous Rainforest Peoples with 1,600 member cities; to 
global networks like the ICLEI – Local Governments for 
Sustainability, the United Cities and Local Government 
(UCLG), and the Cities Climate Leadership Group (C40) 
(ACCCRN, 2014; Climate Alliance, 2014; KBSS, 2014). 
C40 is in this context classified as a club because of its 
more exclusive character (Section 4.2.2). 

In general, a regional openness can be observed 
among city networks; cities from industrialized, emerg-
ing and developing countries are all represented. More-
over, many networks include such actors as non-govern-
mental organizations and research institutes as associ-
ated partners (Insar Consult, 2013:  15). 

Transformative potential
The potential of city networks lies in the fact that they 
are able to work together better than nation states, 
because they build relationships at the personal level, 
have local legitimation and are more solution-ori-
ented, so that they collaborate more effectively (Barber, 
2013). However, their inclusion in global climate gov-
ernance upgrades the status of the municipal level, and 
this raises medium-term questions of transparency, dis-
tribution equity and inclusion/exclusion. It is emerg-
ing among existing city networks that not only the hin-
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terland of the cities, but also smaller and medium-sized 
towns are being insufficiently represented (Insar Con-
sult, 2013:  24), although they are experiencing the big-
gest influx in some regions. 

When cities act independently, there is a risk that 
they will not do enough for mitigation unless they 
become integrated into global processes of climate pol-
icy. This can perhaps be offset in a network if it sets 
itself challenging targets. In order to take on targets, 
some cities must first be empowered to participate in 
networks. Furthermore, the voluntary nature of the tar-
gets and agreements taken on always involves an uncer-
tainty factor, and key aspects of climate governance can 
only be resolved in cooperation with the national and 
multilateral levels.

City networks usually assume several functions in 
the areas of interest representation, implementation 
and knowledge transfer. When it comes to the represen-
tation of interests, networks present cities’ emissions-
reduction potential and adaptive capacity to ensure that 
they are heard as actors in international climate policy. 
Furthermore, city networks can function as intermedi-
aries at the international level to promote the imple-
mentation of a mitigation agenda at the local level – if 
necessary even without the involvement of the respec-
tive national level. For example, the Global Initiative for 
Resource Efficient Cities (GI-REC), launched in 2012 
by UNEP during the Rio+20 summit, invites cities with 
more than 500,000 inhabitants to take part in the initi-
ative and thus, among other things, gain access to tech-
nical expertise (UNEP, 2012b).

Nevertheless, there are legal issues that must be clar-
ified in the context of their new role as representatives 
of interests in global governance. Neither cities nor city 
networks have international legal personality. Even if 
cities in Germany can refer to the fact that mitigation 
is a matter for the local community in the context of 
their municipal self-government, the situation for cities 
in other contexts can be different (Aust, 2013). 

In addition, the member cities set themselves volun-
tary and ambitious targets at the implementation level – 
e.  g. in the reduction of greenhouse gas (GHG) emissions. 
They thus also have interesting mitigation potential at 
their disposal, but they cannot exert any influence over 
emissions for which they are not responsible.

Although much attention is paid to the role of city 
networks in the multilateral climate regime and to their 
ability to act to implement the agreements reached 
there, first and foremost city networks offer an impor-
tant space for the exchange of experience and know-
ledge on innovative policies and best practices (Lee, 
2011; Liefferink et al., 2013). This takes place via peer-
to-peer exchanges of experience, town-twinning, men-
toring, organizing expert opinions, and various exchange 
formats such as best-practice databases. The following 
example illustrates how city networks perform these 
functions:

ICLEI Local Governments for Sustainability is an 
example of a broad, inclusive alliance with about 1,000 

members of different sizes and types (cities, local gov-
ernments, districts, local-government associations and 
comparable bodies) that promote local measures to 
achieve global sustainability. ICLEI sees itself as a driv-
ing force in enabling local governments to connect with 
global policy processes and multilateral environmental 
agreements. In addition, the member cities set them-
selves voluntary targets to reduce greenhouse gas emis-
sions. ICLEI is not only the access point of the UNFCCC 
for local governments and urban authorities, it also sup-
ports the Local Government Climate Roadmap, a pro-
cess aimed at the awareness, participation and empow-
erment of local governments in global climate policy 
(ICLEI, 2014b). Because of its heterogeneous composi-
tion and large membership, however, ICLEI requires long 
decision-making and implementation processes. 

Some activities explicitly relate to the exchange of 
experience at the expert level, e.  g. the tutorials con-
ducted between the Climate and Development Know-
ledge Network (CDKN) and ICLEI (Anton et al., 2014). 
One should also mention the initiative of the German 
Society for International Cooperation (GIZ), the  Service 
Agency Communities in One World, and the German 
Cities Council to build up an international city platform 
for sustainable development, in order to initiate learn-
ing processes between urban actors and in this way 
help spread local solutions (Connective Cities, 2014). 
Another innovative example is the initiative of the Mis-
tra Urban Futures programme, which networks science 
and local-government practice in selected cities (Mistra 
Urban Futures, 2014). 

Cross-network processes
In addition to individual networks, there are also a 
number of cross-network processes aiming to give 
greater weight to the role of local authorities in the fight 
against climate change. One example in the field of joint 
declarations is the already mentioned Local Govern-
ment Climate Roadmap. This is an ICLEI project which 
is carried out in cooperation with the largest interna-
tional local-government associations and their networks 
(including UCLG, C40, Metropolis). Up to 2015 the focus 
is on involving local government in the agenda-setting 
process and the implementation of mitigation measures 
using partnerships at all levels. Moreover, a financial 
mechanism to promote ambitious local mitigation meas-
ures is to be established in the context of the UNFCCC, 
and global, national and regional initiatives harmonized 
(ICLEI, 2014b).

Other cross-network initiatives focus on ways to 
reduce greenhouse gas emissions, e.  g. the carbonn  Cities 
Climate Registry (cCCR) – the most important global 
platform for reports on local mitigation measures (ICLEI, 
2014a; cCCR, 2014) – and the Global Protocol on Com-
munity-scale GHG Emissions (GPC), which aims to iden-
tify greenhouse gas emission sources and reduce such 
sources in cities (GHG, 2014).
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4.4
Normative and cognitive paradigm shift

4.4.1 
From living labs to citizen science – on the 
 underestimated potential of transformative 
 science

Definition
In the discussion on climate change, the role of science 
is generally seen to be in the fields of monitoring and 
forecasting. Climate science, for example, describes the 
ecological changes and consequences of climate change; 
economic and social-science studies on climate change 
describe possible mitigation and adaptation strategies 
and their economic and social consequences.

Yet science itself can become a key catalyst for 
societal transformation. The WBGU has coined the 
term ‘transformative research’ (2011), which can be 
seen in the wider context of ‘transformative science’ 
( Schneidewind and Singer-Brodowski, 2013). What is 
meant here is a form of science that not only observes 
transformation processes in society, but itself initiates, 
catalyses and accompanies them. Transformative science 
is borne by the realization that, without targeted inter-
ventions, an understanding of complex socio-technical 
transformation processes cannot grasp the causal rela-
tionships that exist between transformation dynamics 
with sufficient depth or speed (Morton and Williams, 
2010). ‘ Real-life experiments’ and ‘living labs’ (Gross et 
al., 2005;  Schneidewind and Scheck, 2012; Nevens et 
al., 2013) are therefore an important starting point for 
transformative science in order to drive transformation 
processes forward in a scientifically initiated way and at 
the same time to gain a better knowledge of precisely 
these transformation processes. A living lab is defined 
here as a societal context in which researchers carry out 
interventions in the sense of ‘real-life experiments’ in 
order to learn about social dynamics and processes. The 
idea of the living laboratory transfers the scientific con-
cept of the ‘laboratory’ into the analysis of societal and 
political processes. It is a continuation of the ‘experi-
mental turn’ in the social and economic sciences. There 
are close connections with concepts of field and action 
research.

In this way, transformative science creates ‘socially 
robust knowledge’ (Nowotny et al., 2011), i.  e. know-
ledge that is not exclusively scientifically relevant, but 
also provides direct action orientation for the actors con-
cerned. 

Living labs can be urban neighbourhoods or entire 
cities, regions (e.  g. rural regions, biosphere reserves, 
national parks), projects on conversion areas or uni-
versity campuses; they can also be industries and value 
chains or a regional mobility system (for an overview 
see Expertengruppe Wissenschaft für Nachhaltigkeit 

(Expert Group on Science for Sustainability), 2013). The 
decisive point is the science-led intervention in the soci-
etal context. 

In living labs, science itself becomes a transformation 
actor. This has a wide variety of methodological and eth-
ical consequences (Gross et al., 2005; Schneidewind and 
Singer-Brodowski, 2013). At the same time, considera-
ble intellectual capital is mobilized for specific transfor-
mation processes on sustainability in that researchers, 
but also students, become the drivers of transformation 
processes as action researchers. 

Potential for transformation
The transformative potential is further strengthened if 
the borderlines of institutionalized science are crossed 
and the latter is reinforced by ‘citizen science’, i.  e. 
 scientific processes in which the citizens are involved 
as co-researchers (Finke 2014; Wechsler, 2014). For 
example, today many ideas on alternative prosperity 
models and lifestyles, especially in the urban context, 
are derived from citizen-science projects. When indi-
vidual universities, a central location of institutionalized 
science, become ‘citizen universities’ (Schneidewind, 
2013a), change processes within scientific institutions 
unite with broad-based citizen science to form a par-
ticularly powerful form of transformative science which 
can bolster the effect of the laboratories outlined in 
 Sections 4.3, 4.4 and 4.5.

4.4.2 
Stimuli from religious communities

“If we destroy creation, creation will destroy us”. This 
was the conclusion drawn by Pope Francis in May 2014 
from scientific evidence on global environmental change 
after a five-day workshop entitled ‘Sustainable Human-
ity, Sustainable Nature: Our Responsibility at the Pon-
tifical Academy of Sciences’ (Vatican Radio, 2014). This 
raises the question as to what contribution religious 
communities can make to the protection of the Earth 
system. 

Definitions
In early 2014 the Vatican announced that an encyclical 
would be published on the subject of ‘Human Ecology’. 
Encyclicals are circulars issued by the Roman Catholic 
Pope commenting on current issues; they are regarded 
as guides or exhortations to the religious community. 
The environmental encyclical aims to critically question 
the relationship between humankind and nature, espe-
cially with a view to the global asymmetries between 
the so-called throwaway society and those sections of 
the population who are living in absolute poverty (ORF, 
2014). 

Examples
Christiana Figueres, Executive Secretary of the UNFCCC, 
reinforced the Pope’s statements in a speech at St. Paul’s 
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Cathedral in London and emphasized ethical obligations 
toward future generations. Beforehand, in an article in 
the British daily newspaper The Guardian, she had called 
on the world’s religious leaders to take a stand and get 
involved in climate protection. Responsibilities derived 
from the Christian doctrine, such as feeding the poor, 
were being made more difficult by climate change, she 
wrote (Figueres, 2014).

The German Protestant Church (Evangelische Kirche 
in Deutschland, EKD) has also concerned itself with the 
topic of religiously motivated environmental protec-
tion. For example, an appeal by the chair of the EKD 
Council, Bishop Wolfgang Huber – ‘It is not too late for 
a response to climate change’ – was published in 2007 
(Huber, 2007), and a memorandum entitled ‘Turn-
ing back to life – sustainable development in the con-
text of climate change’ came out in 2008 (EKD, 2008). 
Similarly, the main theme of the Protestant Synod was 
‘Changing Climate – Changing Waters – Changing Lives’ 
in 2008 and ‘World Food Security and Sustainable Agri-
culture’ in 2014 (EKD, 2014). Small real-life experi-
ment projects have also been forming in the parishes; 
for example, parishioners in Lübeck gave up plastic for 
Lent in 2014 (Nordkirche, 2014). 

Furthermore, a number of Christian congregations in 
the USA and the UK have joined the divestment move-
ment and committed themselves to withdrawing emis-
sions-intensive bonds from their investment portfolios 
(Section 4.3.4; Fossil Free, 2014a). Particularly when 
religious communities advocate environmental protec-
tion and emissions reduction, these divestment meas-
ures demonstrate the community’s independent sense 
of responsibility. In its guide for ethically sustainable 
investments, the EKD, too, states: “An investment in 
raw materials is often problematic from an ethically 
sustainable perspective” (EKD, 2013b:  18). Even so, 
raw materials, CO2 intensity or environmental damage 
caused by companies have not been criteria for exclusion 
from church portfolios up to now. To date, only com-
panies manufacturing the following products have been 
outlawed: armaments, alcoholic spirits, tobacco, gam-
bling, genetically modified seeds, products that violate 
human dignity by degrading representation, or prod-
ucts that are manufactured “with the support or tolera-
tion of inhuman working conditions and child labour (...) 
including in the supply chain” (EKD, 2013b:  12). How-
ever, the purchase of government bonds from the coun-
tries that have not yet ratified the Kyoto Protocol or the 
Biodiversity Convention is sometimes outlawed. Fur-
thermore, there are positive criteria for investments that 
are made according to Christian values in line with prin-
ciples of “social compatibility, ecology and generational 
equity” (EKD, 2013b:  14).

