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Never have I held back the waters of the Nile,
never have I barred the water its way,

never have I dirtied the Nile.

PHARAONIC INSCRIPTION

IN THE VALLEY OF KINGS (RAMESES III)

Water resource management – the harvesting, dis-
tribution, utilization, purification and control of wa-
ter – has shaped the history of human civilizations to
a major and permanent degree. Management of wa-
ter resources is also one of the greatest challenges
facing the present generation.Today, around 2 billion
people have no access to clean drinking water and
sanitation, and only 5% of the world’s wastewater is
treated or purified. As a result, one person in two in
the developing countries suffers from a water-related
disease, and 5 million people die each year after
drinking contaminated or infested water. Freshwater
is the most important factor limiting food produc-
tion, with agriculture already accounting for 70% of
global water use. Worldwide, as many as 40,000 dams
are in operation to secure and increase the supply of
water, with a new dam being added daily. The total
volume stored in reservoirs is five times that found in
all the world’s rivers. International conflicts are ex-
pected to arise from the growing scarcity of this cru-
cial resource in many parts of the world. Referring to
Ethiopia’s plans for dam projects on the Blue Nile,
President Sadat, the former Egyptian president, once
threatened that “Anyone who plays with the waters
of the Nile is declaring war on us!”

The dimensions and implications of today’s fresh-
water problems, the source of a potential major crisis
of global society and the environment, have prompt-
ed the Council to focus this year’s Annual Report on
this burning issue. The Council analyzes and evalu-
ates the total complex on the basis of facts and inter-
relationships, describing in detail the available instru-
ments for freshwater management and outlining
ways to prevent a global crisis from unfolding. The
solutions put forward by the Council are based on
two elements.The first key element is generated from
the Council’s “guard rail” model, which is an attempt

to resolve the dilemma between social, environmen-
tal and economic goals by setting clear priorities. A
robust paradigm for the “sound management of
freshwater resources” is generated in the process.

The guiding principle developed by the Council
can be summarized as follows: TO ACHIEVE THE

GREATEST POSSIBLE EFFICIENCY WHILE OBSERVING

THE IMPERATIVES OF EQUITY AND SUSTAINABILITY.
This principle takes account of the fact that water,
like no other environmental asset within the global
commons, is both a scarce and a crucially important
resource. Water is not only a commodity, but also a
foodstuff. Its essential properties define the sociocul-
tural and ecological framework and the non-sustain-
able limits (the “guard rails”) within which water
must be used efficiently in order to optimize the gen-
eral welfare of humans everywhere.The very scarcity
of water resources requires that, within the guard
rails, there are as few obstacles as possible to an effi-
cient search for beneficial freshwater use. However,
efficiency can only be achieved if appropriate institu-
tional, technical and educational conditions are met.

From this paradigm, the Council develops ways to
solve the water crisis and addresses these to specific
policy and research fields. The second key element
therefore involves a global strategy for putting this
paradigm into practice. The strategy is sub-divided
into three components: creating an international con-
sensus, instituting a World Water Charter and draw-
ing up an international Plan of Action against the
freshwater crisis.

Essential foundations for analyzing the global
water crisis

Biological and physical foundations
A description of the natural state serves as the ba-

sis for further analyses. The first step is to describe
the various freshwater habitats and the threats to
limnetic biodiversity.This is followed by a description
of the abiotic factors of key importance for the hy-
drological cycle. Such a description must take ac-
count of the interactions which occur between the

Summary of individual chapters 1



4 A 1 Summary

atmosphere and vegetation. In what ways can key
elements of the water balance and the hydrological
cycle be altered by climate change? To answer this
question, the Council presents an analysis in which
characteristics of the hydrological cycle under pre-
sent climatic conditions are compared to those in a
simulated climate with CO2 doubling (equivalent to
twice present-day levels). Here, the Council draws on
calculations made with the ECHAM/OPYC coupled
atmosphere-ocean model developed by the German
Climate Computing Centre (DKRZ) and the Max
Planck Institute for Meteorology (MPI). Simulations
with the model show that more precipitation falls on
land masses in a warmer climate, especially at high
latitudes and in parts of the tropics and subtropics,
while other regions have less rain. The latter include
large areas of Brazil, southwest Africa, as well as
Western and northern Australia. The cumulative ef-
fect of human-induced climate changes will cause a
forcing of the hydrological cycle, although with sub-
stantial regional variances.This means that there will
be losers and winners.

Water needs and water demand
The Council has predicted future trends in global

water withdrawals by agriculture, industry and pri-
vate households in a scenario, the basic elements of
which were developed at the Potsdam Institute for
Climate Impact Research and the Environmental
Research Center at the University of Kassel. These
computations are based on the future development
of core trends relating to water, such as variations in
water supply as a result of climate change, consump-
tion levels in relation to demographic and economic
trends, and the efficiency of water use. Water prices,
cultural influences and institutional conditions for
water withdrawals were not taken into consideration.
The predicted figures show that total water with-
drawals by agriculture will increase by 18% in the
thirty-year period between 1995 and 2025. Despite
this increase, the proportion of agricultural with-
drawals in relation to the total global figure falls to
56%, 19% less than in 1995.This decline is attributed
to water withdrawals by industry, which will treble by
the year 2025, i.e. at a rate much faster than popula-
tion growth. Household water consumption will in-
crease substantially, especially in Africa and Asia, but
falls are expected in Europe and Latin America.

Water quality
In order to define environmental and social guard

rails for water quality, it is necessary to carry out
monitoring operations as comprehensively as pos-
sible. However, current data on water quality are dis-
tributed very unevenly in geographical terms. Hu-
man impacts on water quality are impairing the nat-

ural and cultural functions of water, primarily
through direct interference by agriculture and
through pollutant loads emanating from point and
non-point sources in settlements, the small business
sector, agriculture and industry. Too little is known
about the behavior of substances that enter water
through human activities, about their decomposition
and conversion, and about the impacts they have on
ecosystems and humans. The most important factors
influencing global water quality include acidification,
eutrophication, salinization, and pollution caused by
organic and inorganic trace compounds (pesticides
and heavy metals, for example). Quality standards
such as those governing agricultural and industrial
uses have yet to be defined for many other types of
use. Those standards already in operation tend to
vary considerably from one country to the next, one
example being drinking water, for which the highest
quality criteria must, of course, apply. Setting limits
can provide only relative safeguards against damage
to health. If water stress levels are to be kept below
the critical threshold, quality targets must be defined
on the basis of expert knowledge and appropriate ef-
forts made to meet such targets.

Floods
The greater part of the Annual Report addresses

problems that arise from shortages or the poor qual-
ity of water resources. However, too much water can
also lead to major problems and even disasters.
Floods are the natural disasters which cause the
greatest economic damage worldwide, often with
great loss of human lives. The Council examines
above all the mechanisms by which floods originate,
how global change influences the incidence and se-
verity of floods, and how the risk of floods can best be
mitigated. The next Annual Report produced by the
Council will focus in detail on risks and risk manage-
ment.

Impacts of global change syndromes on the
freshwater crisis

In its various Reports to date, the Council devel-
oped a concept for the holistic analysis of global en-
vironmental changes (WBGU, 1994–1996). This ap-
proach enables the most important global environ-
mental problems to be described in the form of 16
“clinical profiles” or syndromes afflicting the Earth
System. The Council now applies this systems ap-
proach to the crisis of freshwater resources. Of these
16 syndromes, the Council has selected three that are
particularly relevant to water and which therefore re-
quire detailed study: the Green Revolution,Aral Sea
and Favela Syndromes.
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Analysis centers, firstly, on the role played by wa-
ter within the “Global Network of Interrelation-
ships”, a method developed by the Council for orga-
nizing the complex interactions within global change
into a form suitable for further analysis. By applying
this method to global water problems, it is possible to
examine how typical trends in the hydrosphere (such
as freshwater scarcity, groundwater depletion or
changes in the local water balance) are linked to oth-
er trends of global change. The interactions are de-
scribed and graphically portrayed as a water-cen-
tered Global Network of Interrelationships.

Significance of the regional freshwater
crisis
The regional importance of the freshwater crisis is

emphasized further by the criticality index devel-
oped by the Council. This approach involves assess-
ing the water crisis using a composite indicator that
combines natural water stocks and the drain on wa-
ter resources caused by humans, while also taking so-
ciety’s problem-solving capacity into consideration.
On the basis of detailed scenarios for water supply
and water withdrawals, which were developed and
computed at the level of subnational catchments by
the Center for Environmental Systems Research at
the University of Kassel and linked to national prob-
lem-solving capacities by the Potsdam Institute for
Climate Impact Research, we derive world maps that
show the present “hot spots” of the freshwater crisis
and other relevant aspects.With the help of addition-
al scenarios for population trends, a climate scenario
developed by the MPI in Hamburg, and assumptions
about future water withdrawals, the regions which
will face severe problems in the future are identified
and presented.

The Green Revolution Syndrome
The Green Revolution Syndrome circumscribes

the extensive, centrally planned and rapid modern-
ization of agriculture with imported, non-adapted ag-
ricultural technology, whereby negative side-effects
on geographical conditions of production and the so-
cial structure can occur, and indeed are put up with.
The successes of the Green Revolution are primarily
achieved in irrigated agriculture; within the space of
a few years, however, typical water-related problems
can arise. The “evolution” of the Green Revolution
Syndrome is characterized by a particular combina-
tion of geopolitical, biological, population and
economic trends (the interplay of national interests,
the “seed revolution” in agriculture, population
growth and impoverishment respectively). The
Green Revolution was forced upon the people
through “from above” within the framework of large-
scale plans, and on a global scale through the transfer

of technology and know-how “from the rich to the
poor”.

The syndrome analysis approach illustrates that
the food security problem cannot be reduced to food
shortage alone. Poverty is often accompanied by
chronic malnutrition and famine. Close links must
therefore be forged between rural development and
increased production. The Council recommends in-
itiating a “New Green Revolution”, i.e. enhancing
food production while at the same time ensuring the
growth of the small business sector, the craft trades
and market practices. Secure land tenure rights are
essential if farmers are to have the capacity to plan
the utilization of their resources on a long-term basis.
Enhancing  security of legal certainty for small farm-
ers is thus a contribution to resource protection and
a better means of realizing the right to food and wa-
ter laid down in the International Covenant on
Economic, Social and Cultural Rights. Water rights
should therefore be specified in greater detail, and
special institutions should be established with re-
sponsibility for implementing and enforcing such
rights. Environmentally sound management methods
that protect resources, such as agroforestry (com-
bined agriculture and forestry practices) and multi-
ple cropping are very difficult to implement on a
large-scale without start-up assistance. States must
therefore become involved in the field of rural devel-
opment and assist in the adaptation of agricultural
practices. The “debt for food security swaps” recom-
mended by the World Food Summit are supported by
the Council as an important instrument in this re-
spect.

The analysis of the Green Revolution Syndrome
with special reference to water problems reveals that
current irrigation systems are urgently in need of im-
provement, as almost two thirds of all land irrigated
worldwide is in need of rehabilitation. Subsidies
should be dismantled, but without endangering the
subsistence of small farmers. One way to achieve this
result would be to introduce a special form of “water
money” for specific target groups, whereby those
most vulnerable to crisis would have to be identified.
Water resource development projects and water
management systems must form an integral part of
regional development programs, with preference giv-
en to local, small-scale solutions.

The Aral Sea Syndrome
The Aral Sea Syndrome refers to the problems as-

sociated with centrally planned, large-scale projects
involving water resource development. Such projects
are ambivalent – on the one hand, they provide the
additional resources that are required (water for
food security, renewable energy), or they protect ex-
isting structures and people (flood control); on the
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other hand, they can have severe impacts on the en-
vironment and society. The effects of these large-
scale installations are rarely confined to the local or
regional area, but can assume far-reaching and even
international proportions.

The various manifestations of the Aral Sea Syn-
drome are illustrated in two case studies.Attention is
directed first and foremost to the greatest environ-
mental catastrophe ever caused to regional water re-
sources by mankind – the desiccation of the Aral Sea
that lends the syndrome its name. The second study
concerns the Three Gorges Dam that China is cur-
rently constructing on the Yangtze River, and de-
scribes the benefits derived in the form of electrical
power and flood control, as well as the serious prob-
lems engendered in the form of compulsory resettle-
ment of more than a million people and major envi-
ronmental impacts.

How can the “susceptibility” or “vulnerability” to
the Aral Sea Syndrome on the part of the various re-
gions be measured? To do this, a complex global indi-
cator is being developed for assessing the anthropo-
genic changes in surface runoff caused by large-scale
projects.A second indicator mirrors the vulnerability
of the various regions to the occurrence of the syn-
drome as a function of various geographical and so-
cietal factors. Combining these two data sets produc-
es a global indicator of the intensity of the syndrome.

Applying the syndrome approach gives rise to the
general imperative to preserve the integrity and
function of catchment areas and to prevent the deg-
radation of ecosystems and soils. The Council atta-
ches enormous weight to the reduction or avoidance
of the disposition to large-scale water resource devel-
opment projects with severe environmental or social
consequences. If large-scale installations are never-
theless essential, they must be subjected to a cautious
assessment in which all environmental and social
costs are first internalized. The Council specifies
guard rails that may not be crossed and puts forward
recommendations regarding the assessment proce-
dure.

The Favela Syndrome
The Favela Syndrome refers to the progressive im-

poverishment and environmental degradation
brought about by uncontrolled growth of human set-
tlements. Due to the sheer speed of such informal ur-
banization and the failures evident in many policy
fields, states become incapable of controlling further
settlement (e.g. by means of development plans and
building schemes) or of constructing water supply
and wastewater treatment facilities. Uncontrolled ur-
ban agglomerations have a very high level of water
demand and in most cases an inadequate system for
sewage disposal. Most people living there have no ac-

cess to clean drinking water or adequate sanitation.
This explains the diseases typical of this syndrome
(e.g. cholera), which can spread to other regions of
the world as a result of global mobility.

How can the Favela Syndrome be mitigated?
Firstly, it is essential to combat the basic underlying
causes, such as rural exodus, which give rise to the Fa-
vela Syndrome in the first place and which ultimate-
ly produce the water-related problems. To eradicate
the latter, the Council recommends establishing the
prerequisites for integrated treatment of water-relat-
ed problems in the urban agglomerations, for exam-
ple by capacity-building in the local government
sphere and through closer cooperation between pub-
lic administration and the informal sector. Water
prices are too low in most cases and lead to wastage
(frequent when water supply companies are state-
owned); conversely, however, water prices can often
be much too high (where private-sector water traders
operate) and impose a particularly heavy burden on
the poor. The system for pricing water in urban ag-
glomerations should therefore be changed in such a
way that prices minimize wastage without, however,
depriving the poor of access to water. Here, too, it
may be necessary to consider paying “water money”
to the needy. The Council also recommends a series
of technical measures for mitigating water crises. A
very practical method could be the institution of in-
ter-city partnerships focusing on solutions to the wa-
ter crisis in the favelas and in the surrounding areas
from which people migrate to the favelas.

Key issues in the freshwater crisis

Certain problems are common to all syndromes
and are dealt with by the Council as cross-cutting
“key issues” of the freshwater crisis.

Conflicts
One such issue concerns the potential for political

conflict ensuing from water resource problems. Are
international “water wars” conceivable? Under what
conditions are water wars especially likely? What op-
tions are available for the peaceful settlement of
international conflicts over water resources? These
questions are examined for four conflicts with very
different trajectories. Disputes over the Great Lakes
in North America have generally been resolved
through cooperation, and in the case of the conflict
between Hungary and the Slovakia, both parties ac-
cepted the jurisdiction of the International Court of
Justice. There are no signs of an agreed solution to
the conflict between Turkey, Syria and Iraq over the
waters of the Tigris-Euphrates basin. Some observers
see the possibility of a renewed escalation of political
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conflict between Israel, Jordan, Syria and the Pales-
tinian administration of the West Bank over the allo-
cation of water resources.

Health
Medical aspects form an important dimension of

the freshwater crisis. In the first half of this century,
many vector-borne diseases appeared to be in de-
cline. However, these diseases are increasingly com-
monplace again in many developing countries. Such
infections have acquired greater significance in in-
dustrialized countries as well, especially through
highly resistant strains of pathogens.There are mani-
fold reasons for this trend: human settlements with
high population density even in the vicinity of forests
and swamps, growth in world trade with greater mo-
bility of people and goods, excessive use of pesticides
and antibiotics, the adaptation of pathogens to envi-
ronmental conditions, social and political collapse,
rapid population growth and regional climate distur-
bances. Waterborne infections are one of the main
causes of disease and death worldwide. At present,
diseases transmitted through water or water-related
vectors afflict about half the world population. Reg-
ulating the supply of water and the treatment of
wastewater according to the quality criteria drawn up
by the WHO is therefore the most effective precau-
tion against disease. Investments in this area are like-
ly to provide one of the highest possible “health
gains”.The Council therefore recommends, inter alia,
that drinking water and wastewater treatment pro-
jects be given greater levels of support within the
framework of development cooperation, and that
food security programs be linked to infrastructural
improvements for drinking water supply. The con-
struction of reservoirs and open irrigation installa-
tions should no longer be supported as long as their
health impacts have not been examined and counter-
measures implemented. Vaccination against water-
borne diseases should be improved and distributed
more widely; this also requires greater investment in
the development of vaccines.

Food
In irrigated regions, the issues of food and water

supply are intimately linked. In the large river basins
such as the Nile, the Euphrates or the Tigris, the use
of water in agricultural irrigation systems enabled
the rise of the oldest civilizations over 5000 years ago.
Although there have been quantitative and qualita-
tive improvements in the supply of food to humans
over the last thirty years, the situation in regions with
water scarcity and large fluctuations in rainfall con-
tinues to be highly problematic. In many developing
countries, economic stagnation, climatic and pedo-
logical disadvantages, distributional problems and

population growth are causing a dramatic deteriora-
tion in the food situation. Whereas undernutrition is
no longer a serious problem in the growth economies
of Southeast Asia, states in sub-Saharan Africa as
well as South Asia give cause for concern. One per-
son in three in sub-Saharan Africa is chronically
undernourished.

At the same time, the area of cropland available
for growing staple foods is in decline.Today, there are
16 million hectares less land in use for cereal produc-
tion compared to the 1981 figure. Even though the
area of irrigated land is increasing by 1% per annum,
this corresponds to a per capita decrease of 12% in
real terms by the year 2010. The trends for cropland
are even worse on the whole, as the available land per
capita will fall by a total of 50 million hectares (21%)
by the year 2010, despite increases in the area of land
used by agriculture. The response recommended by
the Council is to increase irrigation efficiency, reduce
the amount of water wasted through pumping, diver-
sion or delivery to plants, and make greater use of
salt-tolerant plants. Rainfed cropping should also be
improved. Improvements should be made in the cul-
tivation of locally adapted crops and varieties. An-
other option would be to optimize aquacultures and
develop strategies for multiple use of water resourc-
es.

Degradation of freshwater habitats and
neighboring biotopes
The Council examines in close detail the degrada-

tion of freshwater habitats, i.e. the damage to water-
bodies by physical, chemical or biotic factors exceed-
ing the former’s stress-bearing capacity. Degradation
reduces the quality of the natural areas affected and
impairs their usefulness for humankind. Every reduc-
tion in water quality alters the composition of the bi-
ota; in most cases, the number of species declines. In
cases of severe damage, species diversity is reduced
to a small number of common species with high resil-
ience. Increasing salinity produces similar impacts.
Sulfur and nitrogen compounds released through the
burning of fossil fuels are transported by air currents
across large distances and later deposited as “acid
rain”, the most important factor causing acidification
of waterbodies. Eutrophication – enhanced nutrient
loads to waterbodies – is accelerating the production
of primary organic material and biological decompo-
sition processes in particular. In numerous industrial-
ized countries, the ecosystems of the major rivers
have been largely destroyed through the construc-
tion of dams for hydroelectric power generation.The
Council recommends that no untreated wastewater
be fed into non-flowing waterbodies, that the shores
of lakes be placed under special protection and that
action be taken to prevent the erosion of slopes near
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the shores of lakes. The importation of unlisted exot-
ic species should also be stopped. Wetlands perform
a special ecological function and should no longer be
drained; renaturalization measures are needed here
instead.

Water technology
Technological solutions for supplying households,

agriculture and industry with water, for efficient wa-
ter use and for purifying wastewater play a key role
in the sustainable management of this precious re-
source. Due to the mounting contamination of sur-
face water and groundwater, increasingly costly
treatment processes must be deployed in order to
supply people with drinking water. Pollution from in-
dustrial sources should therefore be reduced as far as
possible by integrating environmental protection
into production. Leaching of chemicals and other
problematic substances from agriculture should be
avoided. Because of the high costs involved in treat-
ing sewage, the wastewater of one third of human-
kind is discharged without treatment, even in OECD
countries. In developing countries, where the major-
ity of people have neither access to clean drinking
water nor sewage systems, there is an urgent need to
develop and implement culturally and locally adapt-
ed technologies for water supply and sewage treat-
ment. In many cases, existing technological potential
for efficient water use is not exploited to the extent
possible, despite the fact that substantial reductions
in water consumption by irrigation schemes, industry
and private households could often be achieved with
suitable technical equipment.

Ways out of the global water crisis

On the basis of the new paradigm and the guiding
principles for “sound management of water resourc-
es”, the Council describes the sociocultural and indi-
vidual foundations for water resource management.
The ways in which people use water depend not only
on environmental and economic conditions, but also
on manifold cultural factors, in other words the spe-
cific “water culture” of a society. Water resource
management was often the starting point for human
civilizations: ancient civilizations such as those in
Egypt, the Indus Valley or along the Huang He in
China arose from regional water cultures. The water
culture in a specific type of society is multidimension-
al, featuring scientific, technical, economic, legal, ad-
ministrative, religious, symbolic and aesthetic dimen-
sions, for example. Another important aspect is how
people perceive water: for instance, water is barely
acknowledged as a resource in many industrialized

countries, where it flows “straight from the tap” at a
relatively low price.

A central pathway out of the water crisis is there-
fore to enhance environmental education and public
discourse.The Council has developed a series of con-
crete solutions in this respect. Possible responses in-
clude media campaigns to save water, information on
specific options, or pilot projects in selected urban
districts. Communication between those involved,
thus triggering learning processes that can subse-
quently lead to changes in behavior patterns, is essen-
tial here. In the industrialized countries, discursive
forms of planning and conflict resolution are gaining
in popularity – examples are round table discussions,
citizen involvement, alternative procedures for set-
tling conflicts, or LOCAL AGENDA 21 initiatives. In
general, water-related problems should be made
easier for people to perceive. The extent to which in-
dividual behavior affects water resources must be
made clear to all, as must the successes that can be
achieved by modifying behavior. An effective step
would be, for example, to publish the water consump-
tion figures of a particular community on a notice-
board so that a local “water-saving culture” can be
promoted.

The instruments with which policymakers could
shape society’s management of water resources in a
viable way are described in detail. This requires a
highly differentiated analysis, since there is hardly a
single resource that is used in as many different ways
as water.To arrive at an optimal distribution of water
resources, attention is focused primarily on institu-
tional solutions. However, precisely because of the
different uses to which humans put water, no institu-
tional solution can provide a convincing response by
itself. The Council therefore recommends that con-
sideration be given in any case to a combination of
different instruments, whereby the criteria of effi-
ciency, equity and sustainability must be complied
with as optimally as possible in each specific case.
Market-based solutions generally hold out the prom-
ise of more efficient water use. However, the state
must support them by establishing an appropriate
framework and by implementing measures in order
to conform to the criterion of equity and the secure
coverage of basic needs for water as a basis for life
(e.g. through anti-trust law, water money for the
needy and similar).

The main focus of the section dealing with the role
of law in the sound management of water resources
is on multilateral aspects of water use.A distinction is
made between two areas in which international
cooperation is essential: firstly, riparian states bor-
dering on inland waterbodies, i.e. which utilize and
share a river basin or an inland lake, must engage in
cooperation. In such cases, international freshwater
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law requires that riparian states share the utilization
of water resources in an “equitable” and “reason-
able” manner.This aspect is regulated in detail by the
Convention on the Non-Navigational Uses of Inter-
national Watercourses recently adopted by the Sixth
Committee of the United Nations General Assembly.
Secondly, the Council’s view is that the global water
crisis also demands international partnership over
and beyond the riparian states of an inland water-
body. The entire international community is called
upon to support all those states that are affected or
directly threatened by a water crisis. The Secretary-
General of the United Nations has called for a global
consensus on international freshwater policy, which
the Council expressly supports. From the viewpoint
of the Council, this consensus could form the basis
for a variety of institutional solutions: states could
agree on a new Plan of Action, or go a step further
and adopt a World Water Charter establishing behav-
ioral standards for states, multilateral organizations
and non-governmental bodies that would be non-
binding in international law but nevertheless repre-
senting a political commitment on the part of signa-
tories. A third step would be to use the Desertifica-
tion Convention as a model for negotiating an inter-
national convention on the protection of freshwater
resources, in the form of a legally binding Framework
Convention on Freshwater Resources, for example.
The Council believes, however, that the time is not
yet ripe for this latter step. Nevertheless, Germany
should make a concerted effort to initiate negotia-
tions for a World Water Charter, for which the Coun-
cil has drafted a basic outline in its Report.

Potential instruments within an international and
national strategy for sustainable management of wa-
ter resources could take a variety of forms. Optimal
“instrument mixes” for responding to various prob-
lems of freshwater policy are presented, for example
in the fields of water supply, wastewater treatment,
protection of health, irrigation, human nutrition, di-
saster prevention and control, and for the settlement
of disputes at national and international level.

Recommendations to the German Federal Gov-
ernment

A number of specific recommendations to policy-
makers and on further research needs can be derived
from the “ways out of the water crisis” developed by
the Council. The basic guiding principle for efficient,
equitable and sustainable management of freshwater
resources as applied by the Council must be opera-
tionalized in specific contexts and given shape and
form through practical action. Germany can help re-
solve global water problems primarily by asserting its

influence in various fields of international policy-
making. These include international development
cooperation, foreign trade, the transfer of knowledge
and technology, and support of existing and forth-
coming international regimes in the environmental
and development field. Furthermore, by implement-
ing a national water policy complying with the guid-
ing principles outlined by the Council, Germany can
strive for an enhanced role as a “model” of sound wa-
ter resource management for other regions to follow.

The Guard rails
Sound management of water resources requires a

definition of the sociocultural and ecological “guard
rails”. It is crucially important in this context to give
equal consideration to environmental and develop-
ment standards and to elucidate in sufficient depth
the repercussions of water-related projects. Specifi-
cally, the Council recommends that:
1. minimum standards be defined for the supply of

drinking water and water-related sanitation facil-
ities to individuals,

2. the resultingant country-specific and culture-spe-
cific demand for freshwater be ascertained in re-
spect of quantity and quality, giving special consid-
eration to health aspects,

3. general safety standards be defined in respect of
natural water-related disasters,

4. the geographical and sociopolitical pattern of vul-
nerability and the resultant need for precaution-
ary action be determined in light of 3. above,

5. international principles of equity governing access
to national and transboundary freshwater re-
sources be agreed upon,

6. global groundwater reserves in fossil aquifers and
the renewal and self-purification rates of recent
groundwater reservoirs be determined,

7. the global stock of ecosystems dominated or influ-
enced by freshwater and in need of protection be
identified and classified,

8. the respective stress-bearing limits of the semi-
natural systems identified under (7) above be de-
termined in respect of water stocks, water quality
and water variability, and that

9. the methods for integrated analysis and assess-
ment of water-relevant projects in the private or
public sector be developed further.
A fundamental consensus between competing us-

ers, societal groups or states on the specific guard rail
criteria for sound management of freshwater re-
sources does not automatically mean that these lim-
its will be respected, however. This would require
agreement on institutional regulations that can be
enhanced by technical, educational and economic
programs.
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International regimes and international
law
In connection with the further development of

international law and international regimes forma-
tion, the Council recommends that the Federal Gov-
ernment support negotiations for a World Water
Charter and for a comprehensive Global Plan of Ac-
tion for “Sustainable Water Management”.Addition-
ally, water-relevant standards should form a more in-
tegral part of international trade and credit agree-
ments (WTO, World Bank programs, Hermes credit
guarantees, etc.), and sound management of water re-
sources should always be taken into consideration
more as a cross-cutting task in sectoral regimes for
sustainable development (examples being the Cli-
mate Convention, negotiations on the protection of
forests, the Biodiversity Convention and the Deser-
tification Convention). International cooperation
should also be stepped up with regard to water-rele-
vant aspects of the International Covenant on
Economic, Social and Cultural Rights and the rele-
vant responsibilities of the United Nations High
Commissioner for Human Rights.

Finally, it is important to improve the coordination
of international organizations and programs in the
field of “sustainable development”; here, the Federal
Government should exert political pressure to en-
sure integration of the latter within a single “Organ-
ization for Sustainable Development”. In particular,
it would be possible to integrate the UNEP, the CSD
and the UNDP in one body, while closer links could
be forged between it and the World Bank, the Inter-
national Monetary Fund, the World Trade Organisa-
tion and UNCTAD.

Regarding the amendment of the United Nations
Charter, which Germany supports (German mem-
bership of the Security Council), the Federal Gov-
ernment should also lend support to the inclusion of
clause articles on sustainable development, for exam-
ple by including environmental protection in Article
55, and the goal of sustainable development in the
Preamble and in Article 1, or 2 or 55 of the UN Char-
ter.

Negotiations on the Convention on the Non-Nav-
igational Uses of International Watercourses have
been successful. The Council recommends that the
Convention be ratified as soon as possible.

Foreign policy, foreign trade policy and
development cooperation
As far as foreign trade policy and development

cooperation are concerned, the Council recommends
that securing a basic supply of water for nutrition and
sanitation purposes be given greater consideration,
in addition to environmental aspects, in multilateral
agreements on development cooperation, whereby

agreement must be reached with the partner coun-
tries in question. Preference should be given to recy-
cling water as opposed to primary withdrawals,
whereby withdrawals from fossil aquifers should be
seen as a last resort. Local cultural traditions of pro-
tecting waterbodies and the environment, as well as
indigenous knowledge, must be respected and sup-
ported as a matter of principle. It is essential to en-
sure public participation on the part of those affect-
ed, as this is the only way to guarantee the social ac-
ceptability and effectiveness of development policy
measures and to determine the real needs of users.
These aspects should be taken into consideration
above all in the debate over a “New Green Revolu-
tion”; it is precisely here that efforts should be made
to bring about a greater diversity of seeds and breeds
in agriculture, and to promote rainfed cropping in
particular, more intensively. A second main focus of
water-specific development cooperation should be
the improvement of water supply to poor sections of
the urban population. In general, integrated water re-
source management in cities should be carried out to
a greater extent by examining quantity and quality in
combination only, by linking supply issues to waste-
water treatment issues and by basing planning on
whole catchment areas rather than district or nation-
al boundaries.

The Council recommends, in particular, that better
support be given to states affected or threatened by
water crises, especially for the modernization of ex-
isting agricultural irrigation systems, for the repair
and expansion of water supply networks, and for es-
tablishing or improving systems for pumping drink-
ing water, treating wastewater and recycling water.
These activities should be carried out within the
framework of bilateral development cooperation as
well as through close collaboration with internation-
al organizations such as the FAO, the WHO, the
UNDP or the World Bank.

In addition, environmental and development pro-
jects promoting and advancing the cause of peace
should be vigorously supported and promoted in ar-
eas suffering from water crisis (the Middle East, for
example). Another important activity concerns the
transfer of technology and expertise to maintain so-
ciocultural and ecological water standards, especially
in areas affected by water crisis, and to protect the
world’s natural heritage, whereby special weight
must be attached to water-saving and environmental-
ly, culturally and locally compatible methods. Macro-
economic externalities (such as long-term impair-
ment of water body quality as a result of industrial
activities) should be taken into consideration by
means of appropriate operationalization of the liabil-
ity principle. The ecological guard rails can be com-
plied with in an effective way by granting tradable
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emission certificates, for example. Improvements
should be made to the conditional framework for ef-
ficient management of scarce freshwater resources;
to this end, rights of tenure and disposal should be se-
cured as far as possible, available water resources
should be subjected to economic valuation, and lim-
its imposed on subsidies that reduce competition.
Where effective competition and anti-trust laws are
in place, international water markets should be fur-
thered in various regions of the world.A basic supply
of freshwater in water-scarce countries must be se-
cured by appropriate forms of direct assistance (“wa-
ter money” rather than large-scale water resources
projects).

Environmental education must similarly be ad-
vanced, also in relation to LOCAL AGENDA 21 initia-
tives. Special efforts should be made here to increase
awareness of the interactions between individual be-
havior and damage to the environment, to provide
the population with feedback on successful modifica-
tion of behavior (such as information on consump-
tion, and implications for water charges) and to en-
able learning from models.

Financing aspects
As far as financing activities are concerned, the

Council believes that greater efforts need to be made
in order to increase Germany’s financial contribution
to the in support of water management policies in
countries with insufficient resources, particularly in
light of the UN Secretary-General’s estimate of US$
50 billion per year to meet global drinking water
needs over the 1990–2000 period. All opportunities
for reducing the debt servicing burden on developing
countries threatened by water crisis should be con-
sidered and exploited to this end, whereby links to
water policy programs should be examined (debt for
water security swaps).The Council also recommends
exploring the possibility of assistance to financially
overburdened countries from a global Water Fund
replenished via robust international financing mech-
anisms (for example, a “World Water Penny” levied
on water consumption).

International research collaboration
With regard to international research collabora-

tion, the Council recommends: enhancing the inter-
national transfer of knowledge about physiological,
epidemiological and environmental factors of rele-
vance to water resources, and on all aspects of sound
management of freshwater resources, whereby spe-
cial emphasis should be placed on communicating
scientific and technological interrelationships (in the
fields of hydrology, hydraulic engineering, water
treatment or hygiene, inter alia), tried-and-tested
regulations of the institutional organizations, and

methods for efficient management of scarce environ-
mental resources; developing integrated and partici-
patory mechanisms for maintaining water-specific
standards in private- and public-sector projects (wa-
ter audits, water impact assessments, etc.), and dis-
seminating information on same.

Five years after Rio – an initial assessment

In addition to the key focus on water resources,
the Council assesses the follow-up process to the
1992 UN Conference for Environment and Develop-
ment in a further section of the Report. In the Rio
Declaration of 1992, almost all states agreed on “the
goal of establishing a new and equitable global part-
nership through the creation of new levels of cooper-
ation”. Growing institutionalization of international
environmental and development policy can indeed
be identified, following the coming into force of the
Montreal Protocol on Substances that Deplete the
Ozone Layer in 1989, the Biodiversity Convention in
1993, the Framework Convention on Climate
Change and the Convention on the Law of the Sea in
1994, and the Desertification Convention in 1996.
The first follow-up documents have meanwhile been
signed, for example the Draft Agreement for the Im-
plementation of the UN Convention on the Law of
the Sea (focusing on straddling and highly migratory
fish stocks) or the 1997 Kyoto Protocol to the Frame-
work Convention on Climate Change.The next steps
could be a Protocol to the Framework Convention
on Climate Change, a Biosafety Protocol to the Bio-
diversity Convention and a Forests Convention.

The intervening period has seen a whole series of
UN summits closely related to the goals of AGENDA

21, such as the United Nations Conference on Hu-
man Settlements (HABITAT II) in Istanbul, the World
Summit on Social Development in Copenhagen and
the World Food Summit in Rome. Even though these
major UN conferences ended in non-legally binding
“Declarations” and “Plans of Action”, they perform
a key function at the symbolic level of politics, where
the agenda for international policymaking is deter-
mined and where general expectations are formulat-
ed for policymaking at national level.This is the case,
for example, with the so-called 20/20 compact, ac-
cording to which developed and developing country
partners agreed to allocate 20% of the ODA provid-
ed by the donor countries and the development
banks and 20% of the national budget, respectively,
to basic social programs.

Despite the various “Earth negotiations” that
have been conducted recently, one must not lose
sight of the fact that AGENDA 21 can only really be
implemented through participation and initiative on



12 A 1 Summary

the part of every individual. The Rio Conference set
in train a process of implementing AGENDA 21 at lo-
cal level, which is an important addition to the pro-
cesses operating at international level. The “LOCAL

AGENDA 21” initiatives form an indispensable part of
the overall effort to preserve global environmental
assets. Both trends are equally important constitu-
ents of effective political action to protect the global
environment.

The Council’s overall conclusion is that the Rio
Conference in itself was a major step forward. For the
first time in history, the overwhelming majority of na-
tions adopted the guiding principle of sustainable de-
velopment. The countries represented at UNCED
acknowledged their responsibility for the global en-
vironmental and development system and accepted
the need for action at the global level. However, the
negative trends that led to the Rio Conference in the
first place continue unabated and in some cases have
worsened still further. The strategies adopted in Rio
must therefore be pursued with added vigor and de-
termination. Moreover, every effort must now be
made to ensure that the pressures exerted by nation-
al problems and the greater financial constraints now
operating do not lead to declining involvement in
global issues.The fact that difficulties at national lev-
el are often linked through globalization to global en-
vironmental problems and development concerns,
and experience feedback from the latter, means that
national and global tasks can only be tackled through
joint action. Germany has a special obligation and re-
sponsibility to bear in this context. As one of the ma-
jor causal agents of global environmental problems
and as one of the most powerful economic nations in
the world, Germany should display a special level of
commitment in the field of global environmental and
development policy.



Key recommendations for action

The Council’s analysis shows that the emergent
global crisis of freshwater resources could become
even worse in the future.The political domain should
therefore take action without delay; national and
international action programs must be designed and
implemented as rapidly as possible in order to mini-
mize risks and reverse current trends.The sheer com-
plexity of the freshwater crisis calls for detailed and
case-specific recommendations on activities and re-
search, which the Council presents in the separate
chapters of this Report and in condensed form in
Section E. In line with the Council’s criteria for
“sound water resources management”, these recom-
mendations can be summarized in the form of four
central and three syndrome-specific demands:

1. Increasing efficiency and effectiveness

Water is a scarce resource that is becoming more
and more scarce for humankind and nature as a re-
sult of population growth and rising individual de-
mands. It is therefore all the more important that any
assessment of water resources be oriented to water
scarcity around the world.
• The Federal Government should therefore exert

political pressure to ensure that reliable and effi-
cient water supply and wastewater treatment sys-
tems are established in all countries; these systems
should involve water prices that reflect the scar-
city of water resources, on the one hand, while, on
the other, ensuring that the right of access to suffi-
cient drinking water to meet basic needs is safe-
guarded and that environmental standards are
met. The Council’s view is that this demand can
best be met by establishing water markets based
on competition as well as proprietory rights to wa-
ter supply and wastewater treatment systems. An-
other option at local or regional level would be the
creation of cooperatives.

• The regulation of water supply and water demand
should be governed by the principle of subsidiar-
ity. Decentrally organized systems and regulations
for water supply are usually more efficient than in-

flexible, centrally planned solutions; they are also
easier for those concerned to understand and uti-
lize, and tend to be better adapted to the specific
characteristics of the region in question.

2. Compliance with the social “guard rails”

Efficient management of scarce water resources
provides benefits for all humankind. However, the
distribution of water must also conform to the princi-
ples governing the individual’s right to a livelihood as
well as – especially in international conflicts – the
principle of distributive justice. There should also be
adequate protection against severe droughts and
floods. The Council puts forward the following key
recommendations in this respect:
• The Federal Government should play an active

role in enforcing the right to water worldwide. Ef-
forts must be primarily geared at ensuring not
only that all countries have the technical means to
provide free access to water, but also that a (re-
gionally defined) minimum supply of water for in-
dividuals is provided to low-income strata of the
population throughout the world. This should be
achieved by allocating “water money” (akin to
housing benefit in Germany), or by appropriate
water charges, i.e. inexpensive rates for the quan-
tity of water defined as the minimum consumption
level for individuals.

• Combating the freshwater crisis by means of na-
tional and international action programs requires
the provision of financial support to those regions
facing severe water scarcity, even when major in-
creases in water efficiency are achieved. The UN
Secretary-General estimates that annual invest-
ments of US$ 50 billion until the year 2000 are
necessary to meet the global requirement for
drinking water, an amount far beyond the finan-
cial resources of many developing countries af-
fected by severe water crises. The Council there-
fore recommends that the Federal Government
do everything it can to increase Germany’s contri-
bution towards supporting water policy efforts in

2



14 A 2 Key recommendations for action

countries with insufficient financial resources of
their own. Consideration should be given here to
providing assistance from a global Water Fund, re-
plenished through robust financing mechanisms
(such as a “World Water Penny” levied on water
consumption).

• Educational programs centering on the interrela-
tionships between water, health and the environ-
ment are as essential as full public participation at
local level if the subsidiarity principle is to be com-
plied with and the supply of water is to be adapted
to regional lifestyles and cultures. What are also
needed are equitable decision-making processes
for determining the amount of water use and the
minimum level of environmental protection to be
provided for waterbodies and surrounding areas
of land. This is another area where the traditions,
lifestyles and role patterns (gender roles, for ex-
ample) of those affected have to be respected and
taken into account. The Council therefore recom-
mends that the Federal Government lend support
to culture-specific educational work and to appro-
priate means of public participation (like the “wa-
ter parliaments“ in France).

• Another basic problem concerns the inequitable
utilization of water resources by upstream and
downstream riparians of river basins, or by joint
users of waterbodies.This problem is the source of
many international conflicts, and these are likely
to escalate in the future. The Council therefore
recommends that the Federal Government pro-
mote pilot projects for the equitable use of trans-
boundary rivers, provide international mediators
for settling such conflicts and insist on compliance
with equity principles as a criterion in develop-
ment cooperation.

3. Compliance with the ecological “guard 
rails”

Utilization of water resources by humans is placed
under natural constraints wherever essential ecolog-
ical functions are disturbed or where valuable bio-
topes are threatened.The basic principles that should
operate include protection of species diversity in
freshwater ecosystems, ensuring that water quality
does not deteriorate beyond an environmentally ac-
ceptable level, and conservation of all major wetland
areas. The impacts of water withdrawals and water-
body utilization on surrounding areas of land (land
consumption in particular) must be taken into con-
sideration here, as must the indirect human-induced
effects operating through the media of soils and air
on water-based habitats.
• The Federal Government should therefore carry

out activities for preserving and re-establishing
the structural and functional integrity of water-
based ecosystems (including neighboring habi-
tats) and exert political pressure to ensure that
such measures are promoted in other countries as
well. Such activities are of paramount importance
for preserving and re-establishing the vital habitat
functions that freshwater resources perform. The
Federal Government can contribute towards this
goal through the transfer of knowledge and tech-
nologies and by supporting specific rehabilitation
projects.

• The core principle of sustainable use of water re-
sources by human societies defines a crucial envi-
ronmental “guard rail”, or boundary zone, for pre-
serving the natural resource base on which present
and future generations depend. This implies that
the annual withdrawals of (ground)water in a
catchment basin must not exceed the renewal rate.
The Council recommends that states restrict the
delivery of water and/or water rights whenever a
critical level is exceeded. To safeguard the quality
of water, substance and organism loads may not
over-tax the capacity of the medium to purify it-
self. The Council therefore recommends the defi-
nition of quality targets in accordance with the
precautionary principle.

• The Federal Government should continue to pro-
vide financial and research support for protection
of the biotopes included in the UNESCO World
Heritage List. It should also promote the inclusion
of additional, globally important and significant
freshwater habitats.

4. Building the capacity of international 
institutions

In addition to national activities aimed at a model
leading role and geared to bilateral economic, devel-
opment and finance policy, it is absolutely imperative
to codify the goals of sustainable water use in the
form of international conventions and treaties.
• The Council therefore recommends that the Fed-

eral Government launch a “World Water Charter”
to which all governments, local authorities, inter-
national organizations and non-governmental
bodies may become signatories. The Charter
would operate as a global code of conduct behav-
ior committing all concerned to take the requisite
political action to combat the freshwater crisis.

• Cooperation among the international community
is made overly difficult by the hypertrophy en-
demic to the international system of institutions
and organizations. This is the background to the
Council’s recommendation to improve the coordi-
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nation of international organizations and pro-
grams in the field of “sustainable development”
and to integrate the separate bodies in a high-lev-
el “Organization for Sustainable Development”
endowed with extensive monitoring powers. This
organization could unite existing institutions and
programs such as the United Nations Environ-
mental Programme (UNEP), the Commission for
Sustainable Development (CSD) and the United
Nations Development Programme (UNDP) with-
in a single body. It should engage in close collabo-
ration with institutions such as the World Bank,
the International Monetary Fund, the World Trade
Organisation (WTO), the World Health Organisa-
tion (WHO), the United Nations Food and Agri-
culture Organisation (FAO) and the United Na-
tions Conference on Trade and Development
(UNCTAD).

5. Mitigation of water-relevant syndromes

Besides the key recommendations directly de-
rived from the guiding principle of sound manage-
ment of water resources, the Council has identified
three syndromes in which increasingly negative
trends in the water-centered network of interrela-
tions are concentrated. They therefore play a crucial
role in exacerbating the global water crisis and hence
require rapid and effective strategy responses. Key
recommendations giving special consideration to the
systemic nature of the freshwater crisis can be de-
rived in this area as well.
• The analysis of the Green Revolution Syndrome

shows that the food security problem cannot be at-
tributed solely to food shortages in specific re-
gions. More specifically, poverty and the severe
lack of resources and capacities are primary deter-
minants of chronic malnutrition and famine. The
Council’s recommendation to the Federal Gov-
ernment is that it take steps within its develop-
ment projects to ensure that farmers have clearly
defined water rights and fair competitive condi-
tions with water traders so that they can plan
ahead with confidence and thus achieve a modi-
cum of local sovereignty. Adequate training and
education programs must be implemented to im-
prove awareness of the interrelationships between
agricultural activities and the environment and to
build the capacities of local communities to solve
their water problems.

• The analysis of the Favela Syndrome shows that
health and hygiene problems in the slums of major
cities have reached extremely alarming propor-
tions. The Council recommends that the damage
to health caused by contaminated water be seen as

the priority issue in the field of development poli-
cy and that action be taken to combat the root
causes. Additional steps should involve the devel-
opment of affordable wastewater treatment sys-
tems and the provision of support for essential
health care (e.g. simple forms of disinfection and
hygiene education).

• To cure the Aral Sea Syndrome, the Council rec-
ommends that environmental and development
strategies be designed in such a way that large-
scale water development projects be granted fi-
nancial and otheror non-material assistance only
on condition that the social and environmental
costs are taken into consideration as far as pos-
sible. Construction of large-scale facilities should
be dispensed with entirely if the environmental
and social guard rails are overstepped.
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Water is the best of all things

(Pindar, 552–446 B.C. (?), Olympic Odes 1,1)

In the Valley of Kings, scenes from the ancient
Egyptian books of the dead adorn the walls in the
tomb of Pharaoh Rameses III. The deceased ruler
raises his hand in oath to the godhead Osiris and
swears the following: never has he held back the wa-
ters of the Nile in the season of floods, never has he
dirtied the waters of the Nile, never has he been cru-
el to any animal working in the far-reaching system
of water use.

Today, the River Nile has been dammed by the gi-
gantic Aswan Dam (“Sa’ad el Ali”), the river is a ca-
nal for transporting waste and pollutants of all kinds,
while the flora and fauna in the river valley suffer the
consequences of a society in transition driven by a
preoccupation with growth.

Are we to conclude that the 3000-year-old mes-
sage from the Pharaoh’s tomb – admonishing pur-
poseful, equitable and environmentally sound man-
agement of the most valuable resource a high civil-
ization can possess – has become irrelevant for our
time? The precise opposite is the case: in terms of its
importance for sustaining life, freshwater ranks a
close second behind the very air we breathe. It is at
once the medium for the most elementary physiolog-
ical processes and for evolution itself, the cohesive
force for cultural organization and the source of indi-
vidual well-being. However, unlike air, the freshwa-
ter medium is distributed very unevenly in time and
space due to its physico-chemical properties and the
geography of the world. As a result, many regions on
our planet have little or no share in the overall sup-
ply of this virtually inexhaustible and continuously
regenerated life-giving substance. Even within well-
endowed regions, the volume and quality of the
freshwater to which humans have access can vary
considerably. This combination of indispensability
and scarcity make freshwater the most precious raw
material that our environment provides.

Water resource management – the harvesting, dis-
tribution, utilization, purification, control and de-
fense of water – has shaped the history of human civ-
ilizations to a major and permanent degree and signi-
fies a challenge of immense importance for present
generations. Today, around 2 billion people have no
access to clean drinking water and sanitation, and
only 5% of the world’s wastewater is treated or puri-
fied. As a result, half the population in the develop-
ing countries suffers from a water-related disease,
and 5 million people die each year after drinking con-
taminated water. Between 1992 and 1995, almost

800 million people were victims of floods or land-
slides, and the number who have died in droughts
over the last thirty years is beyond estimation. Fresh-
water is the most important limiting factor for food
production, as seen by the fact that agriculture ac-
counts for 70% of global water use today.Worldwide,
as many as 40,000 dams are in operation to safeguard
and increase the supply of water in space and time,
with a new dam being added daily. The total volume
stored in reservoirs is currently about 10 trillion li-
ters, five times the total in all the world’s rivers. Dams
of all kinds influence more than three quarters of all
natural runoff in North America, Europe and North-
ern Asia. Competition for this precious resource is
hard and often ruthless.The legal system in India, for
example, is dealing at present with a series of water
conflicts between a number of states, e.g. Gujarat and
Madhya Pradesh; many observers view these con-
flicts as a serious destabilizing factor for India as a
nation-state. Were the Ethiopian government to im-
plement its plans to dam the Blue Nile, thus diminish-
ing Egypt’s water supply, escalation into military con-
flict would become increasingly likely. The threat
pronounced by President Sadat, the former Egyptian
president, that “Anyone who plays with the waters of
the Nile is declaring war on us!” remains as topical as
ever.

For a full understanding of today’s global water
problems, it is essential to analyze freshwater as an
integral factor within the specific causal webs that
generate the dominant crises of environment and de-
velopment – the syndromes of global change
(WBGU, 1997). It is only within the context of uncon-
trolled urbanization (the Favela Syndrome), the en-
vironmental and social impacts of large-scale pro-
jects aimed at “taming nature” (the Aral Sea Syn-
drome), or the political and economic offensive to in-
crease food production by importing inappropriate
techniques (the Green Revolution Syndrome) that
one can identify the reasons for poor management of
water resources – as the direct or indirect results of
(improper) human behavior.

The future of the international community’s fresh-
water resources is even more foreboding, due to the
unrelenting and mutual enhancement of the major
driving forces behind water-specific syndromes: the
world population continues to grow at a rapid pace,
for example, and will stabilize at 8–10 billion after
2050, according to “best case” scenarios. However, it
is not only the sheer numbers of people in the next
century that pose severe problems, but also their in-
variable concentration in megacities and large-scale
urban agglomerations, coupled with the growth in in-
dividual demands associated with the transformation
of lifestyles across the globe. In order to realize the
sheer scale of resource demand, one need only com-
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pare present-day water consumption in India (25 li-
ters per inhabitant per day) to water consumption
levels in the tourist centers around the Mediterra-
nean (1,000 liters per visitor per day). If this tourist
standard were extrapolated for the expected world
population, then humankind would empty the total
content of all the rivers on the planet within the space
of six months!

This illusory scenario contrasts starkly with the re-
alistic forecast that the number of chronically under-
nourished people (currently more than 900 million)
will increase still further unless global food produc-
tion is raised by about 60% by the year 2010.This can
only be achieved by increasing the area of irrigated
land – already 17% of the total cultivated area and
accounting for almost 40% of global food produc-
tion.

However, this might only reinforce a vicious circle,
with greater pressure to produce leading to intensi-
fied use of natural resources and hence to the degra-
dation of soils, ecosystems and landscapes, and thus
to further and further deterioration of the basic con-
ditions for agricultural production. One of the great-
est threats is that the transformation of river catch-
ments by human settlements could gather additional
momentum, with all the negative repercussions this
would involve; even today, the sediment load trans-
ported by the Earth’s rivers has risen five-fold as a re-
sult of land-use changes (approx. 45 billion tons).

These future prospects are further overshadowed
by the expected climate changes due to human activ-
ities, which will lead in all likelihood to modified pre-
cipitation patterns on the continents and thus to se-
vere pressures on humans and nature to adapt ac-
cordingly. The international community is at a cross-
roads: unless the right environmental and develop-
ment policy measures are put into force, the develop-
ing countries in particular will experience dramatic
water problems that could escalate to a worldwide
crisis through long-distance mechanisms such as mi-
gration, infection, exported conflicts or normal trade
links. That said, there are ways to prevent such a tra-
jectory, in that the freshwater problem is exceedingly
responsive to strategic policy action. There is hardly
another sector within the entire environmental-de-
velopmental complex that promises a comparable
humanitarian dividend per US$ or DM spent. Fur-
thermore, there are economic, institutional, techno-
logical and educational potentials worldwide for bet-
ter management of freshwater resources. These po-
tentials must be mobilized quickly, however, because
many countries in the world are already verging on a
developmental crisis as a result of water-related fac-
tors. For states in the Middle East and in North
Africa, in particular, time is running short.

The dimensions and implications of today’s fresh-
water problems, the source of a potential major crisis
of global society and the environment, have prompt-
ed the Council to focus this year’s Annual Report on
this burning issue. In Section D, the overall complex
is firstly analyzed and evaluated in terms of basic
facts and interrelationships. This is followed by a de-
tailed description of the available instruments for
freshwater management, before ways to prevent a
global crisis from unfolding are outlined. The solu-
tions put forward by the Council are based on two
elements. The first main element is the Council’s
“crash barrier” model, which is an attempt to resolve
the dilemma between social, environmental and
economic goals by setting clear priorities. A robust
paradigm for the “sound management of freshwater
resources” is generated in the process. The second
main element consists of a global strategy for imple-
menting this principle; the strategy is sub-divided into
three components: creating an international consen-
sus, instituting a World Water Charter and drawing
up an international Plan of Action to combat the
freshwater crisis. The latter Plan should be guided by
the basic awareness that water is a scarce resource
and must be priced accordingly, with only minimal
exceptions.

National and international institutions play a spe-
cial role in the prevention and mitigation of crises.
The various treaty regimes, rules and authorities re-
sponsible for ensuring “sound management of water
resources” should be endowed with greater flexibil-
ity, which has been the case so far, and should pro-
mote the principle of public participation. However,
there is also a general need to improve international
cooperation in the field of freshwater resource man-
agement. Despite the long tradition of intergovern-
mental agreement regarding the use of transboun-
dary water resources, the level of cooperation has
been inadequate in many regions. One good sign is
that the Framework Convention on the Non-Naviga-
tional Uses of International Watercourses, which has
been in preparation for twenty years, is likely to be
adopted by the United Nations General Assembly in
the near future.

The Council particularly welcomes the fact that
the integrated management of water resources was
made a key sectoral issue at the 6th Session of the
UN Commission on Sustainable Development
(CSD). The “Water 21” initiative of the European
Union, which was proposed at the 5th Session of the
CSD in April 1997, should be given strong support by
the Federal Government.The Council expressly sup-
ports the priority attached to this issue, not only by
the Secretary-General of the United Nations in his
call for a “Global Consensus”, but also by the EU in
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its Community policies and in its common interna-
tional policy.

The freshwater issue must be understood more
clearly than hitherto as a key component of global
environment and development policy in the so-called
Rio process.

The Council dedicates the standard section of the
1997 Annual Report to a review of this latter process
over the last five years. The aim is an initial assess-
ment of the extent to which the objectives and meas-
ures defined in AGENDA 21 have been implemented
through efforts at national level as well as through
collective international operations. Within this con-
text, the issue that must be raised is whether there is
evidence of an integrated concept, adequate for tack-
ling a cross-cutting problem such as freshwater sup-
ply, to link the institutional facets of the Rio process.

Such an integrated concept would have to center
around three core elements, namely 
1. a common principle for controlling the environ-

ment and development process,
2. a strong, independent international organization

as the driving force behind this process,
3. a robust global financing mechanism for support-

ing and strengthening this organization.
In the recommendations section, the Council will

put forward its specific suggestions.
The central concerns in this year’s Annual Report

are the global dimensions of the freshwater problem;
the aim is not to provide an in-depth water manage-
ment or limnological analysis for Germany.There are
two main reasons for this: firstly, Germany is a “coun-
try of surplus” as far as water is concerned, and, sec-
ondly, the Council of Experts on Environmental Is-
sues (SRU) shall be presenting a study on key nation-
al aspects in 1998. Aspects of freshwater resource
management pertaining specifically to Germany,
such as concepts for waterworks, are referred to only
when model solutions for the international commu-
nity can be derived from them. The most important
recommendations to the Federal Government re-
garding policy action and research will not relate to
the national management of water resources, but to
measures within global environment and development
policy that would have to be coordinated, in the ide-
al case, by the main federal bodies with responsibility
in this field (BMU, BMZ, BMBF, etc.).

Even if certain aspects of the freshwater problem
are filtered out, it remains an issue of confusing
breadth and scope. The reader will need a good deal
of motivation and patience to digest this Report.
Only rarely are there simple answers to complex is-
sues, and these are invariably wrong.





Five years after the UN Conference on
Environment and Development in Rio de
Janeiro
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Establishment of the CSD – Special Session of the
UN General Assembly

The dramatic escalation of global problems in the
1970s and 1980s showed that they are often too great
and complex to be solved at the purely national or re-
gional level. This realization led the UN General As-
sembly in 1989 to call a Conference on Environment
and Development (UNCED) in Rio de Janeiro in
1992. Attended by more than 100 heads of state and
government leaders, as well as around 1,400 non-gov-
ernmental organizations, the Earth Summit turned
out to be the biggest conference in the history of hu-
mankind, a demonstration of the broad consensus
among the international community that is reflected
in AGENDA 21.

The basic message of the Rio conference was that
environment and development can no longer be
viewed as discrete policy areas, but are indissolubly
linked through the new principle of “sustainable de-
velopment”. Besides the two conventions on climate
and biodiversity, as well as the non-legally binding
declaration of principles for a global consensus on
the sound management, preservation and sustainable
development of all types of forest (the Declaration of
Forest Principles), the most important document to
come out of the summit was AGENDA 21, the United
Nations Programme of Action for the 21st Century.A
Commission on Sustainable Development (CSD),
reporting directly to the Economic and Social Coun-
cil of the United Nations (ECOSOC), was also estab-
lished to monitor, assess and continue the Rio pro-
cess.

Although foundation of the CSD by the Rio Con-
ference fell far short of more far-reaching proposals
(enhanced status for UNEP, a new UN special organ-
ization, an Environmental Security Council), a major
discussion forum for implementation of the Rio pro-
cess was created. A total of 53 nations are represent-
ed in the CSD; central to its work are the annual
meetings of the Commission, which focus on specific
chapters of AGENDA 21 and draw up recommenda-
tions for ECOSOC. These are then passed on to the
UN General Assembly.

The fifth Session of the CSD in April 1997 was
used to prepare the Special Session of the UN Gen-
eral Assembly in June, which was aimed at assessing
the implementation of AGENDA 21, including pos-
sible recommendations for improvement. It can only
be hoped that the international community will uti-
lize this opportunity to bring its awareness of prob-
lems up to date and to accelerate the Rio follow-up
process.

Five years after Rio, an initial appraisal is called
for. In the section that follows, we look at the various
international activities relating to specific core prob-
lems of global change (Section C 2; on core problems
see WBGU, 1995), and the important role played by
local implementation of AGENDA 21 (Section C 3), in
order to produce a summary analysis of the Rio fol-
low-up process as it has unfolded to date
(Section C 4).



International policymaking in response to Global Change2

The Montreal Protocol – UN Framework Conven-
tion on Climate Change – Land-based Marine Pollu-
tion – Convention on Straddling Fish Stocks – Biodi-
versity Convention – Declaration of Forest Principles
– Plant genetic resources – Desertification Convention
– World Population Summit in Cairo – World Confer-
ence on Women – World Summit on Human Settle-
ments – Human Rights Summit – GATT/WTO –
World Food Summit – World Summit for Social De-
velopment

2.1
Atmosphere

2.1.1 
The Montreal Protocol

Strictly speaking, the Montreal Protocol on Sub-
stances that Deplete the Ozone Layer is not part of
the Rio process, in that the first version was agreed
upon as early as 1987, following adoption of the
underlying Vienna Convention in 1985. However, the
Montreal Protocol has acted in important ways as a
model for other regimes, and is closely connected to
the Rio follow-up process through the various
amendments and adjustments of 1990, 1992 and 1995.
For the industrialized countries, the definitive ban on
most ozone-depleting substances has been imple-
mented, with only a few essential CFC uses, such as
asthma sprays, being excepted.

In 1987, the developing countries were granted an
extension period of ten years; most of these countries
will have fulfilled their commitments by the respec-
tive deadline. This was made possible above all
through the industrialized countries’ promise, in the
1990 amendment to the Protocol, to meet “all agreed
incremental costs” in this area and to set up a special
Multilateral Fund to finance implementation of the
Protocol. A welcome provision in the amended ver-
sion of 1990 concerns the balanced representation of
the Parties in decision-making, according to which
further-reaching measures require the simple major-

ity of the developing countries and the simple major-
ity of the industrialized nations.

However, further action still needs to be taken.
Given existing chlorine concentrations in the strato-
sphere, the reduction schedule for the groups of sub-
stances that have only been included since 1992, es-
pecially methyl bromide and partly chlorinated fluo-
rocarbons, should be speeded up as a matter or ur-
gency in order to bring forward the target for resto-
ration of the ozone layer. In the light of experience in
North-South negotiations at the last two Conferen-
ces of the Parties, however, this will probably require
additional contributions to the Multilateral Ozone
Fund.

2.1.2
UN Framework Convention on Climate Change

The UN Framework Convention on Climate
Change came into force in early 1994; since then,
however, the Parties have failed to set specific time
scales and reduction targets for the industrialized
countries’ commitment under the Convention to re-
duce their greenhouse gas emissions. At the first
Conference of the Parties, held in Berlin in 1995, the
signatory states agreed to continue negotiations (the
so-called Berlin Mandate).

That said, the Berlin conference succeeded in es-
tablishing some key foundations for the current ne-
gotiation process. The outcome of the latter is to be
an international legally binding instrument that com-
mits the signatories to greenhouse gas reductions
within specific time frames. New commitments for
the developing countries going beyond the general,
non-specific climate protection commitments in Arti-
cle 4.1 of the Convention have not been an item of
negotiation to date, because the per capita emissions
of the industrialized countries exceed those of the de-
veloping countries many times over. However, to
gain experience with joint implementation of activ-
ities to meet reduction targets, a pilot phase for this
new instrument was started in 1995.
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A binding legal instrument might possibly be
adopted in December 1997 at the third Conference
of the Parties in Kyoto, either in the form of an addi-
tional Protocol to the Convention, or as an amend-
ment of the convention.According to currently avail-
able drafts by some individual states, it is likely that
two different kinds of reduction commitment will be
agreed for industrialized states for the period after
2000: negotiations center on proposals that the indus-
trialized countries commit themselves in their post-
2000 climate policies to so-called QELROs (Quan-
tified Emission Limitation and Reduction Objecti-
ves).A number of industrialized countries are calling
here for differentiation of commitments between in-
dividual industrialized countries, which could be
based on indicators such as GDP, energy efficiency or
per capita emissions of greenhouse gases. The USA,
in particular, is demanding that trading in emissions
permits between states be allowed and that such
trading be made an integral component of the new
instrument.Another issue under debate is to commit
industrialized countries to joint policies and meas-
ures to combat climate change, such an agreement on
certain technical standards. The EU has put forward
a comprehensive proposal in this regard. However,
there is no telling to what extent these political meas-
ures will be legally binding; one conceivable ap-
proach could be that only some categories of meas-
ures are binding, or that the states are granted the op-
tion to select measures from a “menu”.

What is clear in any case is that developing coun-
tries will not take on any commitments that involve
specific reduction targets. Uncertainty continues to
surround the future status of eastern European coun-
tries, which are allowed a “certain degree of flexibil-
ity” in Article 4.6 of the Climate Convention in order
to enhance their ability to address climate change.
Other important areas of negotiation relate to the fi-
nancial support for developing countries in the field
of climate protection, the financial compensation of
developing countries that suffer economic disadvan-
tages as a result of future climate policy, and future
dispute-settlement procedures in connection with
implementation of the convention.

It is difficult to tell from the current state of nego-
tiations whether a legally binding instrument will be
adopted at the Kyoto conference. The Council con-
siders it imperative that the parallel debate on har-
monization of policies and measures does not detract
from the central purpose of climate protection poli-
cymaking, namely the agreement of quantitative and
legally binding reduction targets for greenhouse gas-
es.

2.2
Hydrosphere

2.2.1
Protection of the Seas from Land-based Pollu-
tion

Progress has been achieved since 1992 regarding
protection of the oceans (Chapter 17 of AGENDA 21).
In 1995, as part of the Rio follow-up process, a new
instrument was created to limit land-based marine
pollution, which accounts for up to 80% of total ma-
rine pollution – the Washington Global Programme
of Action for the Protection of the Marine Environ-
ment from Land-based Activities. This non-binding
action program is based on older UNEP guidelines
that were recognized as inadequate in the course of
UNCED. The global action program is now being
translated by the states into national action pro-
grams, but the developing countries are being given
too little financial assistance from the Global Envi-
ronment Facility (GEF) (WBGU, 1996).

The Washington Global Programme of Action and
the Washington Declaration call on the international
community to negotiate a legally binding convention
on twelve groups of persistent organic pollutants
(POPs). The intention is to subject particularly haz-
ardous POPs, which are mostly prohibited in Ger-
many, to a globally binding reduction regime or to
ban them entirely. A model for such a regime, to
which reference was often made during preliminary
negotiations, is the Montreal Ozone Protocol.