The projects of the Islamic Foundation for Ecology 
and Environmental Science (IFEES) also deal with alter-
natives to the status quo. The organization stages work-
shops and courses to close knowledge gaps in society, 
and encourages the Muslim world community to engage 
actively against the destruction of the environment. It 

uses as its foundation verses from the Qur’an relating to 
the integrity of creation and the consequences of envi-
ronmental damage. The organization has published the 
‘Muslim Green Guide to Reducing Climate Change’ on 
the subject (IFEES, 2013). Another project is the ecolog-
ically sustainable design of mosques. 

There are also movements in Buddhist communi-
ties that are concerned with the environment. Activ-
ities often focus on the protection of biodiversity, for 
example trees. The ‘ordination’ of trees, like in Thailand, 
and the related wrapping of orange robes around their 
trunks aims to prevent them from being felled and thus 
to counter deforestation in general, and “symbolically 
to remind people that nature should be treated as equal 
with humans, deserving of respect and vital for human 
as well as all life” (Darlington, 1998:  8). In the publica-
tion entitled ‘A Buddhist Response to the Climate Emer-
gency’, acknowledged Buddhist teachers from  different 
movements, such as the Dalai Lama, Thích Nhât Hanh 
and the Karmapa, comment on climate change: “If we 
continue abusing Earth this way, there is no doubt that 
our civilization will be destroyed. (…) The Buddha 
attained individual awakening. Now we need a collec-
tive enlightenment to stop this course of destruction.” 
(Thích Nhât Hanh in: Stanley et al., 2009:  3). 

The diversity of the religious communities’ commit-
ment can also be seen in the internet. The online plat-
form ourvoices.net is an inter-religious portal where a 
petition can be signed for more climate protection and 
for the success of the Paris Climate Conference; joint 
prayers are also said for its success (Ourvoices, 2014). 
The World Bank report ‘Faith in Conservation – New 
Approaches to Religion and the Environment’ offers 
an overview of the nexus of environment and religion 
revealing the principles of environmental protection in 
the different theologies (Palmer and Finlay, 2002). 

In September 2014 an inter-religious summit on the 
subject of climate change will take place immediately 
prior to the UN climate summit in New York. 30 religious 
leaders intend to jointly generate some fresh impetus for 
the UN summit. 

The World Council of Churches called for a ‘Pilgrimage 
of Justice and Peace’ in 2013; against this background 
several church groups are considering an  ecumenical 
 pilgrimage to the UN climate negotiations in Paris in 
2015.

Transformative potential
Seen from a historical perspective, religious networks 
are effective multipliers and can thus contribute to rais-
ing awareness for global environmental problems among 
the population. In addition, the ‘integrity of creation’ 
– in the sense of an appeal not to destroy humanity’s 
divinely created natural life-support systems – is an ele-
ment in the teachings of many religions and can thus 
represent a unifying element. Religious leaders in gen-
eral are seen as role models in many cultures and can 
influence agendas in the communities. Through their 
actions, new standards can develop in a religious com-
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munity which can then potentially also have an impact 
on other areas of civil society. However, this is highly 
dependent on how receptive the religious community is, 
as well as on the degree to which the respective val-
ues are internalized. However, religious communities 
have the potential to be an important interface between 
knowledge and action; they can influence the structure 
of values in a society.

4.5
The re-embedding of markets

4.5.1 
Multi-stakeholder initiatives

Multi-stakeholder initiatives are voluntary associations 
of different actors (such as private companies, non-gov-
ernmental organizations, scientists and other civil-soci-
ety actors) which aim to find joint solutions to com-
plex problems (Gabler Wirtschaftslexikon, 2014). This 
Section focuses on the kind of multi-stakeholder initi-
atives that support or implement large-scale innovative 
and transformative low-carbon energy-supply projects. 
They have the potential to generate fresh impetus for 
ambitious mitigation and to have an impact in this field. 

Example: Desertec
Desertec is a prominent example that continues to 
impress through its vision. The basic idea is the central, 
low-carbon generation of electricity using renewable 
energies in arid regions and deserts. The power gener-
ated is intended both for use in the country concerned 
and for export to other countries using low-loss high-
voltage direct-current transmission (HVDC). At the same 
time, development impacts would be triggered by the 
creation of local jobs, investment in infrastructure, and 
access to low-carbon energy services. One possibility 
might also be to couple the low-carbon power genera-
tion with seawater desalination, which would have addi-
tional impacts on development. The required multilat-
eral cooperation could help stabilize international rela-
tions (Desertec Foundation, 2014). 

The Desertec idea was given practical considera-
tion for the first time in a collaboration between dif-
ferent countries bordering on the northern and south-
ern shores of the Mediterranean. The project’s original 
objective was to generate electricity cost-efficiently from 
solar energy for the EU-MENA (Europe, Middle East and 
North Africa) region. In addition, it was to secure approx. 
15  % of Europe’s electricity needs by 2050 and provide 
balance energy to offset the fluctuating electricity out-
put from other renewable energy sources. The basic idea 
is transferable to other sunny (desert) regions of the 
world. Power generation using solar and wind energy 
is planned in the Gobi desert under the name Gobitec 
Initiative. This electricity would be used both in Mon-
golia and, via a transmission network more than 4,000 

km long, in eastern China, Japan and South Korea, and 
support environment-friendly development in Mongo-
lia (Gobitec, 2014). 

The Desertec concept was developed by a multi-
stakeholder network consisting of scientists, economists 
and political decision-makers. This led to the creation of 
the Desertec Foundation in 2009 (Desertec Foundation, 
2014). Also in 2009, the industrial consortium Desertec 
Industrial Initiative (Dii GmbH) was founded, among 
other things to promote the construction of solar ther-
mal and photovoltaic plants in North Africa. 

Later developments demonstrate the complexity of 
such projects. Only 30 of the original 50 members have 
remained. The Desertec Foundation also withdrew from 
the consortium in 2013 because of fundamental con-
flicts over strategy, the remit, communication methods 
and the management style within Dii (Desertec Foun-
dation, 2013). 

Apart from internal conflicts, criticism of the basic 
idea also increased. Among other aspects, critics focused 
on the high investment and transport costs, complex 
legal and international-law challenges, great uncer-
tainties such as extreme weather and the risk of ter-
rorist attacks, and competition with local power gen-
eration from renewable sources. Furthermore, stud-
ies have investigated possible negative socio-economic 
and socio-political effects of Desertec, especially on the 
most vulnerable sections of the regional population, and 
devised corresponding sustainability criteria and recom-
mendations in order to avoid them (Schinke and Klawit-
ter, 2011). However, from the WBGU’s point of view, the 
development of Desertec must also be seen as a learning 
success. The industrial consortium is currently concen-
trating its activities on desert power generation in the 
EU-MENA region, especially in North Africa; some of 
the electricity will then perhaps be exported to Europe. 

In this context, Dii sees its role as an implementa-
tion-oriented platform that makes desert power-genera-
tion projects possible by building up partnerships in the 
region. The Desertec Foundation, too, is currently con-
centrating on power generation and use in the countries 
of North Africa, but also in Chile. 

Example: Renewables Grid Initiative
The Renewable Grid Initiative (RGI) was launched in 
2009 by the Berlin-based think-do tank THEMA1. It 
is an example which shows that multi-stakeholder ini-
tiatives with a manageable number of heterogeneous 
actors can develop and become active relatively quickly. 
The RGI’s aim is to support the development of Europe-
wide networks for electricity from centralized and 
decentralized renewable energy sources while ensur-
ing only a minimal negative impact on the environment 
(RGI, 2014). 

RGI started as a consortium of the environmental 
organizations WWF International and Germanwatch 
and the transmission-network companies Vatten Europe 
Transmission, 50Hertz and the Dutch transmission sys-
tem operator (TSO) TenneT. In the meantime, several 
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other European TSOs and environmental organizations 
have joined. In order to reach its objective, the RGI con-
tributes to raising awareness on the development and 
expansion of cross-border, smart power grids. The meas-
ures used by the RGI include, among others, publish-
ing studies and reports, organizing workshops with rele-
vant stakeholders, initiating dialogues between network 
operators and environmental organizations, and partic-
ipating in EU projects. A striking feature of the RGI is 
the cooperation between network operators and envi-
ronmental organizations, which will hopefully avoid 
time-consuming conflicts between infrastructure devel-
opment and environmental protection in the construc-
tion of power grids by developing joint strategies at an 
early stage.

Transformative potential
Multi-stakeholder initiatives can feed new ideas into 
public and political discourses and put them on the polit-
ical agenda. Their influence is greater when a wide range 
of powerful stakeholders from different sectors are rep-
resented (Kemfert and Horne, 2013). Multi-stakeholder 
groups can also develop visionary projects and put them 
into practice.

Desertec and RGI are examples of visionary and dif-
ferently designed multi-stakeholder alliances with the 
objective of a large-scale low-carbon energy supply. The 
initiatives outlined here are pioneers in overcoming bar-
riers relating to, for example, political regulation, mar-
ket conditions or socio-economic aspects in the respec-
tive regions. The two forms of multi-stakeholder groups 
described here, both Desertec and RGI, are significant in 
the context of the transformation to a low-carbon soci-
ety. They can complement each other and each take on 
specific tasks. 

The example of Desertec also shows that relevant 
societal and very powerful economic actors can develop 
a common vision which is of great importance for a 
future energy supply. The vision has not only stimu-
lated broad-based discussions; the actors involved are 
also trying to implement it step by step.

In addition, the example of the RGI shows that dif-
ferent stakeholders with seemingly conflicting interests 
have shared concerns and can pursue common goals.

4.5.2  
Sustainable public procurement 

Definition 
Sustainable or green public procurement is the purchase 
of products or services in the public sector according 
to ecologically sustainable guidelines. The aim is that 
these products should have a less negative impact on 
the environment in the course of their life cycle than 
products procured elsewhere. Green public procurement 
can relate to purchases of office supplies or official cars, 
but the concept can also be extended to projects such as 

the construction of schools or highways. Public procure-
ment in Germany is subject to the German public pro-
curement law, which is influenced inter alia by Direc-
tives of EU public procurement law. The Member States 
of the EU are obliged to implement Directives issued by 
the EU (2004/18/EU; 2004/17/EU) on public procure-
ment in their national law that make it possible to incor-
porate environmental concerns into the public sector’s 
procurement processes.

To date, political measures on sustainable or envi-
ronment-friendly procurement have already been intro-
duced or implemented in 43 countries. These include not 
only the Member States of the European Union and the 
USA, but also Brazil, Costa Rica, Ghana and South Korea 
(UNEP, 2013b). In civil society, too, there are numerous 
initiatives in support of sustainable procurement, e.  g. 
Procura+ from ICLEI.

Examples 
There are already many examples of ecological guide-
lines or energy-efficiency standards playing a major 
role in the award of public contracts. One is Barcelona’s 
municipal waste-disposal and street-cleaning system 
(EU Commission, 2012), for which a new contract came 
into force in 2009. A requirements profile was formu-
lated for the award of waste-disposal contracts which 
placed a strong emphasis on sustainability criteria. It 
included the procurement of more efficient vehicles, 
lower water consumption, more frequent waste disposal 
and waste containers that separate the different kinds 
of waste. In addition, the provider was to submit a plan 
for reducing energy consumption and minimize the use 
of resources in the procurement of working materials, 
such as staff uniforms. The process has been a success. 
35  % of the vehicles are now powered by biodiesel, 35  % 
by gas, and 30  % are electric or hybrids; this has greatly 
reduced emissions and noise pollution. Furthermore, 
groundwater is now used for street cleaning instead of 
drinking water, and more bio-waste is now collected by 
using separate waste bins. 

Another example is the Central Project Management 
Agency in Lithuania (EU Commission, 2011), which is 
the central public procurement agency. By introducing 
sustainable office supplies on their online catalogue, the 
prices of sustainable products have been successfully 
reduced by offering volume discounts, which has helped 
them to become competitive. In addition, energy costs 
have been cut by using energy-efficient IT equipment. 

Transformative potential 
The total quantity of public procurement amounts to 
€1,000 billion per year worldwide (EU Commission, 
2013). This large sum means that sustainable public 
procurement can make a significant contribution to the 
transformation towards a sustainable society. In addition 
to its regulatory responsibilities, the state can become 
a key transformation actor as a consumer and investor. 
This can be demonstrated, for example, by the poten-
tial emissions savings: if there was universal conver-
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sion to green electricity in the European Union’s pub-
lic sector, 60 million tonnes of CO2eq would be avoided, 
the  equivalent of 18  % of the EU’s obligations under the 
Kyoto Protocol (RELIEF and ICLEI, 2002). 

Companies whose production is ecologically sustain-
able will benefit from green procurement. This will ena-
ble them to invest more in research or in the promo-
tion of product innovations, which could also become 
exports. Moreover, it creates incentives for other com-
panies to operate in a sustainable manner. 

Sustainable public procurement makes environmen-
tal protection a fully integrated variable in public pur-
chasing. This also makes it possible for new norms and 
standards for sustainable products to develop in the 
long term. At the same time, the public sector is leading 
the way and setting an example. In many areas, such as 
improving the energy efficiency of buildings, sustain-
able public procurement reduces costs in the long term. 

In addition to green public procurement, there are 
also efforts to make public procurement more innova-
tion-oriented. This means more direct support for the 
development of new products and services for the public 
sector. The transformative potential could be strength-
ened by linking approaches to sustainable and inno-
vation-oriented procurement. According to the OECD 
(2013), the USA, Japan, China and Germany are among 
the advanced countries in the field of sustainable pub-
lic procurement. Other EU countries have also set them-
selves ambitious goals, e.  g. France in the field of electro-
mobility (PWC et al., 2009; Oekonews.at, 2014).

4.5.3 
Energy cooperatives 

Definition
Energy cooperatives are a form of business organization 
based on cooperative business operations conducted by 
their members; most pursue the aim of decentralized 
and ecological energy generation. Energy cooperatives 
have already made a major contribution to the transfor-
mation of energy systems in Germany. In 2012 private 
individuals accounted for 34.4  % of installed renewable 
energy capacity (Agentur für Erneuerbare Energien et 
al., 2013); 25.2  % was owned by individuals and 9.2  % 
by citizen energy companies. Citizen energy companies 
are companies in which citizens own more than 50  % 
of the shareholders’ equity; this category also includes 
cooperatives. Another 11.6  % are (supra-regional) cit-
izen shareholdings. This means that the largest mar-
ket shares in renewable energies in Germany are in the 
hands of the citizens.

By contrast, Germany’s four biggest utilities E.ON 
AG, RWE AG, Vattenfall Europe AG and ENBW AG own 
only 5  % of the installed renewable capacity, and all the 
other utilities put together own a total of 7.5  % (Agen-
tur für Erneuerbare Energien et al., 2013). Institutional 
and strategic investors own 41.5  % of the shares in 

installed capacity (Agentur für Erneuerbare Energien et 
al., 2013). The number of energy cooperatives in Ger-
many grew from 77 in 2005 to 754 in 2012 (Agentur für 
Erneuerbare Energien et al., 2013). 

Every member of a cooperative has a share in the 
project and a vote, regardless of the amount of capi-
tal they have invested. Cooperatives often collaborate 
with local authorities in order to raise funds to real-
ize a project. They are financed by equity and exter-
nal finance, to which a cooperative is more likely to 
have access than private individuals (Holstenkamp and 
Ulbrich, 2010). The profits can be paid out to the mem-
bers as dividends or used to finance further investments. 
However, cooperatives are usually communities of value, 
i.  e. they do not work for profit, but see themselves as 
self-help organizations for their members. Energy coop-
eratives therefore invest in the respective region and 
strengthen the local economy.

Transformative potential
Energy cooperatives can turn passive consumers into 
producers of electricity and heat. What is more, the 
many new energy cooperatives have encouraged con-
sumers to become more interested in finding out where 
their electricity is generated and how profits are used. 
In the cooperatives the pricing structures of the energy 
product are disclosed to the members, and decision-
making processes are transparent and democratic. In 
addition, energy cooperatives can make an autono-
mous supply of energy possible for members and local 
governments which is independent of price changes in 
other markets. Even in regions that are dependent on 
deliveries of raw materials from other countries, or are 
already affected by conflicts involving them, individual 
groups or communities can make a change and open up 
opportunities for experimental sustainable solutions by 
forming a cooperative. The growing numbers of newly 
founded energy cooperatives are therefore movements 
with a high dissemination potential.

4.5.4 
Private-sector actors and their alliances

Definition
Private-sector actors, such as companies, entrepreneurs 
or managers, have many and varied ways of contrib-
uting to climate protection and the transformation to 
a low-carbon society. They can do so primarily via the 
business model, i.  e. the form of business organization, 
as well as via the products, the production process and 
the company organization. Further possibilities include 
engaging in business associations, societal engagement 
by the company, its owners or managers, and using their 
political influence (Caring for Climate et al., 2013). Pri-
vate-sector actors can have a range of different func-
tions in a process of transformation towards a low-car-
bon society. They generate innovations by investing in 
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research and development up to market maturity; in this 
way they contribute to knowledge generation and thus 
to a self-supporting process of change in the market. 
On the one hand, technological and social inventions are 
turned into innovations with the help of start-ups. New 
markets are opened up with these innovations, or com-
petition is increased in established markets, thus pro-
moting a structural change. On the other hand, estab-
lished companies also develop inventions into innova-
tions and integrate them into their products, product 
ranges or production processes. However, these prod-
uct extensions often remain niche products within the 
established companies. Companies make financial and 
human resources available for their bridging function 
between research and application and also take on soci-
etal responsibility when they commit to sustainable 
development (WBGU, 2011). 

Depending on the national climate policy and the 
degree to which they are affected by climate change, 
companies invest in the energy and resource efficiency 
of their own operations, get involved in spreading 
knowledge about climate change (e.  g. insurance compa-
nies and parts of the financial industry), or actively sup-
port climate policy. Internationally, more and more com-
panies are willing to become part of the Carbon Disclo-
sure Project and to measure and disclose their CO2 emis-
sions (CDP, 2013).

Examples
Climate-friendly innovations in the fields of renewable 
energy technologies and energy efficiency have been 
introduced and diffused in recent years by business 
start-ups in production and services (WBGU, 2011; UBA 
and BMUB, 2014). Similarly, established companies in 
the chemical industry have introduced new insulating 
materials, construction firms have developed new mate-
rials and the automotive industry new mobility concepts 
and drive systems.

International private-sector agents not only from 
OECD countries are joining forces to form alliances, 
foundations or associations for their societal engage-
ment and to promote climate policy (Caring for Climate et 
al., 2013). In Germany, companies from different indus-
tries and of different sizes and internationality levels are 
active in climate and environmental networks and alli-
ances. Examples include Econsense (forum for sustain-
able development set up by German business in 2000), 
the German Association of Environmental Management 
(B.A.U.M.), which has been active for 30 years, and 
above all an association called Future set up especially 
for small and medium-sized businesses. A relatively new 
initiative called Stiftung 2  °C (the 2  °C  Foundation) will 
be discussed in more detail in the following. 

Stiftung 2  °C, which was registered in 2011, is an ini-
tiative launched by German CEOs and senior executives 
in 2007. Its aim is to publicize, promote and link market-
oriented contributions and examples of climate-friendly 
business and production methods oriented towards com-
plying with the 2  °C guard rail (Stiftung 2  °C, 2013:  1f.). 

In addition to conducting business in a low-carbon man-
ner, the foundation’s members also want to act as dia-
logue partners and climate ambassadors at the interna-
tional level (Stiftung 2  °C, 2013:  7). Beyond the German 
context, Stiftung 2  °C is also a member of the UK-based 
Corporate Leaders Network for Climate Action, which 
was founded in 2010 and is made up of similar plat-
forms in eleven different countries and the EU. Here, 
too, the focus is on networking, cooperation and a com-
mon commitment to more ambitious climate policies. 
Also of great importance is the International Investors 
Group on Climate Change in which 80 members (banks, 
pension funds, insurance companies, institutional inves-
tors) from nine countries are currently active with man-
aged financial assets of €7,500 billion (IIGCC, 2014).

Transformative potential
Since Stiftung 2  °C, for example, is an alliance of CEOs, 
the range of strategic decisions taken by private-sector 
agents in favour of mitigation and sustainability must 
be regarded as large. In the same way, the support func-
tion in other companies or politics must be regarded as 
significant, due to the high profile, the weight carried 
by respected executives’ opinions, and the high level of 
networking. However, up to now no studies have been 
submitted on the importance of the networking and 
foundation activities of private-sector agents for trans-
formation processes within companies or in relation to 
(inter-)national climate policy. One striking fact is that, 
both internationally and nationally, only few companies 
from the energy- and emissions-intensive industries are 
involved in the existing networks, platforms and associ-
ations. Perhaps cognitive discrepancies and dissonance 
arise for private-sector agents if they mix private eco-
nomic interests with common welfare interests (WBGU, 
2011).

The development of innovations and the diffusion 
of technological and social innovation by private-sec-
tor agents has a high transformative potential, because 
the innovations can spread quickly via world trade, and 
the transformation process can be accelerated. It should 
be taken into account in this context that system inno-
vations, like those necessary for energy systems, are not 
easily achieved. They require not only substantial inno-
vations but also changes in the socio-technical systems 
in which innovations are embedded. 

If the many mitigation activities of companies are 
to have an effect, they need a legally binding national 
climate, energy and economic policy. Both for corporate 
planning and for investment security, companies require 
stable overall conditions in the national economy and in 
the respective market (WBGU, 2012).

Seen from a critical perspective towards economic 
growth, it can be questioned whether a low-emissions 
economy is capable of achieving the required 80-95  % 
reduction in emissions on the continuation of resource-
intensive economic growth, i.  e. whether it is possible to 
decouple resource consumption and emissions from eco-
nomic growth (Jackson, 2009; Paech, 2012).
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4.5.5 
Economy for the Common Good

Description
The ‘Economy for the Common Good’ (‘Gemeinwohl-
Ökonomie’) is a social movement of small and medium-
sized entrepreneurs, their supporters and a friends’ 
association, which was founded in 2010. It arose from 
the conviction that there was a need for an alternative 
way of doing business, from a critique of capitalism and 
a ‘vision of an economy for the common good’ (Sikora 
and Hoffmann, 2001). Between 2008 and 2010, Aus-
trian entrepreneurs and their supporters with links to 
Attac Austria and the publicist Christian Felber (2012, 
2014) developed an alternative balance sheet for busi-
nesses: the common-good matrix with the two axes 
‘Value’ and ‘Interacting group’ (Verein zur Förderung 
der Gemeinwohl-Ökonomie, 2013:  19). The current ver-
sion 4.1 comprises 17 indicators and seeks to measure 
corporate success in a new way: the extent to which it 
serves the common welfare (Verein zur Förderung der 
Gemeinwohl-Ökonomie, 2013:  7). The manual contains a 
description of criteria, and a maximum attainable score, 
for each field of the matrix. In addition to the fields that 
are assessed positively, there are also negative criteria 
for each column, such as ‘violation of ILO labour stand-
ards or human rights’, ‘violations of environmental reg-
ulations’, or ‘refusal to establish a works council’, each 
of which costs negative points. 

Dissemination
In 2013, nearly 150 companies took part by having com-
mon-good balance sheets independently drawn up and 
peer-evaluated. The movement’s aim is a change in the 
law, so that companies that reach a certain number of 
common-good points are rewarded with tax cuts, relief 
from customs duty or low interest rates on loans (Verein 
zur Förderung der Gemeinwohl-Ökonomie, 2013:  8f). 

Transformative potential
Like the European Eco Management and Audit Scheme 
(EMAS), for example, the common-good matrix can be 
regarded as an extended example of ‘new environmental 
policy instruments’ (Jordan et al., 2003). The balance-
sheet matrix, the comprehensive auditing and the inclu-
sion of broad, sustainability-related criteria are thus 
potentially interesting instruments. It could be intro-
duced gradually using different levels of obligation – 
from purely voluntary implementation, to official cer-
tification involving incentive-based rewards, to a legal 
obligation involving possible sanctions. 

This initiative, which has received more media atten-
tion in the last few years, has been the subject of crit-
icism from various quarters. From the entrepreneurial, 
market-economy perspective, the concept of the Econ-
omy for the Common Good and Felber’s proposals have 
been criticized as naive, as operating with false busi-
ness- and economic-accounting methods, or even as 

being authoritarian and dictatorial (Julius Raab  Stiftung, 
2012; Hörl, 2012; Die Junge Wirtschaft, 2013). Support-
ers of the ‘Solidarity Economy’, for their part, accuse the 
Economy for the Common Good of being a “ready-made, 
abstract, complicated and dry concept that is bureau-
cratic in character” (Exner, 2011). It seems necessary 
to conduct a more in-depth societal debate, to further 
develop the instrument and thus detach it from individ-
uals like Christian Felber, and to conduct independent 
evaluations of existing pioneer companies.

Although it is currently not possible to quantify their 
transformative potential, niche developments like the 
‘Economy for the Common Good’ are interesting fields 
of experimentation, and in some cases they might reach 
a broad impact in the mainstream, given certain win-
dows of opportunity (Grin et al., 2010). For example, the 
above-mentioned private-sector alliances could take up 
the ideas on the common-welfare balance sheet.

4.6
The interaction 

The question of how societal groups can be won for 
cooperation (Environment Minister Hendricks in BMUB, 
2014) can be taken up constructively by an in-context 
analysis of the narratives and laboratories of transfor-
mation described here. The examples reveal a wide range 
of innovative action practices which, in the WBGU’s 
view, have great potential for showing ways to a trans-
formation into a climate-neutral future and for mobi-
lizing a wide range of different actors for the cause of 
mitigation. They can develop a special stimulative char-
acter since, on the one hand, they often involve per-
sonal advantages (e.  g. material advantages in the case of 
buycotts and energy cooperatives, social advantages in 
the case of the transition-town movement in the sense 
that social networks are developed or expanded); on the 
other hand, they can have a powerful effect on subjec-
tive self-efficacy because they give individuals who are 
willing to change direct and effective opportunities to 
act. They often have an innovative, proactive, even cre-
ative ‘aura’ – reinforced by media exposure – which can 
exert an additional attraction, as expressed especially in 
the club idea. 

There are also promising activities in addition to the 
above-mentioned initiatives that have similar qualities 
and provide significant stimuli for mitigation. In particu-
lar, simultaneous activity by many initiatives, their indi-
rect or direct interaction, and the resulting synergies, can 
generate an emergent societal dynamic (Figure 6-1).