The Council welcomes both the Global Program-
me of Action as well as the planned POP Convention
as a first significant step towards the International
Convention on Protection of the Seas recommended
in the 1995 Report (WBGU, 1996). Consideration
should be given to widening the scope of the POP
Convention to include not only those groups of haz-
ardous substances currently under discussion (the
“dirty dozen”), but other groups of substances as
well; the Council sees major research gaps in this
area. As with the Montreal Protocol, it is essential
that the POP Convention enable rapid adjustments
to be made as scientific understanding advances.

2.2.2
Overfishing

Another key outcome of the Rio follow-up pro-
cess concerning protection of the seas is the Agree-
ment for the Implementation of the Provisions of the
United Nations Convention on the Law of the Sea of
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10th December 1982 relating to the Conservation
and Management of Straddling Fish Stocks and
Highly Migratory Fish Stocks. The aim of this new
agreement on fisheries is to limit states’ authority
over fisheries zones and to lay down some general
obligations regarding cooperation and consultation.
The Council continues to view overfishing of the seas
as a serious challenge for biodiversity and marine
protection policy, and lays particular stress on the so-
cial dimension of the problem. Experience with mar-
ket-based measures to combat overfishing – e.g. fish-
ing ground licenses – indicates that such instruments
can have positive impacts. Another instrument could
be international regulations for reducing driftnet and
similar fishing methods, which cause excessive dam-
age to marine biodiversity due to the other organisms
which are caught in the nets.

2.2.3
The International Tribunal on the Law of the
Sea in Hamburg

An important role in international dispute settle-
ment could be performed by the new International
Tribunal on the Law of the Sea, which commenced
work in Hamburg in 1996 and which decides on dis-
putes over interpretation of the UN Convention on
the Law of the Sea – provided, of course, that states
bring their conflicts before the tribunal.This makes it
the second major UN institution, along with the Cli-
mate Convention Secretariat, to be sited in Germany.

On the whole, the world’s seas have not been as-
signed the position they deserve in the international
“hierarchy” of problems, especially in light of prob-
able trends in the future (WGBU, 1996a). Nor is pro-
tection of the seas granted adequate consideration as
yet in multilateral financing programs such as the
GEF.

2.3
Biosphere

2.3.1
Convention on Biological Diversity

The Convention on Biological Diversity (Biodi-
versity Convention) was agreed in Rio de Janeiro,
came into force in 1993, and has since been ratified
by more than 160 states.

It is a cross-cutting convention aimed not only at
preserving biodiversity, but also at the sustainable
use and equitable sharing of the benefits deriving
from such use (WBGU, 1996). Given this range of

tasks, it is inevitable that conflicts will arise between
the protection and use of biodiversity resources, as in
agriculture and forestry, for example.

The three Conferences of the Parties (1994 in Nas-
sau; 1995 in Jakarta; 1996 in Buenos Aires) have set
special emphases in this respect – decisions have al-
ready been adopted on the preservation of biodiver-
sity in agriculture (especially on combating genetic
erosion), on coastal and marine biodiversity and on
forests.

The convention has also established a new legal
basis for regulating access to genetic resources, which
are no longer deemed to be commons property to
which there is free access; instead, states have sove-
reign rights over and explicit authority to govern ac-
cess to their genetic resources.The interests of indus-
trial enterprises seeking sources of genetic resources,
the rights of local and indigenous communities with
their traditional knowledge about this diversity, and
the sovereignty of states must be harmonized with
each other (Henne and Loose, 1997). Some states
have passed legislation implementing the provisions
of the convention as national law, in order to ensure
this balance of interests and above all equitable shar-
ing of the benefits derived from genetic resources.

Negotiations are currently being conducted on a
supplementary protocol relating to biosafety. The
Convention has a financing mechanism, which the
GEF is administering on an interim basis. However,
the funds required exceed the financial resources of
the GEF to such an extent that the Conference of the
Parties is now compelled to find new sources of fi-
nance.

Integration into existing multilateral structures
has been improved by building bridges to the other
Conventions and organizations of relevance to biodi-
versity (e.g. CITES, the Ramsar Convention, the
FAO; see Fig. C 2-1). In addition to specific work on
implementation, the negotiation process itself is op-
erating as a forum for activities aimed at the preser-
vation and sustainable use of biological diversity.This
function is further supported by a clearing house
mechanism for promoting the exchange of informa-
tion and technology.

The convention process has led to open and con-
structive discussion, stimulating fertile debates and
activities within nations as well. Germany took an ac-
tive part in setting up the clearing house mechanism
and in promoting cooperation with the private sec-
tor. The Council welcomes the efforts being made to
encourage environmentally compatible forms of
tourism, since this promotes the economic valuation
of biological diversity. On the whole, however, Ger-
many is lagging behind in implementing the Conven-
tion. Neither the re-enactment of the Federal Nature
Conservation Act, which has been pending for a long
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time now, nor the development of a national strategy
for implementing the Biodiversity Convention have
been completed. Politicians and researchers in Ger-
many are realizing only slowly that the preservation
and sustainable use of biodiversity is not a problem
peculiar to nature conservation policy, but is a cross-
cutting task in environmental and development poli-
cy.

2.3.2
Intergovernmental Panel on Forests

In the field of forest protection, efforts to engineer
a Forests Convention in the run-up to UNCED met
with failure. All that was agreed was a “non-legally
binding authoritative statement of principles for a
global consensus on the management, conservation
and sustainable development of all types of forest”
(the Declaration of Forest Principles). In an attempt
to revive discourse, the CSD established the Inter-
governmental Panel on Forests (IPF) in 1995. The
IPF was asked to deliver a report to the Fifth Session
of the CSD in April 1997, containing recommenda-

tions on the management, preservation and sustain-
able use of forests.

The IPF’s efforts to institute a Forests Convention
continue to be dogged by the opposing interests of
stakeholders. For precisely this reason, many non-
governmental organizations consider this to be an in-
opportune time to be negotiating a Convention.They
argue that the final outcome might be based on the
lowest of common denominators, and that the nego-
tiation process itself is liable to delay any form of ef-
fective action.

Very little real progress has been made so far. Nei-
ther conceptual issues (interpretation of “sustainable
forestry”) nor procedural issues (continuation of ne-
gotiations beyond the current mandate of the IPF)
have been clarified. The work of the IPF has more to
do with the preparation and management of discus-
sions between governments, non-governmental or-
ganizations and the public. Forests have been put
back on the political agenda. In many countries, de-
bate has received new stimulation above all through
the improved technical knowledge generated by the
IPF process and through the discussions on certifica-
tion and indicators.

Forests
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Figure C 2-1
Linkages between the Biodiversity Convention and other global environmental regimes.
Source: Gettkant et al., 1997
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In view of the IPF’s problems in renegotiating a
Forests Convention, it is worth asking whether – in
place of a new, independent convention – a protocol
to the Biodiversity Convention would be the more
appropriate instrument for regulating, in a legally
binding form, the preservation and sustainable use of
forests (WBGU, 1996).

2.3.3
Negotiations on Plant Genetic Resources for
Food and Agriculture

Plant genetic resources for food and agriculture
form a small but highly important component of glo-
bal biodiversity that has become increasingly endan-
gered in recent decades, above all through the mod-
ernization of agriculture (“genetic erosion”). The
1983 FAO International Undertaking on Plant Ge-
netic Resources represents a first, albeit non-binding
regulation to protect these resources as part of the
human heritage, to collect, research and to make
them accessible as commons property for all interest-
ed parties (e.g. research into plant breeding). The
coming into force of the Biodiversity Convention in
1993 has produced a need for adjustment, in that the
convention places genetic resources under the juris-
diction of sovereign national states (see
Section C 2.5), although not without specifying cer-
tain framework conditions governing access to such
resources. The necessary reform of the International
Undertaking and some complex issues associated
with it (e.g. farmers’ rights, access to ex-situ collec-
tions) are currently being dealt with in a new negoti-
ation process administered by the FAO. The result
may be a legally binding protocol on plant genetic re-
sources within the framework of the Biodiversity
Convention; however, the outcome is still uncertain.

The Fourth International Technical Conference
on Plant Genetic Resources organized by the FAO in
Leipzig (June 17–23, 1996) marked an important step
forwards towards a global system for managing these
resources. In the run-up to the conference, the FAO
presented the first report on the state of global plant
genetic resources for food and agriculture (FAO,
1996a).

Access to genetic resources and equitable benefit-
sharing are controversial issues, since the Biodiversi-
ty Convention does not regulate access to existing ex-
situ collections (e.g. gene banks and botanical gar-
dens). The issue of farmers’ rights, meaning the rec-
ognition of the services performed by local farming
communities that have long been breeding plant va-
rieties of their own, has a direct bearing in this con-
text.

The most important outputs of the conference
were the consensus on a common policy message to
the World Food Summit – the Leipzig Declaration –
and the Global Plan of Action on the Conservation
and Sustainable Utilization of Plant Genetic Re-
sources for Food and Agriculture.The Leipzig Decla-
ration states that crop biodiversity (including gene
banks) is under threat, even though this is the basis
for food security and hence for the “survival and
well-being of humanity”. However, implementation
of the various technical measures listed in the Glob-
al Plan of Action is hampered by the fact that no
agreement was reached on the source of additional
funding.

2.4
Lithosphere/Pedosphere

At UNCED, the lithosphere and pedosphere were
discussed above all with respect to soil degradation in
arid, semi-arid and dry sub-humid zones (Chapter 12
of AGENDA 21). It was also decided to draw up an
international convention containing legally binding
commitments to combat soil degradation in arid re-
gions and to reduce the threat of droughts.Two years
later, the Desertification Convention (UN Conven-
tion to Combat Desertification in Countries Experi-
encing Serious Drought and/or Desertification, Par-
ticularly in Africa – CCD) was adopted; the Conven-
tion came into force in 1996. The first Conference of
the Parties will be held in September 1997.The objec-
tive of the Convention is to combat soil degradation
in arid zones and to mitigate the effects of drought.
The treaty has regional implementation annexes for
Africa, Asia, Latin America and the Caribbean, as
well as the northern Mediterranean region. Priority is
attached to Africa, which is particularly exposed to
droughts (see WBGU, 1995 and 1996 on the pro-
cesses which led up to the Convention).

The most important component of the Conven-
tion concerns the recognition of participative strate-
gies, the enhanced role of non-governmental organ-
izations and so-called bottom-up approaches as the
basis for implementing the action programs, although
implementation is still in its early days as far as prac-
tical development policy is concerned. Another new
aspect is the call to use local, culturally specific
knowledge (Article 16). Research is mainly needed
to identify the conditions on which successful partic-
ipation depends.

Another major advance signified by the Conven-
tion is that it treats soil degradation in arid areas and
droughts as primarily a socioeconomic problem. The
negotiation process created a stronger awareness of
the need for support and coordination mechanisms.
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Special reference was made to the need for coordina-
tion with other conventions on environmental and
developmental issues.

In Article 10, states commit themselves to intro-
ducing long-term action programs. The most impor-
tant measures concern the promotion of adequate
livelihoods, the improvement of national economic
environments with a view to strengthening programs
aimed at the eradication of poverty and at ensuring
food security, sustainable management of natural re-
sources, improved institutional and legal frame-
works, improved monitoring, national capacity-
building and environmental education. Another im-
portant step was the establishment of the Committee
on Science and Technology, the advisory body for the
CCD that will report on scientific and technological
progress in combating soil degradation in arid areas.

The Convention has already produced some initial
results. In Morocco, the Gambia, Botswana and
South Africa, national action programs are in the
making or undergoing further development. France
is supporting national action programs in Burkina
Faso, Senegal, Chad, Cape Verde and Mauritania. In
1997, Germany earmarked DM 2 million for sectoral
activities to combat desertification, sponsored the
Pan-African Conference of Ministers in March 1997,
and took over the lead agency function for Mali as
provided for in the Convention (see WBGU, 1996 on
the German contribution in previous years).

The Convention attracts criticism for its lack of
funding commitments; the Parties could only agree to
improve administration of existing funds under a
Global Mechanism (Article 21). In its 1995 Annual
Report, the Council has already drawn attention to
Germany’s declining contribution to agricultural re-
search for the developing countries and noted with
concern that the financial cutbacks in international
agricultural research since 1991 have not been re-
versed. The location of the Secretariat, which shall
commence operations in 1999, will be decided at the
first Conference of the Parties in Rome in 1997.
Spain and Canada have applied, as has Germany.

The Desertification Convention covers only part
of the wider, global problem of soil degradation. In
order to give soils in general a similar degree of pro-
tection under an international regime, the Council
recommended in its 1994 Annual Report that the
Federal Government examine whether a global Soil
Convention would be a feasible option.

2.5
Population

2.5.1
UN Conference for Population and
Development (Cairo)

The International Conference for Population and
Development (ICPD) was held in Cairo in Septem-
ber 1994 (WBGU, 1996). The summit debated the
perspectives for future population policy in the con-
text of sustainable development, measures to en-
hance women’s reproductive rights and reproductive
health. The departure from the narrower concept of
family planning at the Cairo conference signified a
change of paradigm in population policies for devel-
oping countries.

The central focus shifted to health care and health
promotion, with special reference to the availability,
gender-related accessibility and culture-specific ac-
ceptance of health care services and facilities. The
central role of family and kinship structures was con-
firmed, and special attention to the needs of young
people established as a major principle. In the view of
many observers, women’s rights were articulated in a
stronger form in the Global Plan of Action of the
Cairo conference than at the World Conference on
Women (Beijing).

A key element of the document is that it gives spe-
cial consideration to human rights as well as the cul-
tural and religious frameworks in which the Global
Plan of Action shall be implemented. Of equal im-
portance is the section on the special rights and needs
of children, adolescents and youths, e.g. with regard
to information on birth control and AIDS preven-
tion.

Intervention by the Vatican and some Islamic
states caused debate to revolve around the abortion
issue in many respects (Section 8.25), to the detri-
ment of the two main conference issues (namely the
relationship between population and development,
and between population and environment). That
aside, the Global Plan of Action endorses the “right
to development” referred to in the final documents
of other UN summits. The conference also acknowl-
edged that solving the population problem is directly
linked to sustainable development. In June 1996, EC-
OSOC called on the international community to
speed up implementation of the Cairo plan.
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2.6
Social organization

2.6.1
United Nations World Conference on Women
(Beijing)

The Fourth World Conference on Women
(FWCW) ended on September 15, 1995 in Beijing.
The Conference adopted as its final act the Pro-
gramme of Action based on Chapter 24 of AGENDA

21 (Global Action for Women Towards Sustainable
and Equitable Development), in which the special
role of women in the field of environment and devel-
opment is emphasized. The Platform of Action was
summarized in the 38 sections of the Beijing Decla-
ration.

The central statement of the Platform is that al-
though the situation of women has advanced in some
important respects since the Third World Conference
on Women held at Nairobi in 1985 and the many UN
conferences of the intervening period, major obsta-
cles remain which stand in the way of women’s equal
participation in development.The Platform of Action
therefore stresses the importance of recognizing and
implementing the human rights of women at all lev-
els and in all areas of life, and addresses issues that
have been on the international political agenda of re-
cent years, namely poverty, migration and the envi-
ronment. In addition to the realization of human
rights, the empowerment of women is another central
element of the recommendations, which are ad-
dressed not only by governments, but also by banks,
international financial institutions, non-governmen-
tal organizations, research institutions, women’s or-
ganizations, the private sector and trade unions.

The final act of Beijing affirms that poverty and
environmental degradation are closely interrelated,
and identifies unsustainable patterns of consumption
and production as the major cause of the continued
deterioration of the global environment. In view of
the lack of recognition and support for women’s con-
tribution to environmental protection, women’s per-
spectives and concerns should be integrated into all
environmental decision-making. As in the Conven-
tion on Biological Diversity, governments are called
upon to encourage the protection and use of the spe-
cific knowledge, innovations and practices of women
in indigenous and local communities. The feminiza-
tion of poverty and the lack of women’s participation
in decision-making are criticized, as is the fact that
women lack or are denied access to education.

Many issues raised by the women’s movement
were first put on the international political agenda at

the World Conference on Women. The conference
evidenced intense polarization along religious and
cultural lines among conference participants and
government delegations, and a North-South cleft in
the setting of priorities. The Platform of Action was
adopted by consensus, but various states hurried in
the aftermath to express their reservations. The em-
phasis on national and sociocultural autonomy and
traditional values played a major role for developing
countries especially, whereas individual and equal
human rights for men and women were highlighted
by participants from the industrialized world.

National governments, in consultation with non-
governmental organizations, should have developed
implementation strategies by the end of 1996. The
Conference on Women did not produce the break-
throughs that many observers had hoped for, partic-
ularly in respect of an all-embracing concept of hu-
man rights, but led to further sensitization regarding
the rights and participation of women in world poli-
tics and at local and national level. Issues that had not
been debated at this level before (e.g. marital rape,
pornography) were “internationalized” and put on
the agenda for the first time in Beijing. The confer-
ence failed to adopt effective financial arrangements
for the measures called for, despite the fact that the
financial resources deployed so far for the advance-
ment of women are clearly inadequate. The demand
that 0.7% of the GNP of the industrialized countries
be provided as official development assistance was
endorsed.

A national follow-up conference to the World
Conference on Women was held in Germany in
March 1996 under the auspices of the Federal Min-
istry for Women and Youth. In line with the obliga-
tions arising from the Platform of Action, national
strategies were developed in conjunction with the
relevant ministerial departments, the Bundesländer
and non-governmental organizations. The main foci
related to the equal access of women to decision-
making positions at all levels of society, improving
the situation of women in the economy and the em-
ployment market, human rights and the eradication
of violence against women.

Germany ranks 18th among the industrialized
countries on the UNDP Human Development Index
scales for “Women and capabilities” and “Women
and political and economic participation”. This high-
lights the need for action at national level as well, if
full sexual equality is to be accomplished. The Coun-
cil has repeatedly referred to the key function of
women in society and politics, and has identified the
policy action and research that is required (WBGU,
1995 and 1997).



33United Nations Conference on Human Settlements C 2.6.2

2.6.2
United Nations Conference on Human
Settlements (Habitat II) (Istanbul)

Sustainable settlements development and the
eradication of poverty (Chapters 3 and 7 of AGENDA

21) were the focus of the second United Nations
Conference on Human Settlements (HABITAT II) in
Istanbul in 1996, which commenced with a global re-
port on human settlements. The key issues at HABI-
TAT II were the right to adequate housing laid down
in the International Covenant on Economic, Social
and Cultural Rights of 1966 and sustainable settle-
ments development. The right to adequate shelter
was endorsed as a central element in the final docu-
ments of HABITAT II (the Global Plan of Action and
the Istanbul Declaration).

The conference debated whether and in what
form the constitutional position and the operational
capacity of local authorities could be strengthened
through the structural reform of the United Nations
system. Local self-government, non-governmental
organizations and decentralization were recognized
in an unprecedented way as key prerequisites for ur-
ban development. Other major features of the HABI-
TAT conference included the redefinition of cities as
partners in the United Nations, the emphasis on so-
cial aspects of sustainability, gender issues, the propo-
sal to transfer development assistance directly from
local authorities, and enhanced cooperation between
urban areas. HABITAT II gave a clear signal that part-
nership between all levels, especially for implementa-
tion of LOCAL AGENDA 21 (see Section C 3 below), is
more important for the future of cities than central
government activities.

Not only international organizations, but also the
private sector and local governments are called on to
mobilize the requisite financial resources for the fol-
low-up process.There was substantial agreement that
more development assistance is needed from the
public sector; the Group of 77 also proposed that de-
velopment aid be transferred from towns and cities
as well. Another topic at the conference concerned
the introduction of debt for shelter swaps as a means
of financing settlements development.

During the run-up to HABITAT II, governments
were expected to include quantitative data on 46 key
indicators of urban development in their national re-
ports. Germany was among the many states which
submitted a national report on settlements develop-
ment and policy prior to the conference. The states
participating at HABITAT II committed themselves to
monitor global conditions and trends in human set-
tlements development on a regular basis. These data
shall be fed into a new database at the United Na-

tions Centre for Human Settlements (UNCHS) and
shall form the standard basis for subsequent report-
ing to the United Nations. The UN General Assem-
bly shall review progress in implementing HABITAT II
in 2001.

The BMZ (Federal Ministry for Development Co-
operation) has initiated a number of projects as part
of the HABITAT II follow-up.Their main foci relate to
decentralization in urban development projects and
alternative implementation models for settlements
management at local authority level. Continued sup-
port is also given to the Urban Management Pro-
gramme (see WBGU, 1997).

2.6.3
World Conference on Human Rights (Vienna)

Sustainable development is inseparable from the
protection of human rights, meaning civil and politi-
cal rights as well as social, economic and cultural
rights. AGENDA 21 refers at several points to the im-
portance of human rights in implementing the Pro-
gramme of Action.

A World Conference on Human Rights was held
in Vienna in 1993, at which the international commu-
nity committed itself, in the Vienna Declaration and
Programme of Action, to strengthening respect for
human rights. The conference reaffirmed that all hu-
man rights are universal.A large proportion of the fi-
nal documents relate to civil and political rights. An-
other important element, precisely with regard to the
Rio follow-up process, was the emphasis on
economic and social rights. The Vienna Declaration,
albeit non-binding, reaffirms the right to develop-
ment as a “universal and inalienable right” that
should be fulfilled in such a way as to meet equitably
the developmental and environmental needs of pre-
sent and future generations. The international com-
munity is called on, for example, to “make all efforts
to help alleviate the external debt burden of develop-
ing countries, in order to supplement the efforts of
the Governments of such countries to attain the full
realization of the economic, social and cultural rights
of their people”. “Immediate alleviation and eventu-
al elimination” of extreme poverty are also essential
for the enjoyment of human rights. Another social
right is the right to water, which is seen as part of the
human right to food, on the one hand, but also debat-
ed as part of the right to life (see Box D 3.3-3).

One important step that was supported by Ger-
many especially is the establishment of a United Na-
tions High Commissioner for Human Rights, who
shall strengthen and promote the political, civil,
economic, social and cultural rights of humans, in-
cluding the right to development.The Vienna confer-
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ence also encouraged the examination of optional
protocols for the International Covenant on Eco-
nomic, Social and Cultural Rights, similar to those al-
ready developed for the International Covenant on
Political and Civil Rights.

2.7
Economy

2.7.1
General Agreement on Tariffs and Trade / World
Trade Organization

The interaction between the GATT/WTO regime
and the problems of global change have received in-
creased attention in the scientific and public debate
in recent decades (Kulessa, 1995; Helm, 1995). First-
ly, environment and development organizations ar-
gue that the current liberalization of world trade can
have not only welfare-enhancing, but also negative
impacts on the environment and on development in
some regions and fields. Secondly, there is the prob-
lem of how to shape national environmental policy in
such a way that competition is not distorted at inter-
national level.

There is no overlooking the need for better coor-
dination of international environment policy and
trade policy. On the other hand, it is important to
have safeguards against covert protectionism in the
form of unilaterally defined environment standards,
as ruled by the GATT panel in the well-known Tuna-
Dolphin Case (GATT, 1991 and 1994; Dunhoff,
1992). The accusation of protectionism is leveled
above all by developing countries against the envi-
ronmental policies of the industrialized countries.
The first Conference of the Parties to the WTO – in
Singapore in 1996 – failed to produce a final ruling on
this issue.

In specific cases, provided a number of conditions
are met, the Council supports the imposition of trade
restrictions – e.g. those agreed upon in Article 4 of
the Montreal Protocol on Substances that Deplete
the Ozone Layer (WBGU, 1996): the trade barriers
must be an instrument of last resort, and may only be
introduced after prior negotiations with non-mem-
ber parties; they must also relate in a direct way, as far
as possible, to the environmental problem at issue,
and the revenues generated should be used for the
benefit of the environment. Care must be given to en-
sure that trade measures against non-member states
are based as far as possible on a broad consensus
within the international community, in other words
that they impact on only a small minority of states.
The issue should therefore remain on the political

agenda within the WTO, so that unanimous arrange-
ment is reached and unilateral trade restrictions min-
imized.

2.7.2
United Nations World Food Summit (Rome)

Debate at the 1996 World Food Summit in Rome
was concentrated on food security, rural develop-
ment and the eradication of poverty (Chapters 3 and
14 of AGENDA 21). The final acts of the conference,
the non-binding Rome Declaration and the Global
Plan of Action, acknowledge poverty as the main
cause of famine and underline the necessity of a sus-
tainable increase in food production. The right to
food is recognized as a basic human right, as was pro-
claimed in the non-binding Universal Declaration of
Human Rights of 1948, in Article 11 of the Interna-
tional Covenant on Economic, Social and Cultural
Rights (1966) and at the World Food Conference of
1974. The Conference did not provide a specific de-
scription of the right to food; instead, the UN High
Commissioner for Human Rights is called on to de-
fine this in operational terms.

The summit identified a stable and effective polit-
ical, economic and social framework, including good
governance and a transparent and enforced legal en-
vironment, as crucial for sustainable food security.
Essential foundations include the peaceful resolution
of conflicts, respect for human rights and basic free-
doms, democracy, as well as transparent and respon-
sible government.Trade is also viewed as vital to food
security, but equal emphasis is placed on the neces-
sity of mitigating the potential adverse impacts of
trade liberalization. The document also contains a
clear rejection of unilateral trade measures. The role
of civil society in achieving food security, and espe-
cially the contribution of women, is mentioned in nu-
merous places.There were no negotiations on how to
finance the Rome decisions. One instrument referred
to was debt for food security swaps.

Many countries presented national reports on
their food situation to the Conference. These reports
are an important basis for the follow-up process, par-
ticularly since standard indicators for monitoring
global food security are to be developed under the
auspices of the FAO Committee on World Food Se-
curity (CFS).

International implementation of the Plan of Ac-
tion adopted by the World Food Summit is being in-
tegrated into the existing UN mechanisms for imple-
menting the action plans of other major summits.The
FAO will have a central role to play in this context, in
that the CFS was nominated as the body responsible
for implementing and monitoring the follow-up pro-
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cess to the World Food Summit at governmental lev-
el. The Plan of Action also stipulates that its imple-
mentation must be coordinated with other interna-
tional organizations, including the Bretton Wood in-
stitutions and the regional development banks. By
implementing the declarations of Rome, the number
of people suffering from starvation is to be halved by
the year 2015. An interim assessment shall be made
in 2006, and a review shall be carried out in 2010 to
determine whether the target can be reached.

2.7.3
United Nations World Summit for Social
Development (Copenhagen)

Chapter 3 of AGENDA 21 is concerned with the
eradication of poverty, the main issue at the World
Summit for Social Development held in Copenhagen
in 1995. Although the summit failed to adopt a new
Social Charter, it managed to establish a new quality
in the way that social security issues are approached.
Whereas “people-centered” development was a con-
tentious issue at the fourth UNCED preparatory
conference in 1991, this approach has now become a
key element in the final documents of the World
Summit for Social Development.

The Global Plan of Action consists of 10 commit-
ments. One of the most important outputs of the
Copenhagen summit was the so-called 20-20 ap-
proach, according to which developed and develop-
ing countries allocate 20% of official development
assistance and 20% of the national budget, respec-
tively, to basic social programs. The voluntary nature
of this commitment remains a weakness, however.
The industrialized countries reaffirmed the non-
binding target of spending 0.7% of GNP on overall
official development assistance. The subject of debt
relief was dealt with at length, with the conference
calling for implementation of debt relief measures as
soon as possible.

The Global Plan of Action stresses the central role
of women in the development process. For the first
time at international level, the promotion of full em-
ployment was defined as a priority goal of economic
and social policies. The states committed themselves
to ensuring that structural adjustment programs in-
clude social development goals. They are also called
on to monitor the impact of structural adjustment
programs on social development, especially with re-
gard to their impacts on women.

The most important task of governments is now to
translate the “people-centered” policies debated in
Copenhagen into practical activities and to set up na-
tional programs of action.



Local government implementation of Agenda 213

Global change as a behavioral problem – “Bottom-
up” approaches – LOCAL AGENDA 21 initiatives – Par-
ticipation culture – Public participation at local com-
munity level – Potentials and barriers of LOCAL

AGENDA 21

3.1
Importance of local-level political processes for
sustainable development

Global change, as the Council has repeatedly em-
phasized in its Annual Reports, is ultimately a behav-
ioral problem, and the crisis of the environment is a
crisis of society. Behavior relevant to global change
occurs at various levels of society, from the individu-
al through the family, the place of work and the local
community to national and international organiza-
tions. People always act in local contexts that are spa-
tially and temporally specific, and are influenced by
these in turn. This applies to the causes of global
change problems, as well as eradication of or adapta-
tion to them. It is therefore essential to integrate
measures for sustainable development into local so-
ciocultural contexts and to shape them according to
the specific problems and target groups concerned.

Local and regional initiatives for achieving sus-
tainable development are therefore of utmost impor-
tance, particularly since the top-down policymaking
approach (multilateral negotiations on conventions
and protocols at global level) is proving to be a stren-
uous and protracted process with uncertain out-
comes. Activities involving local authorities and/or
local communities are particularly appropriate, be-
cause at this level there is a kind of “hinge” between
politicians and community interests. On the one
hand, people are most likely at the community level
to have opportunities to bring their interests into the
policymaking process, while, on the other, it is here
that they can best be shown the positive and negative
impacts of their activities. Furthermore, local author-
ities can play a key role in sensitizing people to sus-
tainability issues. Society’s acceptance of far-reaching
national and international decisions on sustainable

development is critically dependent, in turn, on such
sensitization.

3.2
The Local Agenda 21 concept

AGENDA 21 stresses the importance of social
groups for sustainable development. Chapter 28 re-
quires local authorities to undertake a consultative
process with their populations in order to reach con-
sensus on a LOCAL AGENDA 21 for the community.
Each local authority should enter into a dialogue
with its citizens, local organizations and private en-
terprises in order to specify and implement a LOCAL

AGENDA 21.
AGENDA 21 is thus adopting a perspective that is

new in international policymaking: multilateral poli-
cies for sustainable development (top-down process-
es such as negotiations on global conventions) must
be accompanied by bottom-up approaches that ad-
dress specific local problems and which actively in-
volve the local community in the formulation and im-
plementation of local government policies (“think
globally, act locally”).A LOCAL AGENDA 21 (LA21) is
therefore to be understood as a “participatory, multi-
sectoral process to achieve the goals of AGENDA 21 at
the local level through the preparation and imple-
mentation of a long-term, strategic action plan that
addresses priority local sustainable development
concerns” (ICLEI, 1997).

Many municipalities and communities setting out
to implement AGENDA 21 at local level, in particular
the goals relating to the environmental, economic
and social aspects of sustainable development, al-
ready have programs in place on which they can base
such activities. However, there are some differences
between this process and traditional local govern-
ment policymaking on environmental, economic, de-
velopmental and social welfare issues that make the
adoption of an LA21 program a daunting political
task. The most important difference concerns the in-
tegration of what are often competing policy areas to
develop a cross-cutting action program guided by the
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sustainability principle. As well as this integration of
different policy fields, it is essential to involve all lo-
cal stakeholders and groups with their different
interests, concerns and know-how into the LA21 pro-
cess, in both target-setting and the implementation of
activities. The concept of communication and partici-
pation at the heart of AGENDA 21 goes much further
in this context than traditional models for public par-
ticipation in local government planning. Citizens
should not only be informed and consulted, but
should take an active part themselves in political de-
cision-making. This requires the creation of suitable
forms of consultation and consensus building. The
principle of sustainable development also implies
new, long-term time frames for local authority plan-
ning, which runs counter to the prevailing focus on
electoral periods or on short-term economic think-
ing.

3.2.1
Local government participation in the LA21 
process

Developing a LOCAL AGENDA 21 is a long-term
process involving activities that are often slow to get
off the ground and which have to cope with a diver-
sity of problems.This explains the failure to meet the
schedule laid down in AGENDA 21, according to
which most local authorities in each country should
have achieved a consensus on a LOCAL AGENDA 21
by 1996.

There is no agreement on criteria for LA21s, due
not least to their specifically local character. It is
proving difficult, despite the efforts of various institu-
tions (ICLEI, 1996; Kuby, 1996, for the Council of Eu-
ropean Municipalities and Regions; Rösler, 1996, for
the German Association of Municipalities), to arrive
at a clear assessment of progress in implementing
Chapter 28 of AGENDA 21.According to a survey car-
ried out by the World Secretariat of the Internation-
al Council for Local Environmental Initiatives
(ICLEI), approximately 1,800 local governments in
64 countries were involved in LOCAL AGENDA 21 ac-
tivities in 1996 (ICLEI, 1997; as a comparison, around
170 countries signed AGENDA 21). European LA21
initiatives are mostly concentrated in Great Britain,
The Netherlands and Scandinavia. In Sweden, for ex-
ample, virtually all local governments are in the pro-
cess of developing their own LA21s, thanks to active
support from the environment ministry.

Many of the local authorities working on LA21s
are members of international networks. After the
Rio Conference, ICLEI centered its activities on the
worldwide promotion of LA21. ICLEI was also a key
player in setting up the European Sustainable Cities

and Towns Campaign in 1994, an association of
around 290 cities, towns and counties in Europe that
have committed themselves, by signing the Aalborg
Charter, to engage in LOCAL AGENDA 21 processes.
Towns & Development (T & D), the international
North-South network of local authorities and NGOs
that has led to around 2,000 partnerships based on
the Berlin Charter between local authorities through-
out the world, is similarly involved in LA21 activities.

3.2.2
LA21 activities – an international comparison

Local government activities aimed at developing
and implementing LA21s can utilize the specific so-
ciopolitical contexts in the respective country – e.g.
the presence of a local environment authority or a
“participatory culture”.The political, legal, economic
and social frameworks for LA21 processes in the var-
ious countries display considerable variation. It
therefore makes little sense to perform an interna-
tional comparative assessment. However, an interna-
tional comparison of LA21 activities brings to light
the enormous range of structures, methods and strat-
egies deployed by local governments.

Almost all local authorities active in this area con-
sider a policy resolution on LA21 to be an essential
first step towards establishing political commitment.
The various forms of commitment range (with as-
cending binding and motivational force) from the
signing of the Aalborg Charter, to adoption of a LO-
CAL AGENDA 21 and provision of adequate funds, to
the designing of a local development concept includ-
ing key targets and a program of activities.

Most towns and cities assign responsibility for im-
plementing LA21 to the local environment authority.
While this means a contact address within local gov-
ernment, often well-motivated at that, this type of ap-
proach fails to appreciate the real aim of the LA21
process, namely the integration of different issues
and sectors for the preparation and implementation
of an overall strategic concept. It is interesting in this
context that wherever responsibility for coordination
is decentralized, the process is organized in a very
targeted and efficient manner.

Involving as many local stakeholders as possible
from the very outset is almost impossible within ex-
isting structures. Sooner or later, all active municipal-
ities have established special structures for involving
citizens and stakeholder groups. These include open
community forums, many of which meet on a regular
basis, stakeholder groups to discuss principles and
targets, as well as smaller working groups and expert
forums to develop more specific proposals.
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Many local governments confine themselves at
the beginning of LA21 processes to traditional con-
sensus-building methods, such as public meetings and
public awareness campaigns. In contrast, almost all
cities where the process is already further advanced
are working with more up-to-date and sophisticated
methods like planning cells and visioning workshops,
or at least with some form of professional coordina-
tion.

As far as the integration of issues – the key inno-
vation of AGENDA 21 – is concerned, the industrial-
ized countries in particular continue to display an al-
most total bias towards environmental quality.Wher-
ever efforts are made to solve existing structural
problems with the help of the LA21 process, eco-
nomic and social criteria have been incorporated as a
matter of course. Nevertheless, many cities now have
focus groups or specialist forums on non-environ-
mental issues, which suggests that an increasingly in-
tegrated approach is being taken towards cross-cut-
ting aspects.

Two main strategies can be observed regarding the
translation of AGENDA 21 aims to the local govern-
ment level. In the first case, the primary focus is on
setting development targets and developing the rele-
vant indicators, so that specific activities can be suc-
cessively derived or assessed.The second strategy re-
lies on projects and isolated activities, without partic-
ipatory processes for target-setting. The latter ap-
proach may lead more quickly to visible successes,
and in that sense have a motivational impact, but it
easily creates an illusion that sustainable develop-
ment can be achieved in the relatively short term
provided one operates the right collection of meas-
ures, without having to make further-reaching and
ongoing changes to behavioral and decision-making
patterns.

3.2.3
LA21 initiatives in Germany

According to a survey conducted by the European
Secretariat of ICLEI in late 1996, only about 60–70
local governments in Germany – out of a total of
more than 16,000 – are involved in developing an
LA21. This would put Germany in the middle ranks
on an international comparison. Other sources iden-
tify as many as 200 local communities (Kuby, 1996;
Rösler, 1996), while some refer to an “outbreak” of
LA21 initiatives in the second half of 1996 (de Haan
et al., 1996).

In addition to local environment authorities, who
mostly provide the initiative, the main actors in the
German LA21 process are above all the environmen-
tal and North-South NGOs, the adult education cen-

ters, and organizations affiliated to the churches. In-
volving local enterprises is proving difficult in many
cases. Mobilization of citizens who are not members
of the groups just mentioned is similarly a problem in
many local authorities.

Many German municipalities are highly active in
the environmental field especially. Existing struc-
tures and policies, some of which are already tradi-
tional, provide an initial basis here. A hearing on
LA21 before the Enquete Commission on Protection
of Humanity and the Environment revealed that the
activities adopted or already implemented by Ger-
man municipalities with LA21 initiatives are primar-
ily related to urban and transport development, ener-
gy, nature conservation and public awareness cam-
paigns (Enquete Commission, 1996). In contrast,
however, they tend to neglect the social, develop-
ment policy and economic dimensions of sustainable
development. There are also shortcomings with re-
gard to other key elements of LA21, such as long-
term targets and public participation. Many local au-
thorities (not only in Germany) wrongly believe that
active policies to protect the environment are synon-
ymous with the goals of a LOCAL AGENDA 21. When
LA21 activities are assigned to the environment au-
thorities, as is regularly the case, this frequently oper-
ates as an obstacle to any cross-cutting approach.

Although some specific LA21 activities adopted
by local governments in other countries (e.g. Great
Britain, Southern Europe) are very similar to those
implemented by local governments in Germany
10–15 years ago (e.g. environmental reporting, separ-
ation of waste, recycling, environmental awareness-
raising), these local governments are explicitly link-
ing what in some cases are very young (environmen-
tal) policies at local level to the new concept of
LA21, thus using the opportunity to work under the
Local Agenda philosophy from the very outset (long-
term approach, inclusion of global aspects, partner-
ships, public participation).

No local authority in German has yet managed to
produce a collection of measures commanding a
broad consensus in society. Most LA21 initiatives are
still concerned with achieving agreement on general
principles for LA21, or with analysis of the status quo
in their areas in relation to these general principles
(de Haan et al., 1996).

LA21s involve specific activities and procedures
that are less typical nowadays in the operations of
German local governments. The idea of integrated
urban development, for example, was already on the
agenda as far back as the 1970s. The negative experi-
ences of that time, due especially to organizational
shortcomings, are frequently a barrier to extensive
and early involvement of stakeholders by local gov-
ernments.



39Towards sustainability with LA21 – Potentials and barriers C 3.2.4

As well as reviving the idea of citizen involvement
in local community development, it is essential to
promote modern forms of citizen participation, bal-
ancing of interests and conflict resolution, to propa-
gate them and to train those charged with coordina-
tion and moderation of participation schemes. Rudi-
mentary forms of citizen participation, as established
so far in the German laws on planning and approval,
but which have been increasingly reduced again in
the recent past (the so-called procedural acceleration
laws) are inappropriate models to emulate. They are
biased too much towards acquiring acceptance for
planned measures, and function more as a legal safe-
guard than as active participation of citizens in the
policymaking process.

The Scandinavian countries and The Netherlands,
where environmental protection at local government
level and a high degree of citizen involvement have
traditional roots and are brought into LA21 process-
es, provide excellent models for local authorities in
Germany to emulate. Furthermore, as a comparison
with Great Britain, The Netherlands and Sweden
shows, a national coordination body is very helpful
for disseminating information, exchanging experi-
ences between local governments with LA21s, and
especially for preventing duplication of labor.

3.2.4
Towards sustainability with LA21 – Potentials
and barriers

The LA21 concept is especially important on ac-
count of its sizable potential for achieving sustain-
able development at local government level.
• For all the novelty of the concept, LA21 initiatives

can build on existing policies (relating primarily to
the environment in most cases), on existing com-
munication links between local authorities and
NGOs, on the environmental awareness and com-
mitment of the population, and on any related ex-
perience that has already been acquired.

• Global aims may, indeed must be linked to the
concrete situation on the ground (environmental
situation, labor market, locational issues, etc.) in
order to arrive at a real consensus.

• At local level, most of the relevant actors are
known. Responsibilities can be assigned to per-
sons or groups, thus enabling the complexity of
problems to be kept within certain limits at least.

• Setting up new forms of popular participation can
enhance the oft-neglected social and humane
components of sustainable, environmentally and
socially acceptable development, and can spark
off a learning process among all involved.

• “Environment and development” is becoming a

cross-sectoral challenge at local level, too, and one
which takes on clear contours through LA21. This
requires new criteria for planning and decision-
making on the part of local governments.

• By addressing people in their specific lifestyle con-
texts at local level, there is greater potential for
sensitizing them to the somewhat abstract princi-
ples and aims of sustainable development, and for
motivating them to adopt sustainable patterns of
behavior. To that extent, LA21 processes are an
important channel for educating the population
on environmental and development issues.
The potential strengths of LA21 are countered,

however, by a whole set of barriers that can greatly
impede the success of LA21 processes:
• Five years after Rio, there are still severe gaps in

information among the population and public ad-
ministration with respect to the basic concepts of
“AGENDA 21” and “sustainable development”.

• Even at local level, the issues involved in LA21 are
already of such complexity that many potential ac-
tors are hampered or prevented from taking part
in the process.Another aspect is that few if any ac-
tors have ever learned “networked thinking” to
the extent needed for the LA21 process.

• In many cases, the attempt to operationalize envi-
ronment and development as cross-sectoral issues
within the local context turns out to involve severe
complications and cannot work without institu-
tional reforms.

• All local initiatives aiming at sustainable develop-
ment rely on international or national top-down
processes that frequently impose a framework of
critical relevance.

• The leeway open to local governments is often re-
stricted in so many respects (legal, financial and
human resource constraints) that ambitious goals
are often followed by humble deeds. On the other
hand, lack of financial resources can compel au-
thorities to find creative solutions.

• Decision-makers in politics and public administra-
tion often see themselves as being an upper tier
compared to the general population, an attitude
which makes agreement, never mind cooperation
based on confidence-building and consensus, a dif-
ficult enterprise. If key political personages in a
community fail to give their support to the LA21
process, then the latter has little or no chance of
success.

• There is a lack of experience on all sides with new
forms of participation and communication, relat-
ing to group dynamics or conflicts, for example,
and how these can be handled.

• Taking part in the LA21 process consumes so
much time and energy, especially for volunteer
workers, that people are discouraged from getting
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involved, or those who do are prevented from car-
rying out their other tasks.

• As a rule, local government planning processes
have little impact on the general public and take
up considerable amounts of time. There is always
a risk of plans being forgotten and – intentionally
or not – winding up in a dead end.

• The prioritization of short-term as opposed to
long-term planning in local government policy-
making runs counter to the time scales needed for
LA21.
Implementation of AGENDA 21 at local level is still

a very young process, the results of which will be-
come apparent as time goes on. Only time can tell
whether the methods in operation can actually lead
beyond defining a local AGENDA 21 to real sustain-
able development at local community level. Devel-
oping a local action plan is no guarantee in itself that
sustainable development will be achieved.
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The main points in the Council’s assessment of the
Rio process are as follows:
• In itself, the Rio conference was a major step for-

wards, in that it marks the point at which the prin-
ciple or goal of sustainable development was first
adopted by the overwhelming majority of the
international community.The countries represent-
ed at UNCED acknowledged their responsibility
for the global environmental and development
system and accepted the need for action at the glo-
bal level.

• Given the paucity of time and the complexity of
global change, it is not surprising that there are no
clear signs yet of a deliberate reversal of trends as
a consequence of the Rio process.

• The negative trends that led to the Earth Summit
are unabated, indeed intensifying in some cases.
The strategies adopted in Rio must therefore be
pursued with added vigor and determination. The
serious problems that nations are experiencing
within their own borders, and the growing short-
age of financial resources, must not detract from
their global commitments.

• The fact that severe difficulties at national level
are often linked through globalization to global
environmental problems and development con-
cerns, and experience feedback from the latter,
means that national and global tasks can only be
tackled through joint action.

• Germany has a special obligation and responsibil-
ity to bear in this context.As a “global player”, one
of the major causal agents of global environmen-
tal problems and as one of the most powerful
economic nations in the world, Germany should
display a special level of commitment in the field
of global environmental and development policy
(WBGU, 1997).

• If the process initiated in Rio is to bear fruit and
the problems associated with global change are to
be brought under control, it is essential to promote
and push forward the horizontal process of self-or-
ganization among nation-states – i.e. global gov-
ernance.

• Where conventions, protocols and action pro-

grams are essential instruments for achieving this
goal, they should be embedded in a rational way
within the existing system of institutions so that no
duplication of effort occurs. In view of increasing
international institutionalization, the coordination
and refinement of existing institutions is becoming
an issue of ever-greater importance.

• International organizations and departments al-
ready existing within the United Nations system
should be committed more strongly than before to
the principles adopted at UNCED. The Council
therefore advocates that the UN Environment
Programme (UNEP) be enhanced in its function
as catalyst and initiator of international environ-
ment and development policy based on the resolu-
tions of the Rio Summit.

• Given the obligations that nations enter as part of
the Rio process and which will grow in future, the
sometimes drastic levels of developing country
debt represent a restriction on implementation
that the international community should take very
seriously. According to AGENDA 21, implementa-
tion in the developing countries will require an ad-
ditional US$ 600 billion per annum, of which the
international community is supposed to provide
US$ 125 billion (per annum in the 1993–2000 peri-
od) (see AGENDA 21, 33.18). Taking Germany’s
8.93% quota of the United Nations budget in 1993
(1997: 9.5%), this means an annual contribution
by Germany of US$ 11.16 billion. For 1993 – the
first year of the AGENDA 21 planning frame – this
would correspond to 0.59% of Germany’s GNP
(US$ 1,908 billion, 1993). Meeting such commit-
ments would come very close to the agreed 0.7%
of GNP target for development assistance en-
dorsed by the various summits of the Rio follow-
up process. Since economic cooperation with the
developing countries comprises more than the
“pure Rio follow-up costs”, the real obligation
amounts to signficantly more than the 0.7% tar-
get. Germany’s current expenditure on develop-
ment cooperation is equivalent to 0.31% of GNP
(1995 figures). In contrast, comparable industrial-
ized countries such as The Netherlands, Denmark
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and Norway are achieving or exceeding the 0.7%
target.

• With regard to support for developing countries, a
diversity of experience has already been gained
with financial mechanisms and instruments such
as the Global Environment Facility jointly admin-
istered by the World Bank, UNDP and UNEP
(Jordan, 1994), the Multilateral Fund for the Im-
plementation of the Montreal Protocol (Bier-
mann, 1997), or the somewhat older Fund for the
Protection of the World Cultural and Natural Her-
itage of Outstanding Universal Value (the World
Heritage Fund) (Birnie and Boyle, 1992). “Debt
swaps” are a new instrument involving debt relief
for developing countries in return for environ-
mental measures (“debt for nature swaps”) or
food security (“debt for food security swaps”)
(Jakobeit, 1996).Alongside direct funding of envi-
ronmental projects through separate mechanisms,
environmental protection must be integrated
more as a cross-sectoral task into the work of the
other “traditional” financing mechanisms (e.g.
multilateral mechanisms such as the World Bank,
or bilateral programs like the Hermes export cred-
it guarantees in Germany). More work needs to be
done to examine which instruments are particular-
ly appropriate in specific cases.

• The Council stresses the necessity of sanctions
against states which fail to comply with their com-
mitments. Direct sanctions on states that do not
comply with the conventions at all or inadequate-
ly is envisaged in most convention texts, but in
practice are often unenforceable. The Council re-
fers in this connection to the positive experience
with new kinds of non-confrontational dispute set-
tlement mechanisms (Victor, 1996). “Weaker”
commitments of states in such regimes, mandatory
reports for example, have an important role to
play here as well (Levy, 1993). In certain proble-
matic areas where global compliance with quanti-
fied environmental commitments is impracticable
or unenforceable within the specified time frames,
reporting obligations may serve as a surrogate.

• Non-governmental organizations have acquired a
key role in responding to global change. As global
“trustees of the environment”, NGOs exert a cru-
cial influence during diplomatic negotiations; they
are also key actors in the national process of im-
plementing AGENDA 21. The Rio conference
marks the starting point for the involvement of
non-governmental organizations at summit con-
ferences, as reflected in their informational and
consultative rights at conferences. As the Council
emphasized in 1996, consideration should be given
to extending these participatory rights of environ-
mental and development organizations within the

UN system (see also Sands, 1989).
• Responding adequately to global change is only

possible if lifestyles and consumption patterns are
changed. Education and raising awareness of the
global crisis are crucial factors in coping with envi-
ronment and development problems. The Coun-
cil’s recommendation here is to strengthen educa-
tion in the field of environment and development,
both in and outside schools (WBGU, 1996). Ger-
many should maintain or expand upon its existing
policy of promoting NGOs in Germany and
abroad that work in the environment and develop-
ment field. In a similar vein, UNEP’s educational
and public awareness campaigns at local level
should be enhanced and extended.
Since the Earth Summit in Rio, there have been

many initiatives to develop and implement a LOCAL

AGENDA 21 at community or regional level. Their
bottom-up approach, addressing the concrete life-
style and behavior of people in their immediate sur-
roundings, makes them an ideal complement to inter-
national responses to global change.The Council rec-
ommends that federal and Länder support be given
to LOCAL AGENDA 21 initiatives and that efforts be
made to promote their interlinkage at national and
international level.

The Council’s overall conclusion is that further ef-
forts are essential, however much progress has been
made in the Rio follow-up process. Responding to
global change is a central task for any future-orient-
ed policy at domestic and international level, and one
which must not be pushed into the background by
the present-day focus on national problems.
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1The freshwater crisis: Basic elements

1.1
Water functions

Resources of drinking water and process water: a
minute proportion of global water stocks – Water as
food, habitat and regulator – Utilization and pollution
of water resources by people

The entire stock of water on the “blue planet”,
Earth, is estimated at approx. 1.4 billion km3 (Fig.
D 1.1-1).The world’s oceans, which cover 71% of the
Earth’s surface, account for 96.5% of that total. The
rest is found as polar ice masses and glaciers (1.77%),
as groundwater (1.7%) and as the waters of lakes,
swamps, rivers, permafrost and the atmosphere
(0.03% all told). Freshwater stocks account for only
2.5% of the total volume of water in the hydrosphere
(35.1 million km3), of which 69% is stored in glaciers
and permanent snow cover and around 30% as
groundwater. A mere 0.3% of all surface water is
freshwater. Although the water volume on the plan-
et has been constant for a long time, distribution
among the three different water phases (ice, water
and water vapor) has been subject to major fluctua-
tions during Earth’s history.

The water resources of crucial importance for hu-
mankind and which are continuously renewed

through rapid turnover are the small amounts of wa-
ter in lakes, streams and “active” groundwater.Annu-
al runoff to the oceans is about 41,000 km3, of which
28,000 km3 per annum flows directly as surface run-
off, and 13,000 km3 through groundwater to rivers.

Around 8% of this renewable resource is used at
present, 69% being agricultural use, 23% industrial
use and 8% domestic use. Regional variations are
very large – for example, 96% of all industrial water
use occurs in North America and Europe.

Before we deal in detail with freshwater stocks,
freshwater turnover and freshwater use, an overview
of the manifold functions of water on Earth, the “wa-
ter planet”, should first be given.A description of wa-
ter’s functions shows not only the significance of wa-
ter for life and the balance of nature, but also the role
of water as a renewable resource and as a cultural as-
set for people. A list of these functions is found in
Box D 1.1-1.

Oceans
96.5%

3.5%

Ice caps
and glaciers 

1.77%

Groundwater 
1.7%

0.03%

Permafrost,
lakes,

swamps and
rivers
0.03%

Atmosphere 
0.001%

Figure D 1.1-1
Global distribution of
water resources.
Source: Gleick, 1993
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1.1.1
Natural functions

1.1.1.1
Life-sustaining function

Not only do all organisms consist primarily of wa-
ter (plants and animals 50–95%, humans 60%), but
their physiological processes require an aqueous mi-
lieu as well. Terrestrial organisms therefore need a
regular input of water due to the unavoidable water
losses to their surroundings. Lack or scarcity of water
can mean the loss of vital functions within a short
space of time, which means death if the organism is
unable to survive protracted periods in a suspended,
water-conserving state. Active life on land is insepa-
rable from the availability or consumption of water,
and the assimilation of CO2 for biomass production.
Depending on prevailing climate conditions, crop
stands consume between 10 and 100 cubic meters of
water per hectare and day.

1.1.1.2
Habitat function

For many organisms, water represents not only an
essential foodstuff, but also their very habitat. This
holds true not only in the oceans, where life first orig-
inated, but also in surface waters such as rivers, lakes

and swamps, groundwater, and the interstitial water
of the pervious zone (soils). The planet could never
have acquired its present state without the many dif-
ferent life forms that evolved in the various aqueous
habitats. In addition, aquatic habitats are in close
interaction with terrestrial ecosystems and the atmo-
sphere. Habitats exert mutual influence on each oth-
er, especially through substance loads and exports.

1.1.1.3
Regulatory functions

Water’s different phases and its specific phase
transition properties make it a critical regulator of
the Earth’s energy and mass balance. Ice surfaces in-
fluence the radiative balance on account of their
back radiation (albedo). The energy consumed by
evaporation and thawing and the energy released
when water condenses and freezes are a fundamental
driving force of the Earth’s weather and climate sys-
tems. Water vapor in the atmosphere is the most im-
portant greenhouse gas, without which the annual
mean temperature would be significantly below the
present level.

Due to its properties as a solvent and transporta-
tion medium, water also influences the mass balance
on the planet. During heavy rains and floods, water
causes erosion, moving soil material to sink areas or
into the ocean. Rainwater infiltrating the ground
chemically alters rock and soil (weathering). In doing

BOX D 1.1-1

Functions of water

Natural functions
• Life-sustaining function
• Habitat function
• Regulatory functions

– Energy balance
– Hydrological cycle
– Matter balance

– Morphological function (floods, erosion,
sedimentation)

– Solvent and transportation medium
– Self-purification of nature

Cultural functions
• Consumption, withdrawals

– Foodstuff function
– Drinking water

– Preparation of meals and beverages
– Cleansing function
– Production functions

– Raw material (chemistry, food produc-
tion)

– Process water (transport medium, deter-
gent, solvent, extinguishing agent, etc.)

– Crop and animal needs (irrigation, aqua-
culture, watering places, etc.)

• Utilization
– Therapeutic function
– Energy carrier function
– Transportation function
– Recreation function
– Design function
– Aesthetic functions
– Religious functions
– Supply function (fisheries)

• Pressures
– Disposal function
– Self-purification function
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so, dissolved ions and other components are flushed
into groundwater, waterbodies or the sea. Biological
communities in waterbodies, soils and in groundwa-
ter may absorb and decompose nutrients and energy
carriers (organic substances) that are dissolved in
water. This is of major importance for the biogeo-
chemical cycles of carbon, nitrogen and other nutri-
ents.

1.1.2
Cultural functions

Clean and fresh water is quintessential for life on
Earth and human activities. In many regions of the
world, however, people have virtually no access to
clean drinking water or water for industrial use. This
results not only from very uneven spatial distribution
of water resources, but also and especially from the
irresponsible way in which they are managed.

Box D 1.1-1 lists the manifold functions that water
performs for humans. In order to use water, it must
first be withdrawn from surface waterbodies or
groundwater. It is then either consumed, i.e. convert-
ed from the liquid to the gaseous or chemically
bound state, or it is used in some way and thus
changed in its quality. The wastewater that ultimate-
ly results is channelled in most cases to surface wa-
ters or to groundwater after passing through the soil.
Water resources perform a function here as a medi-
um for disposal, transport and distribution.

In order to survive, people require between 3 and
8 liters of water per day, depending on prevailing cli-
mate, in order to cover their needs and to prepare
their food. People consume additional quantities of
water to varying extents. Consumption occurs when
liquid water is evaporated, for example in crop irriga-
tion or when used as a coolant. Water is also con-
sumed, however, when it is used as a raw material in
the chemical and food industries. Water use refers to
all those activities in which water undergoes a
marked change in quality and loses some of its origi-
nal characteristics. Such changes occur in cleaning,
through use as process water, in crop and animal pro-
duction and in aquaculture.

Waters thus contaminated are returned to the en-
vironment, where they pollute soils, surface water-
bodies and groundwater. The disposal and purifica-
tion functions of waterbodies are exploited in order
to dispose of waste. However, critical loads are often
exceeded, with the result that the habitat functions of
lakes and streams are severely impaired. The filter
and cleansing function of water in the unsaturated
(vadose) zone is used in a similar way when unclean
water is purified during its passage through soil, after
which it is clean groundwater and ready for re-use.

Water is exploited by humans in various ways that
involve no change in the actual volume of water. For
example, water is utilized in power generation, while
waterways serve on a large scale for the transporta-
tion of goods and passengers. The therapeutic and
recreational functions of water are commercially ex-
ploited. In addition, water is used as a design element
in the human environment, e.g. in fountains and land-
scaping. Even when these types of use do not result in
volume reductions, they may involve pollution that in
turn impairs the habitat functions of waterbodies.

Because of water’s mobility and properties as a
solvent, contaminants may be transported along with
water into neighboring ecosystems, where they can
cause severe damage. Examples include acid rain, sa-
linization of soils, as well as nitrate and pesticide
loads to groundwater.Waterbodies are also used on a
large scale for waste disposal, with negative impacts
on the environment.

All forms of water resource management, be it
withdrawal and consumption, use or contamination,
are influenced to a greater or lesser degree by the
values operating in the respective sociocultural con-
text. This specific context, which may be termed wa-
ter culture, can be classified in terms of several fea-
tures. These, in turn, are interdependent and can be
observed in different societies, separated in space
and time, in specific “mixes” (see Section D 5.2). The
most important dimensions of water culture include:
– the scientific and technological dimension,
– the economic dimension,
– the legal-administrative dimension,
– the religious dimension and 
– the aesthetic and symbolic dimension.

These dimensions of water culture overlie the way
in which a society manages its water resources, as
manifested on different levels of social action. This
generates a kind of matrix, with the cultural functions
of water and the sociocultural dimensions as the two
axes, and the cells of the matrix having a different
content depending on the society in question.

This description shows clearly that water resource
management can be sustainable and environmental-
ly sound only if due consideration is given to the
manifold and interrelated functions of water, and ex-
isting knowledge is used to develop wise and appro-
priate strategies for water use.
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1.2
Water as habitat and its importance for neigh-
boring environments

Uneven global distribution of freshwater lakes –
10–400 liters of water in 1 cubic meter of soil – Func-
tions of wetlands – 66% of all extinct species lived in
freshwater ecosystems

Freshwater ecosystems (lakes and streams) cover
2.5 million km2 in total, or less than 2% of the Earth’s
surface (Wetzel, 1983). Together with soils, they con-
tain only 0.014% of the Earth’s total water stock.
Freshwater ecosystems are highly diverse in their
physical structure and species composition (Hutchin-
son, 1957, 1967 and 1975; Hynes, 1970; Wetzel, 1983).
Through the exchange of water and the material dis-
solved or suspended in it, freshwater habitats are
linked to the surrounding terrestrial ecosystems, and
via atmospheric pathways are exposed to impacts
from distant regions.

1.2.1
Standing waters

The properties of inland lakes are closely linked to
the way in which they were formed, the size and char-
acteristics of their catchments, geological factors and
climate (Hutchinson, 1957). Most lakes are young in
geological terms (10,000–20,000 years; Wetzel, 1983).
The exceptions are lakes of tectonic or volcanic ori-
gin (Lake Baikal, lakes of the East African rift, lakes
of volcanic origin). Geologically old lakes often ex-
hibit high species diversity and high endemism, i.e.
they are host to species that are found nowhere else
in the world (Snimschikova and Akinshina, 1994)
(see also Box D 1.2-1).

The water stored in freshwater lakes is unevenly
distributed over the Earth’s surface. Approximately
18% of all liquid freshwater is stored in Lake Baikal
alone (23,000 km3).The Great Lakes in North Amer-
ica hold the same volume of water in total.

The unique physical properties of water – its high
density (780 times that of air), heat capacity and op-
tical density – are overriding determinants of the bi-
otic conditions in aquatic habitats. Standing waters
have vertical gradients of temperature and light, as
well as varying concentrations of gases. The amounts
of dissolved and particulate substances as well as or-
ganisms vary with water depth, and in many cases are
subject to daily or seasonal changes.

The cycles of many chemical elements and nutri-
ents in lakes are closely linked to the biological com-
munities present. Producers (especially green plants)

form living organic material that is used by fauna
(consumers), and finally decomposed to its inorganic
constituents by bacteria and other microorganisms
(decomposers). Organic material that is less easily
decomposed is deposited as sediment on the lake
floor. The manifold biological functions operating
within an aquatic ecosystem are maintained by a
large number of species. Bacteria play a particularly
important role in nutrient cycling and biological self-
purification.

Biological communities in the benthic zone (the
floor of lakes and oceans) have certain features in
common with terrestrial communities. However, the
high specific density of the water as compared to air
allows a diverse community in the pelagial zone to
which there is no equivalent in non-aquatic habitats
(Wetzel, 1983). Open-water biological communities
are composed primarily of microscopically small or-
ganisms called plankton, which are able to remain
passively suspended in water. Plankton consists of
predominantly unicellular cell algae (phytoplank-
ton), bacteria (bacterioplankton), as well as small an-
imals (zooplankton). Phytoplankton forms its organ-
ic substance through photosynthesis.With the help of
pigments (especially chlorophyll), light is absorbed
and used as an energy source to form biomass from
carbon dioxide and nutrients (primary production).
Because the intensity of light declines exponentially
as depth increases, primary production in inland
lakes is confined to water layers near the surface (less
than 20 meters in most lakes). Zooplankton, in turn,
feeds on phytoplankton, suspended bacteria and pro-
tozoa, which it takes up and assimilates (secondary
production). In inland lakes, the main zooplankton
are cladocerans (“water fleas”), copepods and roti-
fers. Cladocerans, which are at most only a few milli-
meters in size, are the preferred food source for
plankton-feeding fish. Most bacteria live on organic
substances dissolved in water. Bacteria and zoo-
plankton secrete nutrients, which in turn can be tak-
en up by phytoplankton. The regeneration of inor-
ganic nutrients (especially phosphorus and nitrogen)
allows for efficient use of these resources, which are
often in short supply.The maximum possible biomass
depends on the amount of available nutrients, which
determines the trophic state of a lake and influences
the species composition of the biological commu-
nities (Lampert and Sommer, 1993). The state of in-
land waterbodies is closely linked to the characteris-
tics of the drainage basin, and is subject to anthropo-
genic influences on the supply of nutrients (Section
D 4.4).

At greater depths where there is insufficient light
for primary production, organisms depend on the or-
ganic material that is present. Oxygen is then con-
sumed when such material is decomposed. Where
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there is a high concentration of biomass, as is often
the case in nutrient-rich (eutrophic) lakes, the dis-
solved oxygen may be depleted fully at deeper layers
that receive no light, thus depriving many organisms
of life support.

The characteristics of the biological communities
of the benthic zone differ markedly between shallow
areas in the vicinity of lakeshores, and the lake floor.
Sufficient light for plants to grow (emergent, float-
ing-leaved and submersed macrophytes, sessile al-
gae) is available only near lakeshores, where species-
rich biological communities can develop. On the lake
floor, organisms depend for nutrition on organic ma-
terial that sinks to the bottom. This habitat is colo-
nized by various species such as horsehair worms, ol-
igochaets (Tubifex), insect larvae, mussels and bacte-
ria. In cases where there is no dissolved oxygen in
bottom waters, colonization of the lake floor is usual-
ly limited to bacteria. Freshwater fish feed on plank-
ton, or draw nutrition from the benthos. Many of
them, especially salmon-like species (e.g. trout), are
highly sensitive to low oxygen levels and elevated
water temperatures.

1.2.2
Running waters

Only about 0.004% of the total liquid freshwater
on Earth is found in streams and rivers (Brehm, 1982;
Hynes, 1970). Communities in running water are
dominated by fish, sessile organisms or species (such
as freshwater snails and blackfly larvae) that are suit-
ed to life in water currents (e.g. through adaptations
such as flattened body shape and attachment mecha-
nisms). Plankton are found only in slow-moving low-
land rivers (Schwoerbel, 1987). Sessile algae and
higher aquatic plants (e.g. amphibious buttercup)
predominate in the riverbed flora. Among the ani-
mals, water insects play a dominant role. In running
waters, the most important source of nutrition is the
organic material deposited from neighboring terres-
trial areas. In addition to predatory invertebrates and
fish, the dominant organisms are those which take up
decomposing organic matter (detritus eaters).

Along the course of running waters, the conditions
for life change gradually (Niemeyer-Lüllwitz and
Zucchi, 1985).Water temperature generally increases
from the spring to the estuary, with daily fluctuations
decreasing in amplitude. The flow of water enhances
exchange processes with the atmosphere. The upper
reaches of rivers with intense mixing are therefore
saturated with oxygen as a rule. Here, cold-adapted
animals with high oxygen requirements (larvae of
mayflies and stoneflies) predominate. In lower reach-
es, the river depth increases and gas exchange with

the atmosphere declines.Turbidity increases, the sub-
stratum is more and more finely grained, and the con-
centration of dissolved and particulate organic sub-
stance increases. Oxygen is consumed when organic
material is decomposed by microbes. If oxygen is not
replenished in organically or thermally stressed wa-
terbodies, fish and other water organisms may perish
(see Section D 4.4).