Against this background, the interesting questions are 
how the innovative narratives and laboratories can have 
a joint impact, where they can mutually reinforce and 
complement each other, but also where they might con-
tradict each other. In the following, therefore, the case 
examples described above are discussed comparatively 
with the help of the categories mentioned in  Section 4.1 
(ambition level, scalability, permanence and   feasibility). 
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Table 4.6-1 shows a synopsis of the case examples.
 > Ambition level: Although all the laboratories shown 

are distinguished by high ambitions on the part of the 
actors themselves, the comparative analysis shows 
that some initiatives have a medium or variable ambi-
tion level. For example, political consumerism aims to 
persuade companies to move more towards sustain-
ability criteria and more transparent supply schemes 
which are more open to the participation of consum-
ers. Divestment and transition-town initiatives, on 
the other hand, pursue higher ambitions, for example 
with the aim of transforming the established eco-
nomic system in the direction of decarbonization. 

 > Scalability: When it comes to scalability it is impor-
tant to note that the initiatives, when they interact, 
each have a different potential for diffusion within 
and between different levels and areas of society. 
Political consumerism is almost endlessly scalable, 
since every individual, every organization and every 
institution is consuming all the time in different areas 
of everyday life and virtually always has the oppor-
tunity to choose an alternative – even if that is a boy-
cott. The barriers to entry are thus low and the pos-
sibilities many and varied. However, the low level of 
focus and the relatively small degree of commitment 
required from the participants involves the risk that 
political consumerism has little impact in terms of 
changing consumption patterns and production 
methods. Although divestment and energy coopera-
tives concentrate on a small number of areas (finance, 
energy supply), they can nevertheless develop a big 
impact because they can be extended to many actor 
groups within these areas. At the same time, however, 
initiatives that address the interests of certain actor 
groups very specifically are also important. For exam-
ple, participants in state clubs or city networks can 
meet their political responsibilities through their 
activities.

 > Permanence: In this respect the permanence of the 
initiatives also plays a role; here it is a question of 
making the structures lastingly available for alterna-
tive action practices. Practices such as divestment, 
individual emissions trading and political consumer-
ism are not intended as long-lasting measures, but 
rather as a means of solving a problem. The practices 
become obsolete once the respective goals, e.  g. a low-
carbon economy and society, have been reached. 
Compared to energy cooperatives or the Economy for 
the Common Good, which themselves already repre-
sent a solution to the problem, practices like divest-
ment are initially easier to implement for the parties 
involved. Divestment or buycotts offer immediately 
available alternative options for action and decision-
making within existing structures, while cooperatives 
first have to be founded, and/or people must decide 
in favour of long-term participation. At this point, 
too, however, it is important to consider the initia-
tives as a whole: those that are easily implemented 
enable actors to start doing something immediately; 

however, alternative solutions are needed to arrive in 
a sustainable society. 

 > Feasibility: The issue here is other actors taking on 
alternative practices and achieving the desired ambi-
tion level against the background of existing regula-
tory systems (politics, culture, knowledge, economy). 
Overall, a mixture of different ambition levels is a 
positive thing, provided they point in a similar direc-
tion, since, with a view to feasibility, lower ambitions 
can often be achieved more quickly. They initially 
require fewer changes within the political, cultural, 
cognitive and economic systems, but they can already 
soften up possible obstacles to a transformation 
within those systems and thus prepare the way for 
initiatives with bigger ambitions for change.

Across the individual categories, it turns out that modu-
lar multilateralism is being backed up and motivated by 
a normative and cognitive paradigm change. This change 
is being initiated and sustained by stimuli from, for 
example, religious communities, but also from  science 
that has a transdisciplinary orientation and systemat-
ically incorporates the local knowledge of non-scien-
tists. This improves the prospects of a re-embedding of 
 markets which favours and sustains low-carbon individ-
ual investor and consumer decisions and analogous deci-
sions by institutional actors, such as businesses and pub-
lic administrations. All this happens at the same time as 
an individual and collective assumption of responsibility 
by numerous (collective) initiatives which declare them-
selves responsible for change and are able to redefine 
responsibility for the future. The differences between 
the described and similarly positioned laboratories thus 
reveal great synergetic potential. In order to make opti-
mum use of this, it is essential to bring the different 
narratives together to form an overall narrative whose 
common denominator is the vision of a climate-neu-
tral, sustainable society comprising all the above-men-
tioned subsystems. The result may well be the horizontal 
dimension of a responsibility architecture (Chapter 6). 
At the same time, the power constellations in the socie-
ties shift towards climate compatibility as a result of the 
various activities of the climate pioneers.

The challenge for public-sector actors is, on the one 
hand, to strengthen their own climate-policy responsi-
bilities (e.  g. state clubs, procurement) and, on the other, 
to create a societal climate of responsibility for mitiga-
tion and an ‘atmosphere for transformation’ in which 
innovative laboratories can develop particularly well – 
without intervening too much in these places of exper-
imentation. 

Political leaders can take up these diverse initiatives. 
Furthermore, there are ways of facilitating the devel-
opment of the laboratories through legislative, finan-
cial and other measures. This is where climate politi-
cians should use their legislative competence to design 
and change overall legal frameworks in such a way that 
sustainability criteria and orientations become standard, 
and actors who follow this line in practice gain an advan-
tage in terms of government funding, procurement, con-
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tracts, permits, etc. The most important thing is to use 
societal movements, initiatives of the state clubs and 
transnational networks for mitigation as a legitimation 
basis for active mitigation policies at the supra- and 
international level – and as a mandate for negotiations 
at the Paris Climate Conference in 2015. Such an inte-
gration of civil society promotes sustainable develop-
ment and means an increase in freedom and democracy.

4.7
Recommendations for action

In this report the WBGU outlines a dual strategy for 
global climate protection which focuses on the intense 
interaction between multilateralism and civil society. 
This Section presents a wide variety of opportunities 
for climate-friendly behaviour and engagement on the 
part of civil society. 

The WBGU recommends that policy-makers should 
promote such initiatives, particularly in their mutual 
interaction. The WBGU also recommends designing or 
changing overall legal frameworks in such a way that 
sustainability criteria and orientations become standard, 
and actors who follow this line in practice gain an advan-
tage in terms of government funding, procurement, con-
tracts or permits (Section 4.6).

The challenge for policy-makers is to create a societal 
climate of responsibility for mitigation and an ‘atmos-
phere for transformation’ in which innovative laborato-
ries can develop particularly well – without intervening 
too much in these places of experimentation, but at the 
same time defending them vehemently against attacks 
(Section 4.6). 

The following sections offer exemplary recommenda-
tions for action of this kind which can be derived from 
the examples, narratives and laboratories dealt with in 
the section. The corresponding research recommenda-
tions are made in Chapter 5. 

4.7.1 
Modular multilateralism

Formation of a transformative state club
Clubs of nation states whose members have come 
together as climate pioneers to pursue an ambitious 
climate policy can accelerate the transformation towards 
a low-carbon, sustainable society (Section 4.2.1). Such 
clubs have a particularly strong impact if they commit 
to an ambitious mitigation or energy-transition policy 
and contribute to breathing new life into the UN nego-
tiations. 

Germany and the EU should advocate the forma-
tion of a state club that is committed to an ambitious 
energy-transition and mitigation policy (‘transforma-
tive club’). Such a transformative club with an ambi-
tious mandate can contribute significantly to catalys-

ing fundamental change. No such climate club exists 
at present. The ‘Renewables Club’ (Club der Energie-
wendestaaten), which was launched by Germany’s then 
Federal  Environment Minister Altmaier in 2013 and cur-
rently exists only on paper, could offer a basis for such a 
transformative club and should therefore be ambitiously 
further developed. Suitable starting points in terms of 
content include in particular a common vision, ambitious 
membership criteria and the creation of club benefits – 
for example through mutual learning, joint research and 
development, cooperation on standards, better access 
to finance, links between emissions-trading systems or 
lower trade barriers for low-carbon goods and services. 

The New York Climate Summit convened by UN 
 Secretary-General Ban Ki-moon for September 2014 
offers an opportunity to politically strengthen the 
Renewables Club and generate the motivation for more 
ambitious targets. At this and subsequent opportunities 
Germany could launch initiatives to further develop the 
Renewables Club into a club with a transformative goal 
that also offers a package of attractive club benefits.

Support for city clubs
The pioneering role of city clubs in the field of climate 
protection should be acknowledged and, where possible, 
strengthened and actively developed (Section 4.2.2). 
This should be reflected in international climate policy, 
for example by giving city clubs a political voice (e.  g. a 
right to be consulted) in the context of the UNFCCC pro-
cess (Section 3.2). This should not be misunderstood as 
giving them a representative function for the entire level 
of the city, but as an important corrective local view-
point which would be introduced by an organized actor 
such as C40.

In addition, the engagement of city clubs in the imple-
mentation of mitigation objectives should be promoted. 
One possibility might be that city clubs also receive 
financial support from the state as a further incentive to 
implement and scale up local mitigation activities. This 
would be justified not least by the fact that the imple-
mentation of ambitious commitments by the member 
cities would also make it easier to meet national reduc-
tion targets.

4.7.2 
Strengthen individual and collective responsibility

Improve conditions for political consumerism 
In the promotion of political consumer actions 
(Section 4.3.1) – regardless of who promotes them 
– it should be taken into account that strategic deci-
sions for more sustainable consumption options require 
knowledge, an ability to reflect, and the availability of 
resources (time, money) – and that such decisions can 
be blocked by familiar habits and everyday pragmatism. 
The WBGU therefore believes that the most suitable 
strategies for promoting political consumerism include 
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providing information (on the sustainability effects of 
products and the manufacturers’ production practices) 
which stresses the ecological and social advantages of 
sustainable consumption and, not least, the co-bene-
fits of a better quality of life. These strategies should 
be combined with efforts to show practical action alter-
natives and to provide feedback on the effectiveness of 
the action. 

In addition, the social relevance of the action and 
the ‘we-feeling’ among the actors could be enhanced by 
portraying climate protection more as a common task of 
all societal actors and by reporting more intensively on 
the mitigation actions of other people.

Educational institutions have an important role to 
play in strengthening people’s skills in political consum-
erism. Schools and other educational institutions could 
convey more knowledge about the way individual con-
sumption is embedded in globally interlinked economic 
and production systems and how it relates to the guiding 
principle of sustainability. Suitable ways of doing this 
include existing offers such as ‘globalized city tours’. 
Furthermore, project seminars could promote specific 
activities, as is already being practised in several schools 
in the context of Carrotmob education projects, for 
example (Section 4.3.1).

Concentrated initiatives like boycott or buycott 
actions can create practical action opportunities for con-
sumers, and these opportunities are increasingly being 
taken up. Policy-makers should, for example,  consider 
reducing bureaucratic hurdles to the approval of actions 
in public sphere, or providing financial and strate-
gic resources for innovative projects in order to create 
 further opportunities for action on mitigation.

Spreading practices of political consumerism should 
not, however, be a priority political objective, but be 
seen primarily as a way of supporting a transformation 
towards more sustainable societal practices in produc-
tion and consumption. The measures to promote polit-
ical consumerism should therefore be accompanied by 
strategies for increasing permeability or by opening up 
political and economic systems to the participation of 
consumers in the sense of ‘consumer democracy’. These 
include expanding possibilities of direct participation in 
political decisions that are of direct relevance to con-
sumers, developing products, and strengthening the 
influence of vulnerable sections of society with little 
‘buyer power’.

Support for local transformation initiatives
Locally active transformation projects (e.  g. transi-
tion-town initiatives; Section 4.3.3) often require low-
threshold sources of funding outside of complicated 
application systems. In such cases, local authorities can 
offer money for civic engagement in simple ways with-
out long-winded and complex application processes. 
Equally important is the provision of land and premises 
for artistic, creative and craft activities, e.  g. repair cafés 
or community gardens. Local authorities should become 
more sensitive and willing to support  promising projects. 

Social innovations and urban experiments need a cer-
tain amount of ‘advance trust’ and also venture  capital, 
but this can contribute to a lively transformation of a 
city. Furthermore, offers of dialogue, invitations and 
exchange platforms outside the usual planning pro-
cesses between administrations and municipal politi-
cians on the one hand, and transformative actors on the 
other, are of great value.

Divestment
Because of the risks involved in continuing investments 
in fossil fuels, the WBGU recommends a review of state 
investments with a view to their future profitability, as 
well as from the ethical standpoint ( Section 4.3.4). 

The WBGU recommends promoting the development 
and use of so-called ‘negative screens’ or exclusion cri-
teria for shares in fossil-fuel companies, so that they 
can be avoided by retail investors if they wish. This has 
been a problem up to now because it is very difficult for 
retail investors to exclude individual shares when they 
buy conventional equity funds. Such an option already 
exists in some cases for shares in arms companies or 
firms that use child labour, which are often marked by 
negative screens and avoided by many funds. 

Adaptation networks
Against the background of intense global network-
ing, adaptation instruments should also be net-
worked ( Section 4.3.5). In future, adaptation should 
follow systemic approaches and not respond only to 
local  challenges. To this end, the WBGU believes it is 
 necessary to improve the integration of existing adap-
tation measures. This could be done by an increased 
promotion of both supra-regional databases on adap-
tation measures and formalized exchanges between the 
actors involved. It is important in this context to sup-
port exchanges between political decision-makers, such 
as members of parliament and mayors, and representa-
tives of those directly affected. 

Support of city networks
In the WBGU’s view, city networks operating in the 
field of mitigation (Section 4.3.6) should be promoted 
by the Federal Government and other governments. The 
 Federal Government should strengthen the engagement 
of cities and local governments in mitigation networks 
by emphasizing their contributions to achieving national 
mitigation targets. In addition, the Federal Government 
should financially support local governments that lack 
the corresponding funds, so that they can join networks 
and build capacity enabling them to be part of new 
governance arrangements. Furthermore, city networks 
could be supported in their efforts to play a contribu-
tory role in international climate negotiations. Inclusion 
in national dialogue formats would be a first step in this 
direction. 