Along the course of European rivers, a distinction
is made between four regions with declining oxygen
demand. These are designated according to the typi-
cal fish species present there (trout zone, grayling
zone, barbel zone and bream zone) (Fig. D 1.2-1).
This zoning is paralleled by invertebrate commu-
nities, and is comparable to the zoning patterns of
other continents (Illies, 1961). Water quality usually
declines along the course of running waters due to
civilizatory factors such as waste discharges, despite
dilution and self-purification (Schmitz, 1961).

1.2.3
Soil and groundwater

Depending on its type, 1 cubic meter of soil may
contain between 10 and 400 liters of water. In the un-
saturated zone above the groundwater, water and air
fill the pore spaces. Soil water and its biological com-
munities are immensely important for the stability of
terrestrial ecosystems and the maintenance of nutri-
ent cycles. Water is the solvent and transportation
medium for many substances, and provides plants
with the water and nutrients they need to grow. Soils
manifest steep vertical physico-chemical gradients
and differences in colonization. Photosynthesis is not
possible due to the absence of light. With the excep-
tion of bacteria that can use special chemical reac-
tions to produce their own energy, living organisms in
soil and interstitial water are therefore heterotroph-
ic, i.e. they are dependent on organic substance as
their source of energy and carbon.These include fun-
gi and invertebrates such as horsehair worms, earth-
worms, freshwater isopods, wingless insects and lar-
vae of winged insects. Loads of organic carbon to top-
soil may amount in productive ecosystems to 5–10
tons per hectare and year, falling to a mere 10–100 kg
under the rooting zone. By far the greatest propor-
tion of this organic carbon is biologically utilized and
thus decomposed. Microorganisms, in particular, play
an important role in the self-purification of soils and
groundwater. Bacteria and fungi decompose organic
compounds. Fungi have coenzymes which enable
them to break down even complex molecular struc-
tures. These processes are influenced by the quantity
of soil water that is present. If there is water scarcity
in topsoil, the biotically most active layer, then the
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turnover capacity of organisms is severely dimin-
ished or even stopped altogether.

The zone of permanent groundwater saturation
has a constant environment. Temperatures in the
groundwater are stable and at depths of only a few
meters have reached the mean annual air tempera-
ture. This zone is characterized by the total absence
of light, a confined habitat and low oxygen level, but
is colonized nevertheless by surprisingly diverse
communities of organisms that have adapted to these
conditions. They include protozoa, flatworms, roti-
fers, threadworms, seaworms, waterbears, mites and
various types of crustacean. The predominant life
forms are microscopic, worm-like and eye-less fauna,

which have very low metabolic rates and compara-
tively low growth rates.

Through feeding, groundwater fauna regulate bac-
terial density, on the one hand, and contribute
through the processing of larger particles to higher
bacterial activity, on the other. Organic substances
can therefore be decomposed faster. In this way, in-
tact communities provide for self-purification of
groundwater. If larger amounts of organic material
are flushed into groundwater, the environment that
groundwater fauna require to survive is impaired.
Their slow life cycle makes subterranean biocoenos-
es vulnerable to environmental disturbances. Even
though these interrelationships are still rather poorly
known, it probably takes some considerable time for
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Figure D 1.2-1
Diagram of a river course, showing zoning of fish fauna, physical gradients and oxygen profile.
Source: modified from Niemeyer-Lüllwitz and Zucchi, 1985
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the original state to be reestablished (Schminke,
1997).

1.2.4
Wetlands

Wetlands cover an estimated 5.6–8.6 million km2

of the Earth’s surface – about 4–6% of the total
(Mitsch et al., 1994) – and can be found in all climate
zones. The sheer number of designations and defini-
tions is evidence of the many different forms in which
wetlands occur. The most important freshwater wet-
lands in the world include wetland areas in river del-
tas, floodplains, siltation areas of standing and run-
ning waters, swamps, bogs, moors, humid forests,
freshwater springs and oases.Very large wetlands can
be found worldwide in the estuaries of major rivers,
in lake districts and in boreal moors, mainly in North
America (Canada and Alaska), South America, the
territory of the former USSR and in Asia (Ta-
ble D 1.2-1).

As transitional habitats between terrestrial and
aquatic ecosystems, wetlands belong to the world’s
most productive ecosystems. They are eminently im-
portant for the water balance and are unique habitats
for specific flora and fauna, e.g. for amphibians, wa-
terfowl and shorebirds. Many wetlands are populated
by endemic species. Some species threatened with ex-
tinction, such as the Bengal tiger, the jaguar and sev-
eral species of crocodile, are found in wetlands only.

Continental wetlands receive water from precipi-
tation, groundwater and surface waters, e.g. from
flooding. Biological productivity may vary consider-
ably, depending on the nutrient content in the catch-
ment. “Mature” wetlands are formed gradually
through the slow growth of special microclimatic

conditions and soils. Because of the sheer variety of
wetland structures and colonizing species from ter-
restrial and aquatic habitats, wetlands display a great
richness of species and ecotypes that enables com-
plex nutrient cycles and food webs to be sustained.

Wetlands perform numerous functions of global
and regional significance (Dugan, 1993). One study
on the value of the world’s ecosystem services and
natural capital arrived at a figure of more than
US$ 14,000 per hectare and year provided by wet-
lands. This value far exceeds that of forests and agri-
cultural land, and is surpassed only by coastal ecosys-
tems (Costanza et al., 1997). Wetlands perform nu-
merous ecological functions:
– They release runoff to groundwater, thus recharg-

ing groundwater stocks.
– Rainwater and meltwater are stored in wetlands

and released evenly over time. Peak runoff levels
are diminished and flood damage mitigated. By
reducing the energy of waves during storms, wet-
land vegetation helps to reduce erosion.

– Wetlands function as “sinks” for sediments and
toxic substances. In zones where the water flows
slowly, suspended matter is able to settle. Pollu-
tants, such as pesticides, which adhere to particles
are extracted in this way from the water.

– Wetland vegetation may retain nutrients and re-
move nitrate from the water (denitrification), thus
helping to improve the quality of neighboring wa-
terbodies (Mitsch, 1994). These characteristics are
used in many countries as a means of treating
wastewater in man-made wetlands (Kadlec, 1994;
Brix, 1994).Worldwide, wetlands store many times
more carbon than the total CO2 in the atmosphere
(Section D 4.4).
Moreover, wetlands are used by humankind in

many ways:

Table 1.2-1
Global occurrence of wetlands.
Source: WCMC, 1992

Former Europe Southeast Asia Africa Canada USA South America
USSR and Alaska

Area 1,512 154 241 355 1,268 553 1,524
(in 1,000 km2)

Percentage of 28.3 2.5 3.9 5.8 20.8 12.2 25.0
total area

Major boreal - - Rift Valley lake areas boreal swamps
landscape- moors lakes moors
types

Major Ob, Yenisey, Danube, Mekong Congo, Nile - Mississippi Amazon,
rivers Kolyma Rhone Orinoco

Other areas (in 1,000 km2): Middle and Far East (19), China (32), Australia and New Zealand (15), and
Central America (18).
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– They are used to harvest raw materials such as
fuelwood, timber and bark, resins and other non-
wood products, e.g. for medical purposes.

– Highly productive wetlands are often rich fishing
grounds. In Africa and many other tropical re-
gions, fish are the most important source of animal
protein. Many other animal products, such as skins
and furs, eggs and honey, come from wetlands.
Rice cultivation and aquaculture are the most im-
portant source of nutrition for large sections of the
population in Southeast Asia, South America and
Africa.

– Wetlands are used for recreation and leisure pur-
suits (hunting, sport fishing, bathing, sailing, con-
tact with the natural world, eco-tourism).

1.2.5 
Biodiversity of limnic ecosystems

Biodiversity refers to the richness of an environ-
ment in plant and animal species, genetic variety and
ecological processes, i.e. the diversity of ecological
functions and linkages within and between biological
communities (Heywood and Watson, 1995). The bio-
diversity of many aquatic (and terrestrial) habitats is
altered by progressive degradation (Section D 4.4).
Little is known at present about the general role of
biodiversity in the functioning of ecosystems, but
there is no doubt that the preservation of biodiversity
is essential in order to maintain the services and util-
ization functions of ecosystems for people; for it is
the mix of microorganisms, fauna and flora that make

up biological communities, and the interactions be-
tween them, that constitutes and ensures a healthy
functioning ecosystem. The elasticity (resilience) of
an ecosystem determines the response to external in-
fluences, including human impacts. An important
function of biodiversity is its role in preserving this
elasticity (Perrings et al., 1995).

The ecosystems of inland waterbodies contain
more than 1,000 species of vascular plants and about
8,400 species of fish – or 40% of all fish species world-
wide (WCMC, 1992). The mean number of species in
freshwater habitats is far higher than the average
number of species across all other habitats. A small
number of very large and ancient habitats contain
enormous numbers of species (Fig. D 1.2-2).

It is surmised that there are about 10,000 different
species of phytoplankton, only about 10% of which
have been described so far (WCMC, 1992). Freshwa-
ter ecosystems can also exhibit a high degree of spe-
cies diversity, but, just as in other ecosystems, there is
a paucity of research on the biodiversity of many mi-
croorganisms, animal and plant phyla.The number of
species in the simply structured pelagial of lakes is
surprisingly great and has been termed the “paradox
of the plankton” (Hutchinson, 1961). Whereas previ-
ously it was assumed that species diversity increases
in line with the “maturation” of ecosystems (Odum,
1971), it is now assumed that the variability of envi-
ronmental factors over time continuously produces
new conditions, thus permitting numerous different
species to coexist (Sommer, 1985). The limnological
analysis of lacustrine ecosystems has produced some
basic and seminal findings on the functioning of eco-
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systems in general (Mooney et al., 1996). The evolu-
tion of new species is a function of time. This is a ma-
jor reason why geologically ancient ecosystems often
have great species richness and a large number of en-
demic species (i.e. species which only exist within
that particular ecosystem, e.g. Lake Tanganyika and
Lake Baikal; see Box D 1.2-1 and Fig. D 1.2-2).

Communities with little biodiversity (e.g. mono-
cultures) are often highly sensitive to perturbations
(e.g. pests). On the other hand, habitats with high bi-
odiversity (e.g. tropical rainforests, coral reefs) have
proved to be vulnerable as well.There is obviously no
simple relationship between biodiversity and suscep-
tibility to perturbations. However, it is true that loss
of biodiversity reduces the range of response options
to environmental changes (Mooney et al., 1996). Im-
pacts on particular keystone species may have drastic
consequences for the functions of an ecosystem,
while the disappearance of other species may go un-
noticed. Island ecosystems and ecosystems in arid re-
gions are often particularly sensitive to human inter-
ference. Individual species may often be the only rep-
resentatives of certain functional groups, so that their
role cannot be taken over by organisms with similar
ecological demands and functions (Schindler, 1990;
Frost et al., 1994). Loss of biodiversity, if manifested
in shortened food chains, may have considerable im-
pacts on nutrient cycles. This is shown by examples
from the USA, where degraded aquatic habitats can
no longer convert into biomass the nitrogen emis-
sions from road traffic, which are now released di-
rectly to the groundwater (Koppes, 1990; Carpenter
et al., 1996).

Freshwater ecosystems and their biodiversity are
exposed to threats from a large number of anthropo-
genic influences (Section D 4.4).When damaging fac-
tors cease to operate, recovery is astonishingly fast in
some cases, particularly in biological communities of
running waters. This capacity is attributable to the
fact that organisms in rivers and streams are adapted
to a high variability of environmental conditions
(Section D 1.5), and because recolonization is pos-
sible from upstream reaches if these are not similarly

impaired. In other cases, regeneration takes much
longer and often fails to reestablish the original state.
For example, the reduction of phosphate loads to
Lake Constance to about 20% of the previous maxi-
mum has led to considerable improvement in water
quality, but phytoplankton biomass and primary pro-
duction have only declined by about 30% so far (Tilz-
er et al., 1991). About 66% of the continental species
of flora and fauna that have recently become extinct
were freshwater organisms (Denny, 1994). One fifth
of all extinct species worldwide are freshwater fish.
The most common factors contributing to North
American freshwater fish extinctions were habitat
modification or loss (73%) and introductions of exot-
ic species (68%) (Fig. D 1.2-3). The percentage of
species threatened with extinction is much higher in
the industrialized countries than in other countries of
the world.Amphibian and mussel populations are es-
pecially threatened by the drainage of wetlands.
About 43% of all freshwater mussel species and sub-
species in North America is under severe threat of
extinction, or has already disappeared (WRI, 1994).

1.2.6
Recommended action and research

Research recommendations
• Data collection and compilation of existing data in

a global database; the latter should contain infor-
mation on the characteristics, extent (water vol-
ume, surface area and mean depth) and location of
freshwater habitats, be updated on a regular basis,
and be made accessible to a broad range of users.

• Studies on structural and functional interrelation-
ships of communities in freshwater ecosystems
and adjacent habitats are imperative for assessing
reactions to anthropogenic disturbances and the
susceptibility of ecosystems to external distur-
bances.

• Studies on the potential impacts of introductions
(e.g. of fish) and invasions (e.g. through the ballast

Overfishing

Pollution and poisoning

Introduction of exotic
species

Loss of and changes
to habitat

Hybridization with introduced species

0 10 20 30 40 50 60 70 80
Frequency (%)

Figure D 1.2-3
Factors contributing to
North American
freshwater fish extinction
(1900–1984).
Source: Miller et al., 1989
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water of ships) of non-native species on the struc-
ture, function and performance of freshwater hab-
itats, especially in systems with high endemism.An
understanding of the system as a whole is essential
both for assessing anthropogenic pressures and
interference, as well as for assessing the introduc-

tion of new organisms.
• Research into the biodiversity of freshwater habi-

tats with reference to genetic diversity, species di-
versity and ecological diversity provides the basis
on which to determine the importance of biodiver-
sity in biotic responses to anthropogenic influences.

BOX D 1.2-1

Lake Baikal: One of the most important natural
laboratories of evolution

Lake Baikal lies in the Siberian part of Russia
and has a water volume of 22,995 km3, which is
18% of the global stock of freshwater stored in
freshwater lakes and equal to the total volume of
water in all the Great Lakes (Canada/USA). Lake
Baikal was formed approx. 35 million years ago,
making it the oldest inland lake in the world -
(Tilzer and Serruya, 1990). Its catchment area ex-
tends over approx. 500,000 km2, an area inhabited
by 1.2 million people. The zone near the lake-
shores is sparsely populated; the dominant vege-
tation is pine, fir and maple forests, and dry
steppe.

Lake Baikal is worthy of protection for the fol-
lowing reasons: (1) it is the largest reservoir in the
world of clear, uncontaminated freshwater. (2) It
is also the oldest lake in the world, and its geo-
graphical isolation led to the evolution of many
new species of flora and fauna. As a result, Lake
Baikal contains the largest pool of endemic fresh-
water species. Of the 2,400 species identified so far
in the lake, 84% are endemic, i.e. they are found
only here (Kozhov, 1963). Particularly noteworthy
is the Baikal seal (Phoca sibirica).The deep water
in the lake is always well oxygenated, thus creat-
ing a rich habitat at great depths. Fish of the Co-
mephoriidae family and certain amphipods are
particularly worthy of mention. (3) Because of
these unique features, the lake represents an irre-
placeable ecosystem and a subject for many areas
of research. (4) The lake and its surroundings
could serve as a valuable recreation area (nation-
al park).

The threat to Lake Baikal: heavy metals, sulfide
and eutrophying nutrients, e.g. from household
sewage, are discharged into the lake from various
point sources. It was only recently that the cellu-
lose factory in Baikalsk on the southern end of the
lake was finally equipped with wastewater treat-
ment facilities. Sediment, fertilizer and pesticide
loads from diffuse sources must be expected as a

result of soil erosion in forestry areas and farming
methods. Acid rain produced by emissions from
power stations is deposited in the lake from the
atmosphere. Severe impairment of water quality
would result not only in the destruction of the ec-
osystem, but also in the extinction of endemic fau-
na and flora, and thus the loss of a rich gene pool.
The greatest danger to this ecosystem, however, is
the introduction of exotic species, because these
may displace endemic species from their ecologi-
cal niches and destroy their populations as a con-
sequence.

Lake Baikal and the region surrounding it
were recently put on UNESCO’s World Heritage
List. This step will make it much easier to push
through the urgently needed protective measures
at national and regional level and to canvas the
massive international support required to achieve
this.

Recommended action to protect the lake: (1)
Conservation of water quality by installing sew-
age treatment facilities and air filter equipment in
factories situated upwind from the lake basin;
monitoring water quality. (2) Protecting stocks of
endemic species by preventing the introduction of
exotic species. (3) Preservation of the landscape in
the immediate vicinity of the lake. Germany could
assist in implementing the requisite measures by
transferring scientific and technical know-how
and by providing financial support.

By creating an infrastructure for eco-tourism
and ensuring compliance with stringent environ-
mental protection regulations, the economic situ-
ation of the region could be improved, and its de-
pendence on further industrialization reduced.
The Council recommends the implementation of
a joint German-Russian research program on
Lake Baikal, closely coordinated with projects al-
ready organized with other nations (especially the
USA and Japan). There is enormous interest on
the Russian side in intensifying scientific cooper-
ation with Germany with regard to research on
Lake Baikal. Research establishments (Limno-
logical Institute Siberian Branch of the Russian
Academy of Sciences, Irkutsk) and suitable re-
search ships are already present.
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Recommended action
The Council recommends action to:

• support existing efforts and collaborate in the
creation of a global database for recording and
classifying the global stock of freshwater ecosys-
tems (with priority given to those in special need
of protection).

• exert pressure to ensure that the banning of major
environmental damage to waterbodies and adja-
cent ecosystems is given priority over the utiliza-
tion rights of riparians in the negotiations on the
planned United Nations Convention on Non-Nav-
igational Uses of International Watercourses.

• promote the designation and protection of other
unique freshwater ecosystems as part of the World
Heritage List.

• prevent the further loss of wetland areas and prio-
ritize the restoration of previous wetlands on ac-
count of their multiplicity of functions.

1.3
The hydrological cycle

Basis for analyzing the climate system – Impor-
tance for energy balance – Diversity of interactions
with the atmosphere – Impacts of vegetation on global
water balance – Vegetation protects water quality –
Climate simulation: more precipitation on land – Re-
gions which gain or lose from climate change

Quantitative analyses of the global climate system
(atmosphere, biosphere, geosphere, hydrosphere and
cryosphere; see also WBGU, 1997 on the coupled sys-
tem) are based on what are called balances.These en-
able the mass and energy budgets of components
within the system to be described and characterized
as changes in reservoirs, fluxes, sinks and sources.
Where these fluxes link several components with
each other, cycles of measurable intensity can arise.
In the analysis of global environmental changes,
these budget analyses deliver the following informa-
tion: (1) The perturbation of a natural cycle can be
quantified by a change in flux against the background
of the unperturbed, natural flux. (2) Since the bal-
ance equations have to result in a balanced overall
budget when combined, a quantitative understand-
ing of the system as a whole can be obtained by esti-
mating the various fluxes.

The quantitative analysis of changes in state with-
in the climate system, and especially of their causes,
is based on our understanding of the processes and
interactions that characterize climate dynamics – be
they isolated within one sphere or in exchange with
one or several other components. Specific chains of

cause and effect can be quantified in terms of their
climate sensitivity.

1.3.1
Water balance

The variability of the atmosphere involves very
different scales of space and time. Its spatial elements
span about 12 orders of magnitude – from cloud
droplets to planetary waves, from the microclimate of
a single leaf to the climate of the planet.The total var-
iance of dynamics is determined by 12-hour and diur-
nal cycles, short-term weather disturbances and
weather anomalies lasting several days to months, by
semi-annual and annual cycles, by quasi biannual os-
cillation and other processes. Although the ultimate
driving force for all atmospheric processes is solar ra-
diation, water vapor plays a major role, as a green-
house gas and through condensation and evapora-
tion, in the radiative and energy balance of the plan-
et, as well as in climate dynamics.

In the long-term mean, gains in the global atmos-
pheric water budget through evaporation are bal-
anced out by equally large losses through precipita-
tion. The mean volume of water stored in the atmo-
sphere is estimated at approx. 2.5 g m-2 (or
13,000 km3); the predominant form is water vapor.
Global precipitation amounts to about 110 g
cm-2 year-1 (or 550,000 km3 year-1; Fig. D 1.3-1). More
precipitation falls on landmasses (111,100 km3 year-1)
than is evaporated from them (71,400 km3 year-1; Ta-
ble D 1.3-1); the difference is runoff. These variables
are determined by the mean atmospheric residence
time of water vapor, which is only about 10 days.This
means that water has a short “memory” with regard
to changes. Although water vapor in the atmosphere
corresponds to a liquid water column of only 2.5 cm,

Precipitation Evaporation Runoff

(1,000 km3 year-1)

Africa 20.7 17.3 3.4
Antarctica 2.4 0.4 2.0
Asia 30.7 18.5 12.2
Australia 3.4 3.2 0.2
Europe 6.6 3.8 2.8
North America(a) 15.6 9.7 5.9
South America 28.0 16.9 11.1

Total 111.1 71.4 39.7

Oceans 385.0 427.7 -39.7

(a) incl. Greenland

Table D 1.3-1
Continental water balances.
Source: Baumgartner and Reichel, 1975
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its importance for atmospheric circulation cannot be
overestimated due to its rapid conversion in the
atmosphere and its interaction with other spheres.
The uncertainties in balancing the global hydrologi-
cal cycle are illustrated by the discrepancies between
different estimates, each of which is based on obser-
vations (Fig. D 1.3-2 and Table D 1.3-1).

When analyzing the regional water budget of de-
lineated areas, it is possible to neglect the volumes
stored in the atmosphere and in soil for the climate
mean. The atmospheric water vapor which has con-
densed over the catchments and has not evaporated
flows off in rivers as well as underground. The catch-
ments of rivers and the continents provide a suitable
scale for water balances (Table D 1.3-1). Their mean
climate and climate variability show a more or less
pronounced interannual and seasonal variability of
runoff, whereby dry and wet periods may be of ex-
treme intensity and duration (Box D 1.3-1). This nat-
ural characteristic of the climate system is mainly de-
termined by the dynamics of atmosphere-ocean
interactions.

The total volume of water withdrawn by humans
for domestic, industrial or agricultural use is estimat-
ed at 3,500–5,000 km3 year-1 (WRI, 1990; UNDP,
1994). Although this amounts to only about 1% of
annual global precipitation (Fig. D 1.3-1), the propor-
tion rises to 5% of precipitation over landmasses
(111,000 km3 year-1) and to 10% in relation to the to-
tal runoff of continental riverine systems, which is es-

timated at about 30,000–50,000 km3 year-1 (Table D
1.3-1). Given the substantial interannual and season-
al variability of precipitation, water resources may
become scarce in densely populated regions.

It would appear that humankind interferes only
slightly with the global hydrological cycle, withdraw-
ing only 1% of global annual precipitation from sur-
face and groundwater, provided that analysis is con-
fined to the water mass budget.This is a low figure in
comparison with other anthropogenically influenced
element cycles, such as the carbon cycle (about 5%),
the nitrogen cycle and the sulfur cycle (each about
50%; Beran, 1995).

1.3.2
The hydrological cycle in the atmospheric ener-
gy balance

Water, in the form of vapor, clouds, snow and ice,
as well as through its specific phase transitions, plays
a cardinal role in the warming and cooling of the
Earth. The driving force for this perpetual cycle of
evaporation, transport, condensation and precipita-
tion is the energy provided by the sun.The global en-
ergy balance results from the radiative balance and
the thermal balance of the Earth’s atmosphere and
surface.

Mean incoming solar radiation to the Earth’s at-
mosphere is 342 Wm-2 (100% in our context; Fig.
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D 1.3-3).About 22% of this incoming radiation is re-
flected back into space by aerosols and clouds. An-
other 20% is absorbed by water vapor and ozone.
The direct insolation which remains, including the
back radiation from the atmosphere, reaches the
Earth’s surface as the “solar constant”. Another 9%
of total incoming solar radiation is reflected by the
surface, which leaves about 49% (or 168 Wm-2) on av-
erage to warm the Earth’s surface (Fig. D 1.3-3).

If all the solar radiation absorbed by the Earth’s
surface was reflected, the Earth’s mean surface tem-
perature would only be about -18 °C (Mitchell, 1989).
The prevailing mean temperature of around +15 °C
is achieved because the atmosphere absorbs a large
proportion of the long-wave surface radiation and re-
flects the bulk of this to the Earth’s surface as back
radiation. This process, known as the natural green-

house effect, is mainly attributable to the absorptive
capacity of water vapor, carbon dioxide and clouds;
in a narrow spectral range of around 10 µm wave-
length, only about 12% of the solar radiation ab-
sorbed by the Earth’s surface is directly emitted to
space in the form of long-wave thermal radiation.
Some trace gases absorb part of the thermal radia-
tion leaving the Earth’s surface, acting as a blanket
that prevents energy from being emitted directly to
space through the atmospheric “window”.

Although the fluxes of radiation at the top of the
Earth’s atmosphere are balanced on a global average
(short-wave insolation equal to long-wave emis-
sions), this is not the case at lower layers: the radia-
tion fluxes on the Earth’s surface are mainly bal-
anced by thermal flows, namely the sensible heat flux
and the latent heat flux, that draw energy from the

BOX D 1.3-1

Runoff variability of selected African rivers

The annual runoff curves result from the annu-
al course of climate in the river basin, and the
range of fluctuation from the interannual climate
variability. Extreme variance in climate may re-
sult in a severe scarcity of usable water that is not
sufficiently compensated during dry periods. This
is particularly the case when there is a low natur-
al variance in runoff, as is clearly demonstrated by
the Senegal River (Fig. D 1.3-2).

Senegal: the Senegal River basin is situated in
the sub-humid region of northwest Africa, and to
a large extent in the Sahel. At Matam, the river
has a catchment area of 230,000 km2, and the
mean annual runoff is 24 km3, or 2 km3 per month.

The annual cycle of runoff is characterized by sea-
sonal precipitation and a protracted dry period, as
well as strong interannual variability. The water
surface shows little seasonal variation. Only one
sixth more land is flooded during annual peaks
than in the annual mean. A larger floodplain
would certainly have a stabilizing effect on the
streamflow regime, in particular by enhancing the
baseflow and by shortening the duration of runoff
minima during the dry period.

Congo: the River Congo has the highest
streamflow of all African rivers, at 1,269 km3

year-1, or 106 km3 month-1. At Kinshasa, the Con-
go has a catchment area of 3,475,000 km2. Due to
the low seasonal variability of precipitation in the
humid tropics, the Congo manifests a seasonally
balanced streamflow regime.
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Earth’s surface through the evaporation of water,
only to release it again through condensation. If one
were to take only radiation into account, then the at-
mosphere would cool down by about 1 °C per day.
Sensible and latent heat fluxes warm it by about 0.3
°C to 0.7 °C per day. These figures highlight the role
of the hydrological cycle for the conversion and
transport of energy in the climate system.

1.3.3
Interactions with the atmosphere

The atmospheric part of the hydrological cycle
links all the components of the climate system and
their respective processes, which in turn impact on
the hydrological cycle.These diverse and complex in-
teractions are of great significance for the stability of
the system as a whole. The response of the climate
system (e.g. warming) to an external influence (e.g.
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higher atmospheric concentrations of greenhouse
gases) can be enhanced through self-reinforcing ef-
fects (positive feedbacks), thus destabilizing the sys-
tem. Conversely, attenuating effects (negative feed-
backs) operate to stabilize it, in that they are able to
balance out external impacts. Examples of the role of
the hydrological cycle in positive and negative feed-
backs (in the context of global warming) are ex-
plained in the following.

1.3.3.1
Radiation, water vapor and clouds

Water affects the radiative balance of the climate
system in many different ways. While the planet’s ice
caps reflect a high percentage of sunlight (reflectivi-
ty as high as 85%) and the oceans very little (reflec-
tivity 5–10%), the impact of water in the atmosphere
is much more complex. On the one hand, water vapor
exerts a positive feedback on the greenhouse effect;
on the other, the reflectivity of clouds reduces warm-
ing.

Water vapor absorbs short-wave solar and long-
wave thermal radiation. It is the most important
greenhouse gas, accounting at present for about 65%
of the greenhouse effect; CO2, by comparison, ac-
counts for only one third. Warming of near-surface
air increases evaporation, thus raising the concentra-
tion of water vapor in the atmosphere. Being a green-
house gas, higher concentrations will enhance warm-
ing (positive feedback of water vapor on the green-
house effect).A declining variation in daily tempera-
ture is another effect of increasing water vapor con-
centration, and has already been observed (IPCC,
1996b).

Clouds contribute to the greenhouse effect and
hence to global warming through their high back ra-
diation of sunlight, but they also help to cool the at-
mosphere. Their radiative characteristics are depen-
dent on their size, height and temperature, the liquid
water they contain (the volume of which can vary by
more than one order of magnitude in clouds of dif-
ferent types), and the aggregate state and size of
droplets and ice crystals. Other important variables
are the presence of additional light-absorbing sub-
stances in the drops or ice particles (especially soot),
and the concentration of water vapor above the
cloud layer. This means that clouds are highly sensi-
tive components of the climate system. They can re-
spond with positive or negative feedback to a global
temperature change.A change in cloud cover of only
1% can induce a change in radiative balance in the
same order of magnitude as doubling CO2 concen-
tration. The net effect is to make the planet colder at
present than it would be in the hypothetical case of

atmospheric water being found exclusively in its
gaseous state (by approx. 12 °C, according to Peixo-
to, 1995). To what extent this net cooling effect will
continue to operate in a changed climate depends on
the new distribution of lower and higher clouds, the
former inducing cooling, the latter warming.

1.3.3.2
Atmospheric chemistry and aerosols

The chemical transformation of water in the at-
mosphere forges close links between the hydrologi-
cal cycle and chemical processes. Chemical processes
in the troposphere are influenced by water, even
though water is a relatively unreactive compound.
Ozone and water vapor are the most important
sources for the hydroxyl radical (OH), a strong oxi-
dant which operates as a kind of atmospheric deter-
gent. It destroys the greenhouse gases methane and
ozone, so that an increase in water vapor concentra-
tion and hence the concentration of hydroxyl radicals
will slow down the increase of the greenhouse gases
methane and ozone, thus reducing warming (nega-
tive feedback). At the same time, however, the de-
crease in hydroxyl radicals (which are themselves
broken down during the destruction of methane and
ozone) is slowed, so the oxidation capacity of the tro-
posphere will tend to rise again, thus reducing the at-
mospheric lifetime of many trace substances (Fu-
glestvedt et al., 1995). Hydroxyl concentrations have
declined since pre-industrial times, albeit with re-
gional variability, but there has been no significant
change over the last 15 years (Hauglustaine et al.,
1994; Prinn et al., 1995).

Conversely, the chemical processes in the tropos-
phere influence the atmospheric part of the hydro-
logical cycle through the action of aerosols: cloud
droplets and ice particles form only on certain
aerosol particles, known as cloud condensation nu-
clei and ice nuclei. Formed of trace substances emit-
ted biogenically and, increasingly, anthropogenically
(Andreae, 1995; Schwartz and Slingo, 1995), these nu-
clei are sufficiently available over landmasses, but
limit the formation of ice clouds over large segments
of the upper troposphere, over oceans especially.
There are also impacts which attenuate the current
trend towards global warming: it is now being dis-
cussed whether there are negative feedbacks be-
tween the marine biosphere and its physical environ-
ment as a result of additional cloud condensation nu-
clei originating from the enhanced metabolism of
marine phytoplankton (dimethyl sulfide emissions)
(Charlson et al., 1987; IPCC, 1996b).The backscatter-
ing capacity of clouds consisting of many small drops
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is higher than clouds with the same liquid content,
but with larger drops.

A slowing of global warming can be expected, in
large regions of the northern hemisphere at least, due
to a human-induced increase in cloud condensation
nuclei. However, this can only be assessed to an im-
precise degree: current estimates for so-called indi-
rect radiative forcing by aerosols range from 0 to -1.5
Wm-2 (Schwartz and Slingo, 1995; IPCC, 1996b). The
cumulative radiative forcing by anthropogenic
greenhouse gases is an almost certain 2.45 Wm-2.
Closely related to this, but not yet predictable, is the
impact of additional cloud nuclei on precipitation
patterns. In those regions where cloud formation is
limited by the availability of ice nuclei, increasing
cloud formation can lead to increased precipitation.
Outside clouds, increased backscatter due to more
particles is over-compensated by a similarly en-
hanced absorption of thermal radiation. This causes
reduced warming (direct forcing by aerosols, radia-
tive forcing from 0 to -1.5 Wm-2; IPCC, 1996b). Direct
and indirect radiative forcing by aerosols are not cu-
mulative, like greenhouse gas emissions – due to their
rapid removal from the atmosphere (in days to
weeks), they are dependent on the trace compound
fluxes at the respective time.

1.3.3.3
Cryosphere and ocean

The cryosphere and the ocean are important sub-
systems of the climate system.The positive feedbacks
on global warming exerted by these two subsystems
are of major significance.

Snow, sea ice and continental ice sheets and glaci-
ers cover about 16% of the Earth’s surface, whereby
fluctuations can be substantial. Without this cover,
which reflects a high percentage of incoming solar ra-
diation, surface temperatures would be higher and
local-scale intra-annual variation much greater
(about 2–3 °C, according to an energy balance mod-
el; Oerlemans and Bintanja, 1995). The positive ice-
temperature feedback loop contributes significantly
to climate dynamics: an increase in near-surface air
temperature causes a decrease in sea-ice surface cov-
er and reduces snowfall. As a result, the reflection of
short-wave radiation by the Earth’s surface is re-
duced and the absorbed proportion increased. Only
the latter is able to enhance the greenhouse effect in
a direct way, as thermal radiation. In fact, continental
snow cover has declined in recent decades (by 10%
in the northern hemisphere over the last 21 years).
Moreover, observations of mountain glaciers (cover-
ing 0.3% of land surface) have revealed significant
shrinkage over the last 100 years (IPCC, 1996b).

The influx of freshwater may have considerable
effects on ocean circulation: the salinity of sea-sur-
face water would decrease under the impact of the
enhanced runoffs expected for the high latitudes.
This could reduce convection and weaken the ther-
mohaline circulation in the North Atlantic, which
could lead in turn to less warming at high latitudes
and more at lower latitudes. A general instability of
ocean circulation would have unforeseeable impacts.
Causal links of this kind seem probable, but defini-
tive predictions cannot yet be made (IPCC, 1996b).

1.3.3.4
Vegetation in arid and semi-arid regions

When climate variations cause changes in vegeta-
tion cover, subsequent changes in the hydrological
cycle exert feedback on climate. Extreme dry spells
cannot be buffered by the elasticity (resilience) of the
respective ecosystems, especially in the arid and
semi-arid climate zones, with the result that vegeta-
tion cover responds more sensitively there than in
other climate zones. In fact, the interannual and sea-
sonal variability of precipitation is higher there than
in humid climates, so that changes in precipitation
and temperature due to nonlinear impacts on evapo-
transpiration and soil water have very strong impacts
on runoff.

For example, if forested savannah is replaced as a
result of drought by shrub with only partial vegeta-
tion cover, this weakens the hydrological cycle (re-
duced reservoir of soil water, less transpiration due
to reduced rooting depth). The change in vegetation
exerts feedback on atmosphere dynamics as well, due
to the modified surface roughness. Increased reflec-
tivity results in local cooling, leading to descending
air in the atmosphere over such regions, and hence
the downwelling of drier air from higher altitudes.
These processes were at work in the late 1960s when
a series of very dry years in the Sahel due to natural
variability of the Earth’s climate was followed by a
more protracted drought period than in other re-
gions of Africa and Asia. This was clearly a result of
the region’s geographical situation, topography and
other features (Shukla, 1995). Human responses to
these climate impacts tend to produce additional
positive feedbacks: overgrazing and excessive log-
ging can be expected during droughts, and were
prevalent in the Sahel during the 1970s.
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1.3.4
Interactions with vegetation

Water is an essential, life-giving and non-substi-
tutable resource for all living beings. Water availabil-
ity exerts strong selection pressure on the continued
existence and development of ecosystems and their
biological communities. In the course of evolution,
innumerable adaptations and survival strategies have
developed which enable life under the most diverse
water regimes (e.g. extreme aridity, flooding, tidal
zones). The changes in water budget associated with
climate change can have severe impacts on the bios-
phere (e.g. shifts in vegetation zones, changes in
species composition, decline of certain ecosystems)
(Kirschbaum et al., 1996). Conversely, the biosphere
for its part modifies the hydrological cycle and forms
an integral component of the climate system (Melillo
et al., 1996). Due to the poor data on the biosphere as
a whole, the following description covers only the in-
teractions between the hydrological cycle and vege-
tation.

1.3.4.1
Impacts on water balance

Vegetation and land use exert a critical influence
on the distribution of precipitation, evapotranspira-
tion and runoff. The impact of evapotranspiration on
the water balance is highly dependent on regional cli-
mate.

Influence of plant physiological
responses
The assimilation of carbon dioxide by plants (pho-

tosynthesis) involves the loss of water due to the cou-
pling of the diffusion pathways of CO2 and H2O. In
physiological terms, plants have to accept a compro-
mise between the risk of desiccation during photo-
synthesis and of starvation when protecting against
water losses. This problem is exacerbated by the fact
that the relationship between evaporation and CO2

assimilation is proportional to the ratio of water va-
por and CO2 concentrations in the air. Since the con-
centration of water vapor in ground level air is al-
ways about 2–3 orders of magnitude greater than the
concentration of CO2, the amount of water used by
photosynthesis is 100–1,000 times greater than the
expected level of CO2 assimilation. If differences in
available radiation are also taken into account, then
the cultivation of crops in arid areas involves the con-
sumption of twice to three times as much water per
unit of biomass produced than crops growing in tem-
perate zones.

The problem of efficient water use is not quite the
same for animals.The oxygen they need for metabol-
ic processes is available in air at concentrations 10–50
times greater than that of water vapor.The efficiency
with which animals use oxygen, relative to water va-
por, is always greater than 1, while the efficiency of
CO2 use in terrestrial plants relative to water vapor is
always less than 1.This means that in arid areas, graz-
ing and meat production make more sense than
growing crops, which depends under such conditions
as irrigation. Conversely, in temperate zones, crop
growing is more efficient than meat production as far
as water use is concerned.

The aperture size of plant pores (stomata – see
Box D 1.3-2) is mainly controlled by the plant water
status, which is dependent, in turn, not only on water
loss through transpiration, but also on water uptake
(Schulze, 1994). Rooting depth plays a crucial role
here (Schulze et al., 1994; Kleidon and Heimann,
1996). In general, woody plants have a greater root-
ing depth than herbaceous plants, while natural veg-
etation has a greater root depth than crop plants se-
lected by humans (Jackson et al., 1996). The greatest
known root depths of trees are around 100 m. Crops
mostly have a root depth of less than 1 m, and are
therefore more vulnerable to aridity than natural
vegetation in all climatic zones. Rooting depth also
plays a major role in the salt balance of soil. A euca-
lyptus forest, for example, is able to keep its ground-
water level through its high water consumption and
by striking roots to depths of approx. 10 m below the
surface. The horizon in which salts can dissolve and
concentrate in soil water is therefore far below the
soil surface. If the same site is converted to a wheat
field, the soil layer where water uptake occurs moves
to higher soil layers and with it the layer of salt accu-
mulation. The salinization of wheat-growing regions
in Western Australia is one example of this process
(Barrow, 1994). The process is purely a result of dif-
ferent rooting depths, and does not depend on land-
use intensity.

Stomatal apertures are also subjected to physio-
logical control through nutrition. Through fertiliza-
tion and nitrogen emissions, humans affect this regu-
lation process and cause severe interference to the
water balance.The size of the stomatal aperture is in-
dependent of the type of plant, and is directly pro-
portional to the concentration of nutrients in the
plant (Schulze et al., 1994).This means that a well-fed
plant closes its stomata later than a badly nourished
plant when exposed to aridity stress. Not only do bad-
ly nourished plants face a greater risk of desiccation
at low precipitation levels, they also consume soil wa-
ter at a faster rate. What is more, enhanced nitrogen
concentrations promote the growth of shoots more
than that of roots (Stitt and Schulze, 1994), causing
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BOX D 1.3-2

The stomata of plants

Stomata are microscopic pores in the epider-
mal tissue of plants which open and close to en-
able water and carbon dioxide to diffuse through
the otherwise impermeable plant surface (Fig.
D 1.3-4). They are mainly located on the under-
surface of leaves and provide the link between
ambient air and the intercellular spaces inside the
leaf. It is through the stomata that plant uptake of
CO2 for photosynthesis and the diffusion of water
vapor occur.The pores are bounded by two guard
cells, epidermal cells with a specialized structure.
Changes in stomatal aperture are controlled by
several different regulation mechanisms and
interacting factors. Plant water status and CO2

concentration inside the plant as a result of photo-
synthesis perform a highly important regulatory
function. A good nutrient supply causes a reduc-
tion in inner-leaf CO2 concentration.

A distinction is made between evaporation, the
loss of water from surfaces, and transpiration,
which refers to the loss of water vapor from the in-
side spaces of plants. While the first process is
purely physical, the second is subjected to physio-
logical control.The sum of the two processes is re-
ferred to as evapotranspiration.

Evaporation from the land surface depends on:
– the stomatal resistance of leaves (rs), which is

controlled by physiological responses of the

plant,
– the available energy (Rn) (available radiation),
– the temperature-dependent air saturation defi-

cit (D),
– the aerodynamic resistance (roughness) of the

surface (ra), and
– the extent of plant cover (Esoil/Eplant).

In a diffusion model, evaporation (latent heat
E) depends on the above parameters as follows:

Eplant =
s · Rn + ρ · cp · D/ra    and Esoil = f(Rn)
s + γ · (1 + rs/ra)

with the constants:
s: slope of the saturation vapor pressure curve
ρ: density of air
cp: specific heat of air
γ: psychrometric constant
This model gives rise to two interesting border-

line cases. If the aerodynamic resistance is much
greater than the stomatal resistance (ra>>rs), it
follows that evapotranspiration (E) is directly de-
pendent on the available energy (Rn) (e.g. grass-
lands). If, on the other hand, the stomatal resis-
tance is much greater than the aerodynamic resis-
tance (rs>>ra), then evapotranspiration is deter-
mined by the ratio between the air saturation def-
icit and the stomatal resistance (D/rs) (e.g. fo-
rests).
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the rooting depth to shrink – with all the conse-
quences this implies for plant growth in dry years
(temperate zone) or dry climate (subtropics).

The meteorological consequence of stomatal reg-
ulation is that incoming solar radiation is largely con-
verted into latent heat when stomata are opened,
thus leading to temperature decline but also less
groundwater formation. When stomata are closed,
the rate of groundwater renewal is higher, but this is
accompanied by an increase in sensible heat (e.g. the
sweltering heat of the bush savannah).

Influence of plant structure on
evapotranspiration
Within a specific climate zone and for a given wind

speed, it is the roughness of the vegetated site, which
depends primarily on the height of vegetation, that
determines whether evaporation is driven more by
the radiative balance than by the air saturation
deficit (Box D 1.3-2). Under identical climatic condi-
tions, transpiration is determined more by the air sat-
uration deficit in the case of a forest stand, due to its
high aerodynamic resistance, but more by the radia-
tive balance in the case of grasslands or grain crops
(Kelliher et al., 1993). The impacts on the hydrologi-
cal cycle induced by a change in vegetation structure
(e.g. conversion of forest to pasture) depend on cli-
mate conditions. In semi-arid and arid regions, for ex-
ample, there is a very close relationship between
land-use, evapotranspiration and precipitation
(Savenije, 1996). The most important source of pre-
cipitation in these areas is moisture recycling, which
means that a large proportion of the precipitation
consists of evaporation from the region in question.
Urbanization or conversion of forest to cropland
would increase runoff, but precipitation would be re-
duced on the whole. In addition, the conversion of
forest to cropland modifies the seasonality of water
use.Transpiration increases during the vegetation pe-
riod, but runoff increases outside the growing season
(Schulze and Heimann, 1997). A decrease in evapo-
ration and/or an increase in surface reflectivity (see
below) as a consequence of large-scale clear-felling
of tropical forests are likely to induce a decrease in
atmospheric water transport in the inner-tropical
convergence zone and in precipitation. As a result of
feedback, the potential area for tropical rainforests
and tropical seasonal forests would then decrease
(Melillo et al., 1996).

Plant morphology influences the water balance
not only through transpiration, but also through the
interception of precipitation, fog and cloud droplets
on the plant surface and subsequent evaporation (in-
terception losses). This effect can have very different
effects depending on the specific climate. The mist
forest on Tenerife, for example, owes its existence to

its capacity to extract sufficient water vapor from
clouds.This source of water disappears when the for-
est is converted to cropland. The land is irreversibly
drier and springs dry up. In humid climates, an in-
crease in interception can also lead to negative
changes in the water balance. The conversion of
broad-leaved forest (low interceptive potential) into
coniferous forest (high interceptive potential) in the
low-lying parts of mountain ranges has resulted in a
10–20% reduction in spring discharge (Schulze,
1982).

Influence on radiative balance
Evapotranspiration increases with available radia-

tion from the Arctic to the tropics, and is modified by
the presence of clouds and aerosols (Section D 1.3.2).
However, the radiative balance is also altered in com-
plex ways by vegetation.

In arid regions, plants protect themselves against
excessive solar radiation with waxy surfaces and/or
cilia, which increase the radiation reflected from the
plant surface. Vertical positioning of leaves has the
same effect (e.g. the shadow-less eucalyptus forests in
Australia). Thus, natural vegetation displays features
that contrast sharply with those of cultivated plants,
which are selected for their ability to absorb the max-
imum amount of sunlight. Compared to the natural
vegetation of semi-arid climate zones, this results in
much higher water demand by cultivated plants dur-
ing the growing season. Hence, the major discrepan-
cy in the water consumption of cultivated plants is
due less to the intensity of agriculture or the growing
of particular varieties, but is pre-programmed by hu-
man modifications to the natural plant cover. It is in-
teresting in this respect that old agrarian cultures of-
ten used plant varieties that resembled natural vege-
tation in their radiative properties (e.g. the fruit of
the date palm as food for humans, or atriplex as
camel fodder).

In Arctic or alpine regions, the plant world tries to
counteract the decline in temperature in the pole-
ward direction or with increasing elevation by in-
creasing absorption. High latitude warming as a re-
sult of climate change would cause the tree line to
move northwards and hence to positive feedback
(lower albedo, especially during the snow season, ac-
companied by increased transpiration). Over 50–150
years, this would increase the warming in northern
mid- to high latitudes by more than 50% (Melillo et
al., 1996).

Regulation of runoff
Vegetation influences the speed and volume of

surface runoff. In addition to snowmelt intensity and
heavy rains, the water storage capacity of ecosystems
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is essential for regulating water levels in surface wa-
terbodies over time.

Certain types of vegetation are able to store large
amounts of water and to release it to surface water-
bodies at a gradual rate (Carter et al., 1979; Novitzki,
1979; Tayler et al., 1990; Lugo et al., 1990). Wetlands
are a particularly important example (bogs with
Sphagnum peat, lowland moors with Carex peat,
swamps, ponds and lakes), some of which can be sub-
ject to substantial fluctuations in water level and thus
equalize the large-scale variations in precipitation. If
one compares forests, pastures and cropland as forms
of land use, a forest is found to have the greatest pro-
portion of large pores (channels left by old roots),
which are able to siphon large amounts of water into
the substrate (infiltration). The humus layer of the
forest acts like a sponge, enabling water to be stored
temporarily. Grasslands have a lower proportion of
large pores than forests, and they do not have a top
layer of humus. Nevertheless, the infiltration capaci-
ty of grasslands is greater than that of cropland,
where the so-called sheet-flood effect can occur (fine
particles in the topsoil swell up through precipitation
and seal the soil against further infiltration of precip-
itation). A large proportion of the precipitation over
croplands becomes surface runoff that flows at in-
tense rates into the receiving water. This is all the
greater for sealed surfaces.

The interceptive potential of vegetation, which in-
creases with density of stand, delays and reduces the
amount of water that infiltrates into the soil. Espe-
cially after heavy rains, this can lower surface runoff
and erosion. However, this also means less water
stocks in soils, springs and rivers.

1.3.4.2
Impacts on water quality

By virtue of their internal matter cycles, ecosys-
tems are able to compensate anthropogenic influ-
ences within certain limits (e.g. substance loads
through fertilization or immissions). Generally
speaking, these are non-linear relationships that
shape a saturation function or which are linked to
certain physiological properties of plants, respective-
ly (Marschner, 1990).

The non-linear relationship between fertilizer in-
put and crop yield means that disproportionate
amounts of fertilizer must be applied when the sup-
ply of nitrogen is already high in order to achieve an
increase in yield. In practice, the surplus nitrogen re-
sulting excessive fertilizer use enters groundwater as
nitrate. Eutrophication of springs in rural parts of
central Europe, and the need to build long-distance
water supply networks not only for urban agglomer-

ations but also for agricultural areas, are conse-
quences of such farming practices (Mohr and Lehn,
1994).

There are clear indications (Tilman and Downing,
1994) that the quality of infiltrate increases with
species richness. In a system with high species diver-
sity, there is sufficient differentiation in the use of ni-
trogen (use of ammonium as opposed to nitrate or
amino acids) and rooting depth, so that the nitrogen
can be used up completely.A reduction of species di-
versity caused by eutrophication has a self-reinforc-
ing effect on nitrogen loading to groundwater. Plant-
ing monocultures in forests and in agriculture oper-
ates in the same way.

We refer to Section D 1.2 (“Water as habitat”) re-
garding the water purifying function of aquatic or-
ganisms. Terrestrial vegetation performs a key func-
tion both in the large-scale purification of precipita-
tion as well as in the landscape-related transport of
pollutants in water. The very fact that water has such
a long residence time in wetlands gives the latter a
special function in the purification of water. The lack
of oxygen in wetlands causes denitrification of oxi-
dized nitrogen, i.e. nitrate is converted back to mole-
cular, atmospheric nitrogen (N2) and N2O (nitrous
oxide) (Pinay et al., 1994; Weller et al., 1994). Studies
in central Europe show that no nitrate is emitted
from a boggy forest spring, while the nitrate load
from a freely running forest spring planted to the
edge with spruce can be substantial (Durka, 1994).

The filter function of vegetation is shown particu-
larly clearly in riparian zones. Riparian forests lead to
the breakdown of many pollutants that are laterally
emitted from agricultural land along with infiltrate
into the receiving waters, and thus ensure better wa-
ter quality of surface waters. This is the case not only
in Europe, but in all agricultural regions in the tem-
perate zone (Cooper, 1990; Howarth et al., 1996; Pe-
terjohn and Correll, 1984; Pinay et al., 1995).

The protective effect of vegetation with regard to
soil erosion was described in Section D 1.3.4.1. The
soil removed by runoff and deposited as sedimenta-
tion in rivers and lakes impairs aquatic ecosystems
(species diversity) and water quality (eutrophication,
self-purification potential). The soil particles finely
distributed in the water cause problems for water pu-
rification (Pereira, 1974). To summarize:
• The structure of vegetation determines how much

water is lost through evapotranspiration, infil-
trates soil or which enters streamflow immediate-
ly as surface runoff. It therefore affects not only
the availability of water but mediates as a compo-
nent of the climate system the exchange of water
and energy between the land surface and the at-
mosphere.

• As a capacitative variable, vegetation is able to
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compensate for large fluctuations in precipitation
with respect to runoff.

• The soil horizon from which water is withdrawn is
dependent on the rooting depth of the plants, and
this has implications on the salt budget in arid ar-
eas.

• Vegetation also has a filter effect, the effectiveness
of which is dependent on biodiversity.

• Special types of vegetation have a filtering effect
that is disproportionate in relation to the amount
of cover. In temperate zones, these include the
wetlands and riparian forests.
These interactions mean that vegetation performs

numerous different functions of relevance to water
resources, functions which need to be protected on a
large scale:
• Protection against eutrophication of surface wa-

terbodies.
• Assurance of groundwater quality and quantity.
• Protection against salinization of soils and water-

bodies, thus ensuring their potential for sustain-
able use.

• Water storage as protection against floods and low
streamflows.

• Preservation of species diversity and genetic re-
sources.

1.3.5
Model: hydrological cycle in the present and
future

How are key elements of the hydrological cycle
changing as a result of climate change? Recent
decades have seen a decline in precipitation at low
latitudes and in southern Europe, against a weakly
positive global trend (+1% since 1900) that is domi-
nated by increasing precipitation at mid and high lat-
itudes (Bradley et al., 1987; IPCC, 1996b). These
trends are statistically significant for the mid lati-
tudes of the northern hemisphere and for large areas
of the subtropics (particularly in North Africa). How-
ever, it is not yet clear whether these trends are
causally related to a warmer climate (Henderson-
Sellers and Hansen, 1995), because climate models

still display major shortcomings in describing the hy-
drological cycle. Evapotranspiration and cloud for-
mation, two processes of immense importance for the
hydrological cycle, are described in very rudimentary
form. However, all climate models are consistent in
projecting more precipitation, especially at mid and
high latitudes.As one survey of coupled atmosphere-
ocean general circulation models has shown (Lau et
al., 1996), the ECHAM climate model displayed the
smallest deviation from observed data. However, as
far as the distribution patterns of precipitation are
concerned, there is still considerable uncertainty in
the projection of specific regional effects (IPCC,
1996a).

For the following analysis, characteristic features
of the hydrological cycle in today’s and in a project-
ed climate were taken from an ECHAM4-OPYC
coupled atmosphere-ocean model run with anthro-
pogenic forcing (greenhouse gases with transient
change in equivalent CO2 concentration since 1860,
but without consideration of anthropogenic aero-
sols) (German Climate Computing Center and Max
Planck Institute for Meteorology; Oberhuber, 1993;
Roeckner et al., 1996) and compared with each other
using monthly mean figures.The 1980–1990 decade is
compared with the decade of double today’s CO2

concentration (2070–2080), based on monthly aver-
ages. The simulated increase in global mean temper-
ature (air temperature, 2 m above the ground) be-
tween these two decades is 2.6 °C. CO2 equivalent
concentration refers to the concentration of CO2 that
would ensue if other greenhouse gases are also taken
into account (by converting them into the equivalent
CO2 concentrations for the radiative balance). The
baseline emission profile for the future is similar to
that obtained by projecting current greenhouse gas
emissions (IPCC’s IS92a scenario, 1992). The select-
ed period of only 10 years implies that discrepancies
cannot be attributed solely to the increasing green-
house signal, but rather to the combined effect of an-
thropogenic climate change and the fluctuations aris-
ing from natural climate variability. The spatial reso-
lution of the simulation corresponds to approx.
300 km near the Equator. Realistic simulation of the
processes emulated by the model can only be expect-

Baumgartner Legates Cramer ECHAM4-
and Reichel, and Willmott, and Leemans, OPYC-

1975 1990 1992 Model

Africa 20.7 21.9 19.1 24.5
Asia 30.7 28.7 23.9 28.2
Australia 3.4 4.1 3.0 4.1
Europe 6.6 7.1 5.5 6.7
North America 15.2 13.8 11.0 17.2
South America 28.0 29.7 26.1 27.5

Table D 1.3-2
Continental
intercomparison of
observed and modeled
annual precipitation. The
observed time periods are
not perfectly congruent.
Figures in 103 km3 year-1.
Sources: see table
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ed, however, for structures at least several times
greater in magnitude. Geographically smaller entities
cannot be adequately resolved. South America, for
example, is the continent with the highest precipita-
tion and runoffs per unit area, but it is not possible
with the model to simulate the strong precipitation
gradients in the Andes region.

1.3.5.1
Comparison between observations and
simulations of present climate

Table D 1.3-2 and Fig. D 1.3-5a and 5b show the
observed precipitation data compared with the re-
sults obtained from the model.The climate model de-
scribes continental precipitations well on the whole,
while those at middle and high latitudes and in Aus-
tralia are very good. The model’s weaknesses are the
excessive winter precipitations in the prairie and

Rocky Mountain regions of the North American con-
tinent, in northwest Canada and in Alaska.The South
Asian summer monsoon is too weak in the model,
and does not extend sufficiently to Hindustan, the
Ganges valley and the Western Ghats. In West Africa,
the boundary of the Sahel area is too far north, and
the summer rains in South Africa are exaggerated.

1.3.5.2
Simulated changes in the hydrological cycle
under CO2 doubling

Simulation with the coupled model shows that in a
warmer climate more precipitation falls on land, es-
pecially at high latitudes and in parts of the tropics
and subtropics. In other regions, precipitation is then
reduced. The regions most affected are large parts of
Brazil, southwest Africa as well as Western and
northern Australia (Fig. D 1.3-5c and 5d).
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Figure D 1.3-5
Global distribution of annual precipitation. a) Observed data according to Legates and Willmott (1990) in the
resolution of the model runs. b) Simulation of today’s climate in the ECHAM4-OPYC model run. c) Simulation of a
climate with double CO2 equivalent. d) Difference between model simulations of the future (double CO2 equivalent)
and present day climates.
Source: Max Planck Institute for Meteorology and WBGU
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Today’s seasonal variations at high latitudes are
amplified: in the annual mean, drier summers are
overcompensated by much wetter winters, especially
for Canada, Alaska, Siberia and northwest Europe.
Parts of western Europe experience both drier sum-
mers and winters. Much less precipitation falls in
southwest Africa and, most drastically, in northeast
Brazil (wet season during the southern hemisphere
summer months). In equatorial Africa, precipitation
increases during the June to August period. Suitable
observation data are not available for a global analy-
sis of evapotranspiration and runoff, since more

densely located point measurements would be need-
ed for interpolation to area data. The model reveals
that their geographical patterns and their changes in
projected climate generally resemble those of precip-
itation (Figs. D 1.3-6 and 7).The importance of evap-
oration declines naturally towards the high latitudes.
This implies that, if precipitation reductions are
evenly distributed, water scarcity is more likely to oc-
cur in tropical and subtropical regions, where losses
through evaporation are higher. Lower precipitation
in Columbia and Venezuela in June to August re-
duces runoff levels, although the simulation also

-2 -1 0 1 2
Change in runoff (mm d-1)

Figure D 1.3-6
Global distribution of annual runoff. Difference between
model simulations of the future (double CO2 equivalent)
and present day climates.
Source: Max Planck Institute for Meteorology and
WBGU
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Change in evapotranspiration (mm d-1)

Figure D 1.3-7
Global distribution of annual evapotranspiration.
Difference between model simulations of the future
(double CO2 equivalent) and present day climates.
Source: Max Planck Institute for Meteorology and
WBGU
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Figure D 1.3-8
Difference between the model simulations of today’s climate and climate with double CO2 equivalent. a) annual soil
water totals. b) Number of months of aridity stress in which soil water concentration falls below a critical threshold.
Source: Max Planck Institute for Meteorology and WBGU
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shows that evaporation in fact increases. Reduced
precipitation in sub-Saharan Africa and in northeast
Brazil has a strong impact on runoff due to low or re-
duced evaporation. Fig. D 1.3-8a shows that soil
moisture increases in some regions as a result of a
warmer climate, both at low and mid latitudes (parts
of North and East Africa, as well as South America),
but declines markedly in others (e.g. large parts of
Europe, Brazil, and the former prairie regions of
North America). In these regions, in almost all of
Siberia and in some other areas, more months with
aridity stress occur in the annual cycle (Fig. D 1.3-8b).
Aridity stress is inferred as the ratio of soil water to
the total water retention capacity.

The transition to a climate influenced by a dou-
bled CO2 equivalent involves changes not only in the
hydrological cycle but also in temperatures.What this
might mean for the physical distribution of climate

zones is shown in Fig. D 1.3-9: warmer climates come
to predominate. In parts of Alaska and neighboring
Canadian provinces, tundra recedes to be replaced
by cold climates. In parts of Europe (Scandinavia, the
Baltic and northwest Russia) and America (former
prairie regions of North America), cold climates are
succeeded by humid temperate climates. Tropical cli-
mates expand in the south of Brazil and on the
African continent to the Abyssinian highlands.While
drier climates recede in parts of the Sahel and the
Horn of Africa, they expand in the western provinces
of China and are formed anew in northeast Brazil.

In summarizing, we must emphasize that although
anthropogenic climate changes force the hydrologi-
cal cycle, according to the best scientific knowledge
available today, this will be bound up with major dis-
parities – in other words there will be “winning” and
“losing” regions.
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Figure D 1.3-9
Global distribution of climate zones according to Köppen. a) Observations according to Cramer and Leemans (1992).
b) Simulation of today’s climate in the ECHAM4-OPYC model run. c) Simulation of a climate with double CO2
equivalent. d) Difference between model simulations of the future (double CO2 equivalent) and present day climates.
Source: Max Planck Institute for Meteorology and WBGU
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1.4
Current and future water withdrawals by
agriculture, industry and for domestic use

Major growth in water withdrawals – Increase in
developing countries, stagnation in industrialized
countries – Low proportion of domestic use – water
withdrawals by industry on the rise

1.4.1
Definitions and data situation

Statistical surveys on national water use usually
distinguish between agricultural, domestic and indus-
trial withdrawals (WRI, 1996). Although this classifi-
cation scheme is commonly used, many statistics are
not comparable with each other because, on the one
hand, they relate to different kinds of use and, on the
other, they are based on different categorizations re-
garding the quality of the water used.

The various types of water use can be broadly di-
vided into withdrawal (off-stream) use and in-situ
(in-stream) use (Kulshreshtha, 1993; Young and
Haveman, 1985; PAI, 1993). In the former case, water
is taken from the original source. Part of this water is
consumed (water consumption), the remainder being
returned to the source either polluted or warmed. In
the latter case, water is used without being withdrawn
from the original source. Examples include the trans-
portation function of water, or its use in power gen-
eration.

In 1991, total water withdrawals in Germany
amounted to 47.8 billion m3, the greatest proportion
of which (29.1 billion m3) was used as a coolant in
power stations (BMU, 1994). However, in the data
collected by the World Resources Institute, using wa-
ter as a coolant is not always treated as water with-
drawal in the sense defined above, which gives rise to
considerable distortions in the relevant statistics
(WRI, 1996).

The terms water needs, water consumption, water
demand and water use refer, quantitatively speaking,
more to water withdrawals than to water consump-
tion (Barney, 1991; Engelman and Leroy, 1995; Al-
camo et al., 1997). Useful though the different terms
may be, they tend to obscure other important analyt-
ical distinctions – the minimum requirement of water
that an individual needs to survive is not necessarily
a statistical or econometric variable, even though it is
frequently (and wrongly) equated with demand or
consumption (BMU, 1994).

Between 1940 and 1996, the world population
grew by a factor of 2.5 from 2.3 billion to 5.8 billion,
while annual global water withdrawals rose five-fold

over the same period (Engelman and Leroy, 1995). It
would be wrong to conclude from these figures that
per capita water needs (in the sense of a minimum re-
quirement) doubled. Patterns of consumption and
behavior have indeed changed, however.

A lot of statistics relate, as far as quality is con-
cerned, to water that is fit for human consumption.
However, there are different notions of “fitness for
human consumption”. The WHO defines water as
“safe” if it is either obtained from the public water
supply system (piped water, public standpipe), or
treated surface water, or untreated water from pro-
tected sources (e.g. springs and sanitary wells) (WRI,
1992; UNFPA, 1995; UNDP, 1995). Unfortunately,
not all surveys are based on this definition. More-
over, the spatial and temporal variation in the quali-
ty of water used is so great that cross-regional fore-
casts and comparisons are virtually impossible to
make (Nash, 1993). Box D 1.4-1 and Table D 1.4-1
contain information on the use of fossil waters.

The following description of global water with-
drawals today and of the 1987 figures for agriculture
(2,235 km3, or 69% of total withdrawals), industry
(745 km3, or 23%) and domestic use (259 km3, or 8%)
is not immune to the problems just mentioned, be-
cause a range of different surveys and literature
sources is used. As a basic principle, however, the
overview is based on the definition of water with-
drawal made above.

1.4.2
Present rates of water withdrawal

Withdrawals by agriculture
In 1993, approx. 1.45 billion hectares of the world’s

cropland, or 3% of the Earth’s surface, was used by
agriculture, which was responsible for 65–70% of all
water withdrawals (WRI, 1996; WWI, 1996). Water is
a key resource for agriculture (Section D 4.3). Irriga-
tion became especially important after the introduc-
tion of high-yielding varieties (Wolff, 1994; Ghassemi
et al., 1995; Barsch and Bürger, 1996) (see also Sec-
tion D 3.3). Between 1965 and 1985, more than 50%
of the increased yield in global food production was
achieved by irrigated agriculture (WRI, 1996). Irri-
gated crops account for 40% of global food produc-
tion. The total area of irrigated land has risen five-
fold in the last 100 years, from approx. 50 million
hectares in 1900 to 95 million hectares in 1950, to ap-
prox. 250 million hectares in 1994. Over the same pe-
riod, water withdrawals for irrigating land increased
even faster, by a factor of six (Table D 1.4-2).

Agriculture based on irrigation is mainly found in
Asia, which has a 64% share of all irrigated land in
the world, far ahead of North America (9%), Europe
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BOX D 1.4-1

Fossil water resources

The Earth’s groundwater stocks (to depths of
2,000 meters) are estimated at 23.4 million km3,
and the proportion of freshwater at approx. 45%.
In many parts of the world, water tables are falling
up to several meters per year, because water with-
drawals for irrigation (USA, China, India, Ara-
bian peninsula) and tourism (many island states,
especially in the Caribbean) exceed the rate of re-
charge.

Fossil water stocks are a special type of ground-
water stocks that are renewed very slowly, if at all.
They were mostly formed during other climatic
regimes or when the ice caps melted. This means
that they cannot be used sustainably, or at best at
extremely low withdrawal rates. In most cases, the
extent and renewal rate of these resources are
poorly known; a global survey dating from 1990
provides estimates only (Table D 1.4-1). Major
stocks are found in North America and North Af-
rica especially.

The groundwater reserves underneath the Sa-
hara (Nubian sandstone, continental intercalary

aquifers) were formed over a period of about
140,000 years during the late Pleistocene period,
with the greater part accumulating 18,000–40,000
years ago.According to recent studies, total stocks
in the Eastern Sahara alone amount to
150,000 km3 (Klitzsch, 1991; for comparison, this is
2,000 times the annual runoff from the River
Nile). About 0.7–2 km3 per year is renewed in the
eastern Sahara and approx. 2 km3 per year in the
western Sahara (Margat, 1990).There are no indi-
cations yet of any depletion of stocks in the Lib-
yan and Nubian desert (Klitzsch, 1991), particu-
larly since the high rate at which some water ta-
bles are sinking means that withdrawal costs are
becoming a limiting factor. In contrast, stocks on
the Arabian peninsula are being rapidly depleted
– all states in the region, with the exception of
Oman, are withdrawing more than the recharge-
able supply. Eighty percent of Saudi Arabia’s wa-
ter supply is taken from non-renewable stocks.
The deep aquifers that are now being exploited
were created more than 10,000 years ago. Be-
tween 1985 and 2010, these stocks will probably
be halved (Gleick, 1993).

Country Name Area Volume Average Recharge
recharge time

(km2) (km3) (km3 year-1) (years)

Australia Australian 1,700,000 20,000 1.1 20,000
lowlands

Egypt, Libya, Nubian 2,000,000 75,000 ~1.0 75,000
Sudan, Chad sandstone

Saudi Arabia Aquifers of the ~1,000,000 35,000 ~1.05 33,000
sediment basin

Algeria, Continental 780,000 60,000 0.85 70,000
Tunisia aquifer 

Niger, Mali, Continental ~500,000 10,000–15,000 ~0.8 10,000–20,000
Nigeria aquifer

USA Ogallala aquifer 450,000 ~15,000 6–8 2,000

USA Central Valley 80,000 130 ~7 160
(California)

Brazil Sediment basin 700,000 80,000 4 20,000
of Maranho

China Hebei plain 136,000 5,000–10,000 35 150–300

Russia Donez basin 250,000 175,000 5 35,000

Table D 1.4-1
The world’s major aquifers.
Source: Margat, 1990
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(7%) and Africa (5%).A total of 730,000 km2 of land
has come under irrigation worldwide since 1970
(FAO, 1996c), with Asia (58%) and the former USSR
(13%) showing the largest growth rates. However,
this expansion of irrigation is facing its environmen-
tal and economic limits, in that marginal lands now
have to be farmed to an increasing extent. This de-
mands greater inputs of labor and capital, yet in-
volves greater uncertainty with regard to yields. The
slowdown in the growth of irrigation that was clearly
manifested in the ten years between 1980 and 1990
compared to 1970–1980 is attributable to the limited
availability of cultivated lands and water resources,
the high costs of developing and maintaining irriga-
tion systems, and the increasing damage caused by
salinization.

There are great regional variations, in terms of
both absolute withdrawals and per capita consump-
tion, in the amount of water withdrawn by agricul-
ture (Table D 1.4-3, Fig. D 1.4-1). Continents where
more than 80% of all water withdrawals are for agri-
culture, such as Africa and Asia, contrast with Eu-
rope and North America, where agriculture accounts
for only 39% and 49% of total withdrawals respec-
tively. In the arid and semi-arid developing countries,
more than 90% of all water withdrawals is for agri-

cultural purposes, whereas in humid regions the fig-
ure is only 30%.

In Africa, the continent with the highest percent-
age of agricultural water use, sub-Saharan countries
show withdrawal levels that are low in both absolute
and per capita terms. In Asia, agricultural water with-
drawals are the highest in the world, firstly due to the
dominance of irrigated cropland and secondly be-
cause more than 60% of the world population lives
there (Fig. D 1.4-1a). Although less than 5% of the
world population lives in North America, water with-
drawals by agriculture are very high. This high ab-
solute level of withdrawals is reflected in a similarly
high level of per capita withdrawals. In the USA
(1,117 m3), per capita withdrawals run at twice the
figure for China (550 m3) or India (550 m3), and are
higher than the levels in arid countries such as Egypt
or Libya, where per capita withdrawals are 900 m3

and 1,050 m3 respectively. The world’s highest per
capita water withdrawals for agriculture, at 2,000 m3,
are found in semi-arid to arid continental regions
(Iraq, Turkmenistan or Azerbaijan).

Withdrawals by industry
The main determinants of industrial water de-

mand in a given economy are population size, pro-
ductive output, the sectoral structure of production
(including the type of energy production) and the ef-
ficiency of the technologies used (Klemmer et al.,
1994; Stanners and Bourdeau, 1995). In 1987, water
withdrawals by industry in selected regions of the
world reached the percentage figures of total annual
withdrawals shown in Table D 1.4-4.

There are major differences among states. Within
Europe, industrial use accounts for as much as
80–85% of total withdrawals, for example in Finland,
Germany and Belgium, whereas in Greece, Portugal
and Spain the figure is less than 30% (Stanners and
Bourdeau, 1995).The proportion in developing coun-
tries shows considerable variation depending on the
level of development, the economic structure and the
technologies in use. Industrial use is between 10%
and 30% (BMZ, 1995). In industrialized countries
there are growing pressures and incentives to man-

Year Withdrawals Total Proportion
by agriculture withdrawals (percent)

(km3) (km3)

1900a 525 578 91
1940a 893 1,057 84
1950a 1,130 1,367 83
1960a 1,550 1,985 78
1970a 1,850 2,586 72
1980b 2,090 3,020 69
1987b 2,235 3,240 69
1995c 3,106 4,145 75

Table D 1.4-2
Agriculture’s share of global water withdrawals,
1900–1995.
Source: compiled from Clarke, 1993 (a); WRI, 1994 and
1996 (b); Alcamo et al., 1997 (c)

Year Total Per capita withdrawal Withdrawal by 
withdrawal by agriculture agriculture

(km3) (m3) (percentage of
total withdrawals)

Africa 1995 145 175 88
Asia 1987 1.633 460 85
Europe 1995 455 244 31
North America 1995 608 711 49
South America 1995 106 196 59
Oceania 1995 17 199 34

Table D 1.4-3
Annual, continental water
withdrawals by agriculture.
Source: WRI, 1996 



72 D 1.4 Current and future water withdrawals

age and recycle water resources within a closed cycle,
whereas in developing countries the technically fea-
sible potential for multiple use in cooling and in in-
dustrial processes is hardly tapped at all (BMZ,
1995). Water consumption per unit of industrial pro-
duction has declined considerably in the industrial-

ized countries over the last twenty years (WRI,
1996).

In Germany, 62% of water withdrawals are made
by thermoelectric power stations, 26% by manufac-
turing industry and 12% by the public water supply
system (BMZ, 1995).As shown by the example of the
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Figure D 1.4-1
a) Water withdrawals by agriculture, 1995. b) Per capita water withdrawals by agriculture, 1995.
Source: WBGU, using Alcamo et al., 1997
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USA since 1950, these ratios are shifting towards
higher demand by power stations (Table D 1.4-5).

Water demand by the energy production industry
is determined by the amount of power generated, the
specific types of power station (technologies de-
ployed, type of energy carrier) and their capacity uti-
lization. In the energy production sector, recycling
can result in decoupling of water needs and water de-
mand (Klemmer et al., 1994), meaning that the vol-
ume of water used may be much less than the volume
of water actually consumed. In Germany, a ratio of
2:1 is generally assumed.

Specific water consumption in manufacturing in-
dustry depends on the product mix and the type of
products being made. Relatively large amounts of
water used in manufacturing are needed for cooling,
whereas only about 20% is needed for production it-
self. Water-intensive industries, i.e. those consuming
more than 15% of their water withdrawals, include
the cellulose and paper industries, the cement indus-
try and oil refineries (Stanners and Bourdeau, 1995).
The utilization factor in German manufacturing in-
dustry is much higher than the 2:1 ratio in public-sec-
tor power stations. It can be as high as 3.9:1, because
there are many ways in which water can be used re-
peatedly (Klemmer et al., 1994). The water coeffi-
cient (ratio of water consumption to value added)
has been substantially reduced in the past. The prin-
cipal reason for such reductions is the recycling of
water and hence the enhancement of the utilization
factor. There is also a trend towards a decoupling of
total water consumption from growth in production

output. The downward trend in specific water con-
sumption and the more efficient use of water is also
evident at European level (Stanners and Bourdeau,
1995). Developments in water reutilization rates in
selected sectors of US industry are shown in Table D
1.4-6.

Industry consumes relatively small amounts of
water in the sense of removing it permanently from
the hydrological cycle (Shiklomanov, 1993). Howev-
er, some of the water returned to the hydrological cy-
cle is seriously polluted or warmed (BMZ, 1995). In
addition to passing on the costs of supplying water,
major incentives for reducing water consumption
could be generated by passing on the costs for waste-
water treatment as well – a rare occurrence at pre-
sent (WRI, 1996). Global water withdrawals by in-
dustry are shown in Fig. D 1.4-2.

Withdrawals for domestic use
Domestic water withdrawals usually include

drinking water, use by public-sector facilities and lo-
cal authorities, as well as by companies and private
households (World Bank, 1993). In practical terms,
domestic use refers primarily to the public supply of
drinking water to the population, partly including the
water supply to small businesses (BMU, 1996). Ter-
minological irregularities and lack of standardization
in the collection of data are common problems in this
area, generating considerable uncertainty in any as-
sessment of domestic demand, such as the following.

In 1991, the public water supply system in Ger-
many delivered about 6.5 billion m3 to the population
– equivalent to 13.5% of total withdrawals (BMU,
1996). However, only 4.1 billion m3 was actually sup-
plied to households and small businesses (i.e. 8.3% of
total withdrawals).The difference is made up by pub-
lic-sector water use, but the survey data do not take
account of this factor in a consistent way. The World
Resources Institute (WRI, 1996) states “domestic
use” in Germany to be 11% of total water with-
drawals in 1991, without indicating whether this is
simply the average of the two figures above.

Global water withdrawals from the natural cycle
in 1987 amounted to 3,240 km3, of which a mere 8%
was for domestic use (WRI, 1996). In Germany, per
capita consumption of drinking water was 132 liters a
day in 1995 (BMU, 1996) (Table D 1.4-7). With do-
mestic use accounting for 8.3% of all water with-

Table D 1.4-4
Water withdrawals by industry.
Source: WRI, 1996

Industrial
use

(percent)

Africa 5
Asia 9
Europe 55
North and Central America 42
Oceania 2
South America 23

World 23

Year 1950 1955 1960 1965 1970 1975 1980 1985 1990

Power
generation 55 100 140 180 240 280 290 257 269

other
industries 51 54 53 64 65 62 62 42.1 41.3

Table D 1.4-5
Growth of water
consumption by industry
in the USA (km3 year-1).
Source: Gleick, 1993
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drawals, Germany is well below the European aver-
age (Table D 1.4-8).

In Germany, water withdrawals for domestic use
have declined by approx. 8% from 1990 to today. Pos-
sible reasons for this trend are improved environ-
mental awareness, use of water-saving techniques

and substantial price increases in some parts of the
country. In a global comparison, individual and total
absolute withdrawals are close to the average (Fig.
D 1.4-3).
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1.4.3
Future withdrawal trends

Forecasts of water withdrawals are very difficult to
make. Growth in industrial water use, for example,
depends on many factors such as changing prefer-
ences, technical advances, policy decisions, incomes,
production level and the structure of industry (Kul-
shreshtha, 1993). This uncertainty is compounded by
the very limited availability and comparability of wa-
ter data (Stanners and Bourdeau, 1995; WRI, 1996).

Projecting agricultural water withdrawals is ham-
pered by similar problems, as seen in the significant
deviations between the estimates produced by vari-
ous institutions (FAO,WRI,WWI).The uncertainties
are even greater when assessing the amount of po-
tentially irrigable land. A joint study carried out in
1990 by the World Bank and UNDP refers to a po-
tential 110 million hectares in the principal irrigation
regions in Asia, Africa and South America. If growth
rates akin to those between 1980 and 1990 were to
develop, this potential would be exhausted by the
year 2025 (World Bank and UNDP, 1990). If one as-
sumes, to simplify matters, that cropping practices
based on irrigation will not change in the period up

to 2025, then water withdrawals by agriculture will
run to 3,697 km3 in 2025.This would signify a 35% in-
crease relative to 1990, or a doubling of water with-
drawals since 1970.

The FAO (Kendall and Pimentel, 1994) forecasts
an annual rate of increase of 0.8% in the developing
countries (excluding China). About two thirds of the
additional area is expected to be in Asia. Further ex-
pansion potential for irrigated farming is seen in
Africa and South America especially. Growth will be
concentrated in Bangladesh, Brazil, China, India,
Nigeria and Turkey (Postel, 1989; FAO, 1996c; UNDP,
1992). Uncertainties regarding increases in irrigated
area are compounded by the enormous variability in
the water-use efficiency of irrigation systems. Gravi-
ty irrigation systems with efficiencies between 30%
and 60% account for 90% of the total, which means
on average that only 40% of the water actually reach-
es the crops (BMZ, 1995). It is difficult to assess the
respective water-saving potentials that each country
might achieve in the future through technological im-
provements, better adaptation of irrigation systems,
or the selection of plant varieties.

Population trends in individual states can be pre-
dicted with relative certainty. However, it is only one
factor determining future demand for water. Assum-
ing, for the sake of simplicity, that per capita water
consumption in 2025 will be the same as in 1995, then
basic trends can be identified by combining this as-
sumption with projected population growth (Fig.
D 1.4-4).

Water withdrawals will increase most in Africa
and parts of Asia, in line with regional population
growth. Demand will more than double in some parts
of these regions. Growth rates of up to 40% are ex-
pected in North America, Oceania and China. Fore-
cast growth in South America is as much as 80%. In
Europe, by contrast, water withdrawals are expected
to stagnate and even decline slightly in some areas.
This simple model ignores increases in per capita in-
come, and hence stronger growth in national income
relative to population trends, as well as changes in the
composition of industries and more efficient water
use.

Year Paper Chemicals Oil and coal Heavy Manufacturing
industry industry industry industry industry

1954 2.4 1.6 3.3 1.3 1.8
1959 3.1 1.6 4.4 1.5 2.2
1964 2.7 2.0 4.4 1.5 2.1
1968 2.9 2.1 5.1 1.6 2.3
1973 3.4 2.7 6.4 1.8 2.9
1978 5.3 2.9 7.0 1.9 3.4
1985 6.6 13.2 18.3 6.0 8.6
2000 11.8 28.0 32.7 12.3 17.1

Table D 1.4-6
Water recycling rate
(number of times a given
volume of water is used).
Source: Gleick, 1993

Type of use (Liters) (Percent)

Drinking and cooking 4 3
Bodily hygiene (bath, 48 36
shower, wash basin)
Toilet flushing 42 32
Textile cleaning 18 14
Dishwashing 8 6
Household cleaning 4 3
Other activities 8 6
(washing car,
gardening)

Total 132 100

Table D 1.4-7
Drinking water consumption per person and day in
Germany, 1995.
Source: Absolute consumption figures from BMU, 1996;
relative proportions from UBA, 1991
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WaterGAP (Water – Global Assessment and
Prognosis: Alcamo et al., 1997) is a recently devel-
oped predictive model for water use that takes into
account not only world population growth, but also
its spatial distribution, economic trends, and poten-

tial for more efficient management of water re-
sources. With the help of WaterGAP, three scenarios
have been generated for water use in the agricultur-
al, industrial and domestic sectors in 2025 and 2075,
based on the assumptions shown in Table D 1.4-9.
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Changes in agricultural water withdrawals depend
on an increase in irrigated land, improved efficiency
of irrigation systems, and intensified cropping.

The increase in irrigated land is based on the as-
sumptions of Alexandratos (1995) and was correlat-
ed with the growth rates in food production (cereal
production) in the IMAGE 2.0 model (Alcamo,
1994). Global growth rates were obtained by dividing
the world into 13 regions according to development
type (Alcamo, 1994) and assessing each one sepa-
rately. Stagnation in the industrialized countries con-
trasts, for example, with potential growth of 114% in
Africa (not counting the North African states) (sce-

narios M and L). For efficiency improvements in irri-
gation systems, a linear increase of 0.5% per year un-
til 2025 was assumed. Borrowing from Alexandratos
(1995), an increase in cropping intensity in the 13 re-
gions was taken into consideration. By the year 2025,
five regions (Latin America, Middle East, India,
South Asia, East Asia) are expected to show an in-
crease in this regard – 20% in the case of India and
South Asia, and 10% for the other regions.

In order to estimate industrial water demand, a
distinction was made between countries with high
and others with low per capita water stocks, with the
dividing line set at 1,000 m3 per capita per annum. It
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Figure D 1.4-4
Relative growth and decline in total water withdrawals as a result of population growth, 1995-2025.
Source: WBGU, using Alcamo et al., 1997

Year Total with- Per capita Withdrawal by
drawals withdrawals households
(km3) (m3) (percent)

Africa 1995 10 199 7
Asia 1987 98 542 6
Europe 1995 455 626 14
North America 1995 608 1,451 9
Oceania 1995 17 586 19
South America 1995 106 332 18

World 1987 3,240 645 8

Table D 1.4-8
Annual domestic water
withdrawals, by continent.
Source: WRI, 1996; BMZ,
1995
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was assumed for countries with high water availabil-
ity that current water intensity (water withdrawals
per unit of industrial GDP) will decline to 50% with-
in a short space of time for per capita incomes ex-
ceeding US$ per annum (Scenario M). For countries
with low water availability, this assumption was made
where per capita incomes are US$ 5,000 per annum
or more – due to the greater pressure to conserve wa-
ter engendered by low availability.

As far as domestic use is concerned, Scenario M
(“best guess”) assumes a continuous increase in wa-
ter intensity for annual per capita incomes up to
US$ 15,000. After reaching an average income of
US$ 15,000, the figure for water withdrawals declines
to 50%, where it remains until further growth in in-
comes. Figure D 1.4-5 shows the estimated water
withdrawals for agricultural, industrial and domestic
use in 2025 obtained by applying the assumptions of
the “best guess” scenario.

Future withdrawals by agriculture
Running the WaterGAP 1.0 model produces a fig-

ure of 3,655 km3 in total agricultural water use.This is
equivalent to an increase of 550 km3, or about 18%
since 1995. Despite this increase, agricultural use de-
clines as a proportion of global water withdrawals to
56%, 19% less than the 1995 figure.

With the exception of Australia, the industrialized
countries manage to reduce their water withdrawals.
Factors contributing to this decline are stagnating
population growth and the anticipated efficiency im-
provements in irrigated farming. One striking aspect
is that even China, with a forecast population growth
of more than 300 million people by the year 2025, is
calculated to have 4% less water use than in 1995.
Growth rates in China are expected to be lower than
the predicted rates of efficiency enhancement be-
cause there is little potential for expanding the area
under irrigation, so water withdrawals will fall slight-
ly.The situation in Africa and South America is total-
ly different. Projected growth in irrigated area of
114% in Africa (excluding North Africa) is reflected
in much higher water withdrawals. Countries like
Tanzania, Ghana or the Côte d’Ivoire reach growth
rates of more than 180%. The picture is similar in
South America, although there the enhanced level of
withdrawals is lower than in Africa. Argentina,
Venezuela, Paraguay and Ecuador are particularly
conspicuous with at least 180% more water with-
drawals.

Comparing these outputs with the purely demo-
graphic projection for the year 2025 confirms the dis-
parities between the industrialized countries, where
withdrawals decline, and continents like Africa or
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South America, where there are major increases in
water withdrawals. In the scenario generated by the
WaterGAP model, these contrasts are amplified
even further, and differences within the African and
South American continents are greater. Withdrawal
levels in Africa do not diverge from the demograph-
ic projection for 2025 as much as they do in South
America – an indication of demographic inducing of
additional water withdrawals in African agriculture.

In the purely demographic projection, total water
withdrawals by agriculture in 2025 will amount to
4.466 km3, which is around 900 km3 more than the fig-
ure predicted by the WaterGAP model.The marked-
ly lower values predicted by the model illustrate the
impact of technological development and efficiency
improvements in irrigation systems (Fig. D 1.4-5).

Future withdrawals by industry
Table D 1.4-10 shows the forecast population of

individual states in 2025 and projected figures for wa-
ter withdrawals by industry. These figures are ob-
tained, on the one hand, from projections of current
per capita water consumption and the expected pop-
ulation growth rate (column 5), on the other from the
work of Alcamo et al. (1997) (column 6).

As the estimate in column 5 shows, industrial wa-
ter use will increase as a result of population growth
alone. Although the world population will grow by a
factor of 1.45 over the 1995–2025 period, water with-
drawals by industry will rise by only 1.22-fold. The
difference arises from the fact that population
growth will be relatively fast in those countries where
industrial consumption of water is presently low.

Alcamo et al. (1997) conclude that the volume of
water withdrawn by industry will increase by a factor
of 2.98, which is significantly more than population
growth (Fig. D 1.4-6). This higher increase is caused
by the industrial growth forecast in the IPCC IS92a
scenario. It should be emphasized here that, mainly
as a result of industrialization in the developing
world, the proportion of total water withdrawals ac-
counted for by industry in 2025 may reach the same
level as agriculture, which has by far the largest share
of water consumption in the world today.

These calculations are based on ad-hoc assump-
tions about water intensity and consumption trends,
without explicit consideration of determining factors
such as water prices, cultural influences and other, in-
stitutional conditions for water withdrawal.

Scenario Private households Industry Agriculture

Optimistic Water withdrawal increases in Depending on the availability Irrigated area remains constant.
Scenario L line with rising incomes and of water, withdrawals remain at The efficiency of irrigation 

peaks when per capita income a constantly high level for increases.
reaches US$ 15,000 per annum. incomes from US$ 5,000 (low 
Withdrawal declines rapidly to availability) to US$ 15,000 (high 
40% of the maximum for availability). This is followed in 
incomes up to US$ 20,000, both cases by rapid decline to 
approaching the 5% level 50% of the initial level,
asymptotically at higher approaching the 5% level 
incomes. asymptotically at higher incomes.

Best guess Water withdrawal increases Depending on the availability of Additional areas under 
Scenario M in line with higher incomes, water, withdrawals remain at a irrigation in most developing 

peaking when per capita constantly high level for incomes countries. Efficiency of 
income reaches US$ 15,000. from US$ 5,000 (low availability) irrigation increases.
This is followed by a rapid to US$ 15,000 (high availability).
decline to 50% of the peak This is followed in both cases by
value. Withdrawal remains rapid decline to 50% of the initial 
at the 50% level as incomes level.
increase.

Pessimistic Water withdrawal increases Water withdrawal remains at the Additional areas under 
Scenario H in line with higher incomes, high initial level. irrigation in most developing 

peaking when per capita countries. No increase in 
income reaches US$ 15,000. irrigation efficiency.
Withdrawal remains at this 
high level as incomes increase.

Table D 1.4-9
Basic assumptions about water use in the agricultural, industrial and domestic sectors for the L, M and H scenarios of
the WaterGAP model.
Source: Alcamo et al., 1997
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Future withdrawals for domestic use
Domestic water use is dependent on many factors.

To be able to predict withdrawal levels with any de-
gree of precision, it is necessary to have data not only
on demographic trends, but also on the extent to
which consumption patterns alter in relation to eco-
nomic trends, water-sustainable technologies are de-
veloped and deployed, and infrastructural measures
are implemented in order to enable access to poten-
tially available water resources.

According to WHO estimates, 40–60% of all water
supply facilities in the rural areas of the developing
world is not operational (BMZ, 1995). Potential is left
unexploited, or considerable quantities of drinking
water are wasted because even the most simple tech-
nical equipment for controlling water withdrawals is
not available. In many cases, only a fraction of water
withdrawals is actually put to any use.

It is difficult to assess how the factors influencing
water withdrawals will develop in the future. The
World Resources Institute assumes, however, that
domestic water use will increase by 2–3% relative to
agricultural and industrial use, with major differences
between continents (WRI, 1996). In total, water with-
drawals by private consumers have risen substantial-
ly since the 1980s (Table D 1.4-11).

Forecasts show that, presuming a comparatively
low baseline value, there will be enormous growth in
water withdrawals, especially in Africa and Asia. In
Europe and South America, by contrast, a downward
trend is discernible. There is a close connection be-
tween rising living standards and the demand for wa-
ter availability and water quality. Even today, it is ap-
parent that the level of per capita water withdrawals
in the developing countries approaches that of the in-
dustrialized countries as soon as houses have direct
access (BMZ, 1995). Comparing the increase in water

Country Population Population Withdrawals Withdrawals Withdrawals
in 1995 in 2025 in 1995 in 2025 (due to in 2025 

(millions) (millions) (millions m3) demographic (WaterGAP)
changes) (millions m3)

(millions m3)

Afghanistan 20 45 60 135 189
Egypt 63 97 7,182 11,058 24,551
China 1,221 1,526 64,957 81,183 403,474
Germany 82 76 32,792 30,392 41,853
India 936 1,392 43,618 64,867 246,106
Indonesia 198 276 2,772 3,864 8,887
Iran 67 123 2,204 4,047 3,788
Italy 57 52 13,053 11,908 14,149
Japan 125 121 35,638 34,497 74,730
Mexico 94 137 7,407 10,796 17,166
Pakistan 141 285 4,174 8,436 31,977
Rumania 23 22 15,974 15,203 46,590
Spain 40 38 9,243 8,776 8,039
Thailand 59 74 3,806 4,773 10,974
Turkey 62 91 7,198 10,565 14,687
USA 263 331 179,997 226,536 357,083

World 5,692 8,261 738,231 897,421 2,202,617

Table D 1.4-10
Growth of water
withdrawals by industry in
selected countries.
Source: compiled from
WRI, 1996 and Alcamo et
al., 1997

Percentage of total Percentage of total Percentage growth
withdrawals by withdrawals by in water withdrawals

households (1980s) households (2000) (1980s to 2000)

Africa 7 13–14 200
Asia 6 10 127
Australia 19 19 34
and Oceania
Europe 14 12–15 17
Former USSR 6 7 52
North America 10 11 36
South America 19 17 67

World 8 10–11 74

Table D 1.4-11
Growth of domestic water
withdrawals (1980s to
2000).
Source: WRI, 1990
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withdrawals over the 1980–2000 period (Table D 1.4-
11) and Scenario M for the period 1995–2025 reveals
a stabilizing trend (Fig. D 1.4-7). The highest growth
rates occur in Africa and Asia (as high as 300%), fol-
lowed by South America and Oceania. However, in
contrast to the growth rates for Europe (17%) and
North America (36%), as calculated on the basis of
projected population figures,Alcamo et al. (1997) ex-
pect stagnating or even declining withdrawals. Ac-
cording to the latter analysis, the highest savings will
be achieved in western Europe.

1.5
Water quality

Imbalances in global data acquisition – Precipita-
tion transfer problems – Quality of surface water –
Delayed appearance of pollutants in groundwater –
Drinking water specifications – Water as a means of
agricultural production

Water quality – a normative term – is assessed us-
ing a broad array of parameters. Different variables
are of importance when examining the various nat-
ural and usage-related functions of water (see Sec-
tion D 1.1). The answer to the question of which val-

ues are considered acceptable or desirable depends
on the way in which the respective waterbody is to be
utilized.The assessment of water quality is also influ-
enced by sociocultural values. For example, the use
function of “safe drinking water for human use” is
linked to a definition of water quality that varies
from country to country (different variables and
quality criteria). By contrast, water must meet only a
few broadly defined requirements in order to per-
form its transport function. When assessing the habi-
tat function of freshwater ecosystems, on the other
hand, a crucial factor in most cases is the existence of
a pristine condition, i.e. a state characterized by min-
imal human influence.

Although “water quality” has different meanings
according to freshwater’s many natural functions and
types of use, it is possible to define water quality with
a set of identical parameters that fall into the follow-
ing categories:
– Physical properties: temperature, amount of sus-

pended matter, color
– Chemical properties: gases, organic and inorganic

compounds dissolved in water
– Biological properties: populations of organisms

(indicator species, diversity indices). In connection
with human consumption of water, the biological
properties also include hygienic characteristics,
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such as bacterial counts, viruses and animal
pathogens (see Section D 4.2).
Water quality can be influenced by natural factors,

and especially by human use, to such an extent that
its natural and cultural functions are altered or im-
paired (Table D 1.5-1).

Different quality requirements for the various
types of usage can lead to conflicts over use, espe-
cially in connection with natural waters. Utility com-
panies supplying drinking water, for example, are in-
terested in water with a low nutrient content, because
this minimizes the amount of treatment that is neces-
sary. Fisheries, by contrast, are interested in high

Natural function or cultural function

Drinking Irri- Aquatic Indus- Power Recre- Trans-
water gation wildlife, trial and ation port

fisheries uses cooling

Contamination 
from excrements 2 1 0 2 na 2 na

Suspended solids 2 1 2 1 1 2 2
Organic matter 2 + 1 2 1 2 na
Eutrophication 1 + 1 2 1 2 1
Nitrate 2 + 1 2 na na na
Salinization 2 2 2 2 na na na
Metals 2 1 2 1 na 1 na
Organic

micropollutants 2 1 2 ? na 1 na
Acidification 1 ? 2 1 1 1 na

+ = beneficial, 0 = no impairment, 1 = minor impairment, 2 = marked impairment
causing major treatment or excluding the desired use, na = not applicable.

Table D 1.5-1
Factors affecting water
quality.
Source: Chapman, 1992
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yields, which cannot be achieved from nutrient-poor
waters. Conflicts may also arise over the discharge of
wastewater into receiving waters, necessitating a
cost-benefit analysis of the expenditure on waste-
water treatment versus the possible consequences of
reduced quality of the receiving waters.

Problems with water quality have been known to
humankind since the Roman Empire and the Middle
Ages. Since the onset of industrialization, many new
stress factors have been added. The historical se-
quence of problems experienced by the industrial-
ized countries (Fig. D 1.5-1) is being repeated in the
developing nations in a similar fashion, though con-
centrated within a considerably shorter period of
time. In many developing countries, water quality
problems typical for industrialized countries make
themselves felt even before the more “traditional”
problems can be adequately managed.

1.5.1
Inventorying of water quality

Since the beginning of this century, an enormous
wealth of data has accumulated worldwide as single
measurements or in results of regular monitoring
programs. In many ways, the reasons for collecting
data vary as much as the measured variables them-
selves and the survey methods employed. Since 1974,
coordination and collection of comparable data on
water quality have been advanced on a global scale
through GEMS (Global Environmental Monitoring
System), a program jointly operated by WHO, UN-
ESCO, WMO and UNEP. Since the program began,
data have been collected from an increasing percent-
age of the 1,200 sampling stations in rivers, lakes and
groundwater that according to GEMS are needed for
sufficiently representative global coverage. The geo-

graphic imbalance in the collection of water-relevant
data corresponds with the distribution of sampling
stations used by the World Meteorological Organiza-
tion (WMO). In 1989 there were 48,000 such stations,
only 20% of which were located in developing coun-
tries. In Africa there were only 361. The number of
these sampling stations doubled worldwide between
1977 and 1989. However, there was a downward
trend in the Asian and Pacific region over the same
period.

Waterbodies are linked to each other through the
global hydrological cycle and are basically exposed
to the same natural and anthropogenic influences.
The quality-related problems that occur in water-
bodies and are described in the following are basical-
ly similar, but will vary depending on local conditions
and hydrological factors (renewal rate and mixing).

1.5.1.1
Precipitation

Atmospheric water is circulated about 40 times a
year, with an average residence time of nine days
(Bliefert, 1994; Häckel, 1990). This means that sub-
stances released to the atmosphere can be washed
out 40 times a year on average and then deposited on
the Earth’s surface. Precipitated water free of an-
thropogenic influences contains a range of dissolved
ions whose composition and concentration are close-
ly related to their respective origin (marine or terres-
trial) (Table D 1.5-2). As a result of rainout within
clouds and washout during precipitation, gases and
particles are removed from the atmosphere. Due to
this cleansing effect, the chemical composition of
precipitation changes, and the concentration of the
compounds contained in the water declines in the
course of the respective precipitation event. In gen-
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eral, concentrations of ions and acids in clouds and
fog are higher than in precipitation (rain, snow and
dew). High concentrations are detected in rime.

Acidification
Increasing emissions resulting from the combus-

tion of fossil fuels lead to higher concentrations of
acid-forming ions in precipitation water and, as acid
rain, has become a major environmental problem in
the industrialized regions of North America, Europe
and East Asia. This trend will very likely spread to

other regions (Southeast Asia, South America, Fig.
D 1.5-2). Emissions of sulfur dioxide (SO2), mainly
from power stations without desulfurization facili-
ties, are by far the most important driving factor be-
hind the increasing acidification of rainwater, fol-
lowed by nitrogen oxides (NOx), which are predomi-
nantly generated by road traffic.

The distance traveled by the 150 million tons of
sulfur in sulfur dioxide and 49 million tons of nitro-
gen in nitrogen oxides that are emitted annually may
range from several hundreds to thousands of kilome-
ters. Emissions from central and western Europe, for
example, caused acidification of surface waters in
Scandinavia (see Section D 4.4). In Germany, the
steps taken to desulfurize power stations since the
1980s have already reduced sulfur deposition by
40–60%. In spite of this enormous reduction, the pH
value of precipitation did not rise significantly be-
cause of the simultaneous decline in neutralizing, al-
kaline cations in precipitation water (Hedin et al.,
1994).

The expansion of intensive agriculture leads to
large-scale ammonia emissions amounting to a total
of 54 million tons of nitrogen per year worldwide.
Ammonia in the atmosphere is converted to ammo-
nium, which causes eutrophication when deposited in
precipitation water, as well as acidification of surface
waters after nitrification. With an average 0.65 mg of
ammonium per liter of precipitation, Europe has the
highest figures for atmospheric deposition in the

Ion Continental Oceanic
precipitation precipitation

(mg l-1) (mg l-1)

Na+ 0.2–1 1–5
Mg2+ 0.05–0.5 0.4–1.5
K+ 0.1–0.3 0.2–0.6
Ca2+ 0.1–3.0 0.2–1.5
NH4

+ 0.1–0.5 0.01–0.05
H+ pH = 4–6 pH = 5–6
Cl- 0.2–2 1–10
SO4

2- 1–3 1–3
NO3

- 0.4–1.3 0.1–0.5

Table D 1.5-2
Typical concentrations of the major ions in continental
and oceanic precipitation. Continental precipitation
refers to areas remote from anthropogenic sources.
Source: Berner and Berner, 1996

Sensitive soils

Current emissions

Current problem zones

Potential problem zones

Figure D 1.5-2
Threat of waterbody acidification.
Source: adapted from Rhode, 1989 in GEMS/Water database, 1997a
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world. Given the regional distribution of sources re-
sponsible for atmospheric loading and the short at-
mospheric residence time, the spatial and temporal
distribution of ammonium is highly heterogeneous.
In predominantly agricultural areas of the USA, am-
monia concentrations in precipitation are
0.2–0.3 mg l-1, while values in similar regions in The
Netherlands are 0.5–1 mg of NH3 l-1 (Lovett et al.,
1992; Vermetten et al., 1992; Berner and Berner,
1996).

Heavy metals and organic pollutants
Compared to most inorganic acids, organic acids

are relatively weak. Nevertheless, they can become
major acidifying agents in precipitation if the inor-
ganic precursors are present only in very low concen-
trations relative to the organic precursors. Such con-
ditions prevail in tropical forest areas, for example,
due to the oxidation of isoprene (C5H8), resulting in
precipitation with pH values below 5. Organic mi-
cropollutants are released into the environment pri-
marily through the use of agricultural chemicals or in
connection with other, unclosed fluxes (e.g. hexa-
chlorocyclohexane, polychlorinated biphenyls). The
industrialized countries have succeeded in reversing
the growth of metal emissions, at least for lead, cad-
mium and zinc. Heavy-metal emissions in the devel-
oping countries, on the other hand, are continuing to
increase (Nriagu, 1992).

1.5.1.2
Surface waters

As befits the role played by surface waters as the
most important source of freshwater for human use
(Meybeck et al., 1992), and the availability of inter-
national data, special attention is dedicated here to
the quality of running waters. The natural properties
of flowing waters are governed by the type of soil, the
vegetation cover and the type of surficial rock. Be-
cause of their zonation (see Section D 1.2) and inter-
spersed lakes and wetlands along their course, run-
ning waters display marked horizontal gradients.
Smaller rivers, for example, show strong seasonal
fluctuations in water level, whereas conditions in
large rivers are less variable over time. Anthro-
pogenic impacts also change along the course of a
river. In upper reaches, the most significant factors
are material deposition as a result of rainfall, in-
creased erosion due to felling operations and
damming of rivers to supply power and water. Cont-
amination from sewage, pollutant loads from agricul-
ture and industry, as well as regulatory modifications
to the river bed become increasingly important fac-
tors further downstream.

Temporal fluctuations in running waters are usu-
ally extremely high compared with other types of wa-
terbody. Changes may result in a matter of minutes
(storms, chemical spills), in the course of a day (light-
and heat-dependent processes of synthesis and
degradation), in the course of a year (climatic condi-
tions) or over even longer periods of time (industri-
alization, land-use changes, climate variability). The
enormous spatial and temporal variability of the rel-
evant variables makes it difficult to identify global
trends and to distinguish natural variability from hu-
man-induced changes. What is required, therefore, is
a solid basis of data with an adequate temporal and
geographic resolution on reference waters subject to
little human influence and on waters of various types
and in different locations.

Particulates
The amount of suspended matter transported by

running waters is extremely variable and ranges from
a few mg l-1 to 30 g l-1 in some Asian rivers. Particulate
substances reduce the depth to which light can pene-
trate, thus affecting aquatic fauna and flora. Pollu-
tants and nutrients (heavy metals, organic pollutants,
pathogens, phosphate) are adsorbed on the surface
of suspended particles, with the result that sediments
of deposited particles are sometimes extremely pol-
luted (such as in the Elbe, Lower Rhine and Neckar;
e.g. Lozán and Kausch, 1996). Suspended matter is
undesirable in drinking water because of its absorp-
tive properties; filtering it out is a costly process, es-
pecially when particles are fine.

Particulates are the nutrient base for innumerable
organisms (shellfish, worms and small crustaceans).
Toxic substances bound to particulate matter are
transmitted via food chains and enriched (biomagni-
fication), and are a threat to end consumers (preda-
tory fish, seals, sea birds, humans). Large sediment
loads may destroy valuable habitats, spawning
grounds and coastal ecosystems (coral reefs) (see
Section D 3.4.2.3). Through the adsorption of pollu-
tants, sediments play a role in the self-purification of
waterbodies, but they can also release pollutants as a
result of resuspension and changing environmental
conditions (e.g. concentrations of salts, oxygen and
acid) (Müller, 1996). Many of the chemical transfor-
mations occurring in sediments have not been suffi-
ciently studied.

The total amount of particulate matter is closely
linked to conditions in the catchment and is heavily
dependent on anthropogenic influences (land use,
changes in stream bed).The fact that two thirds of the
total particulate load reaching the oceans come from
waterbodies in Southeast Asia is due mainly to the
combination of heavy rainfall, a topology with steep
slopes and easily eroded topsoils, as found, for exam-
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ple, in the northern Chinese loess belt. The annual
sediment load of a flowing water system, calculated
in terms of the size of the catchment area, is a key in-
dicator of soil erosion (Fig. D 1.5-3). In many rivers,
the amount of suspended matter rises with river dis-
charge. Peak values many times higher than the an-
nual mean occur during a few days each year. There-
fore, calculations of sediment load (and related pol-
lution) are reliable only when sampling is carried out
with a fine temporal resolution.

Oxygen concentration
Oxygen concentration is of paramount impor-

tance for the water quality of surface waters in gen-
eral. In running waters, the primary source for dis-
solved oxygen is the atmosphere. The concentration
of organic matter plays a crucial role, in addition to
temperature, because oxygen is consumed when or-
ganic matter is decomposed. There is a significant
correlation between the population density of water
catchment areas and organic pollution.The biochem-
ical oxygen demand (BOD5) is a measure of the lev-
el of biodegradable organic pollution. The global
mean BOD5 in running waters is around 2 mg l-1. Sub-
stantially higher values are reached in receiving wa-
ters for untreated sewage, wastewater from agricul-
ture and food production (e.g. palm oil), as well as in-
dustrial effluent from certain sectors such as pulp and
paper production. However, a large proportion of or-
ganic substances, particularly in industrial effluent, is

degraded extremely slowly or is completely resistant
to degradation.The chemical oxygen demand (COD)
gives an indication of the proportion of such materi-
als (e.g. organochlorine compounds, tensides, etc.). In
the extremely polluted Espierre River, which flows
through France and Belgium, the mean BOD5, for ex-
ample, is around 179 mg O2 l-1. A much higher COD
value and a COD:BOD5 ratio of about 20 is indica-
tive of the degree of pollution from industrial efflu-
ent. A low COD:BOD5 ratio is typical for running
waters polluted with sewage in the rapidly growing
megacities of Asia and Latin America. The Banjir
Canal in Jakarta has a mean BOD5 of 10.4 mg l-1; the
COD:BOD5 ratio here is around 1.3.

Overfertilization of waterbodies with plant nutri-
ents such as nitrate and phosphate produces a high
biochemical oxygen demand (eutrophication; see
Section D 4.4).

The decomposition of organic matter by microor-
ganisms is part of a self-purification process in which
aquatic and terrestrial plants adjacent to the river are
also involved.The self-purification capacity of water-
bodies and the extreme dilution of anthropogenic
loads by large quantities of water at low levels of pol-
lution are often sufficient to keep the waterbody in
an acceptable condition. However, in many regions
pollution is far in excess of the maximum tolerable
level (see Section D 4.4). The self-purification capac-
ity of waterbodies should not conceal the fact that
only easily degradable organic matter is removed.

140

30

440
130

30

20

250   
210 230 1,430

150

18

150

30

110

30

66 30

70 280

290

3,200

3,000930

1,750

100

25
60

>1,000

500

100

<10

Figure D 1.5-3
Sediment transported by rivers. Absolute sediment yield (million t year-1) and relative sediment yield per unit area of
catchment area (colored areas, in t km-2 year-1).
Source: adapted from Milliman and Meade, 1983 in GEMS/Water database, 1997b. © 1983 by The University of Chicago
Press



87Surface waters D 1.5.1.2

Substances of low or zero degradability remain in the
water, accumulate in the food chain, or are deposited
in sediment (Table D 1.5-3).

Water quality classification
Various indices based on selected species in run-

ning waters have been developed for assessing water
quality. In Germany the saprobic index pursuant to
the DIN 38410 standard is one of the most important.
It is calculated from the frequency of a number of
heterotrophic macroorganisms and microorganisms,
weighted according to their ecological requirements.
Although the saprobic index is suitable, at best, for
identifying the impacts on biological communities in
flowing waters caused by biodegradable organic pol-
lutants (Simmann, 1994), it is the basis for the quality
map of flowing waters in Germany published by the
Länder Working Group for Water (Länderarbeitsge-
meinschaft Wasser). Although commonly used, the
saprobic assessment of running waters would re-
quire, strictly speaking, a wide geographical distribu-
tion of the indicator species, which is not the case
even within Germany (Zauke and Meurs, 1996). Oth-
er major points of criticism regarding the saprobic
system include the lack of consideration given to au-
totrophic organisms (e.g. diatoms), the historical de-
velopment of biological communities, and the fact

that the distribution of indicator species is dependent
on much more than one single isolated factor.

Salt concentration
Dissolved salts in surface waters are primarily

composed of positive sodium, potassium, calcium
and magnesium ions as well as negative chloride, sul-
fate and bicarbonate ions.The natural salt concentra-
tion of inland waterbodies depends on the rock types
found in the catchment area and on the hydrological
regime. In running waters the salt concentration may
vary by more than four orders of magnitude (Fig.
D 1.5-4). Mining, oil production, changes in the nat-
ural water balance and irrigation measures are some
of the major anthropogenic influences on salt con-
centration.

Enhanced concentrations of calcium and magne-
sium are found particularly in regions where salt and
potassium are mined (in Europe, along the Upper
Rhine and Werra rivers). High sodium chloride con-
centrations are generally found in arid or semi-arid
regions. Anthropogenic factors have caused the con-
centration of sodium chloride in many rivers of the
world to rise to 10 to 20 times above the natural val-
ues. In the industrialized countries, using salt to de-
ice roads is a cause of salinization.

1 10 100 1,000 10,000 100,000 1,000,000

Rain
Rivers

Streams
Lakes with outflow

Lakes without outflow

Salt concentration (mg l-1)

Figure D 1.5-4
Salt concentrations in
different freshwater bodies
worldwide.
Source: adapted from
GEMS/Water database,
1997c

Number of Proportion of sampling stations where
sampling BOD, COD and oxygen content do not
stations exceed the specified values (mg l-1)

10% 25% 50% 75% 90%

European rivers
BOD 645 1.4 1.9 2.8 4.7 7.9
COD 470 4.5 7.8 15.0 25.0 36.6
Oxygen 620 6.4 8.4 9.7 10.7 11.6

Virtually natural
European rivers 
BOD 11 – 1.2 1.6 2.7 –
COD 23 – 5.1 13.3 29.9 –
Oxygen 8 – 10.2 10.6 11.1 –

Rivers worldwide
BOD 190 1.6 – 3.0 – 6.5
COD 127 6.0 – 18 – 44

Table D 1.5-3
Biodegradable organic
substance (measured as
biological oxygen demand
– BOD) and non-
biodegradable substance
(measured as chemical
oxygen demand – COD)
and oxygen concentration
in European rivers and
worldwide.
– = no data available.
Source: Meybeck et al.,
1989; Stanners and
Bourdeau, 1995
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The concentration of bicarbonate ions is highly
important for the acid buffer capacity of waterbodies
and soils. The risk of acidification is much higher in
waterbodies with low bicarbonate concentration. In
the future, large areas in humid parts of South Amer-
ica, Africa and Asia will be affected by acidification
because of their low buffer capacity (Fig. D 1.5-2).

Metals
Various metals are naturally present in significant

amounts wherever rock formations containing metal
are found. Some metals, like copper, manganese, zinc
and iron, take part in the physiological processes of
organisms and are therefore essential for life in
aquatic habitats, although they may have toxic effects
at increased concentrations. The toxicity of metals
depends on the chemical form in which they occur.
Little is known about the impact of some highly tox-
ic metals (beryllium, thallium, vanadium, antimony,
molybdenum) on humans and the natural biota in
ecosystems.

The assessment of metal concentrations in water is
expensive, technically complicated and subject to
high errors. Significant contamination may occur
during sampling and storage of samples. Many data
sets have been based on different methods of sample
pretreatment, which makes them very difficult to
compare.At present there is a lack of reliable data on
the natural background concentration of various
metals. Measurements of metal concentrations are
available for only 35% of the GEMS/Water stations,
above all from North America, Europe and Japan.At
half of all GEMS/Water sampling stations, metal con-
centrations fall short of the WHO guidelines for
drinking water quality and of EU standards (Table
D 1.5-4).At 10% of the sampling stations, the accept-
ed maximum values for arsenic, cadmium, chromium,
manganese and zinc are reached or exceeded. In
some cases, the highest observed values lie signifi-
cantly above these standards (cadmium in the Mis-
souri, chromium in the Espierre).

In addition to the release of metals from the smelt-
ing and metals industry, the direct use of metals

(chromic salts in tanneries, copper as a plant protec-
tion agent and lead in fuels) is (or was) a major an-
thropogenic source of contamination. Serious pollu-
tion originates from municipal landfills and mining
tips around the world, especially when metals come
into contact with acidic solutions.Acidification of wa-
terbodies and soil, the consequences of eutrophica-
tion (oxygen scarcity) and the deposition of organic
chelating agents (phosphate substitutes) make it
likely that metal pollution will continue to rise in the
future. Knowledge about the availability and mobili-
ty of metals in the environment is still very patchy.

Organic trace substances
Many thousands of different organic micropollu-

tants enter the aquatic environment as a result of hu-
man activities. Little or nothing is known about their
distribution and behavior in the environment. Chem-
ical analyses require sophisticated technical methods
and expertise. Thus, it is almost impossible to sum-
marize the global situation.

Worldwide, crude oil and its derivatives rank
among the most frequent pollutants in waterbodies.
The 800 or more compounds identified in mineral
oils can be found in water in the form of surface films,
emulsions or deposits adsorbed onto suspended par-
ticles.The different solubilities, boiling points, surface
tensions and other properties of these substances
have an impact also on biochemical, photochemical
and microbial processes in water. Given the high risk
of environmental damage and toxic effects on hu-
mans, one of the most important objectives for the in-
ternational community is to monitor and control pos-
sible sources of emissions.

Approximately 10,000 different pesticides are
used worldwide in agriculture and industry (e.g. in
timber processing) as insecticides, herbicides and
fungicides, as defoliants and to control aquatic plants
and disease-transmitting organisms.The most impor-
tant groups include organochlorine pesticides,
organophosphorous pesticides, carbamate pesticides
and triazine herbicides.Whereas organophosphorous
compounds often decompose in the environment

Number of 10% 50% Maximum Waterbodies with
sampling stations (mg l-1) (mg l-1) (mg l-1) maximum

concentrations

Arsenic 38 <0.001 0.0025 0.03 Klang, Malaysia
Cadmium 56 <0.001 0.001 0.312 Missouri, USA
Chromium 58 0.003 0.01 1.675 Espierre, Belgium
Copper 66 0.004 0.01 0.08 Espierre, Belgium
Lead 64 0.002 0.006 0.05 Ohio, USA
Mercury 59 <0.00002 0.0001 0.0005 nine Japanese 

rivers
Manganese 61 0.01 0.05 1.350 Rio Rimao, Peru
Zinc 51 0.005 0.02 0.4 Missouri, USA

Table D 1.5-4
Metal concentrations in
the world’s waterbodies.
Total concentrations not
exceeded by 10% and 50%
of the measured values,
and maximum values.
Source: Meybeck et al.,
1989
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within a few weeks, organochlorine pesticides tend to
remain stable for long periods of time. Although
DDT has been subject to legal restrictions in many
industrialized countries for several years now, it con-
tinues to be used in developing countries. Traces and
decomposition products can even be detected in ani-
mal tissues in the most remote regions of the world
(Arctic and Antarctic).

In contrast to the risks posed by pesticides, public
awareness of the significance of volatile organic com-
pounds such as chloroform and benzene is slow to
develop. Chlorinated or brominated substances are
created, for example, by reactions with organic sub-
stances contained in water. This is particularly the
case when chlorine is used to disinfect drinking water
and swimming pools. In countries where the water
contains large quantities of organic matter, the use of
chlorine for drinking water disinfection is not recom-
mended for reasons of health and environmental
protection.

Tensides from detergents and cleaning agents in
industrial effluent and municipal sewage rarely reach
toxic concentrations. The environmental impacts of
modified behavior on riverine organisms such as
small crustaceans have been difficult to assess. As a
result of the foam generated by tensides, gas ex-
change and self-purification processes in running wa-
ters are reduced. Pollutants and pathogens may be-
come concentrated in such foam. In recent years

there has been a growing tendency to use easily
degradable tensides that decompose within a few
days, consuming oxygen in the process. This property
can only bring about a significant reduction of water
pollution if decomposition occurs in wastewater
treatment plants.

Especially between 1960 and 1970, polychlorinat-
ed biphenyls (PCB) were produced on an industrial
scale, for example as flame retardants and plasticiz-
ers. PCBs have proven to be extremely persistent.
They accumulate in the fatty tissue of aquatic and
terrestrial organisms at the end of the food chain. Ex-
tremely high values were measured in seagull eggs in
Baltic Sea states during the mid-1970s. Despite their
current decline, PCBs will remain a problem in
aquatic habitats for a long time to come.

Eutrophication
Besides contamination by trace elements, metals

and organic trace substances, eutrophication is glob-
ally the most significant cause of damage to the wa-
ter quality of standing waters. In most inland water-
bodies, phosphate is the most important plant nutri-
ent limiting algal growth and hence the principal
cause of eutrophication (Section D 4.4).

The maximum concentration of total phosphorus
in winter is closely related to the degree of eutrophi-
cation of a waterbody (Table D 1.5-5), which, under
certain regional conditions, may be high even in the

Degree of Total Chlorophyll Chlorophyll Mean visible Visible depth Oxygen
trophication phosphate annual mean maximum depth minimum saturation

(mg m-3) (mg m-3) (mg m-3) according (m) in deep water
to Secchi (m) (percent)

Ultra-oligotrophic 4 1 2.5 12 6 90
Oligotrophic 10 2.5 8 6 3 80
Mesotrophic 10–35 2.5–8 8–25 6–3 3–1.5 40–89
Eutrophic 35–100 8–25 25–75 3–1.5 1.5–0.7 40–0
Hypertrophic 100 25 75 <1.5 <0.7 10–0

Table D 1.5-5
Classification of surface waterbodies according to trophic level. Unless otherwise stated, these are limit values.
Source: OECD, 1982 in Meybeck et al., 1989

Percent Percent Percent Number of 
oligotrophic mesotrophic eutrophic waterbodies studied

and hypertrophic

Canada 73 15 12 129
USA 7 23 70 493
Italy 29 28 43 65
Germany 8 38 54 72
Baltic States 15 38 31 130
South and Central
America 24 20 56 25
South African
reservoirs 31 41 28 32
18 OECD countries 18 17 65 101

Table D 1.5-6
Trophic levels in lakes and
reservoirs worldwide.
Source: Meybeck et al.,
1989
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absence of human influences. 30 to 40% of all lakes
and reservoirs in the world are affected by eutrophi-
cation (Table D 1.5-6). Contamination of standing
waters with inorganic and organic trace substances,
acidification and salinization is as serious as it is in
running waters.

1.5.1.3
Groundwater

Groundwater quality is currently monitored with-
in the GEMS/Water program at only 61 stations
worldwide. The major factors impacting on ground-
water quality today are nitrate pollution, salinization
and contamination with inorganic and organic trace
substances. Rising nitrate concentrations in surface
waters almost all over the world is now spreading to
groundwater as well. Apart from natural sources, ni-
trate enters groundwater mainly through agriculture
and sewage, as well as locally from cesspools, munic-
ipal and industrial landfills.As early as the late 1970s,
the growing use of nitrogen fertilizers as a result of
intensified agriculture led to rising nitrate concentra-
tions in groundwater resources in the USA and Eu-
rope. A similar picture is now emerging in countries
with a rapidly developing agricultural sector, such as
India. Nitrate applied over a large area enters the
groundwater after a certain time delay. For this rea-
son, one can expect a further rise in nitrate values
over the next 10–20 years even in the event that land-
use patterns are changed drastically. In addition to

diffuse loads from agriculture, point-source loads
from pit latrines and septic tanks play a major role,
particularly in developing countries (Lewis et al.,
1982). Problems for drinking water supply frequent-
ly arise in medium and smaller sized towns, where
water supply and water disposal systems may be
closely linked in spatial terms. In many parts of India,
Botswana and Nigeria, contaminants in drinking wa-
ter have already exceeded the maximum levels es-
tablished by WHO.

The natural salt concentration of many groundwa-
ter systems is generally high. Irrigation causes salin-
ization of water and soils in many arid and semi-arid
regions. In coastal regions, excessive depletion of
groundwater stocks enables the intrusion of saltier
water from the adjacent sea. Lowering of water ta-
bles in coastal mining regions can also lead to an in-
flux of sea water (e.g. North Carolina). Disposal of
the saltwater that accumulates in the process of oil
production has led to the salinization of many
aquifers in the USA and the former USSR.

Metals such as iron and manganese are usually
contained in groundwater at higher concentrations
than in other waterbodies, because the combination
of a long residence time and low oxygen concentra-
tion releases extremely high concentrations. Heavy
metals and organic trace substances can enter
groundwater directly via the atmosphere, from
wastewater or from leachates. Of the 100,000 landfills
in the USA, only about 10% can be considered safe
for groundwater resources. In Germany, an estimated
240,000 sites are suspected of being seriously pollut-

Sampling Sampling Water Sediment Biological Necessary
points frequency analysis study variables resources

(per year)

Simple 10 6 °C, pH, conducti- small team,
monitoring vity, oxygen, standard analysis

particle content, as in agricultural
main ions, nitrate and medical

laboratories

Intermediate-level 100 6–12 as above, additionally inorganic species, diversity, specialized lab,
monitoring phosphate, trace sub- saprobic with hydrobiolo-

ammonium, nitrite stances indices, etc. gists
BOD, COD (metals)

Advanced-level 100 more as above, additionally as above, as above, specially
monitoring –1,000 than 12 dissolved organic additionally additionally equipped

substances, dissolved organic chemical laboratory with
and particulate trace study on bio- specialists
organic carbon, substances accumulators (e.g. national
chlorophyll, inorga- research
nic trace substances institute)

Table D 1.5-7
Possible levels of complexity for a general monitoring of running waters program.
Source: Chapman, 1992
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ed (UBA, 1995).The risk of groundwater pollution in
the newly industrializing and developing countries is
assessed as high.

1.5.1.4
Monitoring water quality 

Monitoring
Monitoring of aquatic habitats can be carried out

with different objectives in mind. Background moni-
toring provides the basis for defining natural water
quality. The purpose of trend monitoring is to study
medium- to long-term trends. Early warning systems
may be necessary to protect drinking water supplies
or in the case of multiple uses (e.g. the Rhine). Gen-
eral monitoring is carried out to ascertain the suit-
ability of water resources for single or multiple use.
Isolated events (chemical spills) are monitored with
respect to their temporal and spatial impacts. When
designing a monitoring program, the selection of
variables, time frame and duration should be decided
on the basis of the objective and the characteristic
properties of the waterbody to be monitored. In
practice, the human resources, technical equipment
and logistical capacities frequently act as limiting fac-
tors on the planning and implementation of monitor-
ing programs.Wherever feasible, the highest possible
stage of complexity should be striven for (Table
D 1.5-7).

Continuous sampling methods are primarily used
in running waters, which are subject to high temporal
variability. Continuous sampling methods are used as
early warning systems against serious risks, or when
potential contamination would involve severe conse-
quences (drinking water supply). There are limits to
the number of variables that can be recorded with
continuous methods. To reduce the risk of undetect-
ed contamination, many early warning systems mon-
itor the overall impact on living organisms rather
than measure single variables.

Toxicity tests
In dynamic toxicity tests, a continuous flow of wa-

ter from the waterbody under investigation is put
through a special vessel containing fish, small crus-
taceans or protozoa. If their normal behavior
changes due to acute toxicity (e.g. fish stop swim-
ming), an appropriate warning signal can be given.
Such methods are not suitable for assessing pollution
levels that remain below the critical threshold or
which have long-term impacts.

In the industrialized countries, highly advanced
test procedures exist for examining chemicals with
respect to their possible acute and chronic toxicity,
prior to their approval for use in the environment.

Standardized tests are mostly carried out with ani-
mals in free water, rarely on plants and, despite the
importance of sediments, seldom on benthic organ-
isms. Because of the specialized facilities and exper-
tise required, tests are too infrequently conducted
with respect to possible impacts on higher organiza-
tional levels (populations, ecosystems), on bioaccu-
mulation (except in Japan), under natural conditions.
The combined effects of substances acting simultane-
ously are seldom examined.

It has been shown that risk assessments of individ-
ual systems have no global relevance. Under tropical
conditions, for example, microbial and photochemi-
cal decomposition may be faster and the accumula-
tion of toxic substances concomitantly lower than in
temperate regions. However, the toxicity of many
substances is greater at higher temperatures, and the
sensitivity of tropical ecosystems is generally rated
higher because of their higher species numbers and
small population sizes of individual species (Römbke
and Moltmann, 1996).

1.5.2
Water quality standards

Water for human use (drinking, preparing food
and other household purposes) must meet the high-
est quality standards. Microbiological variables are of
paramount importance in this context (Section
D 4.2). Irrigated agriculture has the largest share of
global water consumption (see Section D 1.4). The
concentration of certain ions (sodium, chlorine,
boron) is critical in this connection. Water is used by
industry mainly for cooling, transport, cleaning and
power generation.The quality standards required for
industrial water use vary accordingly, although they
are rather low in most cases. For some types of use,
such as irrigation, fisheries or in industry, quality cri-
teria have been defined only roughly.

The adoption of water quality standards is focused
worldwide on health protection for the population
and on protecting the environment (Stabel, 1997).
Regulations concerning water sports and agriculture
have played a lesser role. The USA, Canada and
Great Britain operate water quality standards for
livestock watering. In some nations guidelines exist
for irrigation water. Some standards are aimed at
preventing economic damage (e.g. corrosion by tap
water).

Within current European Union law, there are no
fewer than 19 directives, follow-up directives and
drafts dealing with the protection of water resources.
Some relate to public health (directives on surface
waters, bathing water, shellfish waters and drinking
water), others to the environment, e.g. to groundwa-



92 D 1.5 Water quality

ter, urban wastewater and the discharge of dangerous
substances into waters (Lehn et al., 1996). In the view
of experts, the EU Bathing Water Directive has con-
tributed greatly to the protection of waters by virtue
of its popularity.

1.5.2.1
Drinking water

In the 1993 WHO guidelines, standard values were
laid down for drinking water quality. They include
aesthetic variables, microbiological criteria, indica-
tors of organic pollution, the concentration of partic-
ulate matter, components containing nitrogen, salts,
organic trace substances such as pesticides, and inor-
ganic trace elements, e.g. heavy metals and radioac-
tive substances (Gleick, 1993). The WHO guidelines
on drinking water quality are not legally binding.
They can serve only as minimum requirements when
developing national standards. The same applies to
the EU directives. EU legislation requires that the di-
rectives are implemented as national law within two
years.

Chemicals in drinking water can be classified into
the following groups according to their significance
for health.
– Type 1:

Substances of acute or chronic toxicity.The toxici-
ty rises with increasing concentration. Below a
threshold value, however, no impairment to health
or long-term damage is detected (various metals,
nitrate and cyanide).

– Type 2:
Carcinogenic, mutagenic and teratogenic sub-
stances without threshold value. Even minimal
quantities increase the likelihood of impairment
[organochlorine compounds (pesticides), poly-
chlorinated phenyls (PCB) and arsenic].

– Type 3:
Essential substances required by the human or-
ganism and harmful in high concentrations (fluo-
ride, iodide, sodium chloride).
Membership of one of these categories is a deci-

sive criterion when assessing the quality of drinking
water.

The drinking water standards currently in force in
North America, Europe and the former USSR vary
in some cases by several orders of magnitude, de-
pending on the specific variable (Table D 1.5-8, data
only partly valid at present). Even within the specific
countries the standards need not apply equally to all
drinking water (e.g. exceptions in the new states in
eastern Germany). There are several reasons for
these differences. A reliable threshold value could
not be determined for many toxic substances be-

cause, for instance, animal test data and empirical
long-term studies were either inadequate or non-ex-
istent. For substances that have no toxicological
threshold value, it is only possible to define standards
involving a hypothetical “residual risk”. Some as-
pects related to environmental safety and health
standards vary considerably between countries, such
as how much residual risk is accepted, which mathe-
matical models are to be used as the basis for calcu-
lations, and how high additional safety standards
must be. Sociocultural factors, which are located in
the context of specific historical developments and
events of major importance, are another reason why
the perception and acceptance of potential risks dif-
fer between countries.

The heated debate on water quality standards and
our growing knowledge generate more and more
new recommendations and amendments to existing
standards. Permissible threshold values can provide
only a relative degree of protection against health
hazards. The reasons for this include the different
sensitivity of people depending on age, their previous
exposure to contamination, their state of health and
nutrition as well as the synergistic impacts of concur-
rent substances. The very imponderability of these
factors gives rise to demands for zero concentrations
of many substances in water, in particular carcino-
genic, mutagenic and teratogenic substances. Thesh-
old values, or the lack of same, are often a reflection
of economic considerations or technical feasibility,
rather than protection against health risks (Gleick,
1993).

Unless supported by further regulations, imposing
permissible thresholds for drinking water may actu-
ally result in them being exploited, i.e. that actual
concentrations increase to the permissible maxima
without any attempts to keep concentrations well be-
low these limits over the long term (Lehn et al.,
1996). The Länder Working Group for Water
(LAWA) has developed a concept for protecting wa-
terbodies (LAWA 2000) which takes into account the
hydrological cycle, i.e. the fact that the various forms
in which water occurs on Earth are in a process of
continuous exchange (Section D 1.3).The quality tar-
gets defined for specific environmental resources, e.g.
aquatic biota, drinking water and the marine envi-
ronment, vary according to the resource in question
and are designed as orientation values. The LAWA
recommendations are currently being implemented
in a voluntary trial phase for which there is no legal-
ly binding commitment.

Because of its generally good quality, groundwater
is the most suitable source of drinking water that can
be used without costly treatment. In Europe, ground-
water has traditionally formed a large percentage of
the drinking water supply, amounting to over 80% in
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Denmark, Portugal, Germany and Italy. In the USA,
around 40% of the total public water supply, and in
rural areas as much as 96% of domestic water is sup-
plied from groundwater. Water demand in Latin
America, and hence in some of the largest cities in
the world, e.g. Mexico City, Lima and Buenos Aires,
is met by groundwater resources. In rural areas of
Africa, untreated groundwater will continue to be
the main source for years to come.