In these activities of the Federal Government, a 
greater formalization and institutionalization of city 
networks should be avoided, since this could restrict the 
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advantages of transnational cooperation. Cooperation 
between the city networks is characterized by flexibility 
and the possibility of personal talks on (rapid) solutions 
to similar problems.

The WBGU recommends strengthening the contribu-
tion of city networks to the exchange of ideas. In this 
context it is no longer just a matter of linking mayors, 
but of facilitating exchanges of experience at the level 
of experts. 

At the implementation level, in the future it would 
be desirable to combine the mitigation and adaptation 
measures of cities and to introduce a system for moni-
toring effects and evaluating this implementation. Since 
this will increase the cities’ need for funding, nation 
states should provide more financial support for their 
cities’ networking activities. Furthermore, Germany’s 
international climate financing, e.  g. its contribution to 
the Green Climate Fund, could not only be distributed 
at the level of the federal states, but also be used to 
collectively reward urban mitigation pioneers. An ini-
tiative organized by the Service Agency Communities 
in One World (SKEW) and the Working Group on the 
Agenda 21 North Rhine-Westphalia (LAG21) deserves 
to be mentioned here; it promotes local climate partner-
ships between German cities and municipalities in devel-
oping countries and emerging economies, which jointly 
implement mitigation and adaptation measures. Such 
examples should serve as a stimulus for important syn-
ergies between local mitigation policy and development-
policy engagement and should therefore be encouraged.

4.7.3 
Re-embedding of markets

Multi-stakeholder initiatives: Create conditions for 
feeding-in power from Desertec projects
Many solutions that are generated by multi-stakeholder 
initiatives and can potentially have a very powerful 
effect, also on a large scale, are unsuccessful even though 
they encounter positive social feedback (Section 4.5.1). 
The reasons are that supported solutions do not fit into 
the established political and economic framework, that 
the initiatives themselves often encounter barriers, and 
that arising opportunities cannot be used. Policy-mak-
ers should take on the task of promoting innovations 
generated by such associations, if they assess them as 
being relevant. The promotion should target changing 
the respective framework conditions and the related 
undesirable lock-ins, blockades and institutional rou-
tines that stand in the way of the spread of innovations. 

The following Section specifies the necessary condi-
tions for the Desertec project. The WBGU has endorsed 
the consistent promotion of renewable energies and the 
development of a common European energy system 
(WBGU, 2011, 2012, 2013) – including the integration 
of North Africa (WBGU, 2004, 2011) – on  numerous 
occasions. In order to further increase the share of 

 electricity generated by renewable energies in Europe, 
it is necessary to build the corresponding infrastructure 
(e.  g. cross-border power grids, storage capacity), and to 
continue state measures to promote renewable energy 
sources. In this context, the WBGU has recommended 
strengthening climate policy at the EU level, implement-
ing the internal energy market, developing a Europe-
wide, union-based energy strategy, and harmonizing the 
promotion systems. The integration of electricity from 
the deserts of North Africa requires the establishment 
of corresponding interfaces in the infrastructure and 
the creation of a legal and regulatory basis. The WBGU 
has also recommended examining the idea of integrat-
ing North Africa into a European system for promoting 
renewable energy sources. 

At the same time, the conditions for the produc-
tion and use of Desertec electricity must be created in 
countries with arid areas and deserts. This applies both 
to technological and infrastructural aspects and to the 
construction of appropriate technical and administra-
tive capacity (Vidican et al., 2014). Once appropriate 
regions in North Africa and the Middle East have been 
selected, this could happen in the context of an inter-
national energy policy or specific partnerships between 
the EU and neighbouring countries. Development coop-
eration is extremely important here. The energy part-
nership with North Africa and the MENA region cur-
rently envisioned by the Federal Ministry for Economic 
Cooperation and Development would be a step in this 
direction. 

The Renewables Club could also take up the Desertec 
vision and cooperate to create the required overall con-
ditions and promote the build-up of infrastructure (e.  g. 
high-voltage direct-current networks). 

Support sustainable public procurement
The WBGU recommends examining which areas in the 
public sector are particularly suitable for green pub-
lic procurement. In this context, the legal basis should 
be examined and, where necessary, extended, apply-
ing sustainability criteria. Furthermore, areas promis-
ing co-benefits, e.  g. lower energy costs through sus-
tainable procurement should be identified. Lastly, the 
WBGU advocates using public procurement specifically 
and increasingly to promote sustainability, environmen-
tal and climate goals (Section 4.5.2).

Energy cooperatives
The promotion of cooperatives for renewable energies 
(Section 4.5.3) should be taken up more as an instru-
ment of development cooperation as synergies will 
arise. On the one hand, people participating in energy 
cooperatives take on responsibility (ownership); on the 
other, off-grid installations can lead to progress towards 
a  sustainable and affordable power supply, particularly 
in rural areas.
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Improve overall conditions for low-carbon 
innovations in the private sector 
By creating frameworks and implementing policies in 
different political fields, the state can embed markets 
in a way that is in the common interest (Section 4.5.4). 
This includes both the legal design of new markets and 
the use of regulatory and market instruments in labour-
market, environmental, energy and economic policy. 
Moreover, it can accelerate technological and social 
innovations in the private sector through its technol-
ogy and innovation policy, thus promoting structural 
change towards an environmentally compatible econ-
omy (WBGU, 2011, 2012).

The WBGU suggests that chambers of craft and com-
merce, as well as business and industry associations, 
should concern themselves more intensively with inno-
vative balance-sheet instruments that encourage strong, 
sustainable development – e.  g. those proposed by the 
Economy for the Common Good – develop them further 
and look into their potential applications.

4.8
Core messages

 > The existing form of multilateralism has reached its 
limits. The climate negotiations in Paris should sup-
port a paradigm shift on four levels: (1) a develop-
ment towards a modular form of multilateralism, (2) 
a paradigm shift in the cultural system that re-organ-
izes the assumption of responsibility in society, (3) a 
normative and cognitive paradigm shift, and (4) a 
paradigm shift in the economic system that re-embeds 
markets into society. These four paradigm shifts are 
currently being promoted by different actors, actor 
groups and arenas. Their interaction creates a new 
dynamic for complete decarbonization by 2070 at the 
latest.

 > Mitigation is being tested using different instruments 
in diverse laboratories, which further strengthens 
their respective leverage effect.

 > There are many examples on all levels (states, cities, 
social movements, the private sector and individuals 
form clubs, cooperatives and networks with trans-
formative potential) with diverse instruments (club 
goods, self-commitment, exchange of experience, 
demonstration projects, competence building, 
 capacity building, problem awareness).

 > The interplay of all actors in an awareness of the 
actions of others strengthens the feeling of self- 
efficacy.

 > States can promote this not only by providing finan-
cial incentives and enacting legal requirements, but 
also by supporting and creating experimentation 
spaces and living labs.

 > Taken together, this puts the state actors in the inter-
national negotiation system under legitimation 
 pressure, but it also gives them room for manoeuvre 
in the negotiation process.
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5.1
Transformation research and transformative 
research

As one of the greatest challenges facing humankind, 
climate change makes particular demands on the  science 
and research system. The knowledge required in order 
to limit anthropogenic climate change ranges from 
the  scientific principles of the Earth system to techni-
cal options available for avoiding climate change and 
its economic consequences, and new forms of climate 
 governance. A large proportion of this knowledge has 
been compiled by the IPCC. 

There are many unresolved research issues in each 
of these fields, and integrating the different areas of 
knowledge also poses challenges to the institutional 
further development of the science system. In its report 
‘World in Transition – Social Contract for Sustainability’ 
(WBGU, 2011), the WBGU examined the requirements 
for such inter- and transdisciplinary research accom-
panying necessary transformation processes. Limiting 
climate change is one of the most important applica-
tions of this research. In addition to its observer role, 
science also has an important role to play in this context 
as a catalyst for a broadly based civil-society movement 
for mitigation, as examined in this report (Chapter 4).

The WBGU coined the terms ‘transformation research’ 
(Tr) and ‘transformative research’ (tR) in its report on 
the transformation to describe the special demands that 
the challenge of climate change will make on the science 
and research system (WBGU, 2011). 

5.1.1 
Transformation research 

Transformation research (Tr) “focuses on the forthcom-
ing task of shaping the transformation. Here,  transitory 
processes are explored in order to come to conclusions 
on the factors and causal relations of transformation 
processes. Examples from history can serve as a basis for 
analysing observed transformative moments” (WBGU, 
2011:  23). 

The design and further development of the planned 
Paris Climate Agreement (Chapter 3) and the develop-
ment of new governance mechanisms for an effective 

bottom-up climate policy (Chapter 4) highly rely on 
such transformation research. 

The climate challenge is proving to be a key debate 
for understanding complex global transformation pro-
cesses. It is becoming clear in the discussion that 
 successful changes can only be initiated with an inter-
play between moral, institutional, economic and techno-
logical processes, since conventional, purely disciplinary 
explanation patterns – like those of classical economics 
– are simply insufficient to overcome existing obstacles. 

Ultimately, therefore, transformation research aims 
to increase ‘transformative literacy’, both in the science 
system and among transformation actors. Transforma-
tive literacy means the ability to understand informa-
tion on societal change processes and to contribute 
one’s own actions to these processes. Such skills have 
a technological, economic, institutional and cultural 
dimension (Schneidewind, 2013b). Transformation 
research stands for a new dimension of interdisciplinary 
interaction in the generation of knowledge. This form of 
interdisciplinarity – combining scientific and technical 
knowledge of the Earth system with economic, institu-
tional, social-science and cultural-science aspects of the 
transformation – is only conducted at a few institutions 
in today’s science system. 

In its report on the transformation the WBGU there-
fore submitted proposals for a comprehensive institu-
tional reform of Germany’s science system (WBGU, 
2011). These range from the establishment of a new 
field of studies, called ‘transformation research’, which 
“examines transformation processes and the social pre-
conditions within the scope of planetary boundaries,” to 
the establishment of a “German federal university with a 
research and education profile that focuses on the trans-
formation towards sustainability. Research and teaching 
should be inter- and transdisciplinary.” In the context of 
the present report, the WBGU confirms the relevance 
and topicality of the analysis and recommendations it 
made then. 

5.1.2 
Transformative research and the co-production of 
knowledge 

Transformative research (tR) is defined by the WBGU 
as “research that actively advances the transformation. 

Research recommendations 5
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Transformative research supports transformation pro-
cesses with specific innovations in the relevant sectors. 
It encompasses, for example, consumer research, which 
is needed for the development of new business models 
such as the shared use of resource-intensive infrastruc-
tures, and research for technological innovations like 
efficiency technologies. Transformative research can 
have a wider transformative impact if, as of a certain 
development stage, development activities for low-car-
bon innovations are embedded into a systemic context, 
their impact on climate and sustainability is verified, and 
they reflect the conditions required for transformative 
impact.”

Transformative research extends beyond interdisci-
plinary cooperation between scientific disciplines. It is 
‘transdisciplinary’, i.  e. a form of research which also 
incorporates explicit and implicit knowledge from trans-
formation actors in addition to the knowledge gained 
from within the science system. This is of crucial impor-
tance, specifically for the concrete design of transfor-
mation processes. The ‘co-production’ (ICSU, 2013) 
of knowledge attains key importance in transforma-
tive research: scientists create knowledge together with 
practitioners in transformation processes in order to give 
concrete shape to such processes.

The ‘world citizen movement’ for a comprehensive 
transformation towards a low-carbon society described 
in this special report is highly dependent on the co-pro-
duction of knowledge. Suitable strategies and forms of 
interaction between science and civil society will also 
emerge from scientifically accompanied experimenta-
tion in the coming years which support the outlined 
transformation process (WBGU, 2011). A form of trans-
formative science that is embedded in this way will thus 
itself become a catalytic element of the civil-society 
movement outlined in the report.

In addition to the development of technological solu-
tions, which is significant in transformative research, the 
co-design of research agendas and the co-production of 
social innovations becomes increasingly important for 
transformation processes, specifically in the context of 
climate change. 

5.1.3 
Institutional impetus

The implementation of transformative research also 
requires many institutional changes to be made in the 
science system. These are currently being intensively 
discussed under such keywords as ‘transformative sci-
ence’ (Schneidewind and Singer-Brodowski, 2013), 
 ‘co-design’ and ‘co-production’ (ICSU, 2013), and 
 ‘citizen science’ (Finke, 2014). 

In addition to the institutional proposals already dis-
cussed in the report ‘Social Contract for Sustainabil-
ity’ (WBGU, 2011), new forms of research infrastruc-
ture also play an important role. In the present report 
they are discussed under the name of ‘living labs’ 

(Section 4.4.1). Transition towns, divestment campaigns 
or energy cooperatives are potential living labs, when 
the knowledge of different scientific disciplines can be 
successfully united with actors’ specific knowledge of 
the target and the transformation – in order to stimulate 
and continually further develop specific transformation 
processes in the course of a reflective process. 

With its proposed structuring of sustainability 
research along three integrated main lines – ‘urban 
change’, ‘transformation of the energy system’ and 
‘sustainable business’ – the Federal Ministry of Educa-
tion and Research (BMBF) is creating a suitable frame-
work for integrated approaches to both transformation 
research and transformative research. 

The following recommendations take up basic 
research issues relating to the substantive fields dis-
cussed in Chapter 1 (Box 5.2-1). They are complemen-
tary to the recommendations on the institutional further 
development of the science system and methodology. 

In the WBGU’s view, the climate system and the role of 
anthropogenic greenhouse gases have been sufficiently 
researched to justify immediate global action on mitiga-
tion. Further basic research on climate change is never-
theless essential in order, for example, to improve the 
predictive power of models, which ultimately reduces 
uncertainty and thus also makes it easier to design the 
transformation to a low-carbon society. 

This Chapter does not examine in detail the necessary 
basic research on the climate system and climate change; 
rather, Box 5.1-1 refers in this context in an exemplary 
way to the corresponding research recommendations of 
the Fifth IPCC Assessment Report. 

The following recommendations are meant primar-
ily in the sense of transformative research; they aim to 
support the transformation to a low-carbon sustainable 
society. The selection follows the priorities and main 
messages of this Special Report.

5.2
Global governance for the transformation to a 
low-carbon society

In the following section, the WBGU makes research rec-
ommendations on the design and implementation of the 
planned Paris Climate Agreement. They begin with basic 
research on global governance with the aim of gaining 
information on the possibilities and limits of global gov-
ernance’s role in the transformation to a low-carbon, 
sustainable society. This is followed by research ques-
tions aimed at supporting the concrete design of the 
Paris Climate Agreement 2015. Also relevant to the 
agreement are studies on the integration of disciplinary 
knowledge, in order to discuss policy on the basis of 
integrated research and in this way to encourage knowl-
edge-based political decisions. There are also research 
recommendations to assess selected large-scale technol-
ogies whose use is currently the subject of  controversial 
discussion. 
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5.2.1 
Issues of governance and justice 

The increasing impact of human activities on the Earth 
system generates fundamental ethical and normative 
issues, as well as a need for theories on responsibility 
and justice. They concern the role of humanity in rela-
tion to the future of the Earth system, the conservation 
of global public and common goods such as the atmos-
phere, and global distribution equity (WBGU, 2013).

 > Climate justice: Research on climate justice should be 
funded. This includes, in particular, the question of 
how the causes and consequences of climate change 
are to be judged from the point of view of justice – 
especially with a view to the relevant distribution of 
burdens between different countries and individuals 
– and what role is played in this context by such nor-
mative concepts as responsibility, human rights and 
equality. 

Global problems like climate change can only be solved 
by global cooperation and global governance (WBGU, 
2014). Interdisciplinary research on governance has the 
task of examining basic preconditions for global govern-
ance and its specific form.

 > Future governance: Research should examine the role 
of global governance and global cooperation in his-
torical processes of transformation and radical 
change, in order to use lessons from the past to help 
shape the future. There should also be research into 

whether, and in what form, global governance can 
support the design of future development pathways 
towards climate-friendliness and sustainability. At 
the same time there is a need for greater cooperation 
between global-governance research focusing mainly 
on the social sciences and jurisprudence on the one 
hand, and the natural and engineering sciences on the 
other, in order to develop corresponding governance 
patterns based on a better understanding of the 
interaction between ecological, socio-economic and 
technical systems (WBGU, 2011). 

 > Principles of cooperation: It remains the case that there 
is only limited knowledge on fundamental questions 
relating to human willingness to cooperate as a pre-
requisite for global governance. To date there is no 
answer to the question of whether there are natural 
limits to the human intra- and intersocietal or intra- 
and intercultural capability to cooperate, or whether 
the humans are capable of developing a global ‘We’ 
identity. This also involves the search for possible cog-
nitive boundaries which perhaps overtax humans and 
human societies, and how these can be transcended. 
From a scientific point of view it is not clear whether 
human societies can deal with the huge complexity of 
a globalized world economy, and can organize stability, 
security, wealth and fairness in a closely linked global 
society within the boundaries of the Earth system 
(WBGU, 2011).

Box 5.1-1

Basic research on climate change 

Excerpts from IPCC (2013a)
The most important current gaps and uncertainties in under-
standing the climate system, and in the ability of science to 
describe natural and anthropogenic influences and project 
them into the future, are discussed at the end of the Technical 
Summary of Working Group I to the Fifth IPCC Assessment 
Report (Stocker et al., 2013). The main gaps relate to obser-
vations, drivers of climate change, understanding the climate 
system and its recent changes, and projections of global and 
regional climate change. What the WBGU considers the most 
urgent points are mentioned in the following.

 > Observations: There are considerable uncertainties in obser-
vations on clouds, particularly with regard to their global-
scale variability and trends, and thus their impact on the 
radiation balance and the precipitation rate. Further data 
gaps relate to the long-term trends in the strength of tropical 
cyclones; circulation in the deep ocean and its temperature 
below 2,000 metres; the thickness of the sea ice, particu-
larly in the Antarctic; and the mass balance of the mountain 
glaciers and the two ice sheets (Antarctic and Greenland). 

 > Drivers of climate change: The main uncertainties in this field 
relate to the interaction between aerosols and clouds and 
thus to the radiation balance. The cloud feedback is consi-
dered to be positive, but its quantification remains difficult. 
This also applies to the feedback between the climate and 
the carbon cycle.

 > Understanding of the climate system and its most recent 
changes: The main gaps lie in the understanding of the 

processes relating to the water cycle, clouds and the mass 
balance of the ice sheets. Data is similarly incomplete on 
long-term changes in extreme events, including cyclones in 
the tropics and storm fronts in the mid-latitudes.

 > Projections of global and regional climate changes: Projec-
tions of climatic variations using Earth-system models show 
uncertainties particularly in the simulation of the water 
cycle and the carbon cycle. But one of the biggest problems 
is the regionalization of climate projections. Only regional 
climate information is of any use for political and other deci-
sion-makers and as a source of information for citizens. To 
achieve such regionalization, it is not enough to refine the 
resolution of the models; rather, the parameterization of the 
processes that cannot be resolved should also be reviewed.

Suggestions from German science
The WBGU’s discussion with German climate scientists in May 
2014 led to the following main recommendations. Research 
is urgently necessary in the following fields: the maintenance 
and further development of the global and regional climate-
observation systems for different time scales; a better under-
standing of the uncertainties in climate sensitivity and the 
trends in the extreme values; the optimization of the coupled 
Earth-system models and a focus on regional aspects of the 
simulated climate changes; as well as improvements in access 
to and the availability of climate data.

The exchange of data and access to data should be made 
easier. This applies to the preservation of historical data, the 
development of international databases, and access to the data 
of national authorities. There should be international agree-
ments to ensure that data from publicly funded research are 
accessible to the public.
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5.2.2 
Design of the Paris Climate Protocol

The WBGU recommends a Paris Climate Protocol 
( Chapter 3) and shows possible interactions between 
state multilateralism and civil-society actors (Chapter 4). 
In particular, further research is required into possibili-
ties of productive and constructive interaction between 
states, non-governmental organizations (NGOs) and 
other actors of global civil society such as city networks 
(Box 5.2-2).

How can it be ensured that the multilateral level does 
not inhibit, but encourages activities by other actors 
that are on a more effective decarbonization pathway? 
How can decarbonization on the above-mentioned 
actor levels be politically and legally linked? How can 
civil-society actors contribute to resolving blockades of 
 multilateralism? 

In addition to the recommendation that the 2  °C 
guard rail and the zero target – i.  e. the global, long-term 
goal of reducing CO2 emissions from fossil fuels to zero 
by 2070 at the latest – be specified in the Paris  Protocol 
in a legally binding form, it should be possible for all 
commitments undertaken by the parties to the UNFCCC 
within the pledge-and-review process to be monitored 
by global civil society (Section 3.1). Transparency of 
information, the right to access this information, the 
involvement of associations or NGOs, and the right of 
associations or NGOs (as ‘climate procurators’) to sue 
for compliance with the commitments established by 
the Convention – these would represent a novelty at the 
UNFCCC level. The assignment of these rights – which 
have only been tried out by the contracting parties to 
the Aarhus Convention up to now – to the UNFCCC level 
should be continuously scientifically analysed. 

In the WBGU’s view, the Paris Climate Protocol should 

Box 5.2-1

Selected gaps in knowledge on climate change 
identified by the IPCC – impacts, adaptation and 
vulnerability

From the numerous gaps in knowledge identified by the IPCC 
on impacts, adaptation and vulnerability to climate changes, 
this Box highlights those considered by the WBGU to be parti-
cularly relevant in the context of this report (Working Group II; 
IPCC, 2014a; in the following, the chapters are cited under the 
name of the respective lead authors; Section 1.7). The selection 
criteria include: urgency; potential for damaging the environ-
ment and society; references to the transformation towards a 
low-carbon society and to the debate on planetary guard rails; 
and research topics dealing with action and solution options.

Food production
More attention should be paid to the qualitative and quanti-
tative variability of crop yields due to climate change. There 
is a lack of studies on systemic and transformative adaptation 
options for agriculture (Porter et al., 2014). Research on the 
impact of climate change on food production should also cover 
other climate-change-relevant aspects such as the processing, 
distribution and consumption of food, as well as access to food. 

Water resources 
More knowledge is needed on the adaptation costs of climate-
related changes in water resources, e.  g. as a result of droughts 
or floods. There is also a need for better spatial resolution in 
regional climate models, since water management and adapta-
tion measures are implemented at the level of water catchment 
areas. Hydrological models, or the land-surface components of 
climate models, should be coupled with data on water manage-
ment. The effects of a combined use of surface and groundwa-
ter resources need to be better understood. There is a particu-
lar need for research in regions where the use of groundwater 
resources is expected to increase. There is a need for research 
on the impact of climate change on water quality and vulnera-
bility, as well as on the possibilities of adaptation, especially in 
developing countries (Jimenez Cisneros et al., 2014).

Urban agglomerations
There is not enough understanding of the vulnerability of city-
dwellers, urban companies and city centres to climate change 
and interdependencies between systems; the vulnerability of 

the existing building stock to climate change and correspon-
ding adaptation options; or the adaptive capacity of cities, the 
related costs and the limits of adaptation (Revi et al., 2014).

Health
The link between climate change and health is one of the risks 
on which there has been little research. In general, there is 
a need for research on the extent and character of climate-
change-induced health risks; on the effectiveness of health-
protection measures; on the health effects of sectoral adapta-
tion and mitigation measures; on the improvement of decision-
making and monitoring systems; and on the financing needs of 
health measures. There is a great long-term need for research 
on the health effects if the global mean temperature rises by 
more than 4°C (Smith et al., 2014a). 

Ecosystems and biodiversity
In order to coherently determine the effects of the climate 
on ecosystems and biodiversity, and the importance of these 
effects for society, research should be conducted above all on 
the following points (Scholes et al., 2014; Wong et al., 2014; 
Pörtner et al., 2014).

Comprehensive, long-term monitoring is a prerequisite of 
research into the impact of the climate on ecosystems and bio-
logical diversity. More attention should be paid to the effects 
both of the speed of climate change and of extreme weather 
events on organisms. This also applies to the interaction bet-
ween different drivers of global change (e.  g. CO2 concentration 
and tropospheric ozone). 

Knowledge is incomplete on the interactions between 
different species in relation to their phenology and migrati-
on speed. A better understanding of ecosystem structure and 
function should be promoted to improve the upscaling of phy-
siological studies of individual species to the level of ecosystem 
dynamics. 

In order to better understand the climate sensitivity of eco-
systems, it is necessary to confront complexity in ecosystems; 
this relates in particular to tipping points and the feedback 
between climate change and ecosystems. 

Models should better depict future interactions between 
natural and societal systems – and facilitate improved predic-
tions on ecosystem responses and adaptability, including the 
evolutionary adaptation of species. 

Economic assessment of the losses of ecosystem services 
and biodiversity due to climate change should be improved.
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cover the three areas of mitigation, adaptation and deal-
ing with loss and damage (Section 3.1). Questions on the 
latter area in particular have only been covered at the 
UNFCCC since 2013 with the Warsaw  Mechanism for Loss 
and Damage. This welcome step must be promoted by 
further research: how can a way be found to compensate 
victims of real damage caused by climate change, despite 
the difficulties of attributing the effects of climate change 
to individual actors? In addition, under the WBGU’s pro-
posal for the Paris Climate  Protocol instruments on tech-
nology transfer, financing and flexible mechanisms are 
further developed and, in some cases, newly designed. In 
this context, too, research questions remain open; they 
are illustrated in the following.

 > Incorporating scientific expertise. Mitigation, adapta-
tion and compensation measures require continuous 
substantiation from scientific research. Scientific 
data and scientific expertise are of huge value for 
mitigation. In view of the fact that the IPCC is incor-
porated de facto, but not compulsorily, into the 
UNFCCC processes, there is a need to (further) 
develop a model on how these and other scientific 
data can be incorporated into international political 
and legislative processes. 

 > Integrating pioneer alliances and clubs into multilat-
eral mitigation processes: In the WBGU’s view, it is 
necessary for compliance with the 2  °C guard rail and 
helpful for the climate negotiations if clubs, alliances, 
networks and a wide range of other actors get 
involved in mitigation (Chapter 4). There is a need for 
research on the question of how these alliances 
should be politically and legally, formally or infor-
mally integrated into the Paris Climate Protocol, and 
what incentives might promote their formation. In 
this context, another important question is how a 
change of culture in multilateralism might be 
achieved, i.  e. so that it no longer gears its actions 
towards the slowest actor, but strengthens and 
encourage pioneers. 