Rivers, lakes and reservoirs are also used as
sources of drinking water. Most cities in Africa and
Asia are supplied with surface water. However, treat-
ment of surface water for drinking water supply is

much more expensive because of naturally occurring
substances and contamination by wastewater. Sur-
face water is much more likely to be contaminated
with germs and is usually rich in particulate matter.
Prime importance is attached to groundwater protec-
tion, in addition to the prevention of wastewater
loads to surface waters.

Variable WHO EU Canada USA USSR

Physical Color
(color units) 15 20 15 15
Turbidity
(turbidity index) 5 4

Chemical pH value 6.5–8.5 6.5–8.5 6.5–8.5 6.5–8.5
Oxygen (mg l-1) 4
Dissolved salts (mg l-1) 1.000 500 500
Hardness (mg l-1 CaCO3) 500
Ammonium (mg l-1) 0.5 2
Nitrate-nitrogen (mg l-1) 10 10 10
Nitrate (mg l-1) 50 10
Nitrite-nitrogen (mg l-1) 1
Nitrite (mg l-1) 0.1 1.0
Phosphorus (mg l-1) 5
Sodium (mg l-1) 200 150–175
Chloride (mg l-1) 250 25 250 250 350
Sulfate (mg l-1) 400 25 500 250 500
Fluoride (mg l-1) 1.5 1.5–0.7 1.5 2 1.5
Cyanide (mg l-1) 0.1 0.2 0.1
Arsenic (mg l-1) 0.05 0.05 0.05 0.05
Lead (mg l-1) 0.05 0.05 0.05 0.05 0.03
Cadmium (mg l-1) 0.005 0.005 0.005 0.01 0.001
Chromium (mg l-1) 0.05 0.005 0.05 0.05 0.1–0.5
Iron (mg l-1) 0.3 0.3 0.3 0.3 0.5
Copper (mg l-1) 1 0.1 1 1 1
Nickel (mg l-1) 0.05
Mercury (mg l-1) 0.001 0.001 0.001 0.002 0.0005
Crude oil (mg l-1) 0.01 0.3
Sum of pesticides (µg l-1) 0.5
Individual pesticides (µg l-1) 0.1

Aldrin, Dieldrin (µg l-1) 0.03 0.7
DDT (µg l-1) 1 30
Lindan (µg l-1) 3 4 0.4

Benzene (µg l-1) 10 5
Hexachlorobenzene (µg l-1) 0.01
Pentachlorophenol (µg l-1) 10
Phenols (µg l-1) 0.5 2 1
Detergents (mg l-1) 0.2 0.5 0.5

Biological BOD (mg O2 l-1) 3
Faecal coliforms (in 100 ml) 0 0 0
Coliforms (in 100 ml) 0–3 10 1

no data: variable not specified

Table D 1.5-8
Comparison of selected
parameters for drinking
water standards.
Source: modified from
Chapman, 1992
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1.5.2.2
Water in agricultural production

Irrigation
The suitability of water for irrigation purposes

cannot be assessed on the basis of a common stan-
dard, but instead must be subjected to a differentiat-
ed analysis of the specific climate, soil properties,
crop plants, irrigation methods and irrigation man-
agement, as well as the available water supply. Irriga-
tion water is taken from surface waters (rivers, lakes,
reservoirs) or groundwater (wells, springs, qanats). In
addition, wastewater or brackish water with a salt
concentration of up to 2,000 mg l-1 and more is used.

Physical properties
Water containing coarse suspended particles such

as gravel or sand is unsuitable for irrigation. Negative
consequences can be avoided by means of simple col-
lecting and filtering devices. Suspended matter has a
potentially fertilizing effect on the soils. The sealing
effect of small suspended particles in irrigation chan-
nels may also be desirable, although the related silta-
tion of reservoirs can represent an additional cost
factor.

If the temperature of the irrigation water is too
low (< 15 °C), slower plant growth and reduced yield
may result. A water temperature of approx. 25 °C is
regarded as optimal for most crops. Temperature-
sensitive crops, such as beans, melons and rice, pro-
duce lower yields even when water temperatures fall
to below 20 °C (Achtnich, 1980).

Chemical properties 
The concentration of dissolved salts is one of the

main properties determining the quality of irrigation
water, and is a crucial factor determining the suitabil-
ity of the water for the respective crops. Irrigation
water already contains dissolved salts as a result of

weathering processes and the percolation of water
through rock and soils. Natural salt concentrations
vary considerably around the world, depending on
the geology of the catchment area and the local cli-
mate (Fig. D 1.5-4). Due to the osmotic pressure, en-
hanced salinity makes it more difficult for plants to
take up water from the rooting zone. Salt concentra-
tion in irrigation water is measured in terms of elec-
trical conductivity (in µS cm-1).Yields of salt-sensitive
crops, such as beans or apricots, decline by 25% at
salt concentrations with a conductivity of over 2,000
µS cm-1 (or approx. 1 g of dissolved salts per liter of
water) (Ghassemi et al., 1995). In recent decades, var-
ious standards that take account of the salt tolerance
of the plants and the soil conditions have been devel-
oped for salt concentrations in irrigation water.

Another irrigation problem concerns the clogging
and compaction of soils by calcium leaching when
there is an overabundance of sodium. This, too, can
cause reduced yields due to shortages of air, water
and nutrients, and may greatly impair tillage opera-
tions. The sodium adsorption ratio (SAR) of the wa-
ter is used to assess this risk (Table D 1.5-9).With the
help of this key empirical index, it is possible to fore-
cast the extent to which sodium ions are exchanged
in the soil for calcium and magnesium as a result of
the water input. When the sodium adsorption ratio
rises, so does the risk of cation exchange and the re-
sultant damage on soil structure.

The toxicity of irrigation water is primarily deter-
mined by the concentration of boron, chloride and
sodium. An excessive concentration of nitrogen (as
nitrate or ammonium) enhances vegetative growth,
promotes blade storage and delays maturity. Com-
pared to the WHO guidelines for drinking water, the
maximum acceptable concentrations of metals in ir-
rigation water recommended by the FAO (Table
D 1.5-10) are twice as high for some metals (e.g. ar-

Irrigation problems Damage to crops

none increasing severe

Salinity EL (mS cm-1)* <0.75 0.75–3.0 3.0
Sodium adsorption value** low medium high

Boron (mg l-1) <0.75 0.75–2.0 2.0
Chloride (mmol l-1) <4 4-10 <10
Sodium low medium high

Nitrate or 
ammonium nitrogen (mg l-1) <5 5–30 <30
Bicarbonate (mmol l-1) <1.5 1.5–8.5 8.5
unusual pH value (normal range 6.5–8.5)

*Electrical conductivity
**Measured as cNa/cCa+cMg

Table D 1.5-9
Water quality assessment
for irrigation.
Source: Bretschneider et
al., 1993
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senic, cadmium, chromium), but may be 10 times
(lead, iron) or up to 25 times higher (aluminum).

Biological properties
The hygienic condition (germ count) of the water

is of key importance for irrigation. Because of the
risk of spreading pathogens capable of reproduction,
wastewater polluted with human or animal excre-
ment may be used only after mechanical and biolog-
ical purification for the irrigation of certain crops,
such as fodder turnips, sugar beet or oil seeds.

Livestock farming
The water qualities required in livestock farming

depend on the water turnover of the respective
species and the weight of the individual animal. As a
rule, very high salt concentrations in livestock water
may induce physiological stress or even the death of
an animal. Guidelines issued by the National Acade-
my of Sciences in the USA permit a basic classifica-
tion of salt tolerances for water given to livestock and
poultry (Table D 1.5-11).

A guideline for the maximum level of toxic sub-
stances in livestock water has been drawn up by the
same institution (Table D 1.5-12).This is partly based
on the WHO drinking water guidelines (Table D 1.5-
8) (e.g. cadmium, chromium), but allows much high-
er values for other substances (arsenic, selenium, alu-
minum). In contrast to the drinking water standards,
there are no guidelines for irrigation or livestock wa-
ter that include contaminant groups such as organic
trace substances and pesticides.

1.5.3
Recommended research and action

Research recommendations
• Investigation of the fixation and accumulation of

pollutants in aquatic habitats by means of physico-
chemical and biotic processes, and of the transfor-
mation and decomposition of pollutants in water-
bodies, soils and neighboring habitats, with partic-
ular reference to their significance for self-purifi-
cation capacities and for strategies aimed at pro-
tecting and restoring such environments.

• Research on pollutant groups inadequately stud-
ied to date, with respect to their formation,
turnover and impacts (including chelating agents,
volatile organic compounds, hormonal substances,
artificial fragrances, persistent organic pollutants).

• Intensification of research on the impacts of an-
thropogenic pressures in climate zones that have
received little attention until now (e.g. the trop-
ics), also with regard to possible climate changes.
Given the critical importance of anthropogenic
factors in the assessment of water quality, it is es-
sential to investigate physiological processes (cel-
lular and subcellular systems), relevant groups of
organisms (particularly in sediments) and the use
of ecosystem models. Hitherto underrepresented
fields (tropical organisms, ecotoxicology) merit

Substance Concentration Substance Concentration
(mg l-1) (mg l-1)

Aluminum 5 Lead 5
Arsenic 0.1 Lithium 2.5
Boron 0.75 Manganese 0.2
Cadmium 0.01 Molybdenum 0.01
Chromium 0.1 Nickel 0.2
Copper 0.2 Selenium 0.02
Iron 5 Zinc 2

Table D 1.5-10
Recommended maximum concentrations of toxic
substances in irrigation water for continuous irrigation
systems.
Source: FAO, 1976

Salt concentration Suitability/problems
(mg l-1)

<1,000 suitable without restriction for
livestock and poultry

1,000–3,000 well-suited for livestock and
poultry after adaptation

3,000–5,000 still suitable for livestock needs
after long-term adaptation,
less suitable for poultry,
high mortality, low growth

5,000–7,000 restricted suitability for some
animal species such as sheep
and pigs

7,000 not suitable

Table D 1.5-11
Suitability of saline water for cattle.
Source: FAO, 1976

Substance Concentration Substance Concentration
(mg l-1) (mg l-1)

Aluminum 5 Lead 0.1
Arsenic 0.2 Mercury 0.001
Boron 5 Nitrate 90
Cadmium 0.005 Nitrite 10
Chromium 0.05 Selenium 0.05
Cobalt 1.0 Vanadium 0.10

Table D 1.5-12
Maximum values recommended by the National
Academy of Sciences, USA, for metals and salts in water
drunk by cattle.
Source: FAO, 1976



96 D 1.6 Water and disasters

special attention.
• Development of assessment criteria (indicators

and combined variables) for aquatic habitats that
can be applied, regardless of edaphic conditions
and biogeographical region.

• Definition of water quality standards for the vari-
ous uses of water, such as for agriculture and in-
dustry, as a basis for freshwater resource manage-
ment and with special reference to public health.

• Increased water monitoring in regions (Asia,
South America, Africa) and waterbodies (wet-
lands, groundwater, lakes) for which limited data
are available, in order to provide the basis for a
global database. Extending monitoring to include
parameters that have not been adequately mea-
sured worldwide (e.g. metals, pesticides, organic
trace substances).

• Further development of simple and reproducible
measuring techniques in order to facilitate moni-
toring and to allow data comparison. Expansion of
international collaboration in the use of sophisti-
cated analytical methods.Acquisition of reference
data on background pollution and research into
the natural variability of relevant parameters (e.g.
lake sediments).

Recommended action
The Council recommends

– that maximum pollution levels be defined for the
water quality of surface waters, groundwater and
neighboring habitats, and to ensure that pollution
levels are kept below these limits, paying particu-
lar attention to self-purification capacities. In the
case of substance loads, it is imperative to focus
not only on point sources but also on diffuse
sources.

– that efforts be made to promote the collection of
data on quality-related properties of surface wa-
ters, groundwater and freshwater habitats in a
global database, together with existing data, as a
basis for developing regional and global strategies
of action.

1.6
Water and disasters

Floods – Causes of floods – Higher probability due
to climate change – The Rhine floods – Landslides –
Flood waves – Imprecise models – Protecting against
remaining risk – Mapping floodplains – Classifying
damage – Planning process – Factors influencing risk
awareness – Recommendations

1.6.1
Introduction

Extreme conditions in water management
regimes result from the variability of meteorological
and hydrological conditions. Floods and droughts
have always been the natural disasters causing the
greatest economic damage and loss of human life.
Whereas droughts are brought about by unusually
severe and long-lasting water scarcity in agriculture,
floods involve extremely large amounts of runoff.
Both are extreme situations that may lead to disas-
ters unless sufficient protective action and counter-
measures are taken by the society concerned. This
section examines the mechanisms by which floods
originate, the influence of global changes on flood
events and possible ways of mitigating the risk of
floods. Drought disasters are an equally important
complex requiring a separate analysis that cannot be
provided in the present context.

Water’s life-giving and life-sustaining force turns
into the opposite when too much water, in the form
of floods, endangers human life and the environment.
People tend to build their largest settlements near
rivers because the water they hold can be used as
drinking or irrigation water, because floodplain soils
are usually fertile and well-suited to growing crops,
and because bulk transport of goods is relatively easy
on waterways. Since time immemorial, humans have
accepted the irregular occurrence of floods as the
price to be paid, or have tried to protect themselves
against floods by technical means.

The enormous financial damages that are caused
by floods worldwide are not wholly attributable to
environmental factors such as meteorological condi-
tions or local possibilities for runoff. Aside from di-
rect human-induced causes, such as hydro-engineer-
ing schemes or surface sealing, the extent of damage
incurred is largely determined (as is the case with
other natural disasters) by the behavior of the people
involved, both during and after flood events (Ketter-
er and Spada, 1993). For example, people settled in
flood-prone areas fail to take precautionary mea-
sures, resist evacuation despite acute danger, etc.
Therefore, precautions against flood events must
take into account not only natural causes, but also the
changes in the cause-effect chain that are brought
about by human activities as well as people’s antici-
pated reactions.
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1.6.1.1
Flood damage trends

Although humans have learned to cope with
floods since the first settlements, they have repeated-
ly fallen victim to devastating floods – such as the
“Great Mississippi Flood 1993”, which caused dam-
age totaling more than US$ 12 billion. Each year, the
Münchner Rückversicherung reinsurance company
publishes damages statistics which indicate that in
most years flood damage is responsible for the worst
economic losses worldwide. The flood damage statis-
tics for the 1960–1996 period are shown in chart form
in Fig. D 1.6-1.

Flood damage has risen substantially in recent
years. One of the main reasons is the increase in pre-
cipitation. Studies at many sites in Europe indicate a
rise in precipitation in recent decades (e.g. Scotland,
Mansell 1997). For Norway, Hanssen-Bauer (1997)
calculated an increase of 8–14% over the last 90
years. In the Rhine area, a general rise in discharge
during the winter months has been measured (Engel,
1997). These increases in precipitation have been at-
tributed in some cases to climate variability. Howev-
er, the mounting damage potential has a more severe
impact. In the industrialized countries, the number of
facilities and assets that are affected by floods is in-
creasing.
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Figure D 1.6-1
Flood damage: costs to the
economy and insured
damages caused by major
floods in the 1960–1996
period involving more
than 100 deaths and/or
US$ 100 million in
damages.
Source: Münchner
Rückversicherung, 1997

Floods and Strong winds Earthquakes Volcanoes
landslides

Africa 1,674 6 63 1
sub-Saharan Africa 1,503 6 50 1
northern Africa 171 13

America 2,407 3,344 303 449
Central America 395 262 208 376
Caribbean 896 1,797 7 6
South America 1,057 642 88 67
North America 64 644

Asia 775,245 72,578 2,272 894
East Asia 482,274 49,225 1,485 65
South Asia 274,532 1,070 204
Southeast Asia 18,421 22,233 366 829
West Asia 18 50 217

Europe 2,784 3 550 7
EU Member States 380 2 15 7
Non-EU Member States 2,404 1 535

Oceania 119 2,872 15 106

World 782,230 78,804 3,203 1,457

Table D 1.6-1
Number of people (in
thousands) affected by
natural disasters,
1991–1995.
Source: WMO, 1997
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Statistics on the number of people affected by nat-
ural disasters are of greater relevance than damage
statistics. Table D 1.6-1 shows figures for a five-year
period (1991–1995) which highlight the tremendous
number of people suffering damages through floods
compared to other natural events. These figures are
on the rise, too, because not only does vulnerability
grow, but also the number of people threatened.

The present world population is about 6 billion
people, and will rise to more than 10 billion by the
middle of the next century.This means that more and
more people will be threatened by floods because
flood-prone areas will have to be settled (Fig. D. 1.6-
2). Since people in a socially weaker position tend
more than others to settle in threatened areas, one
can expect that the increased risk of flooding will af-
fect the poor and the vulnerable in particular. This is
exacerbated by a possible increase in the frequency
and severity of extreme events as a result of climate
change. Preventing the resultant disasters is a major
challenge to which humanity must respond. The
United Nations has recognized this challenge and de-
clared 1990–1999 as the International Decade for
Natural Disaster Reduction (IDNDR).

1.6.1.2
From heavy rains to flood damage 

Any study of the causes of flood events must in-
clude separate analysis and assessment of meteoro-
logical, hydrological and hydraulic factors, as well as
of economic conditions, settlements development
and population trends.

If specific conditions are unfavorable, any one of
these factors may contribute to an increased risk of
flood damage. If all factors reinforce each other in an
adverse constellation, flood events and severe dam-
ages occur. The particular conditions and combina-
tions of factors that may occur are extremely wide-
ranging and to a certain extent randomized. The ab-
sence of only one adverse factor (within a generally
unfavorable constellation) may make the difference
between a major flood disaster and runoff conditions
involving no significant damage. Each of these fac-
tors is obviously influenced by human activities,
though to differing degrees.
1. Meteorological factors

In most cases, heavy precipitation is necessary for
a flood event to occur. Critical factors are the du-
ration, intensity and distribution of rainfall. Rapid
melting of snow (often combined with rainfall) in-
creases the quantity of water that appears as
runoff. Other flood events that are not caused di-
rectly by heavy precipitation are rare and mostly
occur after seaquakes, dam breaches, mountain or

Number of people affected (in thousands)

10–100 100–1,000 1,000–10,000 10,000–100,000 more than 100,000

Figure D 1.6-2
Global distribution of flood risk.
Source: adapted from Münchner Rückversicherung, 1997; WMO, 1997
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glacier slides, or as a consequence of ice jam.
2. Conditions in the catchment basin

Heavy precipitation causes extreme discharge if a
significant portion of the precipitation does not in-
filtrate and flows instead into stream channels as
surface runoff. The infiltration capacity of the soil
is most commonly exceeded as a result of natural
factors. On the one hand, very intensive rainfall
may exceed the maximum infiltration rate of the
soil surface at that particular time. On the other,
the water table may be raised over a wide area by
persistent prior rainfall, causing expansion of the
saturated areas near waterbodies and generally
leading to a higher degree of soil saturation, with
the result that little or no free pores are available
to absorb the precipitation. Moreover, the water
retention capacity of the catchment area may be
reduced by crusting, compaction and sealing
processes on the soil surface. Other significant fac-
tors include the state of vegetation cover as well as
the regional topography and microtopography.

3. State of the hydrological regime
The hydrological conditions in the streamflow sys-
tem determine how much and how fast water
flowing into a surface waterbody can be transport-
ed in the river bed or in riparian flood basins and
what proportion is kept in additional retention ar-
eas – whether desired or not. One of the basic
problems here is that channel conditions which re-
duce the likelihood of flooding in the respective
area due to high discharge capacities in a section
of river make the situation worse for downstream
areas because of the unattenuated inflow of water.

4. Potential damage
Damage caused by floods is not perceived as such
until people or things that they value are adverse-
ly affected. The more densely populated the flood
areas, the more intensively they are used, the high-
er the material assets are and the fewer the pre-
cautions taken against flood risks, the greater the
potential damage. It is quite obvious, therefore,
that population growth and an increase in the val-
ue of assets in the riparian habitats are sufficient
to increase the damage potential. This situation is
particularly critical in regions where population
pressure leads to areas being settled that were pre-
viously left aside as buffers against river flooding.

1.6.2
Classification of different flood types

Flood control measures must be designed to
match local conditions and the type of potential flood
event.An extreme precipitation event alone does not
trigger flooding; other factors must also be operating.

It is useful to distinguish between these causative fac-
tors according to the type of precipitation and the
specific catchment.

Floods and flood control measures in
mountainous areas
The different types of catchment area are shown

diagrammatically in Fig. D 1.6-3. In the mountainous
area of the upper reaches, the terrain has a pro-
nounced structure and the valleys are cut deeply into
the landscape – more deeply in geologically young
mountains, such as the Alps, than in old mountains.
Heavy local precipitation combined with snowmelt
produces flood situations in spring, especially when
the ground is still frozen. Severe flooding in moun-
tainous regions can have particularly devastating im-
pacts. Because of the steep gradient, the water flows
at high speed and sweeps everything along with it –
destroying bridges and roads, digging deep erosion
channels in the flood areas and leaving behind a
landscape strewn with debris.

Due to the steepness of slope in mountainous ar-
eas, floods may result from other natural causes that
are not directly linked with precipitation, such as clo-
sure of a valley by a landslide, behind which the wa-
ter that is prevented from flowing out accumulates
until it flows over the natural dam and destroys it
through its erosional force. A similar phenomenon is
known from the tributaries of the large rivers that
drain the Himalayas, namely the “lakes of sorrow”,
which in the course of time break through the barri-
ers that restrain them, causing huge flood waves that
destroy everything in their path. In India, for exam-
ple, there are reports of a flood wave that was still
40 m high even 80 km below such a lake. It occurred
in August 1893 when water broke through the lake in
the upper reaches of the Ganges in the Gona Valley

River bank

Mountainous area 

Mountain base

Old branch

Aquifer

Furcation
area 

Figure D 1.6-3
Parts of a watershed.
Source: Petts and Amoros, 1996
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(Gupta, 1974). Similar disasters engendered by land-
slides are also known in the Alps. They usually occur
in connection with long periods of precipitation, such
as the dramatic Valpola landslide in northern Italy in
1987, when the eastern flank of Mt. Zandila slid into
the Adda River (which flows into Lake Como), de-
stroying several towns and claiming the lives of 27
people (Azzoni et al., 1992). Similar impacts result
when a lake is formed behind the ice barrier of a glac-
ier. When the barrier ice thaws, the lake water is re-
leased and flood disasters may be the consequence.

Landslides are likely to occur with greater fre-
quency and severity in the future for two essential
reasons. Firstly, forests in mountainous regions are
being cleared in many parts of the world, without
consideration for the inevitable consequences. These
include a reduction in the natural consolidation of
soil by tree roots, the destabilization of slopes, while
heavy rainfall invariably produces further erosion
that then leads to increased concentrations of sus-
pended solids in rivers.

Secondly, the gradual warming of air that has been
observed in conjunction with global climate change is
a contributory factor in the destabilization of slopes
that were not previously threatened. This results pri-
marily from the shift in the permafrost line to higher
elevations brought about by warming. Melting of
permafrost ice at high mountain locations lowers the
cohesive force of the ice in slope material. As water
declines in volume during the phase transition from
ice to liquid, cavities are formed into which the slope
water penetrates, creating excess pressure in the in-
terstitial water and thus reducing the supportive ef-
fect of the slope elements. The overall impact is a de-
crease in the angle of internal friction of the slope
material, combined with a greater risk of rockslides
and accumulation of old geological talus material.
This effect is also supposed to have been one of the
factors responsible for the Valpola landslide.

A similar human-induced flood situation occurs
when flood waves are released by dams. These dis-
charges are necessary, for example, to drain a reser-
voir in anticipation of heavy precipitation, or to pro-
vide water for downstream use.A particularly devas-
tating type of human-induced flood wave occurs
when a dam breaks. The failure of some reservoirs
abroad (e.g. Teton Dam, 1976) as well as some small
dams (retention basins) in Germany are a clear
demonstration that dams are not absolutely safe and
that every dam harbors the risk of failure (see Sec-
tion D 3.4).

Floods in hilly regions
Severe floods occur in the small valleys of hilly re-

gions as a result of thunderstorms in summer, locally
reinforced by orographic effects, or following heavy

spring rains in conjunction with snowmelts and
frozen soil. Extreme local events that are difficult to
predict and cause great damage in the respective area
are repeatedly triggered in this way. Larger valleys,
by contrast, are more vulnerable during persistent cy-
clonal weather. Flood control in such regions must
therefore involve two types of operation – heavy lo-
cal precipitation must be absorbed and downstream
reaches protected.A possible approach to flood con-
trol in the face of these twin problems is to set up
flood retention basins in the upper valleys.

Human activities have particularly severe impacts
on the structure of small catchments. The worst ef-
fects are caused by construction work and soil com-
paction. Under normal circumstances, soil acts like a
sponge that can absorb and temporarily store large
amounts of water. When land is built on, the porous
space in the ground is “sealed”. In city centers, for ex-
ample, precipitation can no longer be absorbed and
stored in the soil, so the entire volume of water runs
off directly and rapidly to the river. Under normal
conditions (natural soils densely covered with vege-
tation), less than 10–20% of precipitation becomes
surface runoff. This percentage is called the runoff
coefficient. It depends very heavily on the extent of
building development and may be as high as 90–95%
in urban areas. Building development also causes
runoff to be accelerated. Peak runoff occurs earlier in
urban areas than in rural areas, and is reinforced by
the fact that the runoff is channeled through sewers
and discharged into waterbodies as rainwater. How-
ever, this need not necessarily lead to a higher river
level. In fact, there is frequent evidence that cities lo-
cated along the lower reaches of smaller rivers can
relieve the pressure on stretches further down-
stream. Because the flood wave has already flowed
away from the urban region before the flood peak
coming from rural areas arrives, the peak discharge
(the key variable for dike design) is reduced.

The runoff coefficient is dependent not only on
land use, but also on the amount and type of natural
vegetation cover. Forests generally have the lowest
runoff coefficient. Geological features are equally
important: extremely permeable layers have a low
runoff coefficient, loess areas a higher one. The third
factor is the previous state of the soil. If it has rained
for a long time prior to the extreme precipitation
event, the soil is saturated down to the impermeable
bedrock and can absorb only a small portion of the
precipitation. The same applies to frozen ground in
which the pores are closed due to the expansion of
the water during ice formation. It is therefore unlike-
ly that building development has a major influence
on runoff outside urban areas during extreme floods.
Detailed studies on the relationship between runoff,
different types of land use and tillage methods may
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provide new findings (Mendel et al., 1996). Some re-
search projects are studying the influence of non-tra-
ditional agricultural techniques mainly aimed at pre-
venting erosion and at the same time enhancing the
capacity of small-scale artificial retention basins, such
as furrows.

Flooding of plains 
The streamflow characteristics of flat-land rivers

differ significantly from those in other types of ter-
rain. Under natural conditions, river flooding on
plains causes inundation of large tracts of land. The
river may change its course during the flood event
and will tend to meander or form numerous branch-
es, depending on the grain size and composition of
the soil particles in the riparian area, and on the slope
of the region. Whenever a river comes from the
steeper mountainous areas and flows into a plain,
matter suspended in the water is deposited.The river
silts up in the course of time and the water level ris-
es, thus increasing the risk of flooding – or it may
even become completely clogged with debris and ef-
fectively dam itself, as has happened in many cases on
Indian and Chinese rivers with high levels of debris
flow. Since the water depth is small relative to the
width of the river, and the velocity comparatively
slow due to the small gradient, such rivers need to in-
crease their width in order to discharge fully. In the
process, they interact with the groundwater, which is
elevated in the floodplain areas and may cause re-
duced discharge levels, depending on the previous
water level.

Tidal floods
Enormous damage may be wreaked by floods in

the estuarine regions and deltas of large rivers all
over the world, because the large ports with their
concentrations of assets and high populations are lo-
cated in these exposed coastal areas. The number of
potential victims is accordingly high. These regions
are threatened from the sea by large tidal floods (an
issue not dealt with in this report) and by tidal river
flooding when extremely high tides are coupled with
strong inflow from upper reaches of the river into the
estuary. The combination of an imminent tidal flood
from the sea and extreme discharges from upstream
reaches is especially dangerous. Such situations have
occurred on repeated occasions worldwide, resulting
in large-scale flooding, devastation and loss of life.
Examples in Europe include the Hamburg flood dis-
asters of 1962 and 1976, as well as the floods that hit
London and the entire Rhine delta in 1953. From the
global perspective, some of the worst floods are those
which regularly occur in the Ganges-Brahmaputra
delta in Bangladesh.

1.6.3
Effects of climate change on floods

There has been a great deal of discussion, in con-
nection with the extreme flood events that have oc-
curred with increased frequency in recent years, as to
the extent to which climate change, river regulation
or landscape changes have increased the force or
probability of flood events. Only some of the cause-
effect relationships are understood and scientifically
verifiable. The linkages between causes, effects and
subsequent impacts are summarized in Fig. D 1.6-4 in
the form of a “cascade of flood risks”. It is based on
those aspects of global change of relevance to floods:
– climate changes,
– changes in land use and landscape,
– changes in waterbody systems,
– increasing human settlement.

In a simplified analysis, the risk of floods is a com-
bination of natural factors influencing the frequency
of floods and human-related factors that influence
flood impacts.

Of the flood-inducing factors just mentioned, me-
teorological conditions are of greatest significance as
far as possible climate changes are concerned. The
state of vegetation and soils in the catchment area
may also be impaired by climate changes, with con-
comitant feedback on flood occurrence. Generalized
statements about changes in flood activity can be
made to a very limited extent only, since we are deal-
ing with an extremely non-linear system that is de-
pendent on naturally high spatial and temporal vari-
abilities of meteorological and topographical factors,
soil, vegetation, climate, groundwater and waterbod-
ies. The impacts of climate change on flood peaks, in
particular, are extremely difficult to quantify with
any degree of uncertainty. However, it is possible to
make the following three generalizations regarding
the impacts of climate change as they pertain to
floods.
1. Sea-level rise enhances the risk of coastal storm

floods and tidal river floods
The rise in sea level induced by global warming in-
creases the probability of tidal river floods, be-
cause an increase in mean sea level produces a rise
in extreme water levels by the same amount. This
fact now plays a role in establishing the design cri-
teria for flood control structures in the estuary re-
gions of larger rivers, as in the case of the flood
protection gate in Rotterdam that was put into op-
eration in 1997 and where the design water level
was set 50 cm higher to take into account the ex-
pected sea level rise.

2. Elevated temperatures force the global hydrolog-
ical cycle
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The energy and hydrological cycles are closely
linked systems that mutually influence each other.
At the global level and from a thermodynamic
analysis, it can be assumed that a temperature rise
will lead to a general intensification of the hydro-
logical cycle. For assumed global temperature ris-
es of between 2.8 °C and 5.2 °C, Mitchell (1989) es-
timates an increased global rate of evaporation
and precipitation ranging from 7% to 15% (see
Section D 1.3). In combination with expected
higher climate variability (see below), this results
in a significant increase in the amount of precipi-
tation, and probably in heavy precipitation as well,
in various regions of the globe.

3. Climate changes increase the frequency of ex-
treme weather events
Slight changes in the mean climate or mean cli-
mate variability can bring about relatively large
changes in the frequency of extreme events. A
small change in variability has greater impacts
than a small change in mean behavior (IPCC,
1996a). Flohn (1988 and 1989) concludes that the
frequency of extreme large-scale weather anom-
alies will presumably increase at all latitudes as a
consequence of climate change. An increased oc-
currence of weather anomalies would mean a
higher frequency of those weather patterns that
cause flooding (and droughts).

1.6.3.1
Observed precipitation and runoff trends

Precipitation trends in Germany and
Europe
With the present level of scientific understanding,

a rise in mean precipitation at global level can only
be derived and calculated on the basis of theoretical
considerations (see Section D 1.3). On a regional
scale, however, certain trends over the last 100 years
or so have been statistically verified and measured.
Engel (1995), for example, reports on annual precip-
itation since 1890 in the Rhine area as far as Cologne,
and identifies a rising overall tendency with pro-
nounced periodic fluctuations.

In addition to an increase in the total annual pre-
cipitation figures, observations indicate a tendency
towards a seasonal shift in precipitation distribution
from summer to winter. If the two trends are summa-
rized, the result is a more or less constant mean level
of precipitation in the summer months (June–Octo-
ber) and a markedly rising mean winter precipitation
(November–May) over the last 100 years. The statis-
tical analyses of precipitation changes in Europe
from 1891 to 1990 carried out by Rapp and Schön-
wiese (1995) show a distinct increase in winter pre-
cipitation in central and northern Europe as well as a
decline in southern and southeastern Europe. These
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observations are consistent with the trends measured
in the Rhine region. If these precipitation trends con-
tinue, the risk of extreme flooding of central Euro-
pean rivers may increase (further).

Changing weather pattern frequencies in
Europe
Bárdossy and Caspary (1990) investigated the

weather pattern frequency for Europe on the basis of
the daily time series of atmospheric circulation pat-
terns over Europe and the North Atlantic since 1891.
A statistically significant rise in the frequency of
westerly patterns was verified for this time series,
with the breaking point in the time series being in the
1970s. Statistically speaking, the rise in zonal patterns
is highly significant. Since these weather patterns are
considered typical for long-lasting, large-scale pre-
cipitation events in central Europe, high correlations
between the increases in these weather patterns and
frequent flood events can be calculated for some
catchment areas. Further detailed studies are neces-
sary to elucidate the interrelationship between this
weather pattern and specific flood events. Due to the
lack of recorded weather map data going further
back in time, it is not possible to specify the extent to
which the observed trend of the 115-year time series
is part of more long-term natural fluctuations.

1.6.3.2
Other possible changes to flood hydrology due
to climate change

The Rhine floods of recent years
Grünewald (1996) reports that the cause of the

spectacular Rhine floods in 1993/94 and 1995 was to
be found not in the Alps, but in the low absorption ca-
pacities of soils in the hilly regions of relevance to
flood events. The low infiltration rates were attribut-
able, in particular, to the periods of widespread heavy
rains prior to the actual flood period (e.g. December
7–18, 1993) or to snowmelt and frozen soil (in Janu-
ary 1995).

These phenomena illustrate how important
snowmelt conditions can be for the occurrence of
floods. Changes in the scope, frequency and time of
occurrence of snowmelt events may also have an im-
pact on the hydrological regime of a river and thus on
its flood behavior. Engel (1997), for example, has
pointed out that a shift in the typical flood behavior
of the Alps region from snowmelt floods (May to
July) to heavy-rain floods (usually in winter) as a re-
sult of warming may severely enhance the flood risk
potential in the Rhine region – with possibly disas-
trous consequences – because then the peak dis-
charges from the Alps would coincide with peak dis-

charges from hilly stretches, something which has
never happened until now.

Landslides and mudrock flows
If the permafrost line in high mountainous regions

climbs as a consequence of long-term rises in mean
temperature, thawing and thus destabilization of
moraines may be the result.This can lead over a tran-
sitional period lasting several decades at least to a
more frequent occurrence of landslides and mudrock
flows, with all the devastation this implies. It has yet
to be clarified whether the greater frequency of mud-
slides in Switzerland in recent years is related to the
warming in the Alps region that has taken place since
1850 (Vischer, 1996).

Flash floods
In the long term, a change in climate can also in-

duce a change in natural vegetation cover. As a gen-
eral rule, a combination of soil degradation, less veg-
etative growth, a reduced proportion of macropores
and an increasing tendency towards crusting and sil-
tation will cause a reduction in infiltration capacity,
thus increasing the proportion of direct runoff in the
case of heavy precipitation.

A reduced density of vegetation has an impact on
the occurrence of floods due to reduced interception,
on the one hand, as well as the reduced protection of
the soil surface against the precipitation energy. The
latter can result in sealing and thus reduced infiltra-
tion, and may be the factor triggering flood peaks in
the first place, especially after very heavy rainfall.
Problems of this kind are particularly frequent in
semi-arid regions (for example, the Mediterranean
area), but also occur in agricultural regions in Ger-
many. However, changes in the composition of natur-
al vegetation and in soil structure due to different cli-
mate conditions can only take place over long peri-
ods of time and for that reason can only have a sig-
nificant impact on flood regimes over the long term
(i.e. not until later in the future).

Flood mitigating factors
Burkhardt (1995) reports on a decline in extreme

flooding in the Elbe basin over the last 200 years.This
is presumably a consequence of the reduction in
flood events brought about by ice jams and ice barri-
er breaks. The reduction in ice jams is due to region-
al warming after the end of the last short ice age af-
ter 1800 (as well as, to a lesser extent, to the increase
in salt concentration and water temperature result-
ing from cooling water discharges).
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1.6.3.3
Modeling

Meteorological and hydrological
calculations
Predicting the size, location and timing of flood

events necessitates complex and detailed mathemat-
ical models. In the ideal case, many of the above de-
scribed observations could be integrated into such a
system. Ultimately, this would enable an assessment
as to which of the observed phenomena are due to
changing climate conditions or other changes in the
period under study, and which are accounted for by
the natural variability of meteorological and hydro-
logical systems. The modeling procedure requires
three basic components before a flood can be pre-
dicted:
1. Meteorological model (weather forecasting):

The quality of weather forecasting models has im-
proved substantially in recent years. This makes it
possible today to calculate information on the rel-
evant values, such as temperature, wind and pre-
cipitation, up to a week in advance. The output
from such modeling is a significant advance to-
wards comprehensive flood prediction.
However, the predictions of the place and amount
of precipitation do not yet meet the requirements
for calculating the amount and location of flood
discharges. In particular, the data on the location
and intensity of local convective heavy rainfall
(thunderstorms) are still inadequate for direct
prediction of flash floods.

2. Hydrological model (conversion of precipitation
to runoff):
Recent years have also seen considerable im-
provements in the hydrological models used to
convert precipitation to runoff. However, their
usefulness for predicting runoff prior to the occur-
rence of floods has been very limited until now.
This is due to the fact that – particularly for condi-
tions during extremely heavy rainfall – there are
still basic shortcomings in the hydrological models
(for example, in calculating the percentage of pre-
cipitation that becomes surface runoff, and the
groundwater response to heavy precipitation). In
addition, there are a number of scaling issues in
the computation of hydrological processes that
have yet to be clarified. Another problem is that
the data base essential for operating these models
is inadequate in many cases.
It can be expected, however, that the gap between
the specific precipitation forecast and the forma-
tion of runoff in the catchment area will gradually
be closed and a basis established for predicting the
occurrence of floods as these models are further
improved. For large regions, this will require much

more in the way of human and financial resources
than is presently available.

3. Hydraulic model (flood discharge in running wa-
ters):
Hydraulic models calculate the discharge of flood
waters within the waterbody system. They are not
focused on the question of how much water flows
into the rivers, but on how the water that has al-
ready entered the waterbody system is then dis-
charged. They require water levels and/or dis-
charge rates at the start of the system (usually cer-
tain levels in upper reaches of the river or in trib-
utaries) and calculate the water level, discharge
rate and in some cases the size of flood areas for
the waterbody covered by the model.
These models have been developed to a high level
of sophistication for large rivers in western Eu-
rope and have provided water-level forecasts in
connection with floods for years. Since they re-
quire the water flowing into the system as an in-
put, they can only be operated with relatively
short warning times (equal to the flow time be-
tween the site for input levels and the site at which
calculations are made). The warning time for the
River Rhine around Cologne, for example, is little
more than two days. For smaller rivers, the flow
times are so short that hydraulic models are of lit-
tle use for real-time flood prediction.
An important task for the future is to continue im-

proving the modeling systems mentioned above and
to couple them with each other. This could enable
warning times to be achieved that correspond to the
reliability of weather forecasts. With such a coupled
system it would also be possible to study the longer-
term impacts of climate change in scenarios. This
means calculating the response of a given catchment
in terms of flood occurrence to typical states of a fu-
ture climate, then deriving typical flood characteris-
tics for future climate conditions. These results can
then be compared with present or historical condi-
tions in order to produce qualitatively reliable con-
clusions for the region being analyzed.

Relevance of climate models for flood-
related issues
Currently the most efficient climate models are

coupled global circulation models (GCMs), which
compute equations for the transportation of thermal
energy, pulse, atmospheric water vapor and salt con-
centration (in the ocean) for the entire globe on a
three-dimensional basis. Such models have various
levels of horizontal resolution. Horizontal grids of
approx. 500 km and 250 km are used routinely at pre-
sent.The spatial resolution of global circulation mod-
els (i.e. their horizontal grid size) is far too rough to
produce useful output for the analysis of flood
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events. Moreover, the scale on which global models
deliver realistic results is always several times greater
than the grid size used when running the model. Even
with a spatial resolution of 250 km (i.e. a unit area of
62,500 km2), Germany, for example, would be cov-
ered by only five values. These five values provide
virtually no useful information on the specific pre-
cipitation events that might trigger floods.

Nevertheless, various regionalization methods
have been developed over the last few years that en-
able regional climate change scenarios to be pro-
duced. One type of regionalization involves the use
of regional climate models. In contrast to GCMs,
these models look at only one section of the Earth
and model this section at a higher spatial resolution.
For regional climate models, grid sizes of approx.
50 km and less are used. The output from the GCM
defines the climatic conditions at the margins of the
regional section. This spatial resolution is much bet-
ter for the study of floods. However, there are a num-
ber of problems in this area as well, which means that
the calculation or even prediction of precipitation
cannot be done with the accuracy needed for flood
management.
• Quite often, a systematic error in the atmospheric

dynamics within the region is imported with the
boundary conditions of the regional model that
are taken from the GCM.Thus, errors in the GCM
impose restrictions on the performance of the re-
gional climate model.

• The parameterization of major diabatic processes,
such as cloud formation, soil or land surface
processes, has not been resolved yet to the extent
necessary to simulate natural variability or to de-
tect a possible climate change signal for each
weather pattern.

• The resolution of regional climate models is cer-
tainly detailed enough to represent large-scale
precipitation events. Small-scale, convective for-
mation of precipitation (e.g. thunderstorms), by
contrast, cannot be integrated with adequate de-
tail into such models as yet. Although subgrid-
scale processes can be parameterized by splitting
grid cells into a cloudy and a non-cloudy portion,
it is still not possible to localize several convective
systems within a grid cell. With increasing resolu-
tion, more and more parameterizations would
have to be replaced by explicit modeling, which is
not yet possible.
Furthermore, the serious gaps that still exist in the

scientific understanding of certain processes mean
that the strength of predictive models is limited (see
Section D 1.3.5).

Regional climate models can thus provide valu-
able information necessary to calculate heavy precip-
itations of relevance to flooding. This applies above

all to weather conditions involving precipitation over
large areas. However, the output from these models
is still too imprecise and spatially undifferentiated to
generate information, with the degree of accuracy
necessary for computing flood discharge, on the loca-
tion, quantity and intensity of precipitation as well as
on changes in precipitation due to global climate
change.

In addition, running fine-resolution models re-
quires a great deal of computation time, so the ex-
tended simulations needed to assess climate change
are still very rare.

For this reason, several alternative regionalization
methods have been developed. By classifying weath-
er patterns, for example, the computational require-
ments for the regional models can be reduced signifi-
cantly. As an alternative to using regional models for
statistical regionalization, empirical interrelation-
ships between observed data on the large and re-
gional scale can be used to produce statistical models.
One advantage of these statistical methods is the
minimal amount of computer capacity needed. On
the other hand, it is essential that long time series of
observation data are available.

Much research needs to be done before any of
these regionalization methods can generate scenar-
ios of regional climate that are sufficiently realistic to
assess flood risks in a changing climate.

1.6.4
Management and control of flood risks

As with most natural and technical risks, one char-
acteristic of flood risks is that the potential damage is
inversely correlated to the probability of occurrence.
The greater the damage, the lower the probability
that this damage will actually occur. Frequent minor
flooding poses a minimal threat because people can
take precautionary steps and be prepared for any
damage caused. But if a rare flood event occurs and
the water level exceeds the level for which protection
has been provided in the form of technical or non-
technical measures, the impacts can be catastrophic.
Protective measures that help to prevent large-scale
damage in the event of small or medium-sized floods
may prove counterproductive in the case of rare ex-
treme events. Smaller dams or levees hold back the
waters initially, but release them suddenly and all at
once when there is a breach or overflow.

It is not possible to protect oneself against every
conceivable flood event since the maximum height of
a flood remains undefined. People can, of course,
avoid areas with a high flood risk, but as already
mentioned, precisely such regions attract human set-
tlement for a number of reasons. In addition to the
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physical constraints on complete flood protection,
there are also economic limitations. It makes little
economic sense to develop flood protection by
means of very cost-intensive measures to such an ex-
tent that people living on rivers even protect them-
selves against extreme rare events that are expected
only once in several hundred or even a thousand
years. Therefore, no matter what technical precau-
tions are taken, there is still a residual risk that can be
regarded as barely acceptable. To safeguard against
floods, protective or mitigating measures will be ini-
tiated and implemented as long as the local residents
deem it acceptable after weighing up the costs and
the residual risk. Thus, the objective is not to prevent
flooding at all cost, but to reduce the risk to an ac-
ceptable level and minimize the damage in the event
that a severe flood and the concomitant damage oc-
curs after all. Since individual persons have limited
capacities in this respect, flood control is the respon-
sibility of the state or of specialized organizations es-
tablished for this purpose. In Germany the responsi-
bilities are stipulated in the Federal Water Act of No-
vember 12, 1996, which is supplemented by water
laws at the Länder level.

The ways in which risks can be limited and man-
aged are shown in Fig. D 1.6-5 on risk management
aspects. It consists of two separate parts: risk deter-
mination, in which the analytical basis for decision-
making is defined, and their implementation as prac-
tically effective measures to minimize risks, designat-
ed here as risk management.

Risk determination includes determining the
flood potential and the quantitative extent of risk, i.e.
calculating a function linking probability of occur-
rence and amount of damage. The former is referred
to as risk identification, the latter as risk assessment
or risk modeling. Risk management is similarly split

into two subdomains. Risk minimization or mitiga-
tion encompasses all measures aimed at limiting ei-
ther the probability of occurrence or the damage po-
tential.The degree of limitation here is a policy issue.
Risk acceptance refers to all processes and measures
for ascertaining the level of acceptable residual risk,
as well as communication with those concerned.
Since the issue of “risk” will be covered in detail by
the Council in one of its next Annual Reports, only
the basic problems and problem-solving paths taken
in connection with risk determination and manage-
ment in flood control will be discussed here.

1.6.4.1
Determination of flood risks

The first step in dealing with risks is to identify the
risk and to assess it in numerical terms (risk assess-
ment). The basis for this is the determination of the
potential damage associated with the intensity of
flooding, and calculation of the likelihood of occur-
rence.The level or intensity of the flood itself is mere-
ly an intermediate step in determining the risk, the
purpose of which is to establish the damage potential
in terms of the human lives, material assets and envi-
ronmental assets at stake. It is only when the flood
has impacts on people or on facilities built by people
that flood becomes a risk. Therefore, the second ma-
jor step in determining the flood risk is to assess the
negative consequences, i.e. the damage that may be
incurred due to the flood.

Determination of flood potential
Identification of the flood potential is essential

when calculating the damage potential. This is a task
for hydrologists, who have to assess flood events ex-
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Figure D 1.6-5
A risk management
system.
Source: adapted from
Plate, 1997
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pected in the future in terms of the likelihood of their
causing damage.Within flood control systems, the job
of hydrologists is to provide reliable forecasts. Hy-
drologists distinguish between two types of predic-
tions here: the so-called forecast and the actual pre-
diction of a specific flood event. The (real-time) pre-
diction is part of the flood warning procedure (see
Section D 4.4.1). The forecast, on the other hand,
consists of abstract determination of flood events as
a function of the probability of their occurrence. It
forms the basis for ascertaining the flood potential
and thus for designing flood control systems.

Depending on the time frame, hydrologists can de-
fine the maximum flood event to be expected. A
base-10 scale is generally used.What flood events can
be expected every 10 years, every 100 years, every
1,000 years, etc.? On the basis of these calculations, a
political decision has to be made regarding the max-
imum event for which flood control is to be designed.
In the industrialized countries, protective measures
are usually geared to a flood event that can be ex-
pected once every 100 years.

Expected values for flood potentials and probabil-
ities are calculated on the basis of statistical analysis
of past observations, or using model calculations. Ex-
pected values therefore represent approximate fig-
ures only, i.e. higher water levels may also occur with-
in shorter intervals, as the Rhine example showed. In
December 1993, the peak water level in the lower
reaches downstream from Koblenz was close to that
of the past 100 years. This was followed in February
1995 by an almost equally high flood peak.

Determination of risk exposure:
determination of flood areas
To derive damage potential from flood events, the

flood areas for each event must be determined after
identification and definition of the flood events. The
respective water levels must therefore be ascer-

tained. This can be done by means of measured dis-
charge rates, which can only be determined at a few
locations, as well as by using hydraulic calculations
that also enable flood risk areas to be mapped (see
schematic example in Fig. D 1.6-6). The obvious
problem with such maps is that they influence prop-
erty prices and land-use concepts. However, since the
data base is not precise and the hydraulic calculations
for converting water quantities into water levels are
complex, reliable flood risk maps cannot be expected
at present – unless there are sufficient records on his-
torical flood events from which a statistical distribu-
tion of frequency can be derived. The unreliability of
most flood risk maps is in stark contrast to the eco-
nomic and political impacts they may trigger.

In the communication of risk-related information,
it is therefore essential to draw attention to the un-
certainty of the input data. Nevertheless, satellite pic-
tures and other remote sensing techniques offer ways
of identifying the areas that will be affected by a
flood event. Geographic information systems (GIS)
are useful in this context.

Risk determination: flood impact
assessment
The next step in risk management is to ascertain

the flood damage and other impacts. They are ex-
pressed qualitatively in the basic principles of pro-
viding flood protection (e.g. LAWA, 1995).These are
taken into account in quantitative terms by numeri-
cally linking the extent of damage and the probabili-
ty of occurrence. A typical assessment quantifies the
threat to human life as the probability that a person
will lose his or her life when a critical flood event oc-
curs (an event for which the protective measures do
not suffice). In this case, risk means the average num-
ber of flood deaths expected every year.

The diversity of potential damage makes it neces-
sary to have a comparative scale for the different cat-
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egories of damage. As a rule, the potential damage is
specified separately for the categories of loss of hu-
man life, loss of assets and threats to ecotopes (Buck
and Pflügner, 1991). In the recently revised emer-
gency protection plans in Switzerland, as many as
seven different categories of damage are defined, al-
though these may also be aggregated, depending on
the specific case. For the purposes of risk manage-
ment, however, decision-makers tend to favor sepa-
rate classification.

1.6.4.2
Managing flood risks

Determination of risk provides the essential basis
for the decision-making process, in which the neces-

sary level of protection and the related precautionary
measures are decided upon.The aim here is to reduce
the risk, by means of technical or non-technical mea-
sures, to an acceptable level, i.e. to the residual risk
regarded as acceptable by society for the protection
of those concerned.The risk can be minimized in two
basic ways: by reducing the probability of occurrence
or by reducing the range of damage. The methods
available for this purpose are summarized in Fig.
D 1.6-7.The question of which to apply depends on a
number of factors that are addressed below.

Risk mitigation
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control and protection
system.
Source: adapted from
UNDRO, 1991
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Prevention

Risk reduction using non-technological
measures
In general, reducing the damage potential or the

vulnerability of people, property or natural assets
threatened is the obvious solution if the existing
threat is considered unacceptable. There are several
options to choose from in this connection (see Box D
1.6-1). First of all, one can reduce the number of
threatened elements, e.g. by resettling the people af-
fected or relocating industrial facilities outside the
flood areas in order to minimize the damage poten-
tial. Even temporary resettlement is an option when
a good early warning and well-developed general
warning system exists.

Real-time flood prediction, i.e. the most accurate
possible calculation in advance of the temporal and
spatial course of an expected flood event, is the basis
for any operational warning system. American stud-
ies on cases of dam failure and extreme floods show
that the effectiveness of risk reduction by means of
predictions and subsequent evacuation is primarily
dependent on the amount of advance warning. With
a minimum warning time of 1.5 hours, fatalities dur-
ing local flood events in smaller regions can be al-
most wholly prevented (von Thun, 1984). Fig. D 1.6-8
shows the relationship between risk reduction and
advance warning time.

Another major factor in connection with possible
risk minimization, besides the amount of advance

warning, is the capacity of the population to respond.
After the warning, the protective measures must be
implemented quickly and effectively. In extreme cas-
es, evacuation must be completed within a few hours.
It is therefore of vital importance that decisions con-
cerning protective action are rapidly and efficiently
implemented. One aspect of damage minimization is
the avoidance of false alarms. Because predictions
made long in advance are frequently very imprecise,
the activities themselves, i.e. the specific protective
measures, must be carried out in phases that are stag-
gered in such a way that the respective steps are not
taken until an adequate degree of certainty has been
achieved regarding the intensity of the extreme
event.

The effectiveness of protective action depends to
a crucial extent on the readiness of those concerned
to respond appropriately to the warning. In contrast
to common preconceptions, American studies
demonstrate that in emergency situations the popu-
lation reacts without panicking and with great com-
posure. Three main conditions are essential, howev-
er: (1) the people concerned must have confidence in
the warning signals and the information issued by the
public safety authorities; (2) they have to know ex-
actly what kind of behavior is expected of them in the
situation; and (3) the infrastructure must be so de-
signed that appropriate behavior in the emergency is
also objectively possible (otherwise panic will indeed
result).

BOX D 1.6-1

Non-technological methods of flood prevention
and control

1. Methods for reducing vulnerability to damage 
1.1 Acquisition of land

a. complete
b. partial

1.2 Evacuation
a. permanent (resettlement)
b. temporarily (in serious cases)

1.3 Protection of property
a. compulsory, possibly subsidized
b. initiated through information

1.4 Planning methods
a. land-use plans designating areas at

risk, including identification of wet-
lands, restrictions on use 

b. urban development plans involving ur-
ban renewal

c. building regulations

2. Methods for mitigating flood impacts
2.1 Flood defense, deployment plans for lo-

cal personnel
2.2 Deployment of emergency and disaster

control personnel (technical relief orga-
nizations, etc.)

3. Methods of damage compensation
3.1 Flood insurance 

a. subsidized
b. compulsory elementary damage insur-

ance for all homeowners
3.2 Government assistance in the form of

a. grants or cheap loans
b. tax reductions

Source: Buck and Lee, 1980
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Many authorities are faced with the fundamental
dilemma that their credibility suffers if they issue a
precautionary warning and the event in question
does not occur, but they are held politically responsi-
ble if they fail to issue an alarm in a situation where
the likelihood of critical flood levels being exceeded
appears too low, and then the improbable occurrence
of a flood disaster occurs nevertheless. This dilemma
is one of the challenges that risk communication has
to tackle and it requires an intensive exchange be-
tween the authorities and the local population even
before a flood event takes place.

If these aspects are also taken into consideration,
a flood warning system will consist of the following
components (see also Homagk, 1996):
1. a measuring system that supplies the data for ear-

ly warning,
2. a communication system that transmits the infor-

mation from the gauging station to the control sta-
tion,

3. a model for forecasting the event, including its in-
tensity and temporal profile,

4. a communication system for passing on the fore-
cast to the decision-maker,

5. an evaluation system that enables assessment of
the expected impacts and translates them into a
warning,

6. a communication system for transmitting the
warning to those people who take action to imple-
ment the warning and who activate the deploy-
ment plan.
Research is still needed on all these steps, particu-

larly with respect to the design of the communication
system to take account of the degree of uncertainty
of the message and the binding nature of the action
thus triggered.

Risk reduction using technological measures
The technically feasible measures for risk reduc-

tion depend on the specific features of the region be-
ing protected and the type of flood.

Floods in high mountainous areas
Technical measures for protection against floods

and mudslides at torrents and mountain rivers and, in
some cases, the landslides they induce, tend to focus
on confining the river or streambed by reinforcing
the banks and occasionally by means of large-scale
lining (outer concrete walls) for direct protection of
roads and houses. Every type of confinement or dam
involves a residual risk of overflow or breach. Since
such breaches are usually signaled beforehand, there
are calls in many countries, e.g. in Switzerland, for
dam operators to draw up disaster control plans de-
signed to ensure the well-organized evacuation of

people from the threatened area prior to an immi-
nent breach in a dam.

Floods in hilly regions
The small valleys of hilly regions face a dual prob-

lem with floods in many cases. On the one hand, the
severest floods occur as a result of summer thunder-
storms locally reinforced by orographic effects, or
due to heavy spring rains combined with snowmelt
and frozen soil. Larger valleys, on the other hand, are
threatened more by long-term cyclonal weather pat-
terns. One possible approach to flood control in such
regions is to set up flood retention basins in the up-
per valleys that serve to protect the residents imme-
diately below them, and, together with a system of re-
tention basins, can also protect the entire catchment
area against large-scale flooding. Suitable calculation
methods are available for this purpose (e.g. Ihringer,
1996). Flood control does not stop at retention basins
nowadays. Efforts are also made to regulate rivers at
major danger points, e.g. in towns, such that no nar-
row sections exist where the river can flow out of its
bed.

In small catchments, human interference in the
structure of the catchments is the factor having the
greatest impact on the flood regime.The building de-
velopment structure of the catchment area can in-
crease both the runoff coefficient and the runoff con-
centration (flow velocity). Desealing and artificial in-
filtration measures have been considered for some
time now, and indeed carried out in some places as
partial compensation for these effects. Such mea-
sures can mitigate to some extent the occurrence of
floods in densely built-up areas. However, this miti-
gation has less of an impact the heavier the flood-in-
ducing precipitation and the greater the soil moisture
in upstream parts of the region. Precisely those
floods that are caused by extreme precipitation are
less intensified by building development than are the
more frequent flood events against which people are
usually protected anyway. Accordingly, the flood-
mitigating effects of desealing measures carry less
weight in connection with extreme precipitation.

Flooding of lowland areas 
Under natural conditions, peak discharges on

plains produces large-scale flooding. The obvious so-
lutions for flood control on plains are dikes that fix
the river bed and prevent inundation of the flood-
plains. In addition, the slope is increased by cutting
off river loops. However, the disadvantage of such
methods is the severe interference with the river
regime they involve, which is difficult to compensate
for, not to mention the environmental consequences
and landscape changes that can be expected.
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In addition to dikes and flood basins, flood control
of lowland rivers can take the form of flood channels
(levees) parallel to the existing riverbeds, or short-
ened routes from tributaries to the main receiving
waters via branch canals. Two rows of dikes, a com-
mon practice in the past, also deserves mention: a so-
called winter dike situated a substantial distance
away from the river, forming a protective wall against
severe floods, and a summer dike, which is built clos-
er to the river and offers protection against smaller
floods in summer.The land between the dikes can be
used for agricultural purposes.

Tidal floods
Technical precautionary measures against flood-

ing in the estuary and delta regions of large rivers in-
clude the creation (and maintenance) of river dike
systems as well as the construction of large, control-
lable barriers at river deltas. The purpose of these
barriers is to stop the flow of seawater into the river
system at extremely high tidal water levels and thus
provide sufficient space for temporary retention of
inflow from the upper course of the river. When the
high tide level in the sea has dropped, the barrier is
opened and the river water can flow into the sea. To
ensure that the temporary storage of the river water
does not cause any flooding, the river dikes must
have a certain height even when barriers are present.
Such barriers are impressive structures. They have
been built to protect such cities and ports as London,
Hamburg and Rotterdam. Even when dike systems
and barriers exist, technical failure or floods exceed-
ing the design assumptions mean that flood disasters
in these regions cannot be ruled out.

Decision-making in response to risks 
In order to compare the costs of hydraulic and or-

ganizational measures with the benefits gained in
terms of reduced risk, it is essential to have a meticu-
lous planning process in which the need for safety
and the costs of safety are weighed up and assessed,
taking secondary impacts into consideration as well.
The latter may include impairment of alternative
uses of the waterbodies and riparian areas due to the
measures implemented, as well as changes in the ap-
pearance of the landscape and unwanted environ-
mental impacts.

In Germany, the priority of protective measures
considered should be based on those developed by
the Americans after the Great Mississippi Flood of
1993 and codified in the form of development princi-
ples (Rasmussen, 1994):

Principle 1:
Prevention of flood risk by means of resettlement

and property protection.
Principle 2:

Where this is not possible, mitigation of flood im-
pacts to the greatest possible extent.

Principle 3:
Mitigation of flood damage impacts through in-

surance and local self-help.
Principle 4:
Implementation of principles 1–3 in such a way

that the natural environment of riparian areas is pro-
tected and its benefits enhanced.

In this context it is planned to transfer the respon-
sibility and costs to local bodies in order to ensure an
efficient form of precautionary disaster control,
while government agencies provide for overall coor-
dination, advisory services and fundamental re-
search.

After the event
The simplest way of coping with risks is to do

nothing until the disaster occurs and then ensure that
its effects involve the least possible damage. Focusing
on action after the event may be cheaper than taking
precautionary measures in some cases, especially if
human life or significant assets are not at stake. In
Germany, for example, it is customary today to allow
flooding of agricultural areas, whereby the assurance
is given that if damage due to flooding occurs, the
farmers affected will receive appropriate compensa-
tion.

Risk acceptance
The decision on the level of risk a society consid-

ers tolerable, i.e. the residual risk it is prepared to ac-
cept, is based on criteria that vary from country to
country. There are also different preferences for or
aversions to specific protective measures. Whereas
evacuations are a normal part of disaster control in
the United States, they are regarded as a last resort in
Germany. Cultural and social factors are also key fac-
tors influencing the acceptance of measures.

The ways in which people deal with the threat of
floods, whether and how they take precautionary
measures against possible damage or react to dam-
age caused by floods depend to a decisive extent on
the perception and assessment of these risks. Re-
search conducted by the social and behavioral sci-
ences on perception of the risk of natural disasters
has identified a whole range of factors that may in-
fluence this risk awareness, e.g.:
– features of the natural event or situation (in the

case of floods: lack of controllability, suddenness,
chronological sequence, intensity, recurrence),

– problems relating to the ways that humans process
information when coping with uncertain events or
probabilities (resulting in incorrect assessment of
the risk),

– cognitive and/or emotional strategies for dealing
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with the threat (e.g. denying or playing it down),
– personal experience of flood risk, of one’s own or

communicated by others (familiarity, amount of
damage in the past),

– attitudes, values, personality characteristics of
those concerned as well as motivational aspects
(convictions regarding control, voluntariness of
risk assumption, interests),

– social norms (group pressure),
– sociocultural influences (including economic, po-

litical, legal and technological frameworks).
The above factors have a bearing on any risk as-

sessment, regardless of whether it involves natural
disasters such as floods, technical risks (e.g. nuclear,
genetic or chemical engineering) or environmental
risks (e.g. ozone hole, greenhouse effect) (Junger-
mann and Slovic, 1993).

Although human activities are often contributory
causes of floods, the latter are primarily regarded and
experienced as natural calamities. Floods are charac-
terized by an inherent lack of controllability as well
as by the fact that third parties (other people, the
government) cannot be made responsible for them.
Moreover, they take place relatively rarely and the
group of persons affected by a flood event can be
specified (Karger, 1996). To that extent, flood disas-
ters are widely regarded as “twists of fate” that must
be accepted and which are beyond human control.

The actual or apparent naturalness of these risks is
also the reason why the dangers posed by natural dis-
asters are deemed by most people to be far lower
than those caused by human agency, despite the
amount of potential devastation that may be in-
volved (Brun, 1992). Although the extent of damage
caused by floods (expressed as the expected number
of deaths, for example) is usually overestimated
(Lichtenstein et al., 1978), people seem to focus more
on the likelihood of damage than on the potential
scale of damage when assessing the risks (Slovic et
al., 1978). If the probability of a flood disaster occur-
ring is underestimated in such circumstances, the as-
sociated risk will be assessed as minimal – with obvi-
ous consequences for behavior. For example, people
live in flood-prone areas without even taking out in-
surance (much less changing their place of residence)
and frequently believe after the occurrence of a flood
disaster that it will not be repeated (Burton et al.,
1978; Kunreuther, 1978).

This underestimating the risk of a natural disaster
such as a flood, and the resulting behavioral respons-
es, can be attributed to the following:
– The tendency, essential for survival, to ignore risks

having a low probability of occurrence (Slovic et
al., 1978).

– The function of denying or playing down uncon-
trollable threats as a basically “healthy” mecha-

nism for coping with emotional stress (Lazarus
and Folkman, 1984; Evans and Cohen, 1987).

– The incidence of cognitive “errors” (heuristics)
when evaluating uncertain events or when dealing
with probabilities (Gardner and Stern, 1996).
If behavioral patterns based on an underestima-

tion of flood risk are to be influenced in the context
of comprehensive risk management, merely inform-
ing the population about the “real” threat is a point-
less approach. Instead, an appropriate strategy of risk
communication must target different groups, and
cover all variables of relevance to risk assessment, in-
cluding the knowledge, experience, values, attitudes
and ways of processing information among those
concerned.

The acceptance of measures is governed by a num-
ber of a factors. A protective strategy must therefore
include greater efforts to communicate risks and to
integrate the population into the precautionary plan-
ning process. Particularly in the USA, relatively good
results have been achieved with Citizen Advisory
Panels, which are involved in the preparation of dis-
aster control plans and act as communicators vis-à-
vis other local residents. Furthermore, they have
played a contributory role in reviewing the technical
measures recommended by the authorities with an
eye to weak points and unsubstantiated assumptions
about behavior. This practice should also be imple-
mented in the developing countries especially, be-
cause the authorities there are often confronted with
a loss of credibility and are unable to operate effec-
tive organizational measures, such as comprehensive
warning systems.

Public participation is essential nowadays when
implementing large-scale flood control projects. The
issue of risk acceptance as it pertains to flood control
has always been a question of the solidarity of those
people who are not affected with those who are. Such
solidarity is facilitated when the benefits produced
are not confined to the local residents only.This is the
case if other aims besides flood control can be
achieved. Integrating environmental aspects into the
“Integrated Rhine Program” enabled a decision
based on solidarity that was politically accepted in all
the riparian nations. However, the political decision
to develop a flood control system does not always
meet with the approval of local residents, because the
construction of higher dikes or flood basins often re-
quires private land and therefore curtails other uses.
If those affected are themselves the beneficiaries of a
protective measure, the acceptance is much greater,
of course, than in the case of an upstream resident
who has to create retention basins solely for the ben-
efit of downstream residents.
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1.6.5
Research recommendations

In recent years, there have only been isolated re-
search projects on questions concerning the occur-
rence of floods, possible exacerbation and more ef-
fective flood management. The following research
topics are therefore important:
• Integrated analysis and modeling of the entire

causal chain, from precipitation, formation and
concentration of runoff, the course of flood events
(also in flooded areas), to damage assessment.

• In the meteorological field especially, precipita-
tion forecasts for regional or local catchments are
important for practical activities. Downscaling
methods must be further developed and validated,
particularly with respect to the determination of
precipitation frequencies in space and time. This
applies to the linking of measured values with pre-
cipitation data, as well as weather patterns with
precipitation events.

• Derivation of scenarios for extreme weather situ-
ations, both on a regional and local scale, on the
basis of global warming scenarios, global and re-
gional climate models and analysis of the influ-
ence of cyclonal weather patterns on precipitation
in Germany.

• Development of methods for evaluating the
stress-bearing capacity of our rivers. The conflict-
ing interests associated with the navigability of
waterways, land use, environmental functions and
flood control must be taken into account. How do
floods affect the relationship between these as-
pects and how does the damage potential change
indirectly as a result?

• The damage potential of floods is a consequence
of human settlements in flood-prone areas.The in-
terrelationships between the perception and han-
dling of risks and the consequences of floods must
be studied in more detail, because the responses to
risk also determine the potential for damage re-
duction.

• Interest should focus on the general social
processes of perception, communication and re-
sponse in connection with flood risks, compared to
other individual and civilizational risks. What role
do limit values play in the acceptance of risks?



Water in the Global Network of Interrelations – the causal web2

Water-centered Global Network of Interrelations –
key trends in the hydrosphere

2.1
Trends in the hydrosphere

In its various Annual Reports to date, the Council
has already specified a number of trends that de-
scribe the major changes occurring in the hydro-
sphere. Within an analytical description of global
change, these trends are seen not simply as a result of
human activities, but also as active elements within a
network of mutually impacting trends in human soci-
ety and the environment.

The interactions between these trends may be rep-
resented by diagrams showing the reinforcing and at-
tentuating effects that can appear. The type of inter-
action thus shown is not mechanical in any sense (as
in the type of model used in physics), but symbolizes
instead the qualitative, phenomenological consisten-
cy in the occurrence of the two trends in question.

These elements can be used to construct networks
of interrelations representing a simple form of qual-
itative expert system: in standardized form, they sum-
marize existing expert knowledge concerning the
constitutive elements of global change.The diagrams
– as a formal instrument for qualitative environmen-
tal system analysis – are not only able to illustrate the
high degree of connectivity between the various as-
pects, but also convey an idea about how specific
problematic trends are embedded within the overall
phenomenon of global change (for a detailed de-
scription see WBGU, 1997).This instrument can help
answer the questions: What trends within global
change exert a significant influence on the freshwater
crisis? Where are the critical feedbacks?

In a diagram illustrating the hydrosphere-cen-
tered Global Network of Interrelations, the impacts
and effects of the various trends on the hydrosphere
must be shown separately due to the complexity of
the interrelations (Figs. D 2-1 and D 2-2). In the fol-
lowing, the most important relationships within the
water-centered Global Network of Interrelations are

described, with special reference being made to the
different regional manifestations, which are not vis-
ible in the charts.

One key problem within the hydrosphere is in-
creasing water scarcity. The intensity of this trend
varies considerably between one region and another.
Africa and parts of West Asia seem to be especially
vulnerable to this environmental problem. North-
west China, western and southern India, large parts
of Pakistan and Mexico, the west coast of the USA
and northeast Brazil are seriously affected as well.
The main dimension of the trend is the high increase
in withdrawals at local level. The following examples
describe some of the more serious developments:
– Excessive groundwater extractions: depletion of

the Ogallala aquifer in the USA and of the Disi
aquifer in Jordan and Saudi Arabia, extraction of
fossil groundwater stocks in Libya and Yemen, as
well as in India and Southeast Asia.

– Diverting water for irrigation projects: desiccation
of the Aral Sea (see Section D 3.4.3.1) or of the
Everglades in Florida.

– Intrusion of salt water into deltas and coastal aq-
uifers as a consequence of excessive use of
groundwater and surface waters: e.g. in Israel, Chi-
na, Vietnam, the Gulf of California or the Gaza
Strip.

– Losses from supply pipes, in irrigation (evapora-
tion) and in production are also important factors
causing water scarcity.
Within the hydrosphere, the main reinforcing fac-

tor affecting the amount of potable freshwater
(“freshwater scarcity”) results from “declining water
quality”. The causes of this decline can be pollutant
loads from air (acid rain, dust, substances washed out
by precipitation), from processes using water (indus-
try, households, sewage disposal) or from soils (agri-
culture and waste dumps). A number of problematic
substance groups are relevant here: heavy metals,
salts, acids, persistent organic pollutants (e.g. from
chlorine chemistry), nutrients (feces, particulate mat-
ter from eroded soils) and pathogens.“Declining wa-
ter quality” – one of the main reasons for the de-
crease in usable freshwater (“freshwater scarcity”) –
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Figure D 2-1
The water-centered Global Network of Interrelations. The solid lines denote a permanent causal link.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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is manifested in different forms depending on the
specific region:
– Africa: high salt concentrations, large sediment

loads in rivers at the beginning of the rainy season.
– North America and Europe: pollutant loads from

industry (toxins, acidification), nitrates and bio-
cides from intensive agriculture (eutrophication
of surface waters).

– South America: high level of bacteriological and
organic pollution (pathogens and nutrients);

– Middle East: salinization due to intensive agricul-
ture, intrusion of salt water.

– East and Southeast Asia: organic pollution, pesti-
cides and eutrophication.
In the water-centered network of interrelation-

ships, the trend labeled “intensification of agricul-
ture” is characterized primarily by “expansion of irri-
gation”, which is a major factor in the global increase
in water consumption (see Section D 1.4). Irrigation
always has impacts on “changes in the local water
balance” because it affects both runoff and evapo-
transpiration. If a reinforcing effect is not present in
every case, this information is represented by broken
lines (Figs. D 2-1 and D 2-2).This is done to show that
the phenomenological correlations between these
trends of global change may involve regional varia-
tions.

2.2
Global mechanisms of the water crisis

Freshwater scarcity – Declining water quality –
Groundwater depletion – Changes in the local water
balance – Changes in loads of particulate and dis-
solved substances

2.2.1
Impacts on hydrosphere trends

Impacts on freshwater scarcity
“Demand for higher standards” in the psychoso-

cial sphere leads to an increase in water consumption
by households, on the one hand, as well as by trade
and industry as a result of increased production, on
the other. The water withdrawals involved are equiv-
alent to roughly 11% of the world’s total renewable
water stocks. This percentage will increase still fur-
ther as a consequence of the “spreading of western
lifestyles and consumption patterns”. Per capita wa-
ter consumption is currently high, especially in the in-
dustrialized countries, even though individuals’ di-
rect consumption of water as a foodstuff is quite low.
Much more drinking water is consumed for cleaning
or sanitation.

Rising water prices have established the economic
conditions for a reversal of these trends. “Enhanced
resource productivity” is gaining in importance,
above all in the industrialized countries: water with-
drawals by industry and for domestic use (e.g. wash-
ing machines and dishwashers) have decreased sub-
stantially, and multiple use now plays a greater role.
In contrast to the agricultural sector, where water as
an environmental asset is often less relevant as a cost
factor due to the subsidies for free access to surface
water or groundwater, the manufacturing and pro-
duction sectors generally rely on the supply of drink-
ing water from waterworks. These withdrawals are
therefore a visible cost factor, so reductions in con-
sumption are desirable for users. One example is the
increase in productivity per unit of industrial water
use in Japan, which has more than trebled over the
last 20 years or so.

Another trend of global change that can exert a
very strong influence on freshwater scarcity at re-
gional level is “growth in tourism”. Local water with-
drawals can increase heavily in popular tourist re-
gions, which in many cases are water-poor and arid.
Mass tourism, through which the creation of tourist
infrastructure becomes profitable in the first place,
causes a severe drain on local water resources. Swim-
ming pools, activity zones, parks and gardens requir-
ing constant watering, in addition to a high level of in-
dividual consumption, can result in the depletion of
renewable drinking water resources at local level.

Impacts on “declining water quality”
Worldwide, the quality of surface waters and

hence the quality and amount of directly accessible
freshwater stocks are undergoing changes.The sever-
ity of impacts differs considerably from one region to
another, and is linked to several trends. The “tropo-
spheric pollution” trend plays a special role in this
context on account of the eutrophication and acidifi-
cation of waterbodies. In northern Europe, the acid-
ification of waterbodies has declined in severity,
mainly because of flue-gas desulfurization, whereas
the trend has intensified in other regions (East and
Southeast Asia). In recent years there has been an in-
crease in nutrient loads – especially nitrogen – via the
atmosphere to waterbodies, which in turn can reduce
the quality of surface waters through increased bio-
mass production.

This phenomenon results to a much greater extent
from the trend towards “intensification of agricul-
ture” and the “overfertilization” this often involves –
eutrophication is induced here primarily by the en-
hanced loads of phosphorus and nitrogen into water-
bodies (see Section D 4.4).The situation is exacerbat-
ed by pollution through biocides in many developing
countries, where older, more persistent pesticides
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The water-centered Global Network of Interrelations: Impacts. The broken lines denote regionally varying causal links.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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and herbicides are still frequently used (see Section
D 3.3 on the Green Revolution Syndrome).

Complementary trends causing deterioration of
water quality are manifested in other regions – the
“Deposition and accumulation of waste” on and in
soils (e.g. at contaminated industrial sites) can lead –
as in the “contamination” trend (e.g. leakage of pol-
lutants, oil spills) – to the contamination of riparian
zones and groundwater. High concentrations of pol-
luting substances in waste (also in sealed landfill
sites) are “time bombs” threatening to unleash se-
vere water pollution.“Soil erosion” can also have ad-
verse effects on water quality due to the sediment
loads that are generated.

Cities are some of the worst hot spots: “urbaniza-
tion” exacerbates “water pollution” most of all when
the urban infrastructure fails to keep pace with
growth (see Section D 3.5 on the Favela Syndrome).
The “increasing consumption of energy and raw ma-
terials” trend may also have certain impacts, especial-
ly when obsolete and inefficient technologies are in
use.This problem is particularly prevalent in the new-
ly industrializing countries (see Section D 3.2 on the
Asian Tigers Syndrome).

Figure D 2-1 shows few tendencies that reduce the
“declining water quality” trend: “advances in envi-
ronmental engineering” and the “increase of envi-
ronmentally sound economic processes” counteract
the “decline in water quality”. Examples include the
setting, monitoring and enforcement of environmen-
tal quality targets in respect of production and use,
for example compliance with limits on contaminant
concentration and the use of efficient technologies
for wastewater purification. The driving forces be-
hind these trends are the “increasing environmental
protection at national level” and “growing environ-
mental awareness”. These are essential if improve-
ments in water quality are to be achieved by means
of technical processes – as well as through changes in
consumer behavior.

Impacts on “changes in water tables”
A particularly serious trend of global change is the

worldwide problem of anthropogenic alteration of
water tables. Both “sinking” and “rising water tables”
can lead to damage.

Non-sustainable extractions occur predominantly
as a result of rapidly growing demand in cities (“ur-
banization”) or in irrigated agriculture (“intensifica-
tion of agriculture”). However, enhanced demand
due to “growth in tourism” can lead to the depletion
of groundwater reserves if withdrawals from surface
waters are not an option, or if the latter resources re-
quire costly treatment before use.

In addition to these trends, which are associated
with excessive withdrawals, the regional potential for

groundwater replenishment is changing. “Surface
sealing” caused by “urbanization” and “overdevelop-
ment”, as well as the “expansion of transport routes”
and “changes in the local water balance” (e.g.
through land-use changes or as a consequence of “re-
gional climate change”), can lead to a sinking water
table due to reduced recharge rates.

These problems can be mitigated by the “increase
of environmentally sound economic processes”. The
use of water-saving technologies or methods for mul-
tiple use lead to lower water consumption and thus to
less pressure on groundwater resources. Here, too,
“increasing environmental protection at national lev-
el” is of crucial importance in combating the prob-
lems with groundwater resources.

“Rising water tables” can result from inappropri-
ate irrigation techniques (“intensification of agricul-
ture”) in association with poor runoff, which can lead
to waterlogging of soils.

Impacts on “changes in the local water
balance”
The local water balance, comprising precipitation,

evapotranspiration and runoff, is influenced by a
number of anthropogenic factors. The “conversion”
and “degradation of natural ecosystems” (especially
deforestation) therefore leads in most cases to en-
hanced runoff and to changes in evapotranspiration
rates, which reduces, in turn, the local residence time
of precipitation.

“Sealing and compaction of soils” accelerate run-
off, as does the shoring up of river banks and the ca-
nalization of watercourses. “Intensification of agri-
culture” plays a key role in this context. The “expan-
sion of agriculturally used lands” and the intensifica-
tion of land use by agriculture can lead to major
changes in the runoff regime as a result of the drain-
ing of wetlands (“conversion of semi-natural ecosys-
tems”) and damming of riverside fields and flood-
plains, thus causing long-term changes in the local
water balance.

“Global and regional climate change” impacts on
the local water balance primarily through changes in
precipitation patterns, changes that can vary enor-
mously between different regions.

Impacts on “changes in loads of
particulate and dissolved substances”
One important component of water quality is the

amount of suspended sediment and dissolved salts in
running waters. The sediment load transported by
rivers is increased primarily by soil erosion, the ef-
fects of which are passed on through changes in the
runoff regime (“changes in the local water balance”),
and which is itself caused mainly by changes in land-
use practices (WBGU, 1995). Water development
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projects, from changes to the riverbed to the con-
struction of dams, are other key factors changing the
transport of sediment (see Section D 3.4). Due to
losses through evapotranspiration – especially in arid
and semi-arid regions – large-scale water withdraw-
als for “irrigated farming” bring about the intense ac-
cumulation of salts in return water, which can then
reinforce “salinization” of downstream soils (see Sec-
tion D 3.3).

2.2.2
Effects of hydrosphere trends on other spheres

Effects of “freshwater scarcity”
“Freshwater scarcity” compels people to use water

of lesser quality, exposing them to the risk of “in-
creasing damage to health” through the spread of
epidemics, for example, or poisoning (see Section
D 4.2). In agriculture, water scarcity prevents “in-
creased food production”.

“Freshwater scarcity” may increase the potential
for conflict between neighboring states dependent
on the same surface waters. For example, a major
conflict of interests is developing between Syria and
Iraq, who have barely sufficient water resources to
maintain their intensively irrigated agriculture, and
Turkey, which is able to control inflows by means of
dams (see Section D 4.1). Conflicts over resource dis-
tribution are also possible within countries, where
they cause “social and economic disparities” to in-
crease.

Effects of “declining water quality”
The main effect of water pollution concerns the

quantity of water that can be used to meet human
needs (“freshwater scarcity”). The increasingly poor
quality of regional water reserves, primarily caused
by the pollution entering surface waters and ground-
water from industrial, agricultural and urban sources,
can lead to “increasing damage to health” in urban
agglomerations, especially in developing countries.
Examples of epidemics induced by low-quality water
supplies are typhoid, cholera and diarrhea (see Sec-
tion D 4.2). However, gradual poisoning by heavy
metals or other contaminants in water is also of sig-
nificance. The enrichment of waterbodies with nutri-
ents, and the eutrophication that ensues, is an exam-
ple of the “degradation of natural ecosystems”.

Effects of “changes in water table
levels”
A “sinking water table” means a reduction in or

scarcity of freshwater stocks. This causes an increase
in the expense and effort needed to extract water
from ever-deeper groundwater reservoirs. An addi-

tional threat can develop for areas further away,
which are deprived of their groundwater resources
by the long-distance supply networks for urban cen-
ters. Their natural ecosystems are degraded by a
“sinking water table”.

In coastal zones, saltwater intrusion can replace
the depleted freshwater in a sinking water table. Dur-
ing the 1950s, the water table in the Tel Aviv area
sank below sea level over an area of about 60 km2 as
a result of groundwater pumping. A large-scale sys-
tem of basins for replenishing the aquifers with fresh-
water was needed to avert the threat of salinization
from saltwater intrusion into the groundwater aqui-
fers.

“Rising water tables” – as a consequence of poor-
ly managed irrigation, for example – can lead to wa-
terlogging of soils.A special problem arises when the
capillary link between soil water and groundwater is
broken, thus promoting the “salinization” of the soil.
In the same vein, a “rising water table” due to “eco-
system conversion” (e.g. logging of eucalyptus forests
in Australia and reduced evapotranspiration) can
lead to the “salinization” of upper soil horizons
through the mobilization of salt reserves in deeper
horizons.

Effects of “changes in the local water
balance”
Within certain limits, the local water balance rep-

resents an element of regional climate that can be ac-
tively influenced by vegetation cover. Changes in
vegetation can induce changes in the regional climate
on account of the different evapotranspiration rates
(“degradation of natural ecosystems”). There are
similar feedbacks between the water balance, as part
of the conditional framework for habitats, and natu-
ral ecosystems. If ecosystem degradation is induced
by changes in the runoff regime, for example, species
diversity can undergo significant changes leading in
extreme cases to the total transformation of the eco-
system in question (e.g. disappearance of wetlands,
see Section D 4.4).

Humans, too, may be directly exposed to threats of
various kinds: free waterbodies artificially produced
by holding back runoff, as occurs in irrigation pro-
jects, for example, can foster the spread of water-
borne diseases (e.g. schistosomiasis or malaria; see
Sections D 3.4 and D 4.2). Shifts in the water balance
due to inappropriate irrigation methods (enhanced
evapotranspiration) often cause “salinization” of
productive soils; this is one of the most important
interactions behind the global problem of soil degra-
dation (see WBGU, 1995).
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Effects of “changes in loads of particu-
late and dissolved substances”
This trend has major consequences on the pedo-

sphere as well as indirect impacts on the biosphere.
The removal of soil particles by water can lead not
only to the loss of productive soils due to water ero-
sion and eluviation (“loss of fertility”), but also to
changes in the morphology of a landscape. Dams and
the concomitant decreases in flow rate act to reduce
the “sediment load” transported by rivers, which in
turn causes a reduction in sediment deposits in lower
reaches coupled with enhanced riverbed erosion,
with all the implied consequences for coastal and es-
tuarine ecosystems (“degradation” and “conversion
of ecosystems”; see Section D 3.4).

Enhanced throughput of salts by irrigation sys-
tems can have similarly adverse impacts on ecosys-
tems; the threat of “salinization of soils” is magnified
downstream through renewed use of river water for
agricultural purposes.



3Global water problems and their causes

3.1
The criticality index as a measure of the region-
al importance of the water crisis

Complex indicator developed – Innovative model-
ing approach – Assessment of the global water crisis
with regional resolution – Future trends concerning
supply, demand and crisis-resolving capacity – Assess-
ing the severity of water stress and water scarcity

In this section, the Advisory Council attempts a
prospective assessment of the global water crisis.This
criticality assessment is one of the few global models
integrating hydrological, climatological, demograph-
ic and economic factors, and enables conclusions to
be drawn about the future dimensions of the water
crisis as manifested at the specific regional level.

Until now, leading analyses have typically been
based on the evaluation of water consumption fig-
ures for the various sectors within a given country. In
older surveys, the water problem tended to be viewed
from a mainly technical perspective – the underlying
goal was to provide, by means of water development
projects and other technical measures, a water supply
of adequate quality and quantity in response to a giv-
en level of demand that was assumed to rise inexor-
ably. Inadequate consideration was given to the finite
nature of the resource, and trends in demand were
not questioned. More recent reports, on the other
hand, have been focusing more and more on the total
volume of water resources available at national level
(see Section D 1.4). This is essential for any compar-
ison of existing use patterns and potential demand in
the future and thus for assessing the extent to which
the consumption of this renewable resource is sus-
tainable. However, the key indicator needed here –
“renewable freshwater stocks” – has not been de-
fined with sufficient precision as yet.There is general
agreement regarding the amount of water available
to a country in the form of precipitation. But there
are major disparities regarding the inclusion of sur-
face water and groundwater, which may occur as in-

flows from other countries and hence substantially
increase the local supply of water.

Another major problem, in the eyes of the Coun-
cil, centers on the current definition of the terms wa-
ter stress and water scarcity: one speaks of regular or
periodic water stress, which may involve only occa-
sional or locally confined water problems, when the
amount of renewable freshwater available to each
person is between 1,000 and 1,666 m3 a year. Chronic
water scarcity is when less than 1,000 m3 of freshwa-
ter is available, because damage to human health and
economic development are the result. If less than
500 m3 of freshwater can be used per person and
year, one speaks of absolute water scarcity (Falken-
mark and Lindh, 1993). The three terms as thus de-
fined may be useful categories when evaluating the
water crisis on the basis of water availability per in-
habitant, but they provide nothing more than a basic
orientation and cannot qualify as precise limits with
global applicability. Gleick, for example, refers to the
1,000 m3 limit acknowledged by the World Bank as an
indicator of water scarcity as “a level some suggest is
an approximate minimum necessary for an adequate
quality of life in a moderately developed country”
(Gleick, 1993). For Gleick, the minimum level for
preventing regular or periodic water stress proposed
by Falkenmark is useful merely as a “warning signal”
for countries with growing populations, i.e. as long as
population size does not stabilize, most countries
classified as water stressed risk becoming water
scarce (Engelman and LeRoy, 1995). However, even
if these threshold values were to serve as a basic or-
ientation for assessing a water crisis, their objective
relevance is questionable: comparing and contrasting
the amount of water resources available and trends
in population growth may be informative with regard
to potential demand levels, but say nothing about
consumptive behavior, the extent to which minimum
needs are met, or about the technical and financial
resources available for compensating for shortages.
For example, a relatively prosperous country such as
Israel is able to manage with 461 m3 of freshwater per
person per year without having to fear severe water
scarcity and the devastating consequences this would
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have for economic development and human health –
although the situation is very fragile.

For a realistic and regionally differentiated assess-
ment of the global water crisis, the Council therefore
recommends an approach similar to the one de-
scribed in its Annual Report on the threat to soils
(WBGU, 1995). This approach involves assessing the
water crisis with a complex indicator combining nat-
ural water stocks, the drain on water resources
caused by humans, as well as society’s problem-solv-
ing or response capacity. In countries where water is
scarce, the pressure of demand high and the capacity
to respond low, the global crisis is manifested in a
particularly acute form; in contrast, no crisis is seen to
exist in countries or regions with minimal demand
levels, abundant water supplies and various options
for solving its problems. Most of the world’s nations
are going to be somewhere between the two ex-
tremes. The criticality index that needs to be devel-
oped should serve primarily as a means for assessing
water crises in the near future, i.e. as a kind of early
warning system. It must therefore be a dynamic indi-
cator that takes current trends into account.

With the help of this “local”, composite indicator,
K(r),

K(r) = water withdrawals ,
water availability * problem-solving capacity

the world’s freshwater problems could be assessed
from the regional scale upwards by means of a criti-
cality index. Each of the variables depends on specif-
ic factors – water withdrawals are determined by the
local population density, the specific economic sys-
tem (especially with regard to its water efficiency and
water-polluting potential), the environmental condi-
tions as well as cultural factors. For water availability,
the responsible factors are climate, vegetation, soil
characteristics, hydrography and topography, climate
variability as well as the water resource development
projects in place. Problem-solving capacity, the “soft-
est” of the three variables in the indicator, could be
measured in terms of the economic strength of a lo-
cation (per capita GNP), an indicator for water-relat-
ed know-how, in terms of the quantity and quality of
existing infrastructure for the supply, distribution and
treatment of (waste)water, and with an indicator for
the efficiency and stability of the relevant political in-
stitutions.

At present, however, only some of the requisite in-
put variables are available at sufficient regional reso-
lution. On the other hand, collection and processing
of the basic data needed will soon be essential for a
more detailed assessment of the regional significance
of freshwater problems. The Council sees an urgent
need for research in this area, alongside further in-

vestigation of the functional interrelationships be-
tween the various spheres.

3.1.1
Modeling withdrawal trends

The Council has developed an initial approxima-
tion for the proposed criticality index in order to
point out the direction that might be taken by an in-
tegrated and transdisciplinary assessment of the glo-
bal water crisis. The following regional criticality as-
sessment KA(r) operates from the basic analysis of
K(r) using currently available data. It permits an as-
sessment of the global water crisis that is adequate at
the regional scale, albeit with gaps in respect of the
many variables that need to be considered. This as-
sessment is also prospective, in that it tracks the three
decisive criticality factors until 2025 on the basis of
scenarios obtained from climate research.The Coun-
cil draws here on work carried out by the Center for
Environmental Systems Research at the University
of Kassel (Alcamo et al., 1997) in connection with
“water withdrawals” and “water availability”, and by
a workgroup at the Potsdam Institute for Climate Im-
pact Research concerning “water-specific problem-
solving capacity” and integrated modeling (Lüdeke
et al., 1997).

The unit of measurement in the criticality assess-
ment of global water resources is defined as people’s
water withdrawals. Water withdrawals are mainly
made by:
– agriculture,
– industry,
– for domestic uses.

Available data on national withdrawals were plot-
ted for 1995 (older values so far) on the basis of the
current distribution of population density and other
data (e.g. distribution of irrigated area) with a geo-
graphical resolution of 0.5º x 0.5º. The determinants
of withdrawal levels include, inter alia, the population
size, the per capita gross domestic product (GDP)
and the intensity of water use in industrial produc-
tion. To calculate future water withdrawal trends un-
til the year 2025, three different scenarios were de-
veloped, namely for low, medium and high withdraw-
al levels. The criticality assessment presented in this
Report is based on the medium-level scenario (M). It
is derived, firstly, from the regionally differentiated
assumptions concerning population and economic
growth in IPCC’s IS92 scenario (world population:
8,205 million people, global average GDP per capita:
US$ 7,314), and secondly from a set of assumptions
about water efficiency trends as they relate to
economic development, differentiated according to
sector and economic geography. Water prices and
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changes in same were not explicitly included in this
assessment.

Working from time series for industrialized and
developing countries, it was assumed for the domes-
tic sector that per capita withdrawals increase in pro-
portion to per capita income. The figure reaches a
maximum at US$ 15,000, after which it declines rela-
tively sharply to half the maximum value, remaining
constant at incomes of US$ 20,000 and upwards.
Withdrawals by industry were based on sectoral fig-
ures for gross value added. The assumptions of the
model are that a consistently high level of water with-
drawals decreases to 50% once industry’s gross value
added per capita reaches a certain value; this value is
set at approx. US$ 5,000 for countries with low water
availability, whereby the reduction in withdrawals
does not occur until approx. US$ 15,000. The reason
for this is the assumption that industrial production
can be adapted better than domestic production to
the existing water supply due to greater flexibility in
the choice of products and production processes.Wa-
ter withdrawals by agriculture, the largest category of
withdrawals worldwide, was sub-divided into global
withdrawals for livestock farming and withdrawals
for irrigated farming. Based inter alia on the FAO
study by Alexandratos (1995), Scenario M assumes
for these latter components that the irrigated area
will remain constant in the industrialized countries,
but will increase in developing countries at regional-
ly varying rates in line with the growing population
and its demand for food. Irrigation efficiency increas-
es in all areas by 0.5% per year, or 16% in total by the
year 2025.

3.1.2
Modeling water availability

Water availability was calculated with complex
models based on a subdivision of the Earth into 1,162
catchments (Alcamo et al., 1997). Modeling of water
availability was done with a grid resolution of 0.5° x
0.5°, matching the resolution of global databases. By
integrating the driving climatic variables such as soil
and vegetation characteristics, slope inclination and
the hydrological base of the respective soil type, the
daily water balance was calculated for each grid cell,
then compared and calibrated with the empirically
determined annual runoff.

At the catchment level, the total water availability
can be derived as the sum of the annual surface run-
off and groundwater recharge in the area in question.
Even though the temporal resolution of the model
calculations is finer, the results can only be taken as
annual means, since lateral flows were not explicitly
included. Given the retention capacity of the runoff

systems and soil, this is a quite acceptable approach.
In the view of the Council, one of the strengths of
modeling water availability at the catchment level is
that it enables hydrological conditions to be de-
scribed with much greater precision than would be
the case for a country-scale analysis, as is carried out
in many other models of the global water crisis.

However, it should be mentioned that the signifi-
cance of the model’s output is qualified by a number
of aspects that have not been integrated sufficiently,
if at all, in the model so far. First among these factors
is water quality. An essential requirement for any re-
alistic assessment of the global criticality of water re-
sources would be to have aggregated water quality
indicators enabling international comparisons. Since
deterioration in quality (e.g. through the discharge of
toxic effluent into receiving waters) can render enor-
mous amounts of freshwater unusable as drinking
water or even as process water, this aspect represents
a major limitation also in connection with the quan-
titative dimension of the water crisis. Sediment loads
resulting from runoff may also affect water quality,
and hence the direct availability of water resources.
Various other aspects are not covered by the scenar-
ios, such as intra-annual climate variability, unpre-
dictable land-use changes and changes in vegetation
cover. At present, major uncertainties also surround
the assessment of the future precipitation patterns
brought about by climate change.The Council stress-
es the need for research in this field, too.

In order to assess the impact of population
growth, economic changes and climate change on the
water crisis, the water withdrawal scenarios were sup-
plemented by a water availability scenario in which
future temperature and precipitation values for the
year 2025 were determined with the help of the cli-
mate scenario of a coupled global atmosphere-ocean
circulation model (GCM) generated at the Max
Planck Institute for Meteorology in Hamburg (see
Section D 1.3).This GCM output is based on the pro-
jection of greenhouse gas emissions in the IS92a sce-
nario (IPCC 1992), which does not include any emis-
sion reduction strategies. According to that scenario,
the CO2 equivalent concentration in the atmosphere
will increase 50% by the year 2025 relative to
1980–1990 levels. Given the current uncertainties
with regard to estimates of regional precipitation,
modeling of water availability was carried out using
both the IPCC climate scenario and the results from
an additional GCM run (Geophysical Fluid Dynam-
ics Laboratory). Only at a large scale of resolution
are today’s simulations of global climate able to mod-
el precipitation distribution with any degree of reli-
ability. Elaborating regional climate scenarios is
therefore an area where research needs to be stepped
up.
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There are still uncertainties with regard to the pre-
cise impacts that climate change will have on the glo-
bal water balance. It can be assumed with some cer-
tainty that the anticipated 1.5–4.5 °C rise in mean
global temperature will lead worldwide to a 3–15%
increase in mean annual precipitation (IPCC, 1996a).
While enhanced precipitation will improve water
availability (e.g. for agriculture), the rise in tempera-
ture will produce the reverse effect (e.g. through
higher evapotranspiration levels). Even assuming
that climate change will have a positive net effect on
water availability, there is considerable uncertainty in
respect of the regional and temporal distribution of
precipitation. This is another area where the Council
sees a major gap in research, closure of which would
significantly boost the predictive strength of the crit-
icality index outlined above.

The mean data now available must be treated with
caution in any criticality assessment of global water
resources. The very fact that agriculture is respon-
sible for the largest water withdrawals worldwide –
which means that the core problem of “freshwater
scarcity” is very closely linked to the core problem of
“threats to world food security” – implies that a glo-
bal, integrated index should be based on a cautious
assessment of water availability that takes full ac-
count of natural variabilities. For this reason, the sce-
nario in question is based not on average monthly
precipitation figures, but on the precipitation falling
in dry years (only 10% of all years are drier).

3.1.3
Water-specific problem-solving capacity

Humans not only cause water crisis, they are also
able to take action in order to mitigate the resultant
impacts. Social actors and social systems possess nu-
merous options in this respect, including (more de-
tails in Section D 5):
– long-distance transmission of water supplies from

regions with surplus;
– water resource development projects for equaliz-

ing seasonal fluctuations in supply;
– improving water quality by means of purification

techniques and/or by reshaping production;
– substitution of traditional water sources (e.g.

through desalination of sea water).
These and other measures depend on the society’s

level of development, on its water-specific problem-
solving capacity. Their main thrust is to bring about
an effective increase in water supply, and they are
distinct from measures leading to enhanced efficien-
cy of water consumption in the relevant withdrawal
scenarios. Depending on the preferred concept of de-
velopment being applied, opinions will vary as to
how this capacity should be defined and measured.
This touches on a fundamental issue in the analysis of
society-nature relations: namely the question wheth-
er humankind is able, by virtue of its economic and
technological capacities, to cope with or compensate
for scarcities – regardless of their natural or anthro-
pogenic origins – through the (additional) deploy-
ment of socioeconomic resources.

Projecting this issue into the context of the econo-
my-ecology debate, one can identify four basic, ideal-
typical positions regarding the degree to which the
stock of natural capital can be substituted by socioec-
onomic capital (Table D 3.1-1).

The Council considers the two extreme positions
in this ideal-typical scheme – total substitutability
and total non-substitutability – to be unrealistic. The
idea that there are no limits to what a society can
achieve provided the requisite financial resources
are available makes little sense given the non-substi-
tutability of water for human consumption. Con-
versely, humankind’s thousands of years’ experience
in the management of scarce water resources refutes
any assumption that modern societies are totally in-
flexible in their exposure to regional scarcities. This
reduces the range of plausible positions to the two in
the middle, which the Council includes in its analysis.
In producing the criticality assessment, the Council
deliberately steered clear of adopting a single posi-
tion on substitutability. The Council considers both a
moderately substitutionalist and a moderately non-
substitutionalist position (referred to for simplicity’s
sake as “environmentalist economics” and “ecologi-
cal economics”) to be acceptable, and would like to
include both in order to arrive at two different assess-
ments of society’s capacity for curing the global wa-
ter crisis.

The criticality index proposed by the Council
would take into account a number of other dimen-

Substitutability of natural 
by socioeconomic capital

low to low high high
zero to total

Economic radical ecological environmental radical
ideal-types ecologism economics economics economism

Table D 3.1-1
Ideal-typical conceptions
of the economy-ecology
relationship.
Sources: Jansson et al.,
1994; Pearce and Turner,
1990; Radke, 1996;
Rennings and Wiggering,
1997
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sions to solving the problems that exist. For pragmat-
ic reasons, it is assumed for the criticality assessment
developed here that a society’s level of economic de-
velopment – measured as per capita gross domestic
product (GDP) – can operate as an initial approxi-
mation for the water-relevant curation capacity. It al-
most goes without saying that a rich economy will
possess a greater capacity for coping with crisis than
a poor one. That said, there are differences in the ex-
tent to which human capital is able to counteract nat-
ural (and anthropogenic) crises.This aspect is reflect-
ed in the two scenarios described below. Classifica-
tion of gross domestic product was based on four cat-
egories, numerically analogous to the four categories
of water scarcity and the World Bank’s grouping of
countries into high, upper-middle, lower-middle and
low per capita income. Figures for per capita GDP
are available for national entities only, but this de-
tracts little from the strength of the model, since one
can assume that national policymakers are the deci-
sive actors in this context.

Regardless of how high or low the substitutability
of natural resources is considered to be, however, two
things must be considered in any case:
• Efficacy: the measures adopted to overcome a wa-

ter crisis must achieve the intended goals.
• Opportunity costs: the means deployed in sur-

mounting the crisis are not available for other,
perhaps equally important tasks.
Put more simply: an abundance of money can be

badly spent, and money well spent cannot be used a
second time. The per capita GDP criterion on which
the assessment of the global water crisis is based has
not been examined for the extent to which it meets
these two conditions. Both scenarios assume a kind
of seepage effect: higher GDP will increase the like-
lihood that mitigating measures are instituted.A syn-
drome-specific analysis of the global water crisis is
essential if full consideration is to be given to the two
aspects. Another point is that any assumption that
the severity of the water crisis can be weakened by
greater capital investment, as is the case with Scenar-
io I in particular, may collide with the per capita GDP
forecasts of the IPCC.These forecasts do not normal-
ly consider the growth-reducing impacts of resource
scarcity and hence are probably too optimistic, espe-
cially in Scenario I.

3.1.4
Formulation of a criticality assessment

On the basis of the ratio of water withdrawal to
water availability, the criticality of water withdrawals
can be assessed for each cell in the grid. This param-
eter varies from the relatively small values character-

izing little-used catchments to values greater than
one. The latter designate withdrawal areas where us-
ers consume this environmental resource at a rate ex-
ceeding the renewal rate – by pumping fossil ground-
water stocks, operating seawater desalination plants,
or by recycling used water, for example.

By combining the water withdrawal / water avail-
ability ratio with per capita availability, the method
adopted by Kulshreshtha (1993), a water scarcity in-
dex is obtained that gives special emphasis to two
critical aspects: firstly, the almost total withdrawal of
renewable water stocks (withdrawal-availability ra-
tio) and secondly a low per capita level of total re-
maining water availability.This second aspect reflects
whether an identical withdrawal rate leaves a rela-
tively large or only a relatively small amount of lee-
way (Table D 3.1-2).

The results obtained from this classification give a
first estimation of the regional importance of the
freshwater crisis. An analysis of the results reveals
that, despite the expected global increase in water
supply due to climate change, the situation is likely to
become even worse in precisely those regions al-
ready faced with water scarcity (Alcamo et al., 1997).

However, the calculations do not yet include the
water-specific problem-solving capacity at regional
level. This variable, which represents the socioeco-
nomic capacity to reduce or cure water-related prob-
lems, can be estimated initially from the growth rate
of per capita GDP. Depending on the substitutability
of the stock of natural capital, the assessment uses
specifically designed evaluation matrices (Fig. D 3.1-
1).

The basic idea behind the two matrices is relative-
ly simple – if one assumes a high substitutability of
water by GDP per capita, then crises and scarcity
(water scarcity categories 3 and 4) can be relatively
well compensated, whereas this is much less the case
if low substitutability is assumed. However, in the
case of the lowest income category both positions are

Ratio 
(water withdrawal : water availability)

Water availa- <0.4 0.4–0.6 0.6–0.8 0.8
bility per capita
(m3 per annum)

<2,000 2 3 4 4
2,000–10,000 1 2 3 4
>10,000 1 1 2 4

Table D 3.1-2
Definition of the vulnerability index. The matrix elements
correspond to the following allocations:
1: freshwater surplus, 2: low vulnerability, 3: freshwater
stress, 4: freshwater scarcity.
Source: Kulshreshtha, 1993
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agreed that the situation of water scarcity cannot be
compensated. The criticality indices between these
two extremities are obtained by interpolation.

If all the aspects discussed so far are integrated,
then various scenarios are obtained for the global
criticality of water resources between 1995 and 2025:
• Scenario I, which models current water scarcity

and its future development under a changing cli-
mate until 2025, combined with a rather more op-
timistic assessment of society’s response options
due to the higher substitutability of natural capi-
tal.

• Scenario II, which models the same water scarcity
until 2025, but with a more cautious assessment of
the crisis due to a lower substitutability of water
resources.
The results of the two scenarios are shown for

1995 in Figs. D 3.1-2a and 3a.A second step compares
how each situation develops between 1995 and 2025
(Figs. D 3.1-2b and 3b). Special reference is made in
this context to the number of people affected by very
severe or severe scarcity (Table D 3.1-3).

Scenario I gives a regionally differentiated (catch-
ment-based) picture of global water scarcity for 1995,
with a high estimated capacity for curation (Fig.
D 3.1-3a). In spite of this capacity and the relatively
strong weighting attached to it, it is striking how
many regions of the world suffer from a degree of
water scarcity that cannot be (sufficiently) cured.
These include parts of North, South and East Africa,
poorer parts of the Arabian peninsula, extensive are-
as in the Near and Middle East, as well as in South
and East Asia. Some regions like the southwest re-
gion of the USA, the northeast of France or large ar-

eas in Australia are designated as very water scarce –
be it through heavy withdrawals from a large natural
supply (France), or because their utilization of a low
resource base is low in absolute terms, but large in
relative terms (Australia). Yet they are able to com-
pensate at regional level for this anthropogenic drain
on their natural capital by mobilizing socioeconomic
capital (e.g. in the form of long-distance transmission
or groundwater pumping).

However, if one assumes, as in Scenario II for
1995, that the substitutability of the two types of cap-
ital is more likely to be low (Fig. D 3.1-2a), then this
latter group of countries is also affected more ad-
versely by the water crisis (e.g. USA and Australia).
In this assessment, Saudi Arabia, Mexico and Libya
are similarly unable to overcome the problems of
scarcity using technical means. It must be stressed,
however, that the results of both scenarios show the
necessity of additional and/or specific aid. Regardless
of whether the implications of high per capita GDP
are assumed to be high or low, human survival and
production in the respective regions will be adverse-
ly affected in ways that cannot be compensated. This
result indicates the need for specially targeted coun-
teractive measures and combinations of measures to
combat the specific mechanisms behind the crisis.
The type of analysis needed is therefore more than
just regional in focus, but one that disaggregates the
webs of cause and effect to a greater extent; examples
of the latter are provided in the sections that follow
(Sections D 3.2 to D 3.6).

Looking at the regional forecasts, shown as chang-
es in criticality relative to 1995 (Figs. D 3.1-2b and
3b), one is struck in Scenario I by the worsening of
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Figure D 3.1-1
Assessment matrices. a) Low substitutability (Scenario II). b) High substitutability (Scenario I) of natural by economic
capital stock. The colors of the bars match the colors used in Figs. D 3.1-2a and 3a.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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the water crisis in large parts of eastern Europe,
while no change is computed for western Europe.
Scenario II, in contrast, foresees deterioration of the
water situation in certain parts of western Europe as

well (e.g. the east German Bundesländer or the
Greater London region). The scenarios differ also in
their evaluation of trends in the densely populated
countries of India and China. The advocates of high

Criticality
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No data

Deterioration
No change
Improvement

b

a

Change in
criticality:

Figure D 3.1-2
Scenario II and difference in 2025. a) Criticality index in 1995, assuming low substitutability (Scenario II). b) Change in
criticality index to 2025, assuming the middle scenario for water withdrawals and the IS92a IPCC forecast for economic
growth and population trends. Climate trends are based on output from the ECHAM 4 coupled atmosphere-ocean
GCM (MPI for Meteorology and Climate Computing Center, Hamburg), driven by the IS92a CO2 emissions scenario.
Note that the large areas where improvements are indicated have low population densities in many cases (see Fig. D
3.1-4 for an analysis in which population is a weighted factor) and that “no change” may signify the perpetuation of a
serious water crisis.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU, using also Alcamo et al.,
1997
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substitutability (Fig. D 3.1-b) expect an improvement
in the water situation in large parts of these countries
– with the exception of some regions in the Indian

states of Kerala, Tamil Nadu and Madhya Pradesh,
where the situation is expected to worsen.

So far (Figs. D 3.1-2 and 3), regions have been
identified that are or will be affected by the global
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Figure D 3.1-3
Scenario I and difference in 2025. a) Criticality index in 1995, assuming low substitutability (Scenario II). b) Change in
criticality index to 2025, assuming the middle scenario for water withdrawals and the IS92a IPCC forecast for economic
growth and population trends. Climate trends are based on output from the ECHAM 4 coupled atmosphere-ocean
GCM (MPI for Meteorology and Climate Computing Center, Hamburg), driven by the IS92a CO2 emissions scenario.
Note that the large areas where improvements are indicated have low population densities in many cases (in parts of
India, where the size of population is very large, KI falls from 5 to 4) and that “no change” may signify the perpetuation
of a serious water crisis.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU, using also Alcamo et al.,
1997 
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water crisis. What is referred to in this non-specific
manner is the entire natural and social resource base
within a given geographical space.Yet a criticality as-
sessment should also be capable of ascertaining the
specific extent to which people are affected. Popula-
tion density, for example, varies considerably around
the world. Focusing purely on regions will not pro-
duce a sufficiently sensitive indicator for the critical-
ity of water resources. After all, there is a big differ-
ence between two equal-sized territories classified as
critical, if 10,000,000 people live in one and “only”
10,000 in the other.A regionally based index may suf-
fice as far as ecosystem aspects are concerned. On the
other hand, the potential for economic, social and po-
litical crises, as well as simple humanitarian consider-
ations, make it necessary to design an index for the
exposure of people to the global water crisis and its
consequences.

The Council has chosen a relatively simple meth-
od to achieve this, namely by weighting the two most
severe categories of water crisis (categories 4 and 5)
with the population density today and as forecast for
2025. An increase in the number of people living in a
critical region will exacerbate the crisis, whereas a de-
crease will reduce its scale. In other words, the global
crisis can worsen not only through more regions hav-
ing higher criticality values, but also by more people
living in such regions.The situation in a region with a
constantly high criticality level can thus be exacer-
bated through population growth alone. Conversely,
the situation improves not only when regions move
from critical to less critical on the scale, but also when
the number of people affected by the water crisis de-
clines – although this is a rare occurrence given the
worldwide growth in population. In the two figures
on the following pages, this interrelationship is illus-
trated cartographically (Fig. D 3.1-4a for Scenario II,
Fig. D 3.1-4b for scenario I). In the regions colored
yellow and red, the number of people affected (cate-

gories 4 and 5) is increasing, but decreasing in the ar-
eas marked green (usually because these regions ex-
perience a declining water crisis).

If the substitutability of water by human capital is
assumed to be low (Scenario II), then the critical
trends will mount in severity between 1995 and 2025
not only in extensive parts of Africa and Asia, but
also in Mexiko and in northeast and east Brazil. The
latter gives cause for serious concern, precisely in
view of the rapid urbanization in these two countries.
According to this scenario, some areas in Europe
(Poland, Romania) will face increased water stress.

In terms of the number of people affected, the sit-
uation will not improve even if one assumes a rela-
tively high level of substitutability (Scenario I). Al-
though some countries will succeed, according to this
scenario, in moving out of the critical categories (4
and 5) thanks to the growth in their average capital
per capita, Poland and Romania, for example, will not
be among them; a similar fate awaits Algeria, Iran,
Namibia, Mexico and Brazil. In this scenario as well,
total improvements will be exceeded by total deteri-
orations. The main reason is that the water crisis will
become more severe – in terms of the number of peo-
ple affected – in those Asian countries with the larg-
est populations (India, China).

In view of these results, it should be noted that the
scenario for economic and population growth, in
which negative feedbacks due to resource scarcity
are not included, may well be too optimistic.

If the total number of people affected by the glo-
bal water crisis is taken as a criterion (Table D 3.1-3),
the following picture emerges: for 1995, Scenario I
calculates a figure of 1.9 billion people (34% of the
world’s population) affected by high or very high wa-
ter stress, whereas the figure in Scenario II is 2.1 bil-
lion people (37%) for the same year. The relatively
small difference is a clear indication that the global
freshwater crisis is indeed a serious core problem

Scale of the water crisis Billions of people Billions of people
affected / Percentage affected / Percentage
of total population of total population

1995 2025

low substitutability (Scenario II)

KI = 5 (very high) 1.8 / 32% 2.7 / 33%
KI = 4 (high) 0.3 / 5% 0.6 / 7%

Total 2.1 / 37% 3.3 / 40%

high substitutability (Scenario I)

KI = 5 (very high) 1.5 / 27% 0.3 / 4%
KI = 4 (high) 0.4 / 7% 2.4 / 29%

Total 1.9 / 34% 2.7 / 33%

Table D 3.1-3
Number and percentage of
people affected by the
global water crisis.
Source: WBGU
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faced by humankind, irrespective of any differences
in theoretical approach or methods of analysis.

For the year 2025, Scenario I indicates 2.7 billion
affected people (33% of the world population), while
the figure in Scenario II is 3.3 billion (40%). Focusing

purely on the very high criticality category shows
there are clear differences between the scenarios.
However, since it transpired that this result is very
sensitive to the way in which the evaluation matrix of
Scenario I is chosen in detail for low incomes and

Change
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Change

Better Worse

No data

b

Figure D 3.1-4
Change in the number of people affected by severe or very severe water crisis (K = 4 or 5) between 1995 and 2025 (for
total figures, see Table D 3.1-3). In the regions colored yellow and red, the number of people severely affected increases
(by as many as +3,000 people per km2 in the dark red areas). In the light- to dark-green regions, in constrast, the
number of people severely affected decreases. a) Change in the number of people severely affected, assuming low
substitutability (Scenario II). Net global effect by 2025: +1.2 billion people. b) Change in number of people severely
affected, assuming high substitutability (Scenario I). Net global effect by 2025: +0.8 billion people.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU, using also Alcamo et al.,
1997 
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high water stress, the result for the “high criticality”
category was taken for the overall assessment in Ta-
ble D 3.1-3 and in Fig. D 3.1-4. (This sensitivity is pri-
marily due to the assessment of China’s national in-
come growth relative to its curation potential.) The
absolute significance of water stress as a core prob-
lem will therefore mount in severity if current trends
are projected, even assuming that problem-solving
capacities will be high due to rising GDP, and even if
global water availability increases as a result of cli-
mate change.The fact that water quality aspects were
not explicitly included is something that needs re-
emphasizing; were this factor to be integrated in the
analysis, the outcome of the criticality assessment
would probably be much worse.These findings clear-
ly indicate that the global water crisis is a key dimen-
sion of global environmental change and that it will
become increasingly evident in the future.

3.2
Syndromes as causal webs of relevance to the
water crisis

Overview of syndromes – Water-related compo-
nents – “Utilization” syndromes – “Development”
syndromes – “Sink” syndromes 

As a basic life-giving substance and key environ-
mental medium, water is used and polluted by human
societies in growing dimensions. Population growth,
increasing consumer demands, increasing world
trade, expansion of irrigation, and growing moun-
tains of waste are some of the global trends contrib-
uting towards the global water crisis. The diverse
ways in which water resources are utilized and put
under strain, combined with the diversity of social
stakeholders and systems that exploit the same re-
source for different purposes, make the global water
crisis a multifaceted core problem of global change.

A geographical presentation of the typical mani-
festations of water crisis enables globally recogniz-
able and functionally interrelated patterns to be
found. The concept of syndromes of global change
developed by the Council and the Potsdam Institute
for Climate Impact Research (PIK) (see Box D 3.2-
1; for more detailed descriptions see e.g. WBGU,
1995, 1996 and 1997; Schellnhuber et al., 1997) pro-
vides the analytical basis in this connection.

In Box D 3.2-1, the 16 syndromes of global change
are briefly characterized with special reference to
their specific water-relevant components. How do
the active trends of a certain syndrome impact on the
other symptoms? What are the impacts relating to
the water problem? What feedbacks act on human
beings and human societies? 

As regards the consequences for water resources
and their utilization for human ends, a distinction is
made between primarily quantitative and primarily
qualitative aspects of the water crisis (e.g. water scar-
city and waterbody pollution) – in the awareness that
both aspects are interrelated. A third aspect in this
assessment concerns the impacts on human actors
and social systems of those components of the re-
spective syndromes that involve water problems.The
key issue is this: how many people are affected and to
what extent by the syndrome-specific water prob-
lems? From these three components – quality, quan-
tity and people affected – we derive an overall evalu-
ation of the global relevance of the 16 syndromes
concerning water-related problems.

3.2.1
Relevance of individual syndromes for water
resources

Overcultivation of marginal land: the
Sahel Syndrome
The Sahel Syndrome involves a complex web of

factors causing environmental degradation when
maximum sustainable crop yields are exceeded in re-
gions where natural environmental conditions (cli-
mate, soil) restrict agricultural use (marginal loca-
tions) (WBGU, 1995). Key components of this pat-
tern are soil degradation (erosion, loss of fertility, sa-
linization), the spread of desert-like conditions (de-
sertification), the conversion of semi-natural ecosys-
tems (e.g. through deforestation), loss of biodiversity
and regional climate changes. The Sahel Syndrome
typically appears in subsistence economies where
groups of rural poor and sections of the population
threatened with marginalization are confronted with
increasing degradation of their natural environment
due to overexploitation of agricultural land (e.g.
overgrazing, spread of farming to ecologically sensi-
tive regions). The syndrome-specific problems of the
population include mounting poverty, rural exodus,
greater vulnerability to food crises as well as rising
frequency of political and social conflicts over scarce
resources. Besides the Sahel region itself, which man-
ifests the arid form of the syndrome, other marginal
locations in humid climate zones may be affected,
such as tropical forests (marginality due to limited
soil conditions) that are degraded by slash-and-burn
agriculture (shifting cultivation).

As far as the water-related components of the syn-
drome are concerned, the central problems relate to:
– Overpumping of groundwater stocks from bore-

holes (arid variant).
– Changes in the regional water budget due to eco-

system conversion (arid and humid variants).
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BOX D 3.2-1

Overview of Syndromes of Global Change

The syndrome concept breaks down the highly
complex dynamics of the people-environment-re-
lations within the Earth System into the basic
underlying dynamic processes, the syndromes.
The basic elements of the syndrome analysis are
still the highly aggregated symptoms of global
change listed by the Council in its previous Annu-
al Reports (Figs. D 2-1 and D 2-2). This collection
of symptoms represents an integrated, transdisci-
plinary summary of the key changes occurring
worldwide and referred to collectively as global
change. By analyzing the mutual interactions be-
tween these symptoms, it is possible to construct
graphical and formal networks of interrelations
which can then serve as an instrument for a qual-
itative environmental systems analysis capable of
illustrating the highly complex and networked dy-
namics of these changes. However, the symptoms
and interactions within the networks of interrela-
tions can only be defined with relative precision in
a regional analysis. This level of analysis, on the
other hand, produces networks of interrelations in
which specific interactions are shown, and global-
ly typical patterns of people-environment interac-
tions are identified. The basic evaluation of the
adverse impacts of the syndromes listed below is
not without its difficulties, however – the problem
arises with syndromes that are not only negative
in nature (e.g. Favela or Sahel Syndromes), but
which came into being through an intentional and
positively interpreted process: examples here in-
clude the Green Revolution, Asian Tigers or Aral
Sea Syndromes. In this context, the Council pre-
fers an evaluation philosophy based on “crash
barriers” or “guard rails”; as specified in the fol-
lowing for the Aral Sea Syndrome, maximum
boundary conditions for tolerable pressures on
the environment should be developed, specific to
the country and/or situation at issue, with refer-
ence to the impacts of large-scale projects (e.g. a
dam). For example, narrow limits would have to
be drawn for irreversible damage to rare biotopes,
whereas these limits could be wider for a small
section of a widely distributed biotope. Any as-
sessment of the benefits and adverse impacts of a
dam project, as well as possible variants and alter-
natives (e.g. several smaller dams), must then be
carried out with these limits in mind (for more de-
tail, see Section D 3.4). In the following, the syn-

dromes are briefly described in three groups:
“utilization”, “development” and “sink” syn-
dromes.

“Utilization” Syndromes
1. Overcultivation of marginal land: Sahel Syn-

drome
2. Overexploitation of natural ecosystems: Over-

exploitation Syndrome 
3. Environmental degradation through abandon-

ment of traditional agricultural practices: Ru-
ral Exodus Syndrome

4. Non-sustainable agro-industrial use of soils
and bodies of water: Dust Bowl Syndrome 

5. Environmental degradation through depletion
of non-renewable resources: Katanga Syn-
drome

6. Development and destruction of nature for
recreational ends: Mass Tourism Syndrome

7. Environmental destruction through war and
military action: Scorched Earth Syndrome 

“Development” Syndromes
8. Environmental damage as a result of poorly

managed or unsuccessful large-scale projects:
Aral Sea Syndrome

9. Environmental and developmental problems
caused by the transfer of locally inappropriate
farming methods: Green Revolution Syn-
drome 

10. Disregard for environmental standards in the
course of rapid economic growth:Asian Tigers
Syndrome 

11. Environmental degradation through uncon-
trolled urban growth: Favela Syndrome 

12. Destruction of landscapes through planned
expansion of urban infrastructures: Urban
Sprawl Syndrome

13. Singular anthropogenic environmental disas-
ters with long-term impacts: Major Accident
Syndrome

“Sink” Syndromes
14. Environmental degradation through large-

scale diffusion of long-lived substances:
Smokestack Syndrome

15. Environmental degradation through con-
trolled and uncontrolled disposal of waste:
Waste Dumping Syndrome

16. Local contamination of environmental assets
at industrial locations: Contaminated Land
Syndrome
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– Changes in local (and possibly global) climate (e.g.
precipitation patterns) (mainly humid variants).

– Exacerbation of water stress, with impacts on
health (arid variants).

Overexploitation of natural ecosystems:
the Overexploitation Syndrome
The Overexploitation Syndrome involves the con-

version of natural ecosystems and the overexploita-
tion of biological resources, and affects both terrestri-
al (forests, savannahs) and marine (overfishing) eco-
systems. In both cases, ecosystems are overexploited
without regard for their regenerative capacity, result-
ing in severe damage to the natural balance. Viola-
tion of the sustainability principle leads to degrada-
tion and even destruction of natural ecosystems,
e.g. through outright clearance of forests, or overfish-
ing. The immediate consequences are loss of habitat,
the resultant loss of biological diversity, and erosion
(particularly in mountainous regions). Emissions of
CO2 from biomass burning and soils contribute to the
greenhouse effect. For the local population, the con-
version of ecosystems means loss of livelihood, re-
sulting, inter alia, in impoverishment and loss of cul-
tural identity. One of the typical features of the Over-
exploitation Syndrome is the permitting of overex-
ploitation for short-term gains.

Aspects of special relevance to water include:
– Lowering of water tables and perturbation of the

water balance due to changes in surface runoff,
leading in turn to increased variability of water
levels in rivers.

– Enhanced deposition of sediments in rivers, inland
waterbodies and coastal waters as a result of in-
creased soil erosion (risk of floods and impair-
ment of aquatic ecosystems).

– Regional climate change (including shifting pre-
cipitation patterns).

Environmental degradation through
abandonment of traditional agricultural
practices: the Rural Exodus Syndrome
The Rural Exodus Syndrome refers to environ-

mental degradation caused by the abandonment of
traditional land-use practices. In many cases, tradi-
tional farming methods can only be maintained with
high inputs of manual labor. Labor-intensive meth-
ods for cultivating small plots of land, such as ter-
raced slopes, small-scale irrigation systems, or protec-
tive measures against wind erosion, become increas-
ingly unprofitable as socioeconomic conditions
change. The reason is often the exodus of young
males to urban centers in search of higher wages, bet-
ter educational opportunities and a less “provincial”
way of life (see Favela Syndrome, Asian Tigers Syn-
drome). Tilling the land is too labor-intensive for the

women, children and elderly persons who are left be-
hind. The lack of protective measures and proper
care of the land causes erosion (often reinforced by
excessive timber-felling on steep slopes, as in the Sa-
hel Syndrome), mudrock flows and landslides.

The water-related component is not very distinct
here:
– Abandonment of irrigation systems and increas-

ing sediment loads in rivers.

Non-sustainable agroindustrial use of
soils and bodies of water: the Dust Bowl
Syndrome
The Dust Bowl Syndrome is a specific causal com-

plex in which environmental destruction is caused by
non-sustainable use of soils or bodies of water as bio-
mass production factors, involving intensive deploy-
ment of energy, capital and technology.

Modern agriculture aims at achieving the highest
possible labor productivity and profit by means of
maximum yields per hectare, subordinating crucial
long-term environmental aspects to this goal. High-
yielding varieties, agrochemicals and mechanization
form the basis of modern industrial biomass produc-
tion. Farming enterprises in such agricultural systems
are highly mechanized and automated (e.g. intensive
livestock farming, modern irrigation systems, aqua-
culture, forest monocultures) and require only a
small workforce.The conditional framework is deter-
mined by developed (international) markets as well
as national and international agricultural policies
(e.g. subsidies). Non-sustainable production methods
can severely damage the environment (loss of eco-
system and species diversity, genetic erosion, CO2

emissions, soil degradation).
The relatively large-scale presence of this syn-

drome has major quantitative and qualitative reper-
cussions for water resources:
– Contamination of groundwater with pesticides

and nutrients.
– Eutrophication of surface waters.
– Excessive extraction of fossil groundwater re-

sources.
– Changes in runoff regimes and groundwater re-

charging.
– Acid rain.

Environmental degradation through
depletion of non-renewable resources:
the Katanga Syndrome
The Katanga Syndrome stands for the environ-

mental damage caused by intensive mining of non-
renewable resources above and below ground, with
no consideration given to preservation of the natural
environment. Although mining of non-renewable re-
sources is usually effected over relatively short peri-
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ods of time, it leaves behind permanent, sometimes
irreversible environmental damage in many cases
(toxic residues, changes in the morphology of land-
scapes). A typical feature of the syndrome is large-
scale destruction of natural ecosystems and arable
soils, whereby the latter problem is particularly prev-
alent in connection with open-cast mining activities
in developing and newly industrializing countries.

The following mechanisms are relevant for water
resources:
– Contamination of groundwater and surface water

by (partly toxic) residual substances (crude oil,
heavy metals).

– Regional water stress caused by water-intensive
mining operations.

– Changes in runoff and greatly increased sediment
loads (use of flotation, e.g. in Chilean copper min-
ing industry).

Development and destruction of nature
for recreational ends: the Mass Tourism
Syndrome
The Mass Tourism Syndrome describes the envi-

ronmental degradation caused by the unceasing
growth of global tourism in recent decades. The driv-
ing forces behind the syndrome are rising incomes in
the industrialized nations and falling costs of trans-
portation, combined with a simultaneous reduction
in working hours and fundamental changes in leisure
behavior. Typical “hot spots” are coastal areas and
mountainous regions (skiing, pony trekking, etc.).
Mass tourism induces, for example, the destruction of
semi-natural areas through the construction of tour-
ist infrastructure (hotels, holiday homes, transport
routes) and damage to or loss of sensitive mountain
and coastal ecosystems (e.g. dune landscapes, salt
marshes). The rapid growth of long-distance air trav-
el in recent years causes pollution of the Earth’s
atmosphere.

The water-relevant symptoms are:
– Elevated demand for freshwater by tourists

(pools, showers, etc.).
– Local groundwater depletion.
– Local but severe pollution by wastewater due to

the concentration of tourist infrastructure.
– Changes in runoff from mountain slopes (includ-

ing increased water erosion).
– Air traffic as a factor contributing to global cli-

mate change.

Environmental destruction through war
and military action: the Scorched Earth
Syndrome
Military conflicts and military infrastructure can

have adverse impacts on the environment, both di-
rectly and indirectly as well as in times of peace

(practice ranges, disposal areas, maneuvers). In the
worst cases, the environment or its destruction is de-
liberately used as a military instrument (e.g. agent or-
ange in the Vietnam War, the “flaring” of oilfields in
the Second Gulf War). Contaminated military sites
pose a long-term threat to humans and the natural
environment.

Threats to freshwater resources emanate in partic-
ular from:
– Contamination of surface water and groundwater

by toxic waste.
– Direct discharges of pollutants (oil, chemical

weapons).
– Destruction of water-relevant infrastructure

(dams, waterworks, power supplies, etc.).

Environmental damage as a result of
poorly managed or unsuccessful large-
scale projects: the Aral Sea Syndrome
The Aral Sea Syndrome refers to the problems in-

duced by the bad management or failure of centrally
planned, large-scale projects involving deliberate re-
shaping of the natural environment. As far as the hy-
drosphere is concerned, the main examples are irri-
gation and drainage schemes, the canalization and di-
version of rivers, and dams. Such projects are essen-
tially ambivalent: on the one hand, they provide the
additional resources that are needed (water for food
security, renewable energy), or they protect existing
resources (flood control); on the other, they have se-
vere impacts on the environment and society. The ef-
fects of these large-scale installations are rarely con-
fined to the local or regional area, but can assume far-
reaching and even international proportions. The
syndrome is described in detail in Section D 3.4.

Key symptoms of significance for the hydrosphere
are:
– Changes in the local water balance, especially

changes in surface runoff as a result of water with-
drawals from rivers, the canalization and diversion
of rivers, and above all the construction of dams, in
addition to what are sometimes severe losses
through evaporation.

– Changes in loads of particulate and dissolved sub-
stances as a consequence, in particular, of changes
in sedimentation dynamics.

– Deterioration of water quality.
– Greater exposure to health hazards in the form of

water-based vectors (e.g. malaria, schistosomia-
sis).

– Raising and lowering of water tables as a result of
interference with water resources.

– Risk of increasing international conflicts over wa-
ter resources.
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Environment and development problems
caused by the introduction of locally
inappropriate farming methods: the Green
Revolution Syndrome
The Green Revolution Syndrome circumscribes

the extensive, centrally planned and rapid modern-
ization of agriculture with imported, non-adapted ag-
ricultural technology to ensure food security, where-
by negative side-effects on geographical conditions
of production and the social structure may occur, and
indeed are tolerated (see Section D 3.3). The “evolu-
tion” of the Green Revolution Syndrome is charac-
terized by a particular combination of geopolitical,
biological, population and economic trends (the
interplay of national interests, the “seed revolution”
in agriculture, population growth and impoverish-
ment respectively). The green revolution was always
forced through “from above” within the framework
of large-scale plans, on a global scale through the
transfer of technology and know-how “from the rich
to the poor” and on a national scale by elites (“opin-
ion leader” strategy). The successes of the green rev-
olution are mainly achieved in irrigated agriculture,
leading to huge increases in irrigated areas and in the
demand for water. In many cases, water-related prob-
lems are generated within the space of a few years.
They include, in particular:
– Lowering of water tables due to rising demand for

water on the part of agriculture.
– Salinization of soils due to the absence of special-

ized drainage systems.
– Contamination of groundwater and surface wa-

ters by pesticides and nutrients.
– Exposure of the rural population to health haz-

ards in the form of toxic contaminants in water.
– Changes in the local water balance due to water

withdrawals from rivers, the canalization and di-
version of rivers, the construction of irrigation
channels, and losses through evaporation.