 > Participation rights and rights of action for NGOs: 
 Participation rights and rights of action have been 

tried out by the member states of the Aarhus Con-
vention up to now. The implementation of such rights 
at the level of the UNFCCC or other environmental 
conventions requires continuous analysis.

 > Loss and damage: Questions on compensating loss 
and damage caused by climate change have been 
given a new forum under the umbrella of the UNFCCC 
by the Warsaw Mechanism. This mechanism is ini-
tially focusing on collecting knowledge, data and 
best-practice solutions and should be supported by 
further research in this field. The law on liability 
under international environmental law requires fur-
ther development here, because the rules on proving 
that damage has been caused by a specific action may 
no longer be appropriate and up-to-date in times of 
climate change. 

 > Flexible mechanisms in the Paris Climate Protocol: In 
the context of its recommendation to reduce CO2 
emissions from fossil fuels to zero worldwide by 2070 
at the latest by means of an international pledge-
and-review process, the WBGU also advocates the 
use of flexible mechanisms. Research is needed on 
the specific design of one or more mechanisms and on 
strategies for their implementation. The emphasis 
should be on the effects of the voluntary nature of 
the pledges on the specific design. The experience 
gained with the Kyoto mechanisms have shown, inter 
alia, that in some cases the mechanisms do not ade-
quately take distribution and external effects into 
consideration. There is a need for broad-based 
research on how flexible mechanisms, alongside effi-
ciency criteria, can also take external and distributive 
effects or equity criteria into account in a practicable 
way. 

 > Use of flexible mechanisms within climate clubs and 
pioneer alliances: In addition to the use of flexible 
mechanisms within the framework of the pledge-
and-review process, strategies and specific proposals 
should also be designed on a scientific basis on how 
various flexible mechanisms might be used in the 
context of clubs and pioneering alliances, e.  g. in the 

Box 5.2-2

Selected gaps in knowledge on governance 
research identified by the IPCC

From the numerous gaps in knowledge identified by the IPCC, 
this Box highlights those considered by the WBGU to be 
 particularly relevant in the context of governance (Working 
Group III; IPCC, 2014b; in the following, the chapters are cited 
under the name of the respective lead authors). The selection 
criteria include: urgency; potential for damaging the environ-
ment and society; references to the transformation towards a 
low-carbon society and to the debate on planetary guard rails; 
and research topics dealing with action and solution options.

Perception, decisions, participation
 > Studies on cross-cultural differences in the perception of cli-

mate change and response options (Kunreuther et al., 2014). 

 > Studies on the effectiveness of communication methods 
such as simulations, games and films for enhancing public 
awareness of climate change (Kunreuther et al., 2014).

 > The further development of regulatory mitigation mecha-
nisms (e.  g. standards, emissions trading, taxes) would be 
improved by more ex-post evaluations of existing mecha-
nisms, taking into account the effectiveness of different 
regulatory approaches, individually and combined (Kolstad 
et al., 2014).

 > More studies are required on new intergovernmental and 
transnational arrangements, including ‘hybrid’ approaches 
with both voluntary and binding elements (Stavins et al., 
2014).

 > There is only an incomplete understanding of the possibili-
ties for generating co-benefits in international cooperation 
on mitigation and which of these approaches are promising 
(Stavins et al., 2014).
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form of market-based policy instruments. 
 > Technology transfer: There are many studies dealing 

with the international transfer of low-carbon tech-
nologies. However, it is largely unclear what specific 
conditions individual countries need to meet for the 
further development and permanent application of 
individual low-carbon technologies. These include, 
for instance, the technological capabilities of firms, 
research institutions that work in a complementary 
way to the technologies, testing and certification 
facilities, further-training institutions for qualifying 
employees, especially engineers, and market-research 
companies. Against this background, the question 
also arises as to how technological skills, especially in 
developing countries, can be increased in order to be 
able to introduce at least selected parts of the value 
chain of low-carbon technologies there.

 > Finance: There is a need for further research into how 
criteria can be generated for the distribution of funds 
for mitigation, adaptation to climate change, and loss 
and damage. Research is also required on the defini-
tion of ‘climate finance’ and ‘private climate finance’ 
in the context described in Section 3.3.6. The lack of 
recognized definitions leads to information gaps and 
differences in understanding by the actors. Moreover, 
additional research would be important on the role of 
the private sector in financing adaptation to climate 
change and on the question of how private-sector 
mitigation measures can be replicated and expanded.

5.2.3 
Integrative approaches 

The Fifth IPCC Assessment Report shows that know-
ledge about climate change and how to overcome it has 
already reached considerable dimensions. At the same 
time, however, in many aspects there has not yet been 
any integration of knowledge from different disciplines. 
Integration would be necessary, however, to make it 
 easier to weigh up the respective advantages of differ-
ent political alternatives. This is where science should 
take up integrative issues. A few exemplary suggestions 
are listed in the following:

 > Irreversibilities and time scales: Theories of economics 
and social science frequently reach their limits when 
dealing with how to handle large-scale irreversibili-
ties in the Earth system or global changes whose time 
frames and causalities reach intergenerational dimen-
sions. Methods should therefore be developed, for 
example, on how the different time scales of natural-
science and social-science perspectives can be 
bridged, in order to be able to develop action options 
for politics and society.

 > Transformative development pathways: Integrated 
assessment models (IAMs) correspond to the scien-
tific state of the art for assessing transformation 
pathways. Their main advantage is their ability to 
depict a large number of areas of development, but 

not necessarily the speed of change. Climate policy is 
usually shown in the form of CO2 prices, which makes 
it possible to gradually incorporate CO2-reduction 
potential based on cost minimization. This method 
tends to favour existing infrastructures and neglects 
the potential of disruptive change. There is therefore 
a need for research on a better depiction of comple-
mentary instruments of energy and climate policy in 
the creation of transformative scenarios in which 
accelerated technology substitution and diffusion can 
occur.

 > Clearly defined model regions: One weakness of inte-
grated assessment models is that model regions as 
used in different models are often not comparable. 
An important improvement would therefore be to 
develop clearly defined model regions on which all 
models can be based.

 > Costs and benefits of mitigation: The mitigation sce-
narios described by the IPCC’s Working Group III also 
mention the costs that are connected with mitigation. 
As a rule, however, they do not mention the costs 
that are avoided by reducing climate change. Differ-
ences in methodology between different costing 
methods make a simple cost-benefit analysis impos-
sible, especially since many of the effects of climate 
change cannot be translated quantitatively into costs. 
There is therefore a need for research into how the 
benefits of mitigation can be taken into account in 
policy decisions.

 > Migration due to climate change: It can be assumed 
that unabatedly progressing global climate change 
will become a relevant factor in migratory movements 
in the medium to long term. Research needs to be 
conducted, inter alia, on regional hot spots and vul-
nerabilities, as well as on the best ways to handle 
climate migration, e.  g. in terms of international law 
and in humanitarian terms. Also needed is an 
improvement in the data situation and in scenario 
development on the kind of climate-change-related 
migratory movements to be expected in the future.

5.2.4 
Research on low-carbon technology and large-
scale technical interventions 

Research into and the dissemination of low-carbon 
 technologies should be given a high priority.  Technologies 
for generating negative emissions in general, and solar 
 radiation management (SRM) in particular, should at 
best be regarded as a last resort – as ways to avoid a 
 further rise in global temperatures. In theory, they make 
it  possible to change the permitted emissions budget 
that ensures compliance with the 2  °C guard rail. These 
 technologies can theoretically ‘buy’ a certain amount of 
flexibility by temporarily overshooting the 2  °C trajectory, 
which is then offset by negative emissions or SRM. The 
risk assessment of these technologies is, however, only 
in its early stages, and it is completely unclear whether 
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a broad application will ever be possible. 
 > Spread of innovative low-carbon technologies: The 

diffusion of innovative technologies that will be 
needed in the future is still not fully understood. This 
applies, for example, to many of the technologies that 
are required for the decarbonization of the sectors 
listed in Section 1.8.2. Research in this area can show 
how niche markets can be developed for the required 
innovations, and from which of these markets the 
technologies can diffuse to large-scale application. 
For many technologies this also includes research into 
the potential for better modularization (e.  g. electro-
mobility), in order to achieve better economies of 
scale in production. 

 > Active removal of CO2: The generation of ‘negative 
emissions’ is being regarded more and more as a 
necessary measure to ensure compliance with the 2  °C 
guard rail. The technology options are known in prin-
ciple. Negative emissions can be achieved either by a 
combination of bioenergy and CO2 capture and stor-
age, or by creating ‘additional’ CO2 sinks, for example 
in the form of reforestation or algae growth. Both 
forms of CO2 storage interact with the Earth system in 
ways that are not yet fully understood. This relates in 
particular to interaction with the carbon cycle. Fur-
thermore, a development pathway that is dependent 
on the comprehensive use of a technology option in 
the future also requires a sound risk assessment 
which also takes technical breakdowns into account.

 > Manipulation of the Earth’s radiation balance: In 
 theory, SRM has the potential to counteract the rise 
in temperature caused by the increased concentration 
of CO2 in the atmosphere (Section 1.8.3). Applica-
tions like stratospheric aerosol injection can be real-
ized at relatively low cost and would have an immedi-
ate effect on temperature development. However, 
this method is expected to cause considerable side-
effects, and there is a risk of triggering non-linear 
effects in the climate system. Furthermore, SRM 
would have to be maintained for thousands of years, 
since it only reduces the rise in temperature caused 
by the greenhouse effect, but not its cause. Ocean 
acidification cannot be averted by SRM – it would 
continue unchecked. If SRM were interrupted, sur-
face temperatures would increase rapidly. There is a 
need for further research on the risks of these tech-
nologies, as well as on the possibilities of their legal 
integration and international regulation, including 
liability issues.

5.3
Selected laboratories for a transformation to a 
low-carbon society

The examples of transformation narratives and labora-
tories compiled in Chapter 4, which range from the indi-
vidual actor to the level of the nation state, require fur-
ther empirical and conceptual substantiation. The eval-

uation criteria for classifying these laboratories in the 
context of the transformation to a low-carbon society 
are the ambition level of the respective goal, scalability, 
permanence and feasibility. 

It is difficult to gauge what specific effects – quan-
titative and qualitative – laboratories and narratives 
will have in the context of the transformation process. 
Knowledge is at best sketchy on exactly how they come 
into being and interact, whether and how they will be 
promoted and accelerated or expanded, and how they 
can best be understood and assessed in comparison with 
each other. Accompanying political and social-science 
research is required to find these things out. Research 
would also be useful to accompany new laboratories 
when they are initiated. A transdisciplinary research 
design offers a good opportunity for gaining empirical 
and theoretical knowledge on aspects of a transforma-
tion whose effects (and interactions) go beyond the cus-
tomary system criteria and existing analytical patterns. 
Research is also needed to determine under what social 
and structural conditions alternative practices of engage-
ment in organizational and individual routines become 
permanent. This is particularly important against the 
background that civil society’s interest in engagement 
is increasing, yet people’s willingness to engage in time-
consuming activities over long periods of time is declin-
ing (BMFSJF, 2010 for figures from Germany). People 
are more likely to take part in short-term and one-off 
activities rather than fundamentally change their own 
behaviour (WVS, 2014; Stolle et al., 2005). 

Furthermore, there is a lack of studies on how collec-
tive self-efficacy – i.  e. the supra-individual conviction 
of a reference group’s competence to act – can be pro-
moted in the context of social innovations and move-
ments in climate protection. In addition, international 
comparative studies are also needed that deal with the 
perception of individual action options in the mitigation 
field and with people’s willingness to take on individ-
ual responsibility against the background of intra- and 
intergenerational justice. There is also a lack of stud-
ies on the interaction between (modular) multilateral-
ism and societal initiatives and movements. Finally, fur-
ther research is needed on governance, or ‘soft control’, 
e.  g. through incentives, living labs and experimental 
 democracy projects (Box 5.3-1). 

The synopsis on the interaction between (modular) 
multilateralism and societal initiatives and movements 
(Section 4.6) needs to be extended, especially by add-
ing examples from developing countries and emerging 
economies. In the analysis of clubs of states and in the 
field of global cooperation between transnational move-
ments, the democracy/autocracy problem in particular 
should be examined more closely.

In order to strengthen the type of research out-
lined above, science policy has an obligation to improve 
the structural conditions for transformative science: 
by further developing research-programme policy and 
by offering structural incentives for transdisciplinary 
research and teaching at universities and other scientific 
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institutions. Living labs can also be seen as a new form of 
research infrastructure which should be promoted more 
intensely. The following Section gives research recom-
mendations on several examples of living labs selected 
from Chapter 4.

5.3.1 
Promotion of experiments and living labs

The WBGU recommends issuing tenders for programmes 
on experiments and living labs for a societal transfor-
mation towards sustainability with a focus on mitiga-
tion. They should be supported for a limited period both 
materially and politically, and at the same time be the 
subject of independent scientific monitoring and eval-
uation.

There is a lack of comparative studies on living labs 
and narratives and their interaction in the context of the 
transformation to a low-carbon, sustainable society. This 
requires corresponding accompanying research on exist-
ing living labs and on new living labs when they are ini-
tiated. This opens up opportunities to gain empirical and 
theoretical knowledge on all those aspects of a transfor-
mation whose ‘self-invention’ processes, effects, inter-
actions and statements are outside customary system 
criteria and existing analytical patterns.