– Increasing conflicts over the utilization of water
resources.

Disregard for environmental standards
in the course of rapid economic growth:
the Asian Tigers Syndrome
Many regions in the newly industrializing coun-

tries are experiencing extremely rapid economic
growth. The intensity and momentum of this structu-
ral transformation may have grave implications for
human beings and the natural environment. Rapid,
export-oriented industrialization is accompanied by
a more or less deliberate disregard for environmen-
tal standards (policy failures). Rising industrial pro-
duction and traffic volumes subject the affected re-
gions to severe air and soil pollution.

Important water-related aspects of the Asian
Tigers Syndrome are:
– Pollution of surface waters (by toxic substances in

some cases) due to inadequate treatment of indus-
trial effluents and domestic sewage (one of the
consequences being major health risks).

– Scarcity of freshwater resources due to rapidly in-
creasing consumption by the industrial and do-
mestic sectors (growing competition over the use
of resources with agriculture and with the needs of
ecosystems).

– Acid rain.

Environmental degradation through
uncontrolled urban growth: the Favela
Syndrome
The Favela Syndrome refers to a process of un-

planned, informal and thus environmentally harmful
urbanization driven by rural-urban migration, in-
duced by the “pull” effects of cities. Its features in-
clude various manifestations of poverty, such as the
formation of slums and illegal shanty towns. These
are accompanied by overloading, infrastructural and
environmental problems, as well as by segregation of
the population. As a result of increasing traffic and
industrial emissions, and in the absence of adequate
regulatory requirements and monitoring systems, air
and noise pollution reach extremely high levels. Oth-
er aspects include the spread of surface sealing, un-
controlled accumulation of waste, and thus acute
threats to the health of the population. Many Favela
inhabitants settle on marginal sites (slopes, flood ar-
eas) and are therefore exposed to special risks. The
urbanization trend manifested worldwide (mega-
cities, but also the growth of smaller cities) means
that this syndrome is affecting a large and constantly
growing number of people. The syndrome is de-
scribed in detail in this Annual Report (see Section
D 3.5).

The main water-related aspects are:
– Contamination of surface water and groundwater

by untreated municipal wastewater.
– Health hazards, sometimes of potentially epidem-

ic proportions (outbreaks of cholera, typhoid and
other diseases), due to inadequate water supplies
and poor water quality.

– Changes in the water balance as a result of surface
sealing and evaporation.

– Overexploitation of surface water and groundwa-
ter by long-distance transmission and boreholes.

– Water losses from defective or insufficiently main-
tained water distribution systems and as a result of
illegal withdrawals.
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Destruction of landscapes through
planned expansion of urban
infrastructures: the Urban Sprawl
Syndrome
The Urban Sprawl Syndrome refers to urban ex-

pansion with far-reaching environmental impacts.
The formation of urban agglomerations leads to en-
tirely new spatial structures and a need for corre-
sponding adaptation. The increasing spatial separa-
tion of living, shopping and working – bolstered by
private cars, owner-occupied homes and the demand
for higher standards in modern societies – lead to
overdevelopment of large tracts of land and higher
levels of traffic. As a consequence, anthropogenic
stresses on soils and air (smog, ground level ozone,
fragmentation of ecosystems, etc.) are worsening. In
addition to the relatively large number of people af-
fected by this syndrome (and who induce it in the
first place), its global relevance derives primarily
from the sheer intensity with which natural resourc-
es are consumed.

The water-related components include:
– High levels of per capita water consumption in

modern agglomerations (demand for high stan-
dards).

– Pollution of water resources by what are some-
times toxic substances.

– Depletion of water stocks (including fossil re-
serves), e.g by groundwater pumping and long-dis-
tance distribution.

– Water losses in older water supply networks.
– High vulnerability and flood risk exposure due to

settlement in flood-prone areas.

Singular anthropogenic environmental
disasters with long-term impacts: the
Major Accident Syndrome
The central feature of the Major Accident Syn-

drome is the mounting threat to the environment in
the form of singular localized disasters caused by hu-
mans. Although the probability of these events is
very low, they have grave and in many cases trans-
boundary impacts. Major accidents seem to be gain-
ing in significance within the global change context.
The rise in global transport-sector activities and in-
creasing local demand for energy and raw materials
enhance the risk of tanker accidents or, more gener-
ally, the incidence of environmental disasters in con-
nection with the transport of hazardous goods. Other
major threats besides the latter are industrial acci-
dents. They include the large number of old nuclear
power plants, chemical and other industrial plants in
newly industrializing countries, economies in transi-
tion and developing nations that do not deploy best
available technology. Pollution of air and soils with
high concentrations of what are mostly highly toxic

substances, combined with long-lasting impacts on
ecosystems and human health are the main features
of this syndrome.

Symptoms of key importance for the hydrosphere
are:
– Pollution by mostly toxic substances and/or radio-

active contamination (often resulting in scarcities
for short or long periods).

– Health hazards due to contaminated water.
– Dam breaks and the failure of water resource de-

velopment projects.

Environmental degradation through
large-scale diffusion of long-lived
substances: the Smokestack Syndrome
The Smokestack Syndrome describes the remote

effects of substance emissions following disposal in
the environmental media water and air.The problem
arises from the strategy of disposing of undesired
substances simply and easily by distributing them as
finely as possible in the environment, or by diluting
them greatly in environmental media (water, air).
However, high smokestacks do not eliminate air pol-
lutants – they merely transplant the problem to oth-
er regions remote from industrial activity. A similar
mechanism is at work in the “disposal” of hazardous
industrial waste and other pollutants via the “waste-
water pathway”, especially through the emission of
greenhouse gases. Depending on the emission pat-
terns and the physical/chemical behavior of the sub-
stances in the various environmental media, the emit-
ted waste may be distributed on a local, regional or
even global scale. Long-distance transport occurs pri-
marily via the atmosphere or through running waters.
A distinction must be made, as far as environmental
effects are concerned, between direct impacts on bi-
ological communities following distribution of the
pollutant in the environment, and bioaccumulation
of the substance in the system. Given that this pattern
of people-nature interaction is found worldwide and
in different environmental media simultaneously, its
global relevance is comparatively high.

The following are the main problems as they af-
flict freshwater resources:
– Contamination of surface water and groundwater

through the discharge of waste products and haz-
ardous substances.

– Threats to aquatic organisms and ecosystems aris-
ing from direct discharges of pollutants into water
resources and through the absorption of air pollu-
tants by water.

– Health hazards from toxins and their accumula-
tion in the food web.

– Eutrophication of surface waters.
– Acid rain.
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– Global climate change and its impacts on the hy-
drological cycle.

Environmental degradation through
controlled and uncontrolled disposal of
waste: the Waste Dumping Syndrome
The Waste Dumping Syndrome refers to the dis-

posal of residual and waste matter, and the conse-
quences that ensue. In contrast to the Smokestack
Syndrome, where the underlying intention is to avoid
pollution by “diluting” it in the air or water, the char-
acterizing feature of this syndrome is the “concentra-
tion” of waste through compaction and accumula-
tion. Waste materials are collected in concentrated
form at small-scale facilities and isolated from the en-
vironment to highly different degrees. In the last
analysis, however, even with sophisticated landfill fa-
cilities, there can be no knowing how long uncom-
bined pollutants can be kept separate from the sur-
roundings. Major uncertainties exist with regard to
the quality of seals and the decomposition processes
at work. Depending on local environmental stan-
dards, contamination of soils and air may ensue;
waste dumping also ties up financial and human re-
sources for long periods of time, because remediation
and restoration work must be carried out on a peri-
odic basis.This syndrome is therefore of considerable
global importance – at least as far as unclosed cycles
are concerned – given the need to dispose of an ever-
greater volume of waste worldwide. Waste exports
from industrialized countries to developing nations
and to countries undergoing the transition to the
market economy are just one example of this fact.

The water-related aspects of the syndrome are:
– Contamination of groundwater by substances of

low or zero degradability.
– Increasing scarcity of drinking water resources.
– Health risks (especially in developing countries).

Local contamination of environmental
assets at industrial locations: the
Contaminated Land Syndrome
The Contaminated Land Syndrome characterizes

sites and regions with accumulated depositions of
pollutants in soils or underground that are a hazard
to human health and the environment. Contaminat-
ed sites are found at locations and in regions that
used to feature intensive industrial, commercial or
military activities, although they can also be found at
abandoned and disused sites for storing solid munic-
ipal and industrial waste, or hazardous production
residues. Severe pollution is inflicted on soils, in par-
ticular. The health risks to which people living in the
vicinity are exposed can be alarming. Remediating
and restoring such sites also involves enormous costs.

In this syndrome, water resources are affected in
one key respect:
– Pollution of groundwater by toxic substances.

3.2.2
Systematic ranking of the syndromes

Now that the water-relevant aspects of the various
syndromes have been described in qualitative terms,
the next step is to evaluate them systematically with
regard to their significance to the water crisis. Rank-
ing is carried out using two main criteria: the syn-
drome-specific combination of water quality impair-
ment and reductions in water quantity, and the sever-
ity of direct water-related impacts on the people af-
fected. The latter aspect takes into account the prev-
alence of the syndrome, thus enabling an assessment
of each syndrome’s contribution to the current global
water crisis.

Syndrome ranking is carried out on the basis of
the following three aspects (Fig. D 3.2-1):
• Global significance of freshwater quality degrada-

tion.
• Reduction in the quantity of available freshwater,

expressed as the global sum of regional scarcities.
• Number of people directly affected worldwide by

the water-related aspects of the syndrome, weight-
ed according to the severity of impact.
To enable an overall assessment of the relevance

of a syndrome in respect of its water-related aspects,
each syndrome was evaluated in terms of these as-
pects and plotted in a three-dimensional chart (see
color coding in Fig. D 3.2-1: declining global rele-
vance for water resources as color changes from red
to green).The “people affected” aspect was weighted
by a factor of two in order to keep this anthropo-
spheric domain equal in value to the more ecospher-
ical aspects of water quantity and water quality.

Some of the syndromes already subjected to ex-
tensive analysis (see Sections D 3.3 to D 3.5;WBGU,
1997; Schellnhuber et al., 1997) could be ranked using
quantitative material from existing studies; other
syndromes were ranked by evaluating a number of
expert analyses.

From those syndromes in which the use of water
resources by agriculture is a key element (the Dust
Bowl, Green Revolution and Sahel Syndromes), it
was found that the Dust Bowl Syndrome and the
Green Revolution Syndrome are roughly equal as
major causes of water scarcity – from the global per-
spective – whereas the Sahel Syndrome plays a lesser
role in this regard. This assessment was derived from
previously available material on syndrome intensity
fields at global level, as well as national assessments
of water scarcity attributable to irrigated agriculture
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(proportion of renewable water supply withdrawn by
agriculture). The agriculturally relevant syndromes
just mentioned play a greater role as far as quantity-
related aspects are concerned, firstly because the wa-
ter withdrawals involved are so enormous, and sec-
ondly because they are mainly for irrigation purpos-
es in arid areas and are lost to a major extent through
evaporation (consumptive, one-off use). The high
rate of evaporation underscores the eminent impor-
tance of the Aral Sea Syndrome on the quantity axis.
Water withdrawals are less relevant in the other syn-
dromes, and reductions in water quantity (primarily
in terms of water availability) are due either to exces-
sive groundwater pumping or a slow-down in
groundwater recharging. Both aspects play a key role
in the Urban Sprawl Syndrome, which makes a major
contribution to the problem of global water scarcity
on account of increasing surface sealing, primarily in
industrialized and newly industrializing countries.

As far as the quality aspect is concerned, the agri-
cultural syndromes are ranked as they are due to the
total amount of pesticides and fertilizers used in the
world, combined with the size of the regions affected,

whereas the Smokestack and Waste Dumping Syn-
dromes in the “sink” group involve point sources – al-
beit very frequently occurring ones globally speaking
– that draw their relevance for the reduction of water
quality from the high pollutant concentrations dis-
charged.

The weight of the “people affected” criterion for
the syndrome relevance is exemplified in the ranking
of the Favela Syndrome, which does not play a lead-
ing role at global scale in respect of either quality im-
pairment or quantity reductions. Although the syn-
drome plays only a middle-ranking role as far as the
number of people affected by the syndrome is con-
cerned, it acquires a high level of significance on ac-
count of the degree of impairment in the form of se-
vere damage to health.

It is not possible in this Report to describe all the
syndromes in detail, so three water-relevant syn-
dromes from the “development” group are chosen as
examples. The Green Revolution Syndrome is ana-
lyzed as the pattern of degradation involving agricul-
ture (high relevance level for global water resources
on all ranking scales and high topicality level in con-

1. Dust Bowl S. (DB) 5. Waste Dumping S. (WD) 9. Asian Tigers S. (AT) 13. Major Accident S. (MA)
2. Green Revolution S. (GR) 6. Urban Sprawl S. (US) 10. Aral Sea S. (AS) 14. Scorched Earth S. (SE)
3. Smokestack S. (SM) 7. Katanga S. (KA) 11. Overexploitation S. (OE) 15. Mass Tourism S. (MT)
4. Favela S. (FA) 8. Sahel S. (SA) 12. Contaminated Land S. (CL) 16. Rural Exodus S. (RE)
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Figure D 3.2-1
Significance of the individual syndromes in terms of their contribution to the water crisis. The color codes from red to
green designate declining relevance for global water resources, which is formed from a linear combination of the three
axis categories. The “People affected” aspect was given double weighting in order to keep this anthropospheric aspect
equal in value to the more ecospherical aspects of water quantity and water quality.
Source: WBGU
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nection with the debate over the “second green revo-
lution”). The problems associated with the misman-
agement of urban development patterns are dis-
cussed with specific reference to the Favela Syn-
drome (highest ranking on the “people affected”
scale).The Aral Sea Syndrome is examined, not least
on account of its close ties with the Green Revolu-
tion Syndrome.

3.3
The Green Revolution Syndrome: Environmental
degradation through the introduction of
inappropriate farming methods

Increase in food cereal production through tech-
nology transfer – Mismatched technologies – History
and stages of the syndrome – Impacts on humanity
and nature – Syndrome indicator – Global occurrence
– Syndrome coupling – Water requirements of new va-
rieties – Salinization – Conflicts over use of irrigation
water – Water-specific recommendations – The new
green revolution in the light of syndrome analysis –
Learning from the mistakes of the old green revolu-
tion – More variety in agriculture – Linkage with rural
development – The example of India – Food security
and international law – Participation in the planning
process – Recommendations

3.3.1
Definition

The Green Revolution Syndrome circumscribes
the extensive, centrally planned and rapid modern-
ization of agriculture with imported, non-adapted ag-
ricultural technology, whereby adverse side-effects
on ecospherical conditions of production and the so-
cial structure occur, and indeed are put up with.

3.3.1.1
Description

The term “green revolution” came into use at the
end of the 1960s and refers to a set of major agricul-
tural improvements that took hold in developing
countries from 1965 onwards (Bohle, 1981). The
green revolution was based on biological, technical
and chemical innovations in the agricultural sector,
most notably the successes achieved in the develop-
ment of new, high-yielding food cereal varieties.
Within the long history of agricultural intensification,
the rapid changes induced by these improvements
led from green evolution to the green revolution. The
results were major boosts in food cereal production.

From a technological perspective it looked as if the
problem of food insecurity could finally be brought
under control. From this point of view the syndrome
has the character of a well-meant project with prob-
lematic consequences. One has to consider that in the
face of the pressures existing, people could see no
other options.

The greatest successes of the green revolution are
achieved in irrigation farming, resulting in major ex-
pansion of irrigated areas and rising water demand.
Within a few years, the emergence of water-relevant
problems such as “freshwater scarcity”, “lowering of
water tables”, “salinization” and “water pollution” is
a common occurrence. There are several dimensions
to the green revolution, as described below.

Geopolitical dimension
The green revolution can be understood as the

outcome of geopolitical interests. Colonial rule, for
example, is a factor predisposing some countries. On
the one hand, the infrastructures created under colo-
nial rule enabled planned implementation of the
green revolution. On the other, it frequently took
place on soils that had already been subjected to in-
tensive use by colonial governments.The uneven dis-
tribution of land tenure, often a feature of the preco-
lonial period, became more pronounced during the
colonial period. The green revolution reinforced this
tendency still further.

In the postcolonial period, many developing coun-
tries were confronted with the problem of growing
food demand. The deteriorating food situation and
mass poverty were threatening to destabilize many
countries. This challenge facing food and develop-
ment policymakers coincided with strategic interests
in the context of the Cold War. In addition, many
countries had economic and political problems after
the departure of the colonial powers. The green rev-
olution was expected to foster peaceful nation build-
ing. The issue at international level – at a time of
growing political tensions between East and West –
was to keep countries away from the opponent’s
sphere of influence (with food imports) by making
them dependent on their own side (by means of tech-
nology transfers).

Technical dimension
The green revolution involved a major increase,

triggered by technology transfers from the industrial-
ized nations, in the yields per hectare that developing
countries achieved in the production of staple ce-
reals. This growth in production was made possible
with a combination of high-yielding seed varieties,
fertilizers, pesticides, irrigation and mechanization –
“complementary inputs”, so called. These changes
were largely based on the seminal research on new
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cereal varieties carried out in the 1960s by the Centro
Internacional de Mejoramiento de Maiz y Trigo
(CIMMYT) in Mexico and the International Rice
Research Institute (IRRI) in the Philippines (the
“seed revolution”). Instrumental in achieving these
successes, which related primarily to wheat, maize
and rice, were the Rockefeller, Ford and Kellogg
Foundations as well as the World Bank and the FAO,
which put up the financial means (Barrow, 1995).The
priority was to maximize soil productivity as rapidly
as possible by increasing capital investments (e.g. en-
ergy, mineral fertilizers).

Development policy dimension
The green revolution should also be seen in the

context of development policy goals. The intensifica-
tion of agriculture also aimed at creating purchasing
power, improving living conditions in rural areas and
thus at helping to eliminate malnutrition. The focus
of economic policy was on import substitution. This
explains why the Green Revolution Syndrome is
classified as a development syndrome. Technical
change was seen as an alternative to political change
(Bohle, 1981). Through the green revolution, coun-
tries with predominantly agricultural economies
were supposed to become independent of cereal im-
ports, although this meant they had to accept new im-
port dependencies instead. Mineral fertilizers, ma-
chines and oil now had to be imported in return for
scarce foreign exchange. The ultimate aim was to
boost industrialization by modernizing agriculture.

Institutional dimension
The birth of the green revolution was accompa-

nied by a worldwide network of specialized, newly
established institutions. Included in this process were
the Consultative Group on International Agricultu-
ral Research (CGIAR) and its sub-organizations, the
establishment of national agrarian banks and the
International Fund for Agricultural Development
(IFAD), the setting up of distribution networks for
agricultural inputs, extension services (know-how
transfer) as well as the promotion of agrochemical
and agrotechnological industries. In addition, new
technologies and irrigation were extensively subsi-
dized in order to ensure rapid dissemination. Rural
elites were picked out for special support so that new
techniques would trickle down to all groups in soci-
ety.

3.3.1.2
Major features

The “evolution” of the Green Revolution Syn-
drome is characterized by a particular historical con-
currence of geopolitical, biological, population and
economic trends (the interplay of national interests,
the “seed revolution” in agriculture, population
growth and impoverishment, respectively). The
green revolution was always introduced through
large-scale planning from top to bottom, on a global
scale from rich to poor (technology and know-how
transfer), and on a national scale through national
elites (opinion leader strategy). Other specific fea-
tures of the syndrome are its rapid pace, its regional-
ly non-adapted pattern, and the acceptance of the
risks these implied in attaining increased soil produc-
tivity. From today’s perspective, the green revolution
was a very short-termist approach.

3.3.2
General description of the syndrome

3.3.2.1 
Syndrome mechanism

The central trend of the syndrome is “increasing
food production” (Figs. D 3.3-1 to 3). In the face of
high “population growth”, the threat of a production-
based food crisis as well as widespread impoverish-
ment, a national economic strategy is initiated in the
countries concerned with the aim of “increasing food
production” and rural development through the “in-
tensification of agriculture”, and in this way to coun-
teract the trend towards “poverty” (hunger). The
trends labeled “know-how and technology transfer”,
“industrialization” and “globalization of markets”
act to further reinforce the “intensification of agricul-
ture” trend.

Stages of the Green Revolution Syndrome

Stage I (ca. 1965 to the mid-1970s):
A successful start
The first stage of the green revolution was mainly

characterized by positive trends; although adverse
environmental impacts or impairment of social de-
velopment were not apparent, their foundations
were already laid. During this initial stage, only a few
trends had impacts (Fig. D 3.3-1). The intensification
of agriculture according to the green revolution pat-
tern was highly successful in many countries at first,
in terms of combating hunger and reducing the de-
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pendence on food imports. In some regions, new em-
ployment opportunities were created by the intro-
duction of double cropping, although increasing
mechanization gradually eliminated this initial bene-
fit. The transfer of new biotechnology products was
wholly welcomed under the acute pressure of immi-
nent hunger crises. Little significance was attached to
the “decline of traditional agriculture”, a process that
was welcomed instead as a sign of progress. The high
“consumption of energy and raw materials” associat-
ed with the “intensification of agriculture” along
green revolution lines played only a minor role in the
1960s due to the low prices at that time; with the
emergence of the oil crisis, which marks the end of
this first stage, the situation was to change radically.

Stage II (mid-1970s to mid-1980s): Negative
impacts come to the fore
In many green revolution countries, cereals were

grown on fields whose soil had already been exploit-
ed through the intensive cultivation of export crops
under colonial rule. The combination of unfavorable
soil and climate conditions, colonial exploitation as
well as the structural and social framework in devel-
oping countries were mounting obstacles to the suc-
cess of the green revolution in the years that fol-
lowed.

Although the high-yielding varieties that had been
introduced were producing high yields under optimal
conditions, these conditions could not be maintained
in tropical, humid or arid to semi-arid climates with-
out considerable expense and effort, and to a large
extent were only possible in favorable regions (e.g.
Punjab and Haryana, India). Unfavorable edaphic
conditions (sandy soils, laterites) exacerbated the
lack of success. The great vulnerability of genetically
uniform high-yielding varieties to pests or drought, as
well as the lowering of water tables due to overex-
ploitation by intensive irrigation, the emergence of
salinized soils and groundwater resources in arid and
semi-arid regions, and the risk of soil erosion were all
factors that grew increasingly severe during this peri-
od (Fig. D 3.3-2).

The advancing mechanization of agriculture put
more and more workers out of work, without ade-
quate employment alternatives being provided.
Structural problems within rural society (inequitable
distribution of land tenure, feudal power structures,
shortage of capital) and the state (e.g. insufficient
capital resources, bad governance, corruption, failure
of power elites) prevented the negative impacts on
the ecosphere and the socioeconomic consequences
from being equalized or at least cushioned.To secure
food for a growing population by means of improved
production techniques, despite the unsustainable de-
velopments that were emerging, intensification of ag-

riculture was pushed forward along green revolution
lines (e.g. higher pesticide doses, or a combination of
different pesticides, deeper wells and more fertiliz-
ers). This self-reinforcing process was now a charac-
teristic feature of the Green Revolution Syndrome,
and the successes of the initial years receded into the
background (Fig. D 3.3-2). Furthermore, the “know-
how and technology transfer” that accompanied the
green revolution proved to be a new form of depen-
dence that, together with the rise in energy and raw
material prices generated by the oil crisis, culminated
in the international debt crisis that marks the end of
this stage.

Stage III (mid-1980s to present): Structural
adjustment modifies the green revolution,
which is now compounded by far-reaching
negative impacts with long lead times
Contrary to original expectations, the situation is

not simplified thanks to the elimination of problems
or problematic linkages; instead, interrelationships
have become increasingly extensive and complex
(Fig. D 3.3-3).Around the mid-1980s, the green revo-
lution entered the age of globalization. The begin-
ning of this stage is marked by the worldwide “debt
crisis” and the structural adjustments that curtailed
the very subsidies that had once been introduced to
spread the green revolution as rapidly as possible.
The network of institutions created as part of the
green revolution, including extension services, agrar-
ian banks and distribution systems for seed and ferti-
lizer, also underwent a process of structural transfor-
mation. In many developing countries, the agroindus-
tries and their distribution networks were privatized,
or liquidized due to low profitability. Recent years
have seen an emergent trend towards stagnation of
yields per hectare, especially in Indonesia, Mexico,
Pakistan and Tunisia; in some cases, yields have de-
clined (Bangladesh and Sri Lanka). Even IRRI test
fields have yielded diminishing returns, in spite of op-
timal inputs and improved varieties. Studies are be-
ing carried out to determine whether changes in soils
may be a cause of this decline (WRI, 1994). Unsus-
tainable developments and the interactions between
them give rise to a whole series of other syndromes,
such as the Sahel Syndrome, the Favela Syndrome,
the Dust Bowl Syndrome and the Aral Sea Syndrome
(see Section D 3.3.2.3).

Social, economic and cultural impacts
Without the green revolution, an “increase in food

production” of this magnitude would not have been
possible.The threat of production-related food crises
was reduced but not entirely eliminated, because pri-
vate entitlement rights play a key role in addition to
national food supply. For example, after a good har-
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vest India appears as a net exporter of grain, al-
though about 220 million people in the country are
chronically undernourished.

The “intensification of agriculture” along green
revolution lines leads to “widening social and
economic disparities” (FAO, 1996a) in many coun-
tries because of structural problems and conceptual
weaknesses (top-down approach), a process de-
scribed as growth without development (Bohle,
1989). The green revolution has shown its greatest
success in irrigated regions, so that is where state ef-
forts are concentrated – exacerbating regional dis-
parities, which in turn may produce “increasing eth-
nic and national conflicts”.

Socioeconomic disparities are intensified by the
green revolution, because most small farmers do not
participate to the extent expected and because alter-
native employment opportunities are not available
for those people who are thrown out of work. In ad-
dition, agricultural producers become increasingly
dependent on external inputs. For example, the yield
of high-yielding hybrid varieties declines with each
daughter generation, so seeds have to be purchased
again and again. This dependence becomes proble-
matic when the coping capacity of small farmers is
low, and an unfavorable and relatively rapid change
in the economic or infrastructural framework takes
place due to exogenous factors (price fluctuations,
supply bottlenecks, etc.). In states prone to crisis, the
supply of these inputs may fluctuate considerably
(Pilardeaux, 1995).

In many cases, the green revolution is incompat-
ible with the social and cultural structures in the re-
gions to which it has spread. One example concerns
the problems introducing formal credit systems
where there is no land register documenting people’s
land holdings, the basis for determining creditworthi-
ness. The need for additional knowledge is another
important factor in this context. The spread of the
green revolution is also bound up with a “decline in
traditional social structures”.

As food production rises, dependence on cereal
imports declines; this is linked within the green revo-
lution to a growing dependence on imported agricul-
tural technology, agrochemicals and seeds, at least
temporarily (“know-how and technology transfer”).
This trend, alongside many others, reinforces “inter-
national indebtedness”. To combat the debt crisis,
structural adjustment measures have been imple-
mented in many countries since the late 1980s. The
ensuing deregulation of national economic policy
strategies profoundly changes the network of institu-
tions and services created by the government in the
course of the green revolution.

Impacts on the environment
A whole range of negative trends in the ecosphere

are reinforced by the “intensification of agriculture”
according to the green revolution pattern (Fig. D 3.3-
3). In the pedosphere, they include “overfertiliza-
tion”, “acidification”, “loss of fertility” and “erosion
and morphological changes to the soil”.The latter re-
fers, in particular, to the compaction of soils by agri-
cultural machinery. Nutrient losses in agriculture,
acidification and salinization are particularly preva-
lent in northern India, Bangladesh, Indonesia, north-
ern China and North Korea (WRI, 1994). The inade-
quate protection afforded to soil by monocropping
promotes soil erosion, which in turn impairs the wa-
ter quality of surface waters (“changes in loads of
particulate and dissolved substances”) (see Section
D 1.5). Intensive and frequently incorrect use of ag-
rochemicals is a threat to the environment (soil flora
and fauna, waterbodies, neighboring ecosystems,
etc.) and to human health (see Section D 4.2).

Around 20% of the pesticides applied worldwide
each year are consumed by developing countries. No
comprehensive data are available on the extent to
which they are used in food cereal production. Be-
cause of the large areas taken up by cereal crops,
however, the quantity applied must be substantial.
Although use of pesticides is relatively low in scale
compared to the industrialized countries, it is grow-
ing rapidly in some developing countries, in contrast
to most industrialized countries, where use is restrict-
ed or more effective, and less persistent products are
applied. In India, for example, use of pesticides is ris-
ing at an annual rate of around 12%. Some develop-
ing countries already use pesticides more intensively
than is the case in Germany. The negative impacts of
such intensive use are particularly severe in the de-
veloping countries, where most pesticide-related
deaths occur (House of Commons Agriculture Com-
mittee 1987, according to Pimentel, 1996). The main
reasons are lack of information, inappropriate han-
dling, storing and application of pesticides, inade-
quate labeling as well as a lack of protective clothing
and cleaning facilities for rural workers. Non-degrad-
able insecticides with toxic effects on both humans
and the environment, such as Lindan and DDT, are
frequently used in developing countries. In many in-
dustrialized countries, by contrast, use of such ex-
tremely harmful plant protection agents is now pro-
hibited. In India, Lindan and DDT account for about
70% of all pesticides used. Many governments pro-
mote pesticide consumption by providing subsidies.
Intensive pesticide use is often due to misconcep-
tions on the part of farmers that this practice is ex-
tremely progressive and modern. This notion has
been nurtured by years of “consulting” by represen-
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BOX D 3.3-1

The green revolution in India: Water problems

India has been plagued by famines for thou-
sands of years.The last great famine was in Bengal
in 1943 and claimed 3.5 million lives within a year.
Overall, the food situation on the Indian subcon-
tinent worsened considerably during the first half
of the 20th century. Cereal production was in-
creasingly unable to match population growth, so
per capita cereal production declined continuous-
ly.To make matters worse, the partition of the sub-
continent after India’s independence meant that
Pakistan took over 30% of the particularly high-
yielding irrigation areas but only 18% of the pop-
ulation.

After the failed attempts in the 1950s and ear-
ly 1960s to raise yields by intensive irrigation
alone, stagnation in production levels for many
years and two years of drought (1965-1967), the
Indian government made fundamental changes in
its agricultural development strategy. Under pres-
sure from the USA, which threatened to discon-
tinue grain supplies, and at the insistence of its
own large farmers, it switched over to the green
revolution (Bohle, 1981). 1966/67 saw the intro-
duction of the first high-yielding rice varieties,
which can produce up to 5,000 kg per hectare in
contrast to an average yield of traditional rice va-
rieties of around 860 kg per hectare. Between
1960 and 1978, food cereal production rose by a
total of 60%. Much of this growth was accounted
for by substantial increases in wheat production,
which rose by 157% between 1960 and 1975. Rice
production increased by 43% over the same peri-
od. The successes of the green revolution in India
were confined to wheat and rice crops.

These successes would have been inconceiv-
able without changes in irrigation farming. Al-
ready established during the colonial period (con-
struction of channels for watering cotton crops),
irrigation underwent a development unparalleled
in Indian history. Between 10% and 20% of the
national budget was expended on irrigation de-
velopment in the late 1960s and early 1970s. The
area under irrigation rose subsequently by over
50%, from 20.9 million hectares in 1950 to 32 mil-
lion hectares in 1976. Nevertheless, irrigated farm-
ing accounts for only about a fourth of India’s to-
tal agricultural area. This means that the success-
es of the green revolution were geographically so
concentrated that economic disparities between

regions grew. India, Pakistan and China account
for 45% of the world’s irrigated areas.

Social disparities widened also, because the
large number of small farmers did not get in-
volved to the extent expected, but went into long-
term debt instead, while the medium-sized and
large landowners achieved disproportionate in-
creases in profit. Those farmers who also pro-
duced for the market were guaranteed fixed and
relatively high selling prices, so improved incomes
were mainly restricted to this group.

The consumption of mineral fertilizer, most of
which had to be imported for scarce foreign ex-
change, rose tenfold between 1960 and 1977. Im-
ports of oil and mineral fertilizer accounted for al-
most 30% of India’s total imports in 1975/76, con-
suming around 40% of total export earnings due
to the demand for foreign exchange.

Application of mineral fertilizers necessitates
increased water input because fertilizers must be
dissolved before they can be absorbed by plants.
As irrigation grew in importance, groundwater
pumping was used to an increasing extent.
Groundwater extraction facilities are particularly
efficient when they supplement the water supply
from existing irrigation systems, as in the alluvial
plains of northwest India (channel irrigation) and
the delta areas of southeast India. The use of
groundwater pumps made it possible not only to
achieve higher yields per unit area, but also to
transform single- to double-cropping regions.
Double cropping was additionally favored by the
shorter ripening times of high-yielding varieties.

Water pumps were relatively expensive, costing
ten times the annual income of a rural worker, and
therefore could be afforded by wealthy farmers
only. Extraction with deep tubewell boreholes in-
creased to such an extent that the water table in
the state of Tamil Nadu dropped by 25–30 m with-
in a decade (FAO, 1996b). In the state of Punjab,
India’s grain belt, groundwater levels are falling
by 20 cm annually on two thirds of the area, and in
Gujarat declining groundwater levels were ob-
served in 90% of the wells in the 1980s (Postel,
1996). Access to groundwater is becoming in-
creasingly difficult for farmers with traditional
wells, because these are unable to reach deeper
water-bearing layers. Between 1970 and 1982, the
proportion of total irrigated land in India watered
from boreholes rose from 14.3% to 26.2% (Boh-
le, 1989). In the west Indian state of Gujarat,
groundwater overdrafting by irrigators in the
coastal region has led to the intrusion of saltwater
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tatives of the agrochemical industry and by govern-
ment advisory services for farmers (WRI, 1994).

Extensive, frequently uncontrolled and in some
cases preventive use of pesticides promotes “resis-
tance building” among pests. Widescale monocrop-
ping and years of growing the same crop create ideal
conditions for the growth of pest populations. More-
over, only a small percentage of the pesticides ap-
plied actually reach the target organism – less than
0.1% in the case of many insecticides.The harmful ef-
fects on natural predators and parasites, combined
with the favorable living conditions provided by
monocropping, allow small populations of pests to
grow rapidly until they emerge as new plagues (sec-
ondary plagues).

The rapid growth of insecticide use in Indonesian
rice farming between 1980 and 1985 reduced the pop-
ulations of the natural enemies of the brown plan-
thopper (a cicada species), resulting in a sharp rise in
the planthopper population. Yield losses were so se-
vere that Indonesia had to import rice for the first
time in many years. The response of farmers to such
secondary plagues – applying pesticides more fre-
quently and in higher doses – accelerates the “resis-
tance building” trend and increases the cost burden
for more or new pesticides as crop yields fall. More
than 500 insects and mite species are now resistant to
one or more insecticides, and over 273 species of
weeds have developed the capacity to neutralize one
or more herbicides. Around 150 plant pathogens,
such as fungi and bacteria, are now resistant to fungi-
cides. Intensive nitrogen fertilization worsens infes-
tation by lice (aphids), because the high level of ni-
trogen provided by the host plant promotes their re-
production. In Asia, the susceptibility of rice plants to
certain diseases has been found to increase as a result
of intensive nitrogen fertilization (WRI, 1994).

Monocropping and intensive application of pesti-
cides lead to a loss of “genetic diversity” and “species
diversity”. This loss intensifies the vulnerability of
the agricultural system to pests, diseases and climate
fluctuations (FAO, 1996a). “Loss of genetic diversity
and species diversity” has an attenuating effect on
the trends “progress in biotechnology and genetic en-
gineering” and “increasing food production”, espe-
cially with regard to sustainability. One of the prob-
lems here is that traditional, highly diversified and lo-
cally adapted crop varieties have been eliminated by

the widespread use of high-yielding varieties (Har-
lan, 1975; Heywood and Watson, 1995). Many green
revolution countries (India, China and Mexico, for
example) are important genetic pools for crop plants,
but this richness in genetic resources is acutely
threatened by the predominance of a few high-yield-
ing varieties of limited genetic diversity. India, for ex-
ample, is a major source of genetic diversity in re-
spect of field crops, such as rice, sugar cane, mango,
cucumber, avocado, medicinal herbs and spice plants.
Losing the genetic diversity of cultivated crop varie-
ties means losing an irreplaceable genetic resource
for research. The research community is faced with a
constantly shrinking genetic resource base, which
thus inhibits the new and further development of
modern agricultural varieties (“progress in biotech-
nology and genetic engineering”).The ever-changing
situation as far as plant pests are concerned (due,
among other things, to “resistance building”) necessi-
tates the continuous improvement of plant varieties
by crossing in new characteristics from cultivated and
wild varieties. The green revolution reduces the ge-
netic resource base on which future “intensification
of agriculture” relies.

Moreover, the confinement to a few cereal varie-
ties has led to reduced cultivation of protein-rich le-
gumes. In India, for example, 20% of the growth in
food cereal production was achieved at the expense
of legume crops. Between 1967/68 and 1979/80, culti-
vation of legumes in India declined at an annual rate
of 1.1% (Pierre, 1987). The supply of protein for the
population deteriorated accordingly. Confining pro-
duction to a few cereal varieties means failing to
meet subsistence demand for fuelwood, livestock
fodder, etc. (see also Box D 3.3-1).

Another consequence is an “enhanced greenhouse
effect” due to increasing methane emissions in rice
farming and energy-intensive production equipment.

The impacts on the hydrosphere, which include
“freshwater scarcity”, “salinization”, “eutrophica-
tion” and contamination with pesticides, are dealt
with in Section D 3.3.3.2.

into the aquifer, contaminating village drinking
water reserves.

Improving the efficiency of water use (e.g. re-
habilitation of existing facilities) can increase

yields, the potential of which is far from exhaust-
ed. In India alone, the irrigated area affected by
the aforementioned problems is estimated at
10–13 million hectares (Postel, 1993).
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3.3.2.2
Syndrome intensity indicators

In gaining a global overview of how widespread
the Green Revolution Syndrome is, it is essential to
have an indicator for the incidence and intensity of
the syndrome.The first step in developing such an in-
dicator is to identify those countries in which a pro-
cess has occurred according to the green revolution

pattern and then, in a second step, to examine how
pronounced the syndromatic and therefore proble-
matic nature is in these countries.

Emergence of the green revolution
On the basis of the mechanism described in Sec-

tion D 3.3.2.1, the emergence of the green revolution
between 1960 and 1990 is examined with the help of
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Figure D 3.3-4 a–b
Specific indicators of the green revolution. a) Absolute areal productivity growth of cereal crops, 1960–1990. b) Average
food supply deficit in 1961, in calories per person.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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economic indicators to determine whether the re-
quirements for the following argumentation are met:

If (1) substantial growth is observed in the areal
productivity of cereals and (2) a food shortage exists
at the beginning of the period under review and (3)
the cereal-growing sector of the country can make a
significant contribution to the food supply and (4)
there is a growth in total cereal production, which re-

mains in the country, then a green revolution is taking
place in the country concerned.

The following basic indicators are used to measure
the above conditions at national level (FAO, 1993,
WRI, 1992):
1. Absolute rise in areal productivity in cereal pro-

duction from 1960 to 1990 (Fig. D 3.3-4a).
2. Average food supply deficit in 1961, measured on
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Figure D 3.3-4 c–d
Specific indicators of the green revolution. c) Per capita cereal production in 1991. d) Relative growth in cereal yield
remaining in the country, measured as the difference between cereal production increase and the rise in cereal exports
relative to cereal production in 1961.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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the basis of the per capita calorie supply (Fig. D
3.3-4b).

3. Per capita cereal production in 1991 (Fig. D 3.3-
4c).

4. Relative growth in cereal production remaining
within the country, measured as the difference be-
tween the cereal production increase and the rise
in cereal exports in the period under review rela-
tive to cereal production in 1961 (Fig. D 3.3-4d).
These four conditions must all be met at the same

time (AND links). This can be formalized with the
help of certain truth values derived from the indica-
tors introduced. To do this, a fuzzy-logic extension of
the classical AND link (formation of the minimum)
is used. The result is an indicator that states whether
a green revolution has taken place in a country (0 =
did not take place with certainty, 1 = took place with
certainty). These basic data sets are shown separate-
ly in Figs. D 3.3-4a to d and the result in Fig. D 3.3-5.

Syndrome effects in green revolution
countries
The countries identified in this way are now exam-

ined and assessed with regard to syndrome features.
The first group of countries (high intensity values)
has an intensity indicator for the “occurrence” of the
green revolution of between 0.6 and 1. In the group
of countries evidencing a “limited green revolution”
(low intensity values), the intensity indicator is
0.3–0.6. Countries with values below 0.3 were not

taken into consideration. Analyzing the data on the
country-specific change in the proportion of irrigated
land between 1960 and 1990 as well as the proportion
of irrigated land in 1990 enables an assessment of the
role of irrigation agriculture in green revolution
countries. The increases between 1960 and 1990 indi-
cate the significance of the irrigated areas within the
framework of measures to push the green revolution.
In countries where cereal crops account for high per-
centages of land in relation to the total farming area,
the values are indicative of the green revolution in
the narrower sense. In countries like India, the ex-
pansion of irrigation to cereal crops is seen to be ex-
cessive.

The country-specific percentage of degraded land
under cereal cropping provides information on the
state and rate of soil degradation. The data on the
state of soil degradation also include degradation
processes that took place prior to the green revolu-
tion (e.g. due to the colonial export crop economy in
India), while the continuation of soil damage, meas-
ured on the basis of the soil degradation rate on ce-
real cropland, can clearly be attributed to the green
revolution (Oldeman et al., 1990).

To assess the global relevance of the Green Revo-
lution Syndrome to the ecosphere, the total area of
degraded land attributable to the syndrome in each
country and the land affected by irrigation-related
degradation are taken into account. The change in
the number of people living under the poverty line in

Occurrence of the 
green revolution
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No data available

Figure D 3.3-5
Occurrence of the green revolution.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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rural areas in relation to the absolute number of ru-
ral poor (1985–1992), and the change in the propor-
tion of export earnings used for debt servicing
(1970–1990) provide indications of the social dimen-
sion.

The analysis shows that various forms of soil deg-
radation, such as water and wind erosion, play a ma-
jor role in the Green Revolution Syndrome. Further-
more, forms of degradation that are typical for irri-
gated land, such as salinization and waterlogging, are
evidently widespread and advancing, particularly in
more arid regions. This causes mounting, long-term,
and in some cases irreversible damage to production
areas. Salinization and waterlogging of soils in China
are of immense global relevance, though the sum to-
tal of water-related soil degradation in other coun-
tries is also of global significance.

In the following, an indicator will be defined for
the occurrence of the Green Revolution Syndrome
on the basis of the material considered thus far. In
contrast to the green revolution itself, the impacts
typical of the syndrome will now be taken into ac-
count. The country-specific soil degradation rate will
be applied to cereal-growing areas as a measure of
ecospherical degradation within the Green Revolu-
tion Syndrome. The growth of rural poverty and the
ratio between debt servicing and export income for
each country is the basis on which the socioeconom-
ic impacts of the green revolution are assessed. Both
dimensions are then evaluated with equal weighting

and “added”. The partial indicator thus obtained is
limited in the next step by comparing it with the in-
tensity of the green revolution. If the latter does not
play a major role in the respective country, any soci-
oeconomic and ecospherical degradations that
emerge can only be partially explained by the green
revolution.The resulting indicator for the occurrence
of the Green Revolution Syndrome is shown in Fig.
D 3.3-6.

3.3.2.3 
Syndrome linkages and interactions

Linkages to other syndromes are shown as gray
clouds in the network of interrelationships for the
third stage (Fig. D 3.3-3). It is not until these interac-
tions are taken into consideration that the full import
of the problems becomes clear:
• Due to the intensive irrigation needs of the green

revolution, greater importance is attached to
large-scale dam projects with all their negative im-
plications for society and the ecosphere.To this ex-
tent, there is a direct interconnection between the
Aral Sea Syndrome and the Green Revolution
Syndrome (see Section D 3.4).

• The Favela Syndrome is given added force by the
Green Revolution Syndrome, because migration
to urban agglomerations due to “mounting pover-
ty” increases (see Section D 3.5). A “drift” toward
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Figure D 3.3-6
Occurrence of the Green Revolution Syndrome.
Source: BMBF “Syndrome Dynamics” project, PIK Core Project QUESTIONS and WBGU
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the Favela Syndrome occurs when small farmers
are demoted from landowning producers to ten-
ant farmers and landless workers with no local
employment alternatives.

• In contrast to the Green Revolution Syndrome,
the Dust Bowl Syndrome includes the environ-
mental consequences of agroindustrial activities
at the highest technical level without any develop-
ment agenda being involved. National self-suffi-
ciency plays a minor role. Unlike the Green Revo-
lution Syndrome, the Dust Bowl Syndrome em-
braces the export-oriented agricultural sector.
Changes in the social structure due to dispropor-
tionate impacts on the incomes of individual farm-
ers (“widening of socioeconomic disparities”), the
creation of infrastructure (“increase in institu-
tions”) and the paradigm change in economic pol-
icy (“international indebtedness”) may create a
Dust Bowl Syndrome out of the Green Revolu-
tion Syndrome.

• The displacement of farmers to marginal locations
(“widening social and economic disparities”) may
generate a Sahel Syndrome (WBGU, 1997) from
the Green Revolution Syndrome.

• The green revolution causes a rise in labor produc-
tivity and increased value added in the agricultu-
ral sector. In addition, agroindustry can develop in
the areas of supplies and services, capital goods
and marketing. These factors induce greater capi-
tal accumulation in the industrial sector and a con-
comitant loss of employment. In this way, the
Green Revolution Syndrome may favor the emer-
gence of the Asian Tigers Syndrome.
Figure D 3.3-7 illustrates the syndrome linkages

over time. The graph shows the relationship between
the Green Revolution Syndrome and other syn-
dromes. As can be seen on the time axis, the individ-
ual syndromes began at very different points in time.
In some cases, trends that played a major role in the
emergence of the syndrome had been established
during the colonial period or even earlier. The Fave-
la Syndrome, for example, is coupled with the Green
Revolution Syndrome through the trends “widening
of socioeconomic disparities” and “population
growth”. The Favela Syndrome is a post-war phe-
nomenon, whereas the latter two trends have been
significant since the days of colonialism. The Green
Revolution Syndrome began in the mid-1960s,
whereas the three syndrome-specific core trends
were established in the pre-colonial and colonial pe-
riods. The “intensification of agriculture” trend al-
ready existed in the “hydraulic societies”, e.g. during
the Mogul period in India and the British colonial pe-
riod, when irrigation systems were further devel-
oped. Social polarization processes (“widening of so-
cioeconomic disparities”) were already established –

in India, for example – during the period of feudal
rule, then cemented during the colonial period and
reinforced again in the post-colonial era. The “popu-
lation growth” trend, on the other hand, did not ac-
quire major significance until the colonial period.
This long-term development coincide in the mid-
1960s with the rise in food crises, severe development
problems in rural areas, advances in plant-breeding
techniques and a favorable political climate: the
green revolution begins.

3.3.2.4
General recommendations for action

Recommendations based on the syndrome
analysis
On the basis of the above description of the syn-

drome mechanism, its primary interactions and link-
ages with other syndromes, a number of general rec-
ommendations can be derived.
• The intensification of agriculture under the green

revolution has caused a loss of genetic diversity.
The pool of genetic resources shrinks as a direct
consequence. This means that an increasingly nar-
row base is available for research, thus inhibiting
progress in biotechnology and genetic engineering
(see brown sub-linkage in Fig. D 3.3-3). At the
same time, “resistance building” demands con-
stant improvement of varieties by crossing in new
characteristics from cultivated and wild varieties.
For these reasons, it is essential that supportive
measures are taken to stop or at least slow down
the rapid process of genetic erosion. The action
needed includes not only gene banks and botani-
cal gardens (ex-situ conservation), but also in-situ
protective measures (e.g. on-farm conservation,
etc.), which have to be implemented as part of an
integrated strategy for the preservation of genetic
resources.

• As food production rises, dependence on cereal
imports declines. However, this is accompanied by
a growing dependence on imported agricultural
technology, agrochemicals and seeds (know-how
and technology transfer). The “international in-
debtedness” trend is reinforced because these im-
ports have to be financed with scarce foreign ex-
change.As a consequence, the ability to import ag-
ricultural inputs is reduced and an inadequate sup-
ply for the national markets may result.Agricultu-
ral production becomes more vulnerable to crises
due to possible fluctuations in supply. Since the
complementarity of inputs is no longer guaran-
teed, the “intensification of agriculture” trend
weakens. Declining yields are the consequence
(see red sub-linkage in Fig. D 3.3-3). However, the
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pressures caused by mounting debt can also be re-
duced by increasing the cultivation of export
crops, the result being a progressive intensification
of agriculture (WRI, 1994).With cultivation of ex-
port crops accounting for a major portion of pesti-

cide consumption, pesticides come to play an in-
creasingly significant role as an instrument for
maximizing crop yields and competitiveness on
the international markets, and as a threat to the
natural environment and human health. This
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Figure D 3.3-7
Syndrome links over time.
Exposition factors of the Green Revolution Syndrome:
– Increasing food crises
– Rural development problems
– Innovations as prerequisite for intensification of agriculture
– International policymaking
Disposition factors of the Green Revolution Syndrome:
– Soil and climate conditions unsuitable for the green revolution
– Polar distribution of land ownership
– Feudal relations
Source: WBGU
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interrelationship underlines the importance of
building local research and production capacities
in the countries concerned and of adopting low-in-
put strategies. Germany has made valuable contri-
butions in this respect in the context of develop-
ment cooperation, and in future should pursue
such work with renewed vigor.

• Due to the “resistance building” trend, new pesti-
cides or greater amounts of existing pesticides are
needed (“know-how and technology transfer”)
and applied (“intensification of agriculture”),
leading in turn to further “resistance building”
(see green sub-linkage in Fig. D 3.3-3). In the view
of the Council, agricultural production should be
focused on using a greater diversity of varieties
and species in order to minimize the use of pesti-
cides.

Recommendations for development
cooperation

General
• Development cooperation should be geared less

to national export interests.
• The guidelines for development assistance should

consistently avoid the distribution of seeds pro-
tected by foreign patents. Instead, the focus should
be on local potential and resources.

Efficiency
• Efficient systems for the provision and use of ma-

chinery and supplies are of paramount importance
for the success or failure of agricultural develop-
ment measures. In the view of the Council, it is es-
sential to have institutions which ensure that oper-
ating requirements and information are supplied
promptly, in sufficient amounts and with nation-
wide coverage. The withdrawal of the state from
this area in the context of structural adjustment
measures, opening it up to private sector involve-
ment instead, is a step in the right direction. How-
ever, it is essential here that policymakers pre-
serve or create a suitable conditional framework
and that the private sector takes over the neces-
sary functions. The transition must be carefully
monitored and given institutional support wher-
ever necessary.

• The Council welcomes the food security swaps, re-
ferred to in the Global Action Plan of the World
Food Summit, as instruments for promoting food
security (see also Box D 3.3-3).A key prerequisite
here is the transparency of the instrument, includ-
ing the co-determination rights of the affected
country governments and the NGOs involved. In
deploying this instrument, water issues should
play a key role in the analysis of ecological com-

patibility.
• The neglect of agricultural research and develop-

ment support that can be observed worldwide is
not in keeping with the role of agriculture in
economic development, combating poverty, and
environmental and resource protection, particu-
larly since worldwide agricultural production has
to be raised by 60% by the year 2010, according to
FAO data. In the field of development policy, this
key role needs to be given the attention it de-
serves.The Council regrets the sharp decline in the
level of funding provided for international agricul-
tural research and would very much welcome a
significant increase in Germany’s contribution.

Ecological compatibility
• The Council recommends that use of pesticides be

minimized and controlled within the framework
of integrated pest control methods (WBGU,
1995). This should also be included as a binding
commitment in the guidelines for support applied
by international development institutions (World
Bank, FAO, etc.) and by individual donor nations.
Last year’s lowering of the binding environmental
standards applying to plant protection in projects
supported by the World Bank is a cause for con-
cern. The German Federal Government should
exert its influence here so that a high level of envi-
ronmental standards is maintained.

• Extensive pasture and livestock farming is a better
alternative to intensive crop farming in many arid
and semi-arid regions because it matches local
conditions. Regional development schemes for ru-
ral areas should be reviewed with this aspect in
mind, especially where marginal lands are in-
volved.

• The Council supports the 1995 decision by the
Consultative Group on International Agricultural
Research (CGIAR) to base its research activities
on an ecoregional approach and recommends ac-
tive participation on the part of target groups as
well as integration of culture-specific knowledge
into the research and development process. Great-
er focus should be placed on some less popular
crops that could play a key role in this respect,
such as sorghum, millet and sweet potatoes.

Social compatibility
• Structural adjustment measures generally tend to

have positive impacts on agriculture. On the one
hand, fertilizer and other subsidies enable many
people to earn a livelihood. On the other hand, the
relatively low cost of production factors reduces
incentives for wise and economical use. Moreover,
the financial resources needed to provide subsi-
dies must be generated elsewhere in the economy,
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with no direct indication of who has to pay for this
additional burden. A reduction in fertilizer subsi-
dies and the introduction of full-cost charges
should be striven for, but should not take place un-
til the subsistence level can be safeguarded by oth-
er means. Structural adjustment measures should
include social compatibility in the definition of
their goals, as agreed at the World Summit on So-
cial Development in Copenhagen in 1995.

Research
• Our knowledge about the trajectory of the green

revolution in this age of globalization is still frag-
mentary.The impacts of the international debt cri-
sis and subsequent structural adjustment meas-
ures have been inadequately studied with regard
to their interactions with the green revolution.
There is a need for research in this area.

• The public participation frequently called for in
connection with regional development programs
has not been sufficiently specified. The conditions
on which successful participation depend need to
be studied in detail (Box D 3.3-2).

3.3.3 
Water-specific syndrome description

Artificial irrigation is becoming a factor of in-
creasing importance for the food security of human-
kind. Only 17% of the world’s croplands are artifi-
cially irrigated, yet this area yields nearly 40% of the
global harvest (FAO, 1996b). The significance of wa-
ter as a resource for the green revolution is reflected
by the fact that 50–60% of the yield increases
achieved by developing countries since the 1970s can
be attributed to irrigated agriculture (Barrow, 1995).
Many countries, e.g. China, India, Indonesia and Pa-
kistan, obtain more than half of their food produc-
tion from irrigated crop farming. Egypt would be
able to produce very little food indeed without water
from the Nile (Postel, 1993). In Mexico, 80% of pub-
lic spending on the agricultural sector has flowed into
irrigation projects since 1940. In China, Pakistan and
Indonesia, irrigation swallows around half of all pub-
lic investments in the agricultural sector (FAO et al.,
1995). Great importance is attached to irrigation in
the context of development cooperation as well. In
the 1980s, 30% of the credit volume granted by the
World Bank went into irrigation projects.

The yield increases that constitute the principal
goal of the green revolution can only be achieved in
semi-arid and arid regions with the help of intensive
irrigation.The high-yielding varieties (HYV) that are
planted display a very high assimilation capacity
when adequately fertilized, but always in conjunction

with substantial water losses and concomitantly high
water demand (Fischer and Turner, 1978; Schulze,
1982). The water requirement of a high-yielding
wheat variety, for example, is three times higher than
that of wheat varieties traditionally used in India
(Shiva, 1991). Furthermore, the shorter growth peri-
od of the high-yielding varieties enables double or
even triple harvests. In most regions, however, addi-
tional harvests are only feasible with at least inter-
mittent irrigation, while another factor is that shorter
growth periods result in reduced yield potential un-
der similar conditions (Schulze, 1982; Donald and
Hamblin, 1976).The return on the high level of exter-
nal inputs necessitated by double or treble harvesting
and intensive irrigation is a relatively small net addi-
tional yield.

3.3.3.1 
Water-specific syndrome mechanism

The syndrome-specific network of interrelations
highlights the significance of water in the Green Rev-
olution Syndrome (Fig. D 3.3.-3). The negative im-
pacts vary according to the region concerned. On the
one hand, “intensification of agriculture” often rein-
forces the “lowering of water tables” due to pump-
fed irrigation, thus triggering “changes in local water
balance and particulate load”. On the other hand, the
“intensification of agriculture” by means of irrigation
systems may promote waterlogging and salinization
due to inappropriate drainage systems and rising wa-
ter tables.

3.3.3.2
Water-specific network of interrelations

Salinization
The most frequent cause of degradation of irrigat-

ed land is salinization. The soils of semi-arid and arid
regions are by nature very saline. Salinization of top-
soil may occur here due to the conversion of natural
vegetation into cropland, regardless of the intensity
of farming or the specific crop varieties that are
grown (see Section D 1.3). Improper irrigation of the
soil accelerates and reinforces this process. A basic
problem is that even freshwater contains dissolved
salts that may become more concentrated prior to
watering as a result of evaporation. The dissolved
salts are flushed out of the topsoil (rooting zone) into
deeper horizons only if there is sufficient precipita-
tion or supply of irrigation water, and the soil is well
drained.The factors typically responsible for saliniza-
tion are inadequate irrigation, excessive irrigation,
inadequate drainage and infiltration of water from
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BOX D 3.3-2

Participative methods of data collection and
project planning in development cooperation

Nearly all the world summits and convention
negotiations of recent years have called for more
public participation without specifying this objec-
tive in any greater detail. New participative ap-
proaches to development planning have been
used by development practitioners for some time
now and have long been an issue within the field
of development cooperation.

All development cooperation projects rely on
baseline surveys for analyzing problems and elab-
orating development strategies. In recent years
there has been mounting criticism of convention-
al data collection methods, such as standardized
interviews, because the problems and conflicts
identified in this way did not necessarily coincide
with the target population’s view of the problems,
and because little success was achieved by pro-
jects based on such surveys. Criticism was leveled
in particular at the amount of labor input and time
consumed in generating mountains of useless
data. Moreover, the results produced by external
“experts” were often incongruent with the reali-
ties as experienced by the population in question,
because the poor were easily overlooked, objec-
tive information was given priority over personal
information, and because the results were ac-
quired, analyzed and used as the basis for deci-
sion-making by outsiders only.

The mistakes of the past have meanwhile been
identified, and active involvement of the people
concerned has been recognized as a major condi-
tion for success. The pioneering work was carried
out by British researchers who developed the first
participative appraisal and planning methods for
development cooperation (Chambers, 1992;
Schönhuth and Kievelitz, 1993). The most impor-
tant families of participatory approaches include
Rapid Rural Appraisal (RRA) and Participatory
Rural Appraisal (PRA). These two methods are
aimed at identifying needs as perceived by rural
population, defining priorities for project work
and recognizing the conflicting interests of popu-
lation groups. They also serve to focus conven-
tional baseline surveys on the most relevant con-
cerns. RRA and PRA are also used in preparing
feasibility studies and evaluating projects.

Rapid Rural Appraisal is an approach by which
essential information on existing development

problems and potential solutions in developing
countries can be collected at local level within a
relatively short time using non-standardized
methods and by integrating the knowledge of the
local population. RRA is seen as an alternative to
conventional survey methods wherever the focus
is less on obtaining accurate figures as on making
the most realistic appraisal of all issues related to
the development goal.

The Participatory Rural Appraisal approach
evolved from the RRA approach and places
greater emphasis on bottom-up strategies. The
people concerned are actively involved in analyz-
ing problems and development planning, while
external persons, usually an interdisciplinary
team, are confined to a catalyst role. Priority is giv-
en to the interests of local communities.Appraisal
results are intended to help the population under-
stand its own situation and to serve as the basis for
self-reliance and development projects. In the
PRA approach, the village or urban community
residents are also “experts”, in that external peo-
ple and the local population jointly analyze the lo-
cal situation on which joint planning and action
are then based. This process is referred to as shar-
ing realities. PRA focuses more on understanding
complex circumstances than on collecting quanti-
tative data, with the main emphasis placed on
those aspects of greatest relevance for decision-
making.

PRA is based on a number of key concepts.
One of them is “triangulation” – the validation of
survey material by using different sources. Here it
is important to ensure interdisciplinarity and a
balanced gender ratio by having several teams of
changing composition.The principle of learning in
the community ensures that the study team, in
which members of the local population are also
represented, becomes familiar with the problems
from the perspective of the people concerned.The
function of the team is to support self-determined
development. To improve the “inside” view, the
PRA team lives within the local community for
the entire appraisal period and takes part in
everyday life. The principle of “optimal igno-
rance” or “appropriate inaccuracy” means that
the appraisal should cover just enough informa-
tion and detail as necessary. Data collection and
analysis should be carried out with appropriate in-
struments, using simple diagrams, graphs or fig-
ures. Appropriate means, for example, counting
seeds to arrive at quantitative data. An important
condition for success is “visual sharing”. In con-
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unlined irrigation channels. These factors may cause
waterlogging of the soil and a rise in the local or re-
gional water table. If the latter rises to within 1.5 m of
the surface or less, water can rise to the surface
through capillarity and evaporate. The salts that are
dissolved and mobilized in the water are left behind
and accumulate in the rooting zone or at the soil sur-
face (Pereira, 1974; Barrow, 1994). Salinization is ac-
companied by soil clogging, which cannot be elimi-
nated even with high capital input. Salinization and
waterlogging of the soil also cause damage to soil flo-
ra and fauna. Furthermore, the frequently high salin-
ity of drained irrigation water impairs the quality of
the receiving waterbody and may lead to conflicts
with downstream riparians of the river system
(“changes in loads of particulate and dissolved sub-
stances”).

The total area of salinized land is not known to
any degree of precision. It is estimated that at least
15 million hectares in developing countries produces
significantly reduced harvests because of the high sa-
linity of the soil. India, China and Pakistan are partic-
ularly affected. Studies by the World Bank have
shown that soil waterlogging and soil salinization re-
duce Egypt’s and Pakistan’s crop yields by around
30% (Postel, 1993).

Use of fertilizer
In 1994, more than 150 million tons of mineral fer-

tilizer were consumed worldwide (application of nu-
trients in the form of nitrogen, phosphorus and po-
tassium), about 66% of that in the developing coun-
tries. Nitrogen fertilization is particularly relevant in
connection with “waterbody eutrophication” and

“damage to health” (nitrate in drinking water). In the
green revolution countries, annual turnover in nitro-
gen fertilizers per hectare of cropland rose on aver-
age from 4 kg N/ha in 1961 to 91 kg N/ha in 1994. In
Europe, by contrast, average nitrogen fertilizer con-
sumption has declined since the early 1990s from
over 110 kg N/ha and year to less than 90 kg N/ha
(FAOSTAT, 1997).

The consumption of nitrogen fertilizers in most
green revolution countries is still well below 100 kg
N/ha (Table D 3.3-1). However, North Korea, Egypt
and China have already reached fertilization inten-
sities (>200 kg/ha) far higher than those of some Eu-
ropean countries. Slurry, manure and biological fixa-

trast to a conventional survey, the appraisal re-
sults are presented to the participants in a clear
and accessible form, e.g. as graphs and diagrams
on a display board. Participants can input their
own proposals and detect weak points in the
problem-solving process right from the start. Such
local analyses are supplemented by local presen-
tations in order to discuss the results publicly.This
greatly reduces the risk of planning errors. Regu-
lar follow-up meetings highlight the progress
made in implementing the development project.
The principle of self-criticism serves to identify
people who have been forgotten (e.g. the poor),
things which have been overlooked (e.g. peripher-
al regions) and one’s own mistakes. A PRA takes
place in three steps: workshop, study and evalua-
tion. The study and evaluation phases last be-
tween ten days and four weeks. PRA approaches

have been used by Save the Children in the Gaza
Strip and by the Aga Khan Rural Support Pro-
gram in Pakistan.

The strength of PRA, which was developed by
practitioners in the field, is its informal, experi-
mental and open nature. However, PRA is no sub-
stitute for project-supporting research and long-
term studies. The future focus of PRA will be on
training development experts. If PRA methods
were included in university training, it would be
possible to carry out case studies into specific
problems of the PRA approach, something that
has only been tackled in isolated cases so far. An-
other key factor concerns the future reception of
such unconventionally obtained PRA results by
the developers of social science theory (Schön-
huth and Kievelitz, 1993).

Country N- fertilizer Country N- fertilizer
consumption consumption

(kg N (kg N
ha-1 of cropland) ha-1 of cropland)

Albania 17 Mexico 45
Algeria 7 Morocco 15
Bangladesh 83 Myanmar 9
Chile 48 North Korea 310
China 207 Pakistan 78
Colombia 53 Philippines 44
Egypt 208 Saudi Arabia 52
Guatemala 66 Sri Lanka 63
India 56 Surinam 59
Indonesia 54 Tunisia 9
Laos 1 Vietnam 132

Table D 3.3-1
Mean annual consumption of nitrogen fertilizer in the
green revolution countries, 1994.
Source: FAOSTAT, 1997
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tion of nitrogen must also be added to nitrogen input.
Eutrophication of surface waters because of exces-
sive and/or improper use of fertilizers and, in partic-
ular, due to nutrient loads in drainage water can be
expected in future. In most developing countries, ni-
trate contamination of groundwater has yet to reach
problematic levels. In Haryana (India), however, ni-
trate values of 114–1,800 mg/l have been measured in
well water (national reference value: 45 mg/l) (WRI,
1994).

Use of pesticides
Surplus irrigation water transports not only salts

and fertilizers to surface waters and groundwater, but
also pesticides. For example, even minute quantities
of the herbicide atrazine in streams, ponds and rivers
are enough to damage ecosystems. Atrazine inhibits
the growth of algae and plankton, thus eliminating
the food base on which fish and other organisms de-
pend for survival.