5.3.2 
Political consumerism

There is a need for research into the dissemination and 
impact of political consumerism, such actions as boy-
cotts or buycotts. Up to now, most available literature 
has been theoretical work on the cause and potential 
impact of political consumerism in which links are cre-
ated between post-modernism, changing values and 

political consumerism. Any mention of empirical aspects 
often tends to be only anecdotal. Empirical references 
are often limited to the development of the markets 
(development of labels and standards and the demand 
for products marked accordingly) and to surveys on peo-
ple’s willingness to engage in political consumerism or 
related actions. There is a need for research into how 
one is related to the other, i.  e. whether and why polit-
ical consumerism leads to changes in business and pro-
duction practices (Balsiger, 2013). Research on politi-
cal consumerism should examine in particular the cul-
tural and milieu specificity of the respective practices 
and their effect of changing everyday actions and gen-
eral value orientations on the individual level, as well 
as the change in societal, political and economic struc-
tures. In this context the research also covers the direct 
and indirect ecological, economic and social sustain-
ability effects of different forms of political consum-
erism. These are relevant, inter alia, to reveal conflicts 
of aims between the goals of fair or green consumer-
ism and those of political and frugal consumption, and 
to  identify practices that have a lot of sustainability 
 potential.

In order to further develop the concept of consumer 
democracy and its chances of implementation, many 
studies will be needed on the individual and systemic 
prerequisites. These include questions about the pos-
sibilities of strengthening consumer skills and rights in 
different social milieus and about the legislative possi-
bilities for improving participation in political and cor-
porate decision-making processes.

Box 5.3-1

Selected gaps in knowledge on political 
instruments identified by the IPCC

The report of Working Group III to the IPCC has identified poli-
tical measures to mitigate climate change and research needs 
(IPCC, 2014b; in the following, the chapters are cited under the 
name of the respective lead authors). Some research recom-
mendations which the WBGU considers especially relevant to 
transformation and actions are outlined in the following.

Values, lifestyle
 > Studies on the importance of changes in values in the trans-

formation process in comparison to the implementation of 
economic instruments. The different influence on behavi-
our and economic activities is difficult to gauge up to now 
(Fleurbaey et al., 2014).

 > Little is known about the potential of frugality (lifestyle and 
consumption patterns involving less expenditure on goods 
and services) compared to ecologically conscious behaviour 

(lifestyle and consumption patterns involving less resource 
consumption and causing less environmental damage, but 
without necessarily reducing expenditure) (Fleurbaey et al., 
2014). 

Cooperation, initiatives
 > Knowledge is incomplete on the quantitative influence of 

regional cooperation on the mitigation of anthropogenic cli-
mate change (Agrawala et al., 2014).

 > Knowledge is incomplete on the factors that contribute to 
the success or failure of regional cooperation, especially in 
the case of regional disparities and a mismatch between 
capacity and potential (Agrawala et al., 2014).

 > There is an insufficient understanding of the synergies and 
conflicts of aims between adaptation and mitigation mea-
sures (Agrawala et al., 2014).

 > There is a need for research on cross-regional interaction 
between different instruments of climate policy. Regional 
policies interact with national and international policies, but 
it is not clear how these numerous initiatives support or con-
tradict each other (Agrawala et al., 2014).
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5.3.3 
Scientific accompanying of local transformation 
initiatives

The methods of transdisciplinary research are particu-
larly suitable for examining local transformation initia-
tives such as transition towns. Research projects should 
be initiated in the context of – and actually accompany-
ing – real-life experiments and living labs for a trans-
formation to a low-carbon, sustainable society. The 
WBGU therefore recommends already focusing more 
on transdisciplinary projects and approaches (co-design 
and co-production) when issuing tenders.

In addition, further research should be conducted on 
the needs of local projects for material, societal or polit-
ical support, on the possibility of scaling them up, and 
on their associated potential for transformative and mit-
igating effects.

5.3.4 
City networks

There is a need for research into the functioning and 
effects of city networks in the field of international miti-
gation, especially on the importance of the exchange of 
experience between local authorities. City networks are 
still inadequately studied by research as new actors at 
the international level. In addition to evidence-based 
research on their impact on the implementation of meas-
ures, there is a need above all for research on the possi-
bilities and limits of transferring policy innovations and 
cooperation between local authorities, as well as their 
role in global governance. Impact analyses are required, 
and efficient reporting tools must be developed, in order 
to make the emissions reductions promised by city net-
works more traceable and verifiable in the future.

5.3.5 
Adaptation networks

In order to have recourse to experience of adaptation 
networks, the exchange of information should be sup-
ported by networking them. This requires the addi-
tional creation of databases and online platforms; it also 
involves the need to research how this can be done effi-
ciently, effectively and permanently in the context of 
diverse structures, overall conditions and cultures. 

5.3.6 
Desertec

Desertec as well as the related activities of the Desertec 
Foundation and the companies involved are important 
multi-stakeholder initiatives. The WBGU recommends 
an independent, scientific evaluation of the Desertec 
process, more intense scientific monitoring of current 

developments, support for transfers to other regions, 
and in particular research on conditions for coopera-
tion and opportunities for acceleration. Accompanying 
research by social science and cultural science should 
be stepped up, since the important factors in large-scale 
projects like Desertec are not only technical feasibility, 
but also (and especially) the overall political, social and 
cultural conditions in the different countries and regions.

5.3.7 
Transformation requirements and barriers in the 
private sector

Balance-sheet instruments like the common-good 
matrix demand strict documentation of the social and 
ecological effects of economic processes. The transpar-
ency and evaluability of these effects should be signifi-
cantly improved.

When industries and companies try to re-internalize 
social and ecological effects that are outsourced in exist-
ing globalized markets, the need for change often arises. 
The WBGU therefore proposes setting forth such needs 
for change in a scientific way and describing and quan-
tifying disadvantages – such as possible competitive dis-
advantages caused by sustainable business practices in 
a purely business-oriented market model – using key 
 economic indicators.

5.3.8 
Development of tradable emissions allowances for 
private households

The concept of tradable emissions allowances for private 
households (personal carbon allowances) has been the 
subject of controversial discussions in several European 
countries for some time. The WBGU sees a need for fur-
ther studies and research on how individuals with their 
CO2 balance sheets can be integrated into emissions trad-
ing, and under what conditions this seems feasible on a 
larger scale. In addition, it would be a good idea to exam-
ine the feasibility of a model in which two countries, or 
two local authorities or cities, each of which has intro-
duced a CO2 credit card, are paired. The guiding principle 
here would be that if one actor overdraws its account, 
the CO2 credit can be directly replenished from a part-
ner community, on condition the latter has made corre-
sponding emissions reductions. 

5.3.9 
Integration of sustainable and innovation- 
oriented procurement 

Extensive research has been conducted both on 
 sustainable and on innovation-oriented procurement. 
But as yet there are no analyses on the integration of the 
two bodies of knowledge or the development of  political 
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strategies to encourage connecting innovation orienta-
tion with sustainability goals in public procurement.

5.4
Epilogue

In this report, the WBGU describes a dual strategy for 
international climate policy in which, on the one hand, 
the planned Paris agreement serves as a guide, and, on 
the other, a societal climate is promoted in which all 
actors worldwide can make their contributions to a low-
carbon economy. This process can also be seen as a soci-
etal search process in which both the direction and the 
destination – i.  e. the area of activity – are evident, but 
there are many different ways of getting there. Research 
is an essential element of this search process in which 
both basic research and applied research are indispen-
sable. 

Since civil society must (and wants to) be actively 
involved in shaping this transformation process, it must 
also participate in research through the development 
of the corresponding research agendas, especially in 
applied research – if the process is to succeed. This is 
more likely to succeed if institutional changes are made 
to the science system. In addition, there must be more 
openness to new methodologies, such as the co-design 
and co-production of knowledge, which lead to inno-
vations for transformation processes. Further studies 
are also needed on the new methods themselves, their 
potential and their limitations. More space should also 
be given to areas for experimentation, and comprehen-
sive accompanying research established on so-called 
 living labs. 

A whole series of examples of living labs have already 
been listed in this chapter; further examples should be 
added. Building on this, there is a need for further stud-
ies on the transformative potential, scalability and fea-
sibility of these diverse ideas. 

Overall, this would help gear research findings more 
towards the solution of societal problems and needs and 
in this way boost the perceived value of research as a 
key element of societal progress.



113

Global emissions continue to rise, while the climate 
negotiations stagnate. This gap shows the weakness of a 
‘vertical responsibility architecture’, which imposes con-
siderable burdens and risks on future generations. Both 
the international community and citizens must therefore 
take on more responsibility for the future. The dilemma 
of a vertical responsibility architecture, well known 
especially in multi-level systems, lies in the fact that 
responsibility is delegated ‘upwards’ to political agents 
‘from below’, and that these agents choose a negotiating 
strategy that imposes as few changes as possible in their 
sphere of influence – in an effort to protect  established 
interests and maintain their power base. Societies in 
turn excuse their passivity with the low ambition level 
and failure of multilateral negotiations. In global climate 
protection this has so far led to a ‘vertical complicity of 
the present to the detriment of the future’. 

The question is how can the best of intentions, which 
do exist in politics and society on the basis of expertise 
and insight, be translated into effective global action for 
climate protection? The significant examples of trans-
formative narratives described in this report outline a 
complementary ‘horizontal responsibility architecture’ 
in the form of a world citizen movement for climate pro-
tection. Here, responsibility for the future is not del-
egated ‘upwards’; rather, it is exercised autonomously 
by broad sections of society. Committed citizens become 
global procurators who seek to protect the climate by 
developing social innovation and creativity – as well 
as for their own gratification – apart from the fact that 
they, too, are personally affected. Their  narratives and 
laboratories can sustainably change social norms and 
practices and are not confined to appeals to third par-
ties. One example is Germany’s energy-system trans-
formation (Energiewende), which was initiated and pro-
moted by individuals and cooperatives. 

If the political players are responsive enough, the 
transformative impulses provided here can penetrate into 
the vertical architecture of international negotiations, in 
that the governments point to a mandate from the more 
advanced demands being made by the  constituencies 
they represent. The multilateral negotiation system will 
then no longer focus on the lowest  common denomi-
nator; rather, it will bring together ambitious proposals 
introduced by clubs of states and transnational climate-
protection networks at the supranational and interna-
tional level. An ambitious Paris  Climate Protocol based 

on the WBGU’s recommendations, that takes on board 
all actors working for effective and sustainable climate 
protection, can, in turn, generate positive feedback with 
civil society’s creativity and accelerate the ‘bottom-up’ 
transformation. 

In this differentiated responsibility architecture, 
which gives shape to a global social contract, the 
(national) state, in addition to its involvement in mul-
tilateral negotiations, retains the central responsibility 
to flesh out the legal framework to this purpose, ele-
vate sustainability criteria to a standard, and reward 
advanced actors involved in promoting, procuring, 
assigning and approving projects. States can use legis-
lative, financial and other instruments to help labora-
tories flourish. 

Alongside the vertical and horizontal dimensions of 
the responsibility architecture, the WBGU emphasizes 
the (virtual) inclusion of future generations in the cur-
rent negotiation and decision-making process – as a 
third, quasi diagonal dimension. The generation that is 
living today and holds responsible positions in politics, 
business and society must recognize that the actions it 
takes, or does not take, will play a decisive role in the 
future of human civilization. The goal of the complete 
decarbonization of the world economy by 2070 at the 
latest requires immediate action. The transformation of 
the world into a zero-carbon society must be completed 
in less than sixty years – i.  e. in less than a human life-
time. With a view to the third and fourth decades of 
the 21st century, when the children and children’s chil-
dren of today’s leaders and decision-makers will have 
grown up and will be taking on responsibility them-
selves, decisions must already have been made in 2015 
to flesh out this Herculean task and translate it into 
dimensions that humans can grasp. This must be done 
in such a way that, on the one hand, future generations 
retain freedom options and, on the other, they can assert 
their own creativity and powers of innovation. The road 
maps of emission reductions (leading up to the target 
of zero in 2070) are embodied and illustrated in subse-
quent  generations.

Dynamic interaction and feedback – between the UN 
level, the nation states and the wide range of procura-
tors of protected global resources (such as the climate) 
in the world citizen movement – can spawn a global 
climate policy that is compatible with democracy and 
shows responsibility for the future, as put forward by 
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the WBGU (2011) in its report ’A Social Contract for 
 Sustainability’ (Figure 6-1). In this context, the freedom 
of today’s generation ends where the freedom of future 
generations begins.

Individuals 

Groups /
Alliances  

UNFCCC 

Divestment  

Transition Town  

Boycott  

Figure 6-1
Dynamics of social movements in a multi-level space – a visualization. The transformative narratives and laboratories mentioned 
in this section do not develop in isolation from each other, but are characterized by dynamic polycentric processes. The diagram 
shows how individual phenomena mutually reinforce each other and in turn generate new dynamics and centres of transformation 
at different levels by way of spill-over effects. Three movements – divestment, transition towns and boycotts – are taken up as 
examples. Each is represented by a ball. The movements can pass through different actor levels in different countries, triggering 
or boosting new processes. As a result of a compression of social movements – the formation of a world-citizen movement by 
individuals and alliances – the balls are played into the field of the upper actor level of the UNFCCC. There they can open up 
scope for taking action and generate fresh ideas, and this can in turn have a favourable effect on other levels. This also illustrates 
another fundamental thought: an individual cannot exercise this influence, but it cannot come about without the individual's 
contribution in civil society either. In the same way, stagnating negotiating processes at the upper level cannot serve as a system 
confirmation or as an argumentation basis for restraint practised individually by private individuals, companies and countries.
Source: WBGU
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