Lowering of the water tables
In many semi-arid and arid regions, the only way

to provide sufficient irrigation water is to use ground-
water. If the depletion rate exceeds the recharge rate,
the result can be a “lowering of the water table”; this,
in turn, has impacts far beyond the irrigated area and
may generate a potential for conflicts between users.
Dry rice farming in northern China, for example, re-
quires around 600 mm of water per harvest. Transpi-
ration from the plant amounts to 150–200 mm, i.e. the
remaining 400 mm evaporate from the soil or from ir-
rigation channels. Thus, if precipitation amounts to
300–400 mm, an additional 200–300 mm of irrigation
water are needed. In India, the number of water
pumps used in agriculture rose from 4.33 million
(1980–81) to 9.1 million (1991–92) within a period of
10 years. A study of the Ludhiana district (India), a
semi-arid region dependent on artificial irrigation
from wells, recorded a drop in the water table of
about 0.8 m annually from the middle to the end of
the 1980s (WRI, 1994). In cereal-growing regions in
the northern Chinese plain, the water table is sinking
at a rate of around 1 m per year. From Tianjin, China,
there are reports of a “lowering of the water table” at
an annual rate of 4.4 m (Postel, 1984 and 1989).When
non-renewable fossil groundwater reservoirs are
mined, the problems described above acquire a spe-
cial relevance.A disastrous consequence of water-ta-
ble lowering in coastal areas is the intrusion of sea-
water into the aquifer, making the groundwater un-
usable for drinking and irrigation (e.g. the Gujarat
aquifer in India). However, it is not just direct use of
groundwater or river water that has a negative im-
pact on the water balance of affected regions. The
high transpiration rate of crop plants and the fre-

quently high evaporation losses during irrigation re-
duce runoff and the renewal rate of groundwater re-
sources (Wilber et al., 1996).

Summary
Water demand rises rapidly when farmers switch

from traditional to high-yielding wheat varieties and
when millet and maize are replaced by rice. “Water
pollution” and “eutrophication” are aggravated due
to fertilizer loads to surface waters, sometimes with
direct impacts on the health of the rural population
(“increasing damage to health”). This is because irri-
gation water and drinking water often share the same
water cycle. Loads to groundwater are less serious,
given the quantities currently applied (Advisory Re-
search Council at the BMZ, 1995).

All three hydrosphere trends reinforce “freshwa-
ter scarcity”, which has an attenuating effect on “in-
creasing food production”. Competition between cit-
ies and the surrounding rural areas over water re-
sources intensifies as a result.

3.3.3.3 
Water-specific recommendations

The “intensification of agriculture” according to
the green revolution pattern has several negative im-
pacts in the hydrosphere. These include “lowering of
the water table”, “eutrophication” and “changes in
the local water balance”. All three trends aggravate
“freshwater scarcity” and thus have negative impacts
on irrigated agriculture. In this way,“freshwater scar-
city” slows down the increase in food production, ex-
acerbating the threat of a production-based food cri-
sis (reinforcement of the “poverty/hunger” trend).
“Freshwater scarcity” may also boost the “widening
of socioeconomic disparities”. In many cases, “fresh-
water scarcity” is caused by the widespread use of
motor-driven pumps to raise groundwater from
boreholes, to such an extent that “lowering of the wa-
ter table” may occur. In the worst cases, neighboring
farmers may no longer be able to access groundwater
using their traditional wells. This causes the “pover-
ty/hunger” trend to intensify further. The “increasing
importance of national economic strategies” comes
to the fore with the aim of agricultural intensification
according to the green revolution pattern.This closes
a positive feedback loop, a major feature of the syn-
drome’s dynamics (see blue sub-linkage in Fig. D 3.3-
3).

As indicated in the foregoing, “freshwater scar-
city” performs a key function in the dynamics of this
syndrome. This means that, if water-related aspects
are taken seriously from the very outset when engi-
neering strategies for agricultural development, the
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gains in terms of sustainability can be enormous by
comparison. Within this process, consideration
should also be given to social compatibility aspects
and to culture-specific factors.

Water-related recommendations

Efficiency
• The coordination between donor countries, NGOs

and developing countries commenced during the
Water Decade by the Collaborative Council for
Water Supply and Sanitation must be continued
and intensified.

• Just how urgently international action is needed is
seen by the fact that as much as 60% of water
withdrawals for irrigation fail to reach the crop
(FAO, 1996a). Many irrigation systems are in a
poor state of repair. Nearly 150 million hectares
worldwide, nearly two thirds of the world’s total ir-
rigated area, needs some form of upgrading (Post-
el, 1993). In the view of the Council, the key issue
today is to improve existing irrigation systems
rather than create new ones.

• Inadequate drainage, over-intensive irrigation,
poor maintenance and seepage losses from water
conveyance systems are the most frequent human-
induced causes of waterlogging and salinization of
soils in irrigated agriculture. Here again, improve-
ment and rehabilitation of existing irrigation sys-
tems as well as comprehensive training for farmers
are the most urgent tasks to be tackled through
development cooperation.

• The introduction of water pricing to promote effi-
cient use is desirable in principle, provided that
small farmers are assured a secure livelihood
when no alternative employment is available. The
creation of water markets must always be accom-
panied by schemes to secure the basic needs of the
population.

• If the price for surface water is too high, more use
is automatically made of groundwater reserves.
This necessitates the coordinated management of
surface water and groundwater resources.

• A sustainable food security policy is not possible
unless investments are made in water infrastruc-
ture. Water development projects and water man-
agement systems must form an integral part of
every regional development program.With regard
to sustainability, the Advisory Council believes
that priority should be given to small-scale water
development programs, since experience has
shown that locally adapted technologies can be
maintained more easily by local operators and
thus on a long-term basis. The wider context
should not be neglected, however, particularly
where potential conflicts over use are involved.

Ecological compatibility
• The Council welcomes the CGIAR action pro-

gram adopted in 1995, particularly the definition
of the five major research thrusts: increasing pro-
ductivity, protecting the environment, saving bio-
diversity, improving policies and strengthening na-
tional agricultural research. The topic of water
could be dealt with on a cross-cutting basis, espe-
cially with regard to environmental protection and
policies for managing natural resources. Of great
importance in this context is the provision of con-
tinued support to the world’s two leading insti-
tutes for research on water-saving technologies for
agriculture, the International Rice Research Insti-
tute (IRRI) in the Philippines and the Internation-
al Irrigation Management Institute (IIMI) in Sri
Lanka (both CGIAR sub-organizations). The
International Food Policy Research Institute (IF-
PRI) in the USA should also be involved in this
work, specifically by covering socioeconomic is-
sues.

• In the rural development context, the primary fo-
cus must be directed in future at the selection of
native varieties, agroforestry and multicropping
systems. The relatively small areas of land re-
quired by these agricultural systems, combined
with the high diversity of their produce (carbohy-
drates, proteins, fodder, firewood, etc.) are essen-
tial for securing subsistence. Here, the Council rec-
ommends that support be provided to two
CGIAR institutes, namely the International Crop
Research Institute for the Semi-Arid Tropics (IC-
RISAT) in India, and the International Institute of
Tropical Agriculture (IITA) in Nigeria.

• The energy required to produce animal protein is
much higher than for plant production. Given the
finite resources available, the implication is that a
secure protein supply for the world population can
only be achieved in many cases by encouraging
the cultivation of protein-rich legumes (with the
exception of soybeans).

Social compatibility
• Many governments subsidize irrigation water as

part of their food security policy. The objective of
such policies can be to achieve a large measure of
independence from food imports, or to secure
food for the poor by making food generally cheap-
er or enabling food to be grown. If the foreign ex-
change is not readily available, many of these
countries may find themselves unable to compen-
sate for food cereal deficits by means of imports.
Moreover, complete dismantling of subsidies for
irrigation water would threaten the subsistence of
many small farmers who produce mainly food
crops. Nevertheless, generalized subsidization of
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irrigation water leads to a reduction in incentives
for economical water use. Another aspect is that
water subsidies benefit all consumers, regardless
of their income and the products in demand.To se-
cure an adequate food supply, therefore, it is nec-
essary to redistribute resources for the benefit of
the poor, or to make basic foodstuffs cheaper. If
subsistence farmers with no employment alterna-
tives are to maintain their livelihoods, water bene-
fit should be provided to needy target groups. It is
extremely important in this connection to identify
the most vulnerable groups.

• The World Bank (World Bank, 1992) and the
International Food Policy Research Institute
(Rosegrant, 1995) have already pointed out the
importance of secure land tenure and clearly de-
fined water rights for efficient resource use. They
promote a long-term orientation in soil manage-
ment and water use, and provide an important ba-
sis for accessing formal agricultural credits. En-
hancing legal security for farmers (especially ten-
ant and small farmers) is a contribution to re-
source protection and an appropriate means of re-
alizing the right to food and water laid down in the
International Covenant on Economic, Social and
Cultural Rights. For this reason the Council would
very much welcome more detailed specification of
these water rights and the establishment of institu-
tions for enforcing them (see Box D 3.3-3).

Research
• The baseline irrigation water requirement for se-

curing nutritional subsistence must be determined
for each specific country and region.

The new green revolution: assessment on
the basis of the syndrome analysis
The “new green revolution” approach presented

by the FAO at the World Food Summit is an agricul-
tural development strategy aimed at avoiding the er-
rors made in the “old” green revolution (FAO,
1996a).The focus here is on reducing the use of exter-
nal inputs, participation by target groups and the
creation of an enabling framework ensuring broad-
based effectiveness (ownership rights for establish-
ing planning security and guaranteeing efficient use
of resources, income distribution, etc.). In addition,
greater efforts are to be made to prevent post-har-
vest losses. The following objectives are pursued:
- revival of national extension services and research

institutions,
- an environmental focus on the part of agricultural

research and extension, especially the promotion
of low-input systems and biodiversity in agricul-
ture,

- cooperation with international agricultural re-

search institutions within the framework of the
CGIAR system and a clear focus on eradicating
poverty,

- opening national markets,
- ensuring a high priority for food security policy.

Biotechnology is regarded by the FAO as an im-
portant option for the future, but the requisite in-
creases in production output are not expected from it
alone (FAO, 1996a).The Council shares this cautious
assessment.

Nevertheless, it is evident that genetic engineering
has achieved great advances in the following areas of
plant production:
- product quality, including changes in the quality of

fats and oils (e.g. rape), changes in the composition
of amino acids (e.g. methionine concentration in
maize and soybeans), vitamin content as well as
changes in starch concentration and composition
(e.g. potatoes),

- perishability (e.g. ethylene metabolism in toma-
toes, Flavr Savr tomato),

- tolerance to herbicides (e.g. tolerance of soybeans
and maize to BASTA total herbicide),

- viral resistance (e.g. tobacco, potatoes and rice),
- resistance to bacteria or fungi (e.g. tobacco, pota-

toes),
- insect resistance (e.g. to Bacillus thuringiensis),
- male sterile plants (e.g. tobacco, rape).

Expectations have not been met with regard to the
following:
- increased yields,
- higher water-use efficiency or drought resistance,
- salt tolerance.

Future production increases will mainly be attain-
able on the basis of improved agricultural systems.
Securing subsistence for most small-farmer produc-
ers requires cropping systems with a high diversity of
produce providing for a balanced diet and covering
the demand for firewood and animal fodder.

The potential offered by molecular biotechnology
for a new green revolution is very limited, in that ge-
netic engineering has only succeeded so far in inter-
vening in the “secondary metabolism” of plants. The
application of genetic engineering methods has con-
centrated on modifying single genes and thus certain
monogenetic characteristics of plants in order to
achieve immediate effects – on the resistance of
plants, for example. The yield of a certain crop plant
is the result of very many environmental factors
(temperature, light, nutrient and water supply, com-
petition, food, parasites, diseases, etc.) as well as ge-
netic, physiological and morphological characteris-
tics (photosynthesis, leaf area, growth rate and peri-
od, harvest index, etc.). Many of these factors are pos-
itively or negatively correlated with and dependent
on one another (Donald and Hamblin, 1976; Schulze,
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BOX D 3.3-3

International legal aspects of food security

The right to food and water in
international law
The right to food and hence the right to water

form part of the social human rights. As far back
as 1948, the UN General Assembly adopted the
Universal Declaration of Human Rights, Article
25 of which states that 

“Everyone has the right to a standard of living
adequate for the health and well-being of himself
and of his family, including food, …”.

However, declarations of the United Nations
General Assembly do not have binding legal
force, so the various sub-committees of the UN
have been endeavoring since the 1950s to codify
these general principles in binding international
conventions. In 1966, two International Cove-
nants on human rights were put forward for adop-
tion, one covering political and civil rights, the
other the economic, social and cultural human
rights. Both Covenants entered into force in 1976
and are now binding on most of the world’s na-
tions.

Just like the Universal Declaration of Human
Rights, the Covenant on Economic, Social and
Cultural Rights (the “Social Covenant”) refers
explicitly to the human right to food. Article 11
states that 

“The States Parties to the present Covenant
recognize the right of everyone to an adequate
standard of living for himself and his family, in-
cluding adequate food […]”.

As with the Universal Declaration of Human
Rights, this includes the right to water: according-
ly, every human being has a right to sufficient us-
able water to ensure an adequate standard of liv-
ing. This includes both drinking water as well as
enough irrigation water to ensure an adequate
supply of food.

The right to food and water does not belong in
the category of civil and political rights and free-
doms; rather, it implies an obligation of the state
towards its citizens. However, there are problems
of delineation here as well, as is often the case in
the human rights regime: the human right to food
and water also means that the individual citizen
has a right to defend him or herself against the de-
nial of food and water.This is particularly relevant
in domestic armed conflicts, for example, where

food security of the civilian population must be
guaranteed by all the conflicting parties, or in the
international ban on food embargoes recently
proclaimed in the UN Global Plan of Action
adopted by the UN World Food Summit.

Specifying the human right to food and
water
The human right to food and water means that

assistance must be given in all regions in which
this right is violated, either because water is not
available in sufficient quantity or quality, or be-
cause restrictions are imposed on the population’s
access rights. This involves a duty on the part of
states for their own national territories: according
to Article 11, paragraph 1 of the Social Covenant,
they shall take appropriate steps to safeguard the
human right to water and food.

However, the duty to international coopera-
tion is also a component part of the human right
to food and water; the Social Covenant explicitly
reaffirms the “essential importance of interna-
tional cooperation based on free consent”.

The basic duties of states are defined in more
detail in paragraph 2 of Article 11, according to
which the states shall take, individually and
through international cooperation, the measures
which are needed to improve methods of produc-
tion, conservation and distribution of food (in-
cluding water) by making full use of technical and
scientific knowledge.

It is precisely here that the Council sees a con-
tinued and considerable need for action. The mis-
sion of the Social Covenant, which has been in
force since 1976, namely to implement the human
right to water and food with appropriate meas-
ures, has not been adequately fulfilled as yet and
requires greater efforts (see Section D 5.5). The
International Covenant on Economic, Social and
Cultural Rights commits the states parties not
only to supply food and water, but specifies one
essential measure as “developing or reforming
agrarian systems in such a way as to achieve the
most efficient development and utilization of nat-
ural resources”.

In order to improve implementation of the hu-
man right to food and water, the Council consid-
ers it imperative to promote efficient techniques
for water use as well as water-saving crops and
agrarian production systems. The participation of
small farmers is essential for the success of such
programs.
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1982). Until now, yield increases have predominantly
been achieved by increasing the harvest index, by
morphological changes permitting improved light
interception and denser stocks, as well as by higher
inputs (fertilization, irrigation) and new land man-
agement methods (Donald and Hamblin, 1976;
Schulze, 1982). Since the potential of the harvest in-
dex is virtually exhausted (values over 50% can now
be attained), higher yields can only be expected by
increasing the total biomass (Hay, 1995; Donald and
Hamblin, 1976). There are also substantial con-
straints on improving the water efficiency of crops.
On the one hand, higher yields are necessarily linked
to higher water consumption (see Section D 1.3.4);
on the other, water use efficiency is essentially deter-
mined by two factors that cannot be manipulated by
genetic engineering, namely the ambient water satu-
ration deficit and the primary carboxylation enzyme
for photosynthesis (Fischer and Turner, 1978), which
is governed by a co-regulation of all enzymes in-
volved in primary metabolism (Stitt, 1994). The
drought resistance achieved in crop varieties to date
is primarily the result of premature blossom forma-
tion (Fischer and Turner, 1978). It is estimated that
only minimal improvements in water efficiency are
possible by means of classical cross-fertilization (Far-
quhar et al., 1988).

Despite its undisputed successes, genetic engi-
neering cannot be hailed as an instrument for miti-
gating, much less eliminating the potential environ-
mental and socioeconomic threat posed by mono-
cropping, cost- and energy-intensive farming systems
or economic dependencies. On the contrary, some of
the ecospherical and socioeconomic repercussions
already experienced in the “old” green revolution

may be amplified. When a particular crop plant is
made resistant to total herbicides (e.g. BASTA) by
genetic engineering, application of the herbicide kills
all other plants, without differentiation, and only the
selected crop survives. While this may reduce yield
losses, it also encourages the unfettered use of herbi-
cides, with all its implications. Genetically modifying
plants so that they are resistant to insects (e.g. genes
of the Bacillus thuringiensis) or pathogens will help
initially to reduce pesticide consumption. But if re-
sistant varieties are cultivated as monocultures, there
is a risk of resistance building among pests as well, as
has already occurred through the intensive applica-
tion of pesticides (Section D 3.3.2). In effect, the ge-
netically engineered resistance of crop plants would
be eliminated, and farmers would be compelled once
again to rely on new varieties boasting new resistance
genes. Genetic uniformity and genetic erosion as a
consequence of monocropping and the failure to
grow and cultivate local varieties pose the same
threat as in the “old” green revolution.

The use of genetically modified seeds is likely to
increase the dependence of small farmers on external
inputs in a manner hitherto unknown, and surpass by
far the well-known drawbacks of the old green revo-
lution. Seeds and agrochemicals are offered as a
“package deal”, with individual varieties specially
tailored to the application of very specific plant pro-
tection agents. Unless consumers are adequately in-
formed about the possible consequences of this link-
age between seeds and agrochemicals, there is a risk
that a large number of producers will become invol-
untarily dependent on monopolistic manufacturers
holding the respective patents and the power to dic-
tate prices. In this way, the use of genetically modified

The follow-up process to the UN Food
Summit
The food security swaps referred to in the Glo-

bal Plan of Action adopted by the UN World Food
Summit (1996) hold great promise as an instru-
ment for promoting efficient systems of resource
utilization, as required by the Social Covenant.
Such swaps involve buying up the foreign debts of
developing countries and providing debt relief to
the respective countries on condition that they
spend an appropriate amount in national curren-
cy on implementing active food security policies.
The Council welcomes this instrument as a means
of promoting food security. A key prerequisite
here is the transparency of the instrument, includ-
ing the co-determination rights of the affected
country governments and the non-governmental

organizations involved. Water-related aspects
should play a central role when conducting envi-
ronmental impact assessments in the framework
of such an instrument (see Section D 3.3.3.3).

In the follow-up process to the UN World Food
Summit, it is essential that the Global Plan of Ac-
tion signed by the international community in
Rome is being honored by all parties. Special em-
phasis must be given to the development of an
internationally accepted code of conduct. In the
view of the WBGU, such a code of conduct should
include a ban on food dumping, the targeted pro-
motion of locally appropriate and water-efficient
production systems, creating an enabling environ-
ment for farmers’ organization and improving the
access rights of small agrarian producers to pro-
ductive resources.
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seeds would greatly increase the vulnerability of ag-
ricultural systems to crises. Production losses in the
context of such highly specialized agrochemical
farming methods would have far-reaching conse-
quences.

Since the resistance achieved by genetic modifca-
tion of crops is effective only in respect of specific
pests or herbicides (Snow and Palma, 1997), multiple
infestation of crops must still be combated by apply-
ing different plant protection agents, which means
that the environmental and financial advantages of
“built-in” protection are narrowly limited. In spite of
these reservations, the potential applications of ge-
netic engineering for sustainable agriculture must be
examined carefully and implemented wherever ap-
propriate.

In line with the syndrome analysis above, it is im-
portant to highlight the following three constituents
of the new green revolution, which have a major role
to play in reducing future syndrome development:
1. The use of culturally and socioeconomically ap-

propriate technologies, especially in irrigation.
2. The creation of farming systems featuring greater

diversity of varieties and species (agroforestry,
multiple-cropping systems).

3. The use of low-input systems as well as local pro-
duction potential.
Specifically, the Council recommends:

• Further support should be given to an analysis of
the potential benefits and risks of biotechnology
in agriculture. However, it is essential to develop
parallel control mechanisms and regulations in or-
der to comply with biosafety requirements, e.g.
through German support for the Biosafety Proto-
col to the Biodiversity Convention (WBGU,
1996). Special efforts should also be made to avoid
making the same mistakes as the green revolution.

• The problem of nutrition cannot be reduced to the
shortage of food. For many people, poverty is the
major driving force behind chronic malnutrition
and hunger. Increased production and rural devel-
opment must therefore go hand in hand. In addi-
tion to promoting agricultural production, the
Council also recommends developing the small
business sector, the craft trades and markets in or-
der to revitalize rural areas.

• In the view of the Council, agroforestry and multi-
cropping systems should play a significant role in
the new green revolution, because their spatial
needs are lower for the same yield than is the case
with monocropping. Protein-rich legumes should
also be a central concern.

• Land management methods such as agroforestry
and multiple cropping cannot be established on a
large scale without start-up assistance. Such inno-
vations require suitable institutions and support

mechanisms aimed at specific target groups. This
cannot be expected from the private sector alone.
The individual countries must therefore commit
themselves to rural development and provide as-
sistance in effecting the necessary transformation
in agriculture.

• The new green revolution needs an institutional
framework for regulating the private sector and
organizations in a way that restricts the external-
ization of costs and the dysfunctional effects of
subsidies, while ensuring that minimum needs are
met.

• The new green revolution should not be planned
on a large scale and should only be implemented
by the state where necessary. Limited knowledge
about the best way to achieve the goals envisaged
and about the possible adverse impacts that even
the new green revolution may have means there
should be scope for a diversity of frameworks at
national and international level to ensure that a
broad spectrum of experience can be gathered and
utilized.

• If adverse impacts are to be avoided, the new
green revolution should be continuously moni-
tored by means of an early warning system. Such a
monitoring system would have to identify existing
vulnerabilities and resilience, taking unexpected
developments into account.

3.4
The Aral Sea Syndrome: environmental degra-
dation due to large-scale damage to natural
landscapes

Large-scale water development projects – Water for
agriculture – Energy production using hydropower –
River regulation – Dams – Social and environmental
impacts – Syndrome links – “Aral Sea” case study –
“Three Gorges” case study – Indicator of syndrome
intensity – Assessment criteria for large-scale projects
– Integrated watershed management 

3.4.1
Definition

People have always used and interfered with wa-
ter resources for energy production, food produc-
tion, flood control and water storage. Examples in-
clude drainage systems as well as dikes, dams and ca-
nals for controlling and supplying water. As far back
as 2,500 years ago, water development constructions
were erected in China, for example the Tu-Kiang
dam and the Emperor’s Canal, which had great im-
portance for irrigated agriculture and as transport in-
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frastructure. In central Europe, large-scale drainage
of wetlands and construction of dikes – especially in
The Netherlands – were carried out in the 16th and
17th century to protect against floods and to reclaim
land for crops.

In the course of this century, major irrigation
schemes and new, multifunctional megadams have
been having severe impacts on water resources. The
number of dams over 15 meters in height has risen to
around 40,000 since 1950; each day, a new dam is put
into operation (ICOLD, oral communication, 1997).
The total area of reservoirs worldwide is around
400,000 km2 – more than the area of Germany. Dams
are a major influence on the runoff regime: 77% of
all runoff in North America, Europe and the former
USSR is diverted by dams or other large-scale water
resource development projects (Dynesius and Nils-
son, 1994).The scale of interference with the balance
of nature is evident from the fact that the total vol-
ume stored in reservoirs (10,000 km3) is five times
that found in all the world’s rivers.The cumulative in-
fluence of reservoirs due to the redistribution of mass
has even become a measurable factor causing geo-
dynamic changes in the Earth’s rotation and polar
drift (Chao, 1995).

Large dams were mainly built in the industrialized
nations at first, but today they are primarily con-
structed in the developing countries. All large-scale
water development projects are inevitably bound up
with intensive interference with the social and eco-
logical structure of a region, resulting not only in the
intended benefits, but also in a number of undesired
consequential impacts which – if they are taken into
account in cost-benefit analyses – may reduce the
benefit significantly (McCully, 1996).

The Aral Sea Syndrome describes the problems of
centrally planned, large-scale water development
projects. Such projects are essentially ambivalent: on
the one hand, they provide the additional resources
that are needed (water for food security, renewable
energy), or they protect existing resources (flood
control); on the other, they have severe impacts on
the environment and society.

In keeping with their magnitude, the impacts of
such construction projects are usually not confined to
the local or regional area, but may also take on inter-
national dimensions, for the simple reason that the
riverine systems affected and their catchment areas
are very large and often transboundary.

During the planning phase, the hope is that sever-
al development problems can be solved simultane-
ously with one large project: the increased demand
for renewable, non-climate forcing energy sources,
for production increases in agriculture through the
expansion of irrigated areas, not to mention the pro-

tection of people and property against the devasta-
tion of floods.

The negative consequences of such projects in-
clude not only the direct interference with the water
and sediment balance of the catchment and the re-
sulting impacts on the natural systems to which they
are coupled. Consideration must also be given to the
social consequences, which may range from resettle-
ment of the local population, to intensification of
economic disparities, to domestic and international
conflicts (McCully, 1996; Pearce, 1992; Goldsmith and
Hildyard, 1984).

The inadequate consideration given in most cases
to the social and ecological impacts results from the
technical bias of planners and their inability to assess
and control the effects of a given project. This is fur-
ther compounded by the frequently one-sided inter-
ests of decision-makers with respect to the prevailing
technology-centered development paradigm.

This multiplicity of positive and negative effects of
major projects gives rise to several possible links to
other syndromes of global change (see Section D 2;
WBGU, 1997). Supplying water to expansive, inten-
sive agriculture is the most important interface; in
particular, there are strong links to the Green Revo-
lution Syndrome (see Section D 3.3) and to the Dust
Bowl Syndrome. Construction of a dam, for example,
may involve not only compulsory resettlement of lo-
cal inhabitants, but also a change in land-use rights,
usually at the expense of population groups that are
already marginalized (Sahel syndrome). Providing
resources promotes industrialization, which may it-
self have severe consequences for the environment
(Asian Tigers Syndrome) or induce pull effects that
favor urbanization (Favela Syndrome).

The simultaneous occurrence of positive and neg-
ative impacts generated by large-scale water devel-
opment projects and the specific nature of these ef-
fects necessitates a detailed cost-benefit analysis for
each single project, taking into account all economic,
ecological and social impacts and the respective gaps
in knowledge. Such an analysis cannot be conducted
here.

Nevertheless, it is possible to give recommenda-
tions on which to base the evaluation of such projects
(see Section D 3.4.5). The approach taken is the
Council’s syndrome method (WBGU, 1997), which
permits the definition of an action framework and
subsequent evaluation on the basis of the guard rail
concept.The assumption is that it is possible to define
marginal zones between undesirable or dangerous
areas of non-sustainability and an acceptable action
space.

Because the direct impacts on the hydrosphere are
always the central focus of this syndrome and the
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starting point for more extensive indirect effects, wa-
ter-specific aspects will not be discussed separately.

3.4.2 
Water-specific syndrome mechanism

The Aral Sea Syndrome refers to the environmen-
tal degradation that may occur as a result of the
large-scale reshaping of the landscape that is brought
about, in turn, as a secondary effect of large-scale
technical projects (megadams, irrigation schemes,
river canalization, etc.). In addition to the damage
that is directly inflicted on the natural environment,
indirect effects of potential relevance for global
change may also occur. The social consequences
(compulsory resettlement, damage to health, interna-
tional conflicts, etc.) may also result indirectly in en-
vironmental degradation. In order to describe and
analyze the complex interwoven mechanisms that
make up this syndrome and are relevant for global
change, the syndrome-specific network of interrela-
tions (Fig. D 3.4-1) is firstly developed. The secon-
dary effects already mentioned may also be pro-
duced through linkages to other syndromes, indicat-
ed in Fig. D 3.4-1 by the “clouds” for the respective
other syndromes (Fig. D 3.3-3).

3.4.2.1
Core trends at the people-environment inter-
face

An important driving force behind large-scale wa-
ter development projects is the expectation that the
key trends of “increasing food consumption” and “in-
creasing consumption of energy and raw materials”
will intensify. For various reasons (see Section
D 3.4.2.2), the preferred solution in most cases is the
construction of large-scale technical projects. It often
appears feasible to achieve effective flood control
(“growing threat of natural disasters”) and “im-
proved transport infrastructure” simultaneously by
means of such large-scale projects.“Centralization of
economic strategies” is a prerequisite for project im-
plementation, in that small, regional administrations
have excessive difficulty in managing a large canal
project or a dam, due to the costs alone.The immedi-
ate impact of such a project after its completion is
“changes in the local water balance”, especially
changes in streamflow. Particularly in the case of
dams, this invariably involves changes in sedimenta-
tion characteristics (“changing loads of particulates
and dissolved matter”).

These interrelations comprise the core mechanism
of any large-scale water development project. Al-

though they are an essential component of the Aral
Sea Syndrome, they do not constitute it as such. The
entire mechanism, especially the negative interac-
tions and consequences that give a large project its
syndrome properties, are summarized in the network
of interrelations (Fig. D 3.4-1) and are described be-
low. This network of interrelations necessarily in-
volves generalization at a high level of aggregation,
so it cannot be typical for each individual project. De-
pending on the type of water development project
(dam, canal, large-scale irrigation project, etc.), the
climate (humid, semi-arid, etc.) or other regional
conditions, additional trends, interactions or individ-
ual aspects may differ or be entirely absent. In gener-
al, however, the network of interrelations describes a
pattern of causes and effects that is typical as a “glo-
bal syndrome” for many large-scale water develop-
ment projects.

3.4.2.2
Driving factors

The motivation behind large-scale construction
projects is rarely confined to one objective. Many
dams, for example, are typical multi-purpose projects
aimed at improving the basis for development (Bau-
mann et al., 1984). In the following, a number of driv-
ing factors behind the planning and implementation
of such large-scale projects are described. In some
places a distinction will be made between industrial-
ized and developing countries, because the structure
of motivation may vary accordingly.

Energy production
The desire for “industrialization” and economic

growth is accompanied by “increasing energy con-
sumption” for households, industry and export. Pow-
er generation is therefore a primary objective of dam
building – nearly a fifth of the world’s electricity is
generated by hydropower. Examples include the
dam projects on the Paraná, which now covers almost
all of Paraguay’s electricity needs as well a large por-
tion of the demand in southern Brazil and Argentina
(Seager, 1995). No other form of power generation
operates as cost effectively as large hydroelectric
power plants (Schmidt-Kallert, 1989), so there is a
powerful incentive to cope with “increasing energy
consumption” by means of hydropower, especially
since alternative ways of producing energy are either
absent in many developing countries or may lead to
dependence on imports. In many cases, a substantial
amount of the energy thus generated is exported –
not so much as electricity, but indirectly through the
export of locally produced, energy-intensive goods,
above all aluminum (Gitlitz, 1993).
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Nowadays, megadam projects in industrialized
countries are likely to be implemented only when un-
used and thinly populated land is involved and the
dam can be used for (cheap) power generation, with-
out the threat of conflicts with owners or users of the
inundated areas or with conservationists, or when the
groups affected have little leverage (e.g. the James
Bay Project in Canada).

Supplying water to large-scale irrigation
systems
Population growth compels governments in devel-

oping countries to increase agricultural production in
order to meet the growing demand for food. As a
consequence, many large-scale water development
projects are aimed at increasing the area of arable
land by providing a reliable source of water, or by im-
proving the yield of existing cropland with the help of
irrigation schemes. Examples include the projects in
northwest Africa for greening the Sahel Zone. Some
projects also make a small contribution to food se-
curity in the form of fisheries in the reservoir. Dams
in industrialized countries have regional importance
where intensive agriculture is carried out and the ag-
ricultural yield can be substantially increased with a
higher water supply (e.g. California; Pearce, 1992;
McCully, 1996). In contrast to developing countries,
the main driving force in industrialized nations is less
related to food security than to the production of
high-quality agricultural produce.

Regulation of riverine systems for flood
control and navigability
Another motivational factor is the protection

against periodic floods (“increasing threat of natural
disasters”) afforded by river regulation projects. Spe-
cial emphasis is often placed on flood control as jus-
tification for dam projects, because humanitarian and
economic reasons can then be highlighted (e.g.Three
Gorges Project, see Section D 3.4.3.2). Using rivers as
transport routes (“expansion of transport routes”) is
another major factor. Improving the navigability of
the Yangtze, for example, is an important goal in Chi-
na’s plans for transport infrastructure.

Other factors
The main driving forces mentioned above do not

necessarily imply that megadams are the only way to
attain such goals. There are usually alternatives, in
the form of several smaller projects, for example.The
trend to large-scale water development projects was
greatly encouraged by the long-prevailing assump-
tion in development policy that development pro-
cesses can or must be centrally planned and con-
trolled. Large-scale projects create the impression
that development goals, such as increasing energy

production, can be achieved rapidly and at extreme-
ly low cost. In developing countries especially, major
projects are often central elements of economic strat-
egies to promote specific sectors or regions.

However, the financial scope of the projects usual-
ly precludes any self-financing. For this reason, dams
have long numbered among the projects receiving
the most assistance from international financing in-
stitutions (World Bank, IMF), whose growing signif-
icance has further boosted the implementation of
large-scale projects. The World Bank alone, the most
important public institution for financing dams, has
provided $58 billion for this purpose (1944–1994,
1993 dollar value).

This is closely linked to the interests of construc-
tion companies and consultants in industrialized
countries, who similarly favor large-scale projects.
This is certainly another reason why the develop-
ment policies of industrialized nations provide spe-
cial support for large-scale projects. The Swedish
Agency for Development Cooperation (SIDA), for
example, estimates that up to three fourths of the
money it lends for hydroelectric projects flows back
to Swedish companies (Usher, 1994 quoted from
McCully, 1996).

For governments or heads of state in the respec-
tive countries, dams have often been used as symbols
of economic independence (Schmidt-Kallert, 1989).
Furthermore, especially in developing countries, the
prestige value of gigantic construction projects for
domestic policy (visible evidence of progress and
modernity) and its stabilizing effect for the state or
government are rated very highly, with the result that
priority is frequently given to large-scale projects
rather than to small-scale or decentralized alterna-
tives.

3.4.2.3
Impacts on the ecosphere

Impacts on the ecosphere are generated not only
by the direct or primary effects of the project, but
also by the secondary effects produced indirectly
through people’s responses. Aside from the relative-
ly small-scale impact of the dam construction work,
one can identify several types of environmental deg-
radation caused by terrestrial runoff changes or by
the construction of technical megaprojects.

Rivers transport a substantial amount of sedi-
ment, particularly in the tropics (Table D 3.4-1). By
reducing the flow velocity of rivers, dams act as sedi-
ment traps: suspended matter settles behind the dam
wall.

It is estimated that about 1% of the storage capac-
ity of reservoirs worldwide is lost every year because
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of this process, and around 20% of the global storage
capacity has “silted up” since 1986 (IRN, 1996; Mah-
mood, 1987).

Precise forecasts of reservoir sedimentation re-
quire long-term data series, which in many cases are
not available. The result is that sedimentation rates
are almost always underestimated, leading to some
projects ending in fiasco. Sedimentation continues to
be the biggest technical problem for dams (McCully,
1996).

The effect is manifested below the dam in a re-
duced load of particulate matter in relation to the
original state, thus altering the sensitive sedimenta-
tion equilibrium in the lower reaches. The conse-
quences are increased bank erosion and deepening
of the streambed, which leads to changes in the
groundwater level. Lowering of the water table may
be reinforced by the absence of floods. On the other
hand, given appropriate soil conditions, a rise in the
groundwater level caused directly by changes in
streamflow may also occur in the area of the reser-
voir. The impact on groundwater is particularly im-
portant in semi-arid and arid regions because the
groundwater there is mainly replenished by rivers.
The opposite is the case in humid and semi-humid cli-
mates.

The flow velocity is reduced by the dam, turning
running waters into standing waters, with all the hy-
drological consequences this implies (water chemis-
try, temperature, sedimentation). The waterbody has
less oxygen, and the accumulation of contaminants in
sediment and their resuspension are reinforced. De-
pending on tailrace design, some of the cold, deoxy-
genated deep water is discharged into the river. This
leads to higher concentrations of contaminants in the
water that remains (“declining water quality”). An-
other knock-on effect may be caused by the use of
the stored water in irrigated agriculture, because the

return flow then has a high salt concentration due to
evaporation and transpiration (“salinization”).
Streamflow also undergoes profound changes; not
only is there a decline in total volume, but also a
change in the dynamics of streamflow – e.g. surface
runoff after rainfall is held back by the dam.

The primary trends in the biosphere are the con-
version and degradation of ecosystems. Conversion
obviously occurs at the construction site of the dam
itself, where installation of the requisite infrastruc-
ture causes the destruction of ecosystems during the
construction period. The conversion into standing
waters has severe repercussions for the biological
communities in the river and may even result in the
extinction of endemic species (“loss of species diver-
sity”).A particularly serious problem is the fragmen-
tation of the riverine ecosystem by the insurmount-
able dam walls, which cut off populations from each
other. Fish ladders are only a partial remedy (Ber-
nacsek, 1984).

Changes in the water balance also have profound
effects further downstream and may cause the loss of
wetlands due to the altered sedimentation equilibri-
um described above. The drastic change in the tem-
poral streamflow characteristics, combined with the
relative increase in pollutant load due to reduced
streamflow (Fig. D 3.4-2), result in a similar way to
loss of wetlands and ecosystem degradation. Due to
the reduced sediment deposition in coastal areas,
erosion and salinization of aquatic ecosystems in
coastal regions are frequent occurrences, as are se-
vere impacts on coastal fisheries (Rozengurt, 1992).
The dams on the Indus, for example, have caused the
disappearance of nearly the entire 250,000 hectares
of mangrove forests in the river delta (Snedacker,
1984), and both the Nile and the Mississippi delta are
shrinking at a drastic rate. A direct consequence of
such interference with ecosystems is the loss of ge-
netic diversity and even, in some cases, the loss of
species diversity.

Another complex involving major impacts on the
biosphere concerns the clearing of forests when peo-
ple forced to resettle by the new reservoir move to
areas upslope from the reservoir. This conversion of
natural ecosystems causes greater soil erosion, which
in turn increases the sediment load into the reservoir
(“changing loads of particulates and dissolved mat-
ter”).

The regulation of streamflow reduces the amount
of sediment transported by the river, which often
leads to a slow but steady loss of soil fertility in the
lower reaches of the river. When excessive water
withdrawals are made, as in the case of the Aral Sea,
or when the return flow from large irrigation systems
is inadequate, salinization may occur downstream
(see above) and spread to more distant regions due

River Catchment area Sediment load
(1,000 km2) (million t year-1)

Huang He 752 1,866
Ganges/
Brahmaputra 1,480 1,669
Amazon 4,640 928
Indus 305 750
Jangtse 180 506
Orinoco 938 389
Irawady 367 331
Magdalena 240 220
Mississippi 327 210
Mackenzie 1,800 187

Table D 3.4-1
Sediment loads of selected rivers.
Source: after WWI, 1996b
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to wind erosion and repeated salinization (Dech and
Ressl, 1993).

Microclimatic effects, in the form of local cooling,
greater fog formation or reduced temperature vari-
ability, are of particular importance for the atmo-
sphere. More far-reaching effects are only likely with
very large reservoirs, e.g. as a result of changed albe-
do or evaporation.A substantial increase in evapora-
tion may occur due to the reservoir, especially in arid
regions, and this may amount to a serious reduction
in regional water availability. Evaporation losses at
the reservoirs on the Colorado, for example, amount
to a third of total streamflow (Dynesius and Niels-
son, 1994).

Dams are not always climate-neutral energy pro-
ducers, especially when large amounts of biomass are
inundated by a reservoir and anaerobic degradation
generates large quantities of methane (CH4), a
greenhouse gas. These offset the CO2 reductions
achieved with hydropower. According to model cal-
culations, these emissions may be equivalent to those
of power stations fired by fossil fuels during the first
50 years of use, and sometimes much higher (Balbina
Dam, Brazil: Fearnside, 1995; Rudd et al., 1993).

3.4.2.4
Impacts on the anthroposphere

In contrast to the impacts on the ecosphere, the
consequences for the anthroposphere are linked not
only to “changes in surface runoff”, but also to the
“construction of large-scale technical projects”.

The World Bank and other international organiza-
tions may have helped countries to realize water re-
source development projects, but by the same token
have contributed to their international debts. This is
reinforced by the rocketing costs that are usually in-
curred when dams are actually built.A rule of thumb
is that the incremental costs of a project increase in

proportion to its size. The World Bank calculations
reveal that cost overruns average 30%, although cas-
es of several hundred percent are not exceptional
(McCully, 1996).

Nor can one ignore the effects triggered by the
enormous influx of capital, which may reach huge
proportions, especially in the case of megadam pro-
jects.The final cost of the Chixoy Dam in Guatemala
($944 million), for example, represented nearly 40%
of the country’s total external debt, while Brazil guar-
anteed loans of $16.6 billion (1990) for the Itaipú
Dam, which made up nearly 14% of the total state
debt (McCully, 1996).

The consequence of large inflows of capital for
construction projects is often a short economic boom
followed by inflation. Corruption is also encouraged
in many cases; in 1990, for example,Argentina’s Pres-
ident Menem called the Yacyretá Dam a “monument
to corruption”. Other prominent examples include
the Turkwell Dam (Kenya) and the Pergau Dam
(Malaysia), where experience was similar. In combi-
nation with national debt, the two effects may lead to
political and economic instability in the country,
which in turn could make further loans difficult to
obtain.

Nowadays, megadams are typically built in remote
areas of developing countries.The integration of such
peripheral regions into the world market through
dam projects leads to an extensive transformation in
social conditions for the indigenous population,
which in most cases exhibits traditional forms of so-
cial organization (“decline of traditional social struc-
tures”). In the eyes of the local population, dam pro-
jects (like mining projects) are the work of alien pow-
ers seeking to destroy the ecological and social integ-
rity of their habitat. In their view, land, nature and the
Earth are holy and therefore have a completely dif-
ferent value from that perceived by planners, be they
government representatives or employees of multi-
national corporations. Forced resettlement, the lack
of participation in planning, decision-making and
above all in the benefits of the projects are factors
that may turn the local population into marginalized
victims of development (as exemplified by drastic
cases in India and China). According to estimates,
around 30–60 million people have been forced to
leave their homes to date because of dam projects,
and most of them are in a worse situation after forced
resettlement than before.The distribution of the ben-
efits gained from dam construction (power genera-
tion, irrigated agriculture) is very uneven and rein-
forces the trend towards “widening social and
economic disparities”.Tensions may build up as a re-
sult, which can escalate into a national conflict
(Bächler et al., 1996).

1900 1920 1940 1960 1980
0

10

20

30

R
un

of
f (

km
3  

ye
ar

-1
)

Figure D 3.4-2
Discharge of the River Colorado downstream from the
dams (1905–1992).
Source: adapted from WWI, 1996b
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Large-scale water development projects are fre-
quently aimed at increased irrigation, resulting in the
“expansion of land area used for farming” and “in-
tensification of agriculture” trends. On the other
hand, the construction of the dam itself, e.g. the asso-
ciated infrastructural measures and forced resettle-
ment of the local population, as well as changed
farming conditions and land-use rights lead to a “de-
cline in traditional agriculture”. This in turn may fur-
ther reinforce two trends described above, namely
the “decline of traditional social structures” and
“widening social and economic disparities”.

The significantly reduced flow velocity behind the
dam, in the newly created irrigation channels or in
the downstream flow leads to a greater risk of water-
related diseases, in particular vector-borne diseases,
and to increasing damage to health in general. In re-
cent years, for example, major bilharziosis epidemics
have occurred as a consequence of new water devel-
opment projects (Volta reservoir, Diama Dam on the
Senegal, Nile Valley). In addition, given no other
changes, the standing waters enhance the living con-
ditions for the Anopheles mosquito, the vector for
malaria.

The Euphrates, Indus, Ganges and Jordan basins
provide examples of the potential for conflict asso-
ciated with large-scale dam projects, which may esca-
late into an increasing number of international and
national conflicts. Although the conflict potential in
semi-arid regions is more pronounced due to the de-
pendence of such regions on only one river in some
cases, there is at least one example in which such a
conflict can also be observed in a humid climate: the
joint Gabcikovo/Nagymaros project between Hun-
gary and Czechoslovakia (at the time of the initial
planning; today the Slovakian Republic) for regula-
tion of the Danube, which after Hungary’s refusal to
continue construction is currently being negotiated
before the International Tribunal (see Section D 4.1).

Finally, mention must be made of the growing
technological risks associated with dam structures,
including dam breaches, which are by no means rare
and number among the worst man-made disasters.
Dams are particularly hazardous when the weight of
the reservoir generates tectonic effects and triggers
earthquakes (Gupta, 1992). This phenomenon was
probably the cause of the breach in the 261-meter
Vaiont Dam in northern Italy in 1963, in which 2,600
people were killed by the floodwave. In the case of
the Three Gorges Project, this risk is one of the cen-
tral issues under discussion, since a breach in the
Three Gorges dam would rank as the greatest man-
made disaster of all time (Williams, 1993a; see Sec-
tion D 3.4.3.2).

Awareness of the negative consequences for peo-
ple and nature is one of the reasons why internation-

al organizations (e.g. the World Bank) have begun in
recent years to consider the environmental and social
aspects when evaluating projects. The growing influ-
ence of non-governmental organizations in the field
of environment and development (from local citi-
zens’ action groups to the International Rivers Net-
work) is manifested in the discussions and hearings
that take place in this context.The brunt of their crit-
icism is leveled at the lack of consideration given by
the official cost-benefit analyses, which are often
kept confidential, to many economic, ecological and
social disadvantages of the projects – from losses for
coastal fisheries and costs of resettlement to liability
risks and costs of decommissioning when the service
life of the dam has ended – while the benefits are usu-
ally overestimated.

The political pressure thus exerted has produced
results: the World Bank, for example, is currently sub-
jecting its own past support practices to critical as-
sessment and now takes a more cautious approach to
megadam projects. The World Bank no longer quer-
ies the necessity of fully internalizing the ecological
and social costs in cost-benefit analyses (World
Bank, 1995).The discussions over projects such as the
Three Gorges or the Narmada Project are an indica-
tion that the two aspects – environmental debate and
the political economy of the situation – have induced
major international credit institutions to refrain from
granting loans (see Section D 3.4.3.2).

Even in developing countries, pressure from envi-
ronmental organizations is prompting a critical ex-
amination of projects; such tendencies act to mitigate
the centralization of economic policymaking. In the
final analysis, it is trends in the psychosocial sphere,
such as growing environmental awareness and the
mounting interest in participation displayed by
groups and individuals, institutionalized here in the
form of non-governmental organizations, that are be-
ginning to affect policymaking. The abandonment of
the Okavango Project in Botswana, for example, can
be attributed to intensified environmental debate
since the 1980s (Pearce, 1992), facilitated by in-
creased networking on the part of environmental or-
ganizations through the development of information
technology (e.g. access to environmental information
via the Internet). In the industrialized nations, there
is a noticeable tendency towards enhanced environ-
mental protection at national level and improved op-
portunities for individual legal recourse, e.g. rights of
appeal for individuals and minorities.

The transfer of technology and know-how plays a
major role, in that the know-how necessary to con-
struct a large dam is usually not available in develop-
ing countries and has to be imported through experts
or on-site training. This type of transfer is given add-
ed impetus by the fact that hydropower as a renew-
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able energy source is acquiring a growing status in
the context of sustainable development. Sometimes a
“dilemma of environmental groups” results – partic-
ularly in industrialized countries; on the one hand,
growing environmental awareness and a sensitiza-
tion to global problems (such as the enhanced green-
house effect) lead to a fundamental preference for
renewable sources of energy while, on the other
hand, the construction of large hydroelectric power
stations is rejected because of the environmental im-
pacts at local and regional level.

3.4.2.5
Syndrome coupling

The distinguishing feature of the Aral Sea Syn-
drome is that it is driven by numerous other syn-
dromes, on the one hand, and that, on the other, it
may itself act as a trigger and accelerator of other
syndromes of global change (for a definition of the
syndrome links see WBGU, 1997). In general, howev-
er, the syndromes are so closely linked to each other
that it is virtually impossible to differentiate between
driving forces and impacts. In Fig. D 3.4-1, the points
where linkages exist to other syndromes of global
change are depicted by “clouds”. There are major
interfaces to the Favela, Sahel, Dust Bowl, Green
Revolution and Asian Tigers Syndromes. Both the
degree of linkage and the scope of historically ob-
served interactions vary.

Green Revolution Syndrome and Dust
Bowl Syndrome
The Aral Sea Syndrome is very intensively cou-

pled to these two syndromes.The link is generated by
the intensification of agriculture, particularly by the
interest in expanding irrigation discussed elsewhere
in this Report (see Section D 3.3). In the case of ma-
jor irrigation projects and dams, the ecological conse-
quences arising from the linkage to the Green Revo-
lution Syndrome are of the same order of magnitude
as the direct impacts within the Aral Sea Syndrome
itself.

The Favela Syndrome
The main linking trend is urbanization, which

summarizes the typical processes of the Favela Syn-
drome as they relate to the Aral Sea Syndrome (Sec-
tion D 3.6). Of special relevance here is the increased
demand for energy as a result of urban agglomera-
tion, particularly for electricity. The boost in growth
and development triggered by power supplies may
create a pull effect for in-migration of the rural poor.
However, it is also possible that the linkage is first
generated by remedial action against the Favela Syn-

drome – such as setting up a power supply based on
renewable energy sources to improve living condi-
tions in the city.The power supply for the residents in
Ascunción, for example, is closely connected with the
water development projects on the Rio Paraná.With-
in the framework of a large-scale irrigation project,
land-use rights are changed to such an extent that the
local population is forced to migrate to the cities.

Sahel Syndrome
The coupling mechanism to the Sahel Syndrome

consists in the fact that the local population in many
cases is prohibited from using or unable to use tradi-
tional farming methods once the project has been
completed, or traditional land-use rights are altered.
Traditional cultivation of some floodplains in north-
east Nigeria, the so-called Fadamas, for example, had
to be discontinued after the construction of two dams
– the employment that remained on the new cash-
crop farms was inadequate to compensate for the loss
of income (WBGU, 1997; Cassel-Gintz et al., 1997).
The case study on the Three Gorges Project also pro-
vides clear indications that the Sahel Syndrome was
triggered or exacerbated on marginal slopes due to
resettlement (see Section D 3.4.3.2).

Asian Tigers Syndrome
Rapid economic growth, which is frequently fol-

lowed by corresponding improvements in environ-
mental protection, can only be achieved with greatly
increased inputs of energy and water.As examples in
Brazil, Malaysia and China show, large hydroelectric
plants are installed where geographical conditions
are appropriate in order to meet the higher energy
demand resulting from industrialization.

3.4.3
Examples

3.4.3.1
Aral Sea

The salinization and desiccation of the Aral Sea is
a complex case of severe ecological devastation un-
leashed by a gigantic irrigation project (Létolle and
Mainguet, 1996). Implementation of the planned
measures over the last 30 years has led to the decline
of a fertile, densely forested and species-rich region
in which the population lived primarily by fishing and
agriculture, ending in large-scale desertification and
devastating consequences for the economy and soci-
ety (Giese, 1997).

The Aral Sea, once the fourth largest freshwater
lake in the world, has a catchment basin measuring



172 D 3.4 The Aral Sea Syndrome

2 million km2 and is situated in the arid and semi-arid
region of central Asia.The latter comprises the young
independent republics of Uzbekistan, Tadzhikistan
as well as parts of Kazakhstan, Kirghizia, Turkmeni-
stan, northern Afghanistan and northern Iran. The
lake’s two main feeders are the Amu Darya and Syr
Darya rivers, which have their source in the moun-
tainous regions of central Asia and Kazakhstan.

In the 1950s and 1960s, the USSR hoped that this
megaproject, which was geared exclusively to maxi-
mum agricultural yields, would increase production
and create new sources of foreign exchange, primari-
ly from cotton exports. No studies were carried out
regarding the morphological, ecological, economic
and sociocultural impacts of such a large project
(Kasperson, 1995).

Since the 1960s, expansion of the irrigation system
to supply the growing areas of irrigated cropland in-
volved heavy withdrawals from the rivers feeding
into the Aral Sea, reducing the inflow of water by
94% (FAO, 1996c).This, in turn, has altered the water
balance of the Aral; the salt concentration increased
from 12 to 33‰. At the same time, the volume of the
waterbody has declined by two thirds (Fig. D 3.4-3).
The surface area of the Aral Sea has been halved and
30,000 km2 of saline soil on the sea floor has been ex-
posed. The entire flora and fauna of the lake, includ-
ing 266 known species of invertebrates, 24 fish spe-
cies and 94 species of higher and lower plants has
been decimated, among them four sturgeon species
numbering among the world’s oldest genuses of bony
fish (Kasperson, 1995).The saline water that remains
and the exposed lake bottom – a salty desert – offer
a meager habitat for plants and animals and cannot
be used any longer for either agricultural or fishing
purposes. 60,000 jobs were lost in the fisheries indus-
try alone.

The shrinkage of the sea has changed the climate
of the Aral region. The reduced moderation of tem-
perature fluctuations has induced a trend towards a
more continental climate, with hotter summers and
colder winters. Storms transported salt from the area
formerly covered by the sea to the surrounding re-
gions, causing soil degradation there.

High water tables produced by intensive irrigation
on 50–90% of the cultivated area (Kasperson, 1995)
lead to soil salinization in arid regions due to the high
evaporation of capillary water and thus to declining
yields and crop quality. After the initially high yield
increases of 67% in the first 15 years of the project,
yields have dropped by 15% since 1975–1985, even
though the use of fertilizers and biocides was far
above the average for the USSR and the area under
cultivation was expanded more and more.

Excessive use of the soil beyond its natural poten-
tial and the growing of cotton cash crops in monocul-

tures produced an extensive web of social and
economic damage.

The health of the population, which had risen to 50
million in the meantime, deteriorated because of the
declining quality of the water and the environment.
This is mainly attributable to the lack of wastewater
treatment and the pollution caused by agriculture.
Contact with wastewater contaminated with pesti-
cides (DDT and defoliation agents), particularly in
labor-intensive cotton production, led to a 15-fold in-
crease in mortality due to cancer, tuberculosis, ty-
phoid and other diseases among the women and chil-
dren working there (Glazowsky, 1995).

Estimates of the consequential costs of the Aral
Sea disaster show that the former economic benefits
of the projects have meanwhile turned into
15–30 million rubles of direct economic losses at the
Aral Sea, around 100 million rubles in the catchment
area of the rivers feeding the lake and a total of
37 billion rubles in subsequent damage to the envi-
ronment, health and the economy (Kasperson, 1995).

The example of the Aral Sea shows that the im-
pacts of large-scale water development projects are
difficult to control and that they may result in serious
damage to the global economy and the global envi-
ronment. Long-term restoration of the Aral Sea’s ec-
osystem would require that water withdrawals for ir-
rigation be reduced to a fifth of the current level
(FAO, 1996c). Achieving this would mean having to
abandon marginal areas under cultivation, reduce
cotton and rice farming and enhance irrigation effi-
ciency. Because even then the water volume would
not be enough to meet all demands, the industrial and
settlement structure would have to be changed,
something that could only be achieved through polit-
ical agreements between the countries affected.
Complete restoration is now considered impossible;
one current World Bank project aims only at rehabil-
itating certain sections (Whitford, 1997).
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3.4.3.2
The Three Gorges project

A dam of colossal proportions is currently being
erected on the Yangtze (Chang Jiang) River, at
6,300 km the world’s third longest river and the larg-
est in China (1.8 million km2 catchment area). The
Yangtze begins in northern Tibet and flows eastwards
through China. In the Sichuan and Hubei provinces,
the river forces its way through a 200-km series of
deep and narrow gorges called the Sanxia or the
Three Gorges. It is here that China’s largest hydro-
electric power station will be built, the biggest water
development project in the world today.

The plan to contain the river in the Three Gorges
with a huge dam dates back to the 19th century.After
the Great Flood of 1954, which claimed the lives of
33,000 people and left a million homeless, planning
commenced for a multipurpose dam that would not
only protect against floods but could also be used to
generate electricity and to improve navigation on the
river.

During the 1980s, a US study warned against the
tectonic and military dangers, and assessed the pro-
ject as unprofitable in economic terms. Instead, an al-
ternative plan involving a series of smaller dams was
developed, but the Chinese authorities continued to
favor the megadam version. A Canadian feasibility
study concluded that construction was technically, ec-
onomically and environmentally feasible (CYJV,
1989). In China itself, a 400-strong committee pro-
duced a parallel but secret feasibility study, which
drew similar conclusions (Barber and Ryder, 1993).

The costs will amount to more than US$ 20 billion,
with construction taking about 18 years. The reser-
voir behind the dam will be 600 km long, inundating
several 10,000 hectares of land, including 23,800 hec-
tares of cropland and 5,000 hectares of fruit groves.
The region has been settled since prehistoric times.
According to the Chinese authorities, the waters will
submerge 13 cities (including Wanxian with 140,000
and Fuling with 80,000 inhabitants), 140 villages, 657
factories as well as more than a thousand cultural and
archeological sites (Beijing Review, 1992, quoted
from Freeberne, 1993; Barber and Ryder, 1993; Ak-
samit, 1996). Moreover, one of China’s most beauti-
ful landscapes, part of China’s cultural heritage and
one of the country’s most important tourist attrac-
tions will be submerged forever. More than 1.1 mil-
lion people will have to be resettled (Ex-Im Bank,
1996).

The project is highly contentious even within Chi-
na on account of its environmental and social im-
pacts. In response to public protest, hundreds of del-
egates to the National People’s Congress voted in
1989 for the project to be postponed to the next cen-

tury. A few months later, the “political spring” was
over, the protest movement silenced by the events on
Tiananmen Square.The leaders of those resisting the
dam were put under arrest, and critical publications
censured (Dai Qing, 1994).

Within a year, planning had recommenced. In
April 1992, without prior debate, the issue was again
put to the vote in the National People’s Congress. A
majority voted in favor of the project, but 30% voted
against or abstained – a sign of considerable dissent
within the ranks. Building work on the mammoth
project started in December 1994.

The benefits of the Three Gorges project
The Three Gorges project on the Yangtze in China

is planned as a multipurpose installation, one of the
main functions being to protect people living in the
flatlands between Yichang and Shanghai against
floods (Lin, 1994).The fact that the power station will
be the biggest hydroelectric power station in the
world, with an output of 17,680 MW, leads to the eyes
of the world focusing almost exclusively on energy
production as the project’s main objective. The Chi-
nese authorities, however, will usually emphasize the
absolute necessity of the project for the safety of the
downstream population (Lin, 1994), referring in this
context to the impacts of previous flooding along the
Yangtze (Table D 3.4-2).

The city of Yichang lies directly at the end of the
Three Gorges, and the tremendous volumes of water
that flow when the river swells caused breaches in the
dikes below this city every two to three years be-
tween 1499 and 1949. Streamflow measurements
have been carried out since 1922 (earlier figures are
estimates).The floods of 1931 and 1954 inundated ar-
eas the size of The Netherlands and caused very
many deaths. Flood control therefore seemed to be
the primary reason for building the dam.

Flood statistics based on very old records from
Yichang show that a high-water event with a recur-
rence time,T, of 100 years amounts to 86,300 m3 sec-1,
while an event associated with T = 1000 years
amounts to 105,000 m3 sec-1. The critical reach of the
Yangtze, 300 km long and with dikes 10 to 16 meters
high, is the middle section between Yichang and
Shanghai.A breach of the dikes in this section would
endanger more than 15 million people and 1.5 mil-
lion hectares of cropland. Since the revolution in
1949, the People’s Republic of China has made enor-
mous efforts to improve and raise the existing dikes.
However, it is technically impossible to cope with a
maximum streamflow of more than 60,000 m3 sec-1

through this section. To ensure safety against flood-
ing with streamflows between 60,000 and 80,000 m3

sec-1, it is necessary to inundate the old flood basins,
which today are densely populated. The most impor-
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tant flood basins that would then have to be used
have a population today of more than 350,000.These
people would have to be evacuated within three days
– an almost impossible task to organize.Were the riv-
er level to rise even higher, breaches in the dikes of
the middle section would be almost inevitable. The
number of people who drown accounts for only part
of the total death toll, since many people die as a re-
sult of other impacts of flooding (epidemics, etc.). En-
gineers in China point out that the number of people
threatened by a major flood is much higher than the
number who have to be resettled in order to build the
dam.

The Three Gorges dam is therefore planned to ab-
sorb the peak streamflow associated with T = 100
without having to inundate flood basins; this necessi-
tates a reservoir capacity of 22.5 billion m3, while the
maximum streamflows for T = 1,000 are supposed to
be diverted with the help of the flood basins, without
human life being endangered and damage being
caused.

The reservoir needed for this purpose is gigantic –
measuring approximately 175 meters in height and
with a storage capacity of 39.3 billion m3. The reser-
voir will fill the Yangtze valley along a 600 km
stretch. It will improve navigation, but this will re-
quire a series of four locks each 34 meters in height
to overcome an elevation of more than 130 meters.
Development of transport infrastructure, as the pre-
condition for economic development, is an addition-
al motivational factor behind construction of the
dam. Navigation on the Yangtze River would be im-
proved above all in the Three Gorges region, which
has been a dangerous stretch hitherto. The transport
capacity is expected to increase from 10 to 50 million
tons per annum (Bosshard and Unmüßig, 1996).

Investigations have been carried out in Wuhan
and Peking using very large hydraulic models to
study siltation processes in the reservoir – Chinese
engineers are anxious to avoid at all costs a reservoir
siltation fiasco such as occurred at the Sanmenxia
dam on the Huangho River.

The Three Gorges dam is planned to produce
18 GW of electricity – equivalent to the output of
twelve large nuclear power stations. It can be antici-
pated that the rapid economic development in China,
predominantly in the industrial sector, will result in a
substantial increase in energy demand (WBGU,
1996). China currently produces about three quarters
of its electricity in coal-fired power stations. To re-
duce impacts on the environment, and especially on
climate, generating power from renewables is partic-
ularly desirable. However, there is a contradiction
between the goals of flood control and power gener-
ation. The higher the water level, the more energy
can be produced, but this also means that there is less
extra storage capacity to act as a buffer against
floods.This conflict of objectives is relatively weak in
the case of large reservoirs, however, since a small
drop in water level results in only slight loss of ener-
gy, but in much additional storage capacity.

The negative impacts of the Three Gorges
project 
The project is controversial because all these un-

disputed benefits are acquired at enormous expense
to society and the environment, and because of
doubts about how realistic the planning figures are
(Fearnside, 1988; Barber and Ryder, 1993). Environ-
mental organizations are not the only ones to raise
objections. The United States Bureau for Reclama-
tion, for example, a special authority with experience
in dam-building, has adopted a critical stance to-

Year Streamflow Flooded People Deaths
at Yichang Area affected
(m2 sec-1) (km2) (Mio.)

1870 105,000
1227 96,300
1560 93,600
1153 92,800
1860 92,500
1788 86,000
1796 82,200
1613 81,000

1981 70,800 – – –
1954 66,800 32,000 18,9 30,000
1931 64,600 33,000 28,9 145,000
1949 58,100 18,000 8,1 5,700
1935 56,900 15,000 10 142,000
1983 53,500 – – –

Table D 3.4-2
Historical streamflow
maxima in the Yangtze
River at Yichang (below
the Three Gorges dam)
and extreme flood levels
during the 20th century.
Source: Lin, 1994
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wards the project (IRN, 1996).After a two-year eval-
uation, the Export-Import Bank of the USA con-
cluded in May 1996 that the project in its current
form fails to comply with the Bank’s environmental
guidelines (Kamarck, 1996).The World Bank refused
some time ago to lend its support on account of the
incalculable financial risks involved (IRN, 1996).The
Federal Government has taken a very different ap-
proach: in late 1996, Germany approved Hermes ex-
port guarantees for construction of the dam in order
to ensure that German exporters do not suffer a com-
petitive disadvantage compared with competitors
from other countries (Bundestag publication no.
13/5348). Following this decision, Switzerland and Ja-
pan announced similar moves to grant export credit
guarantees.

Critics of the project make frequent reference to
the many environmental, economic and social prob-
lems and impacts it involves. They question whether
the explicit goals of the project are realistic, including
reservations about the design and technical aspects
of the project (with regard to safety, flood control
and sedimentation), but doubts are also raised about
the economic benefits. The method of cost-benefit
analysis is similarly a target of criticism, because it
gives too little consideration to environmental and
social costs, or because the measures planned to mit-
igate these impacts appear inadequate.

The cost-benefit analyses in the various feasibility
studies provide clear indications of the major
economic risks implicit in the project. Financial cal-
culations, for example, were based on a discount rate
of 15%. A more realistic value would be 12%, as ap-
plied by the World Bank when assessing similar pro-
jects (such as the Narmada project in India). The Ca-
nadian feasibility study concedes that the net benefit
of the project would then fall by 59% (CYJV, 1989).
Any cost explosion during the project harbors major
risks. Estimates ran to US$ 4.5 billion in 1986, but had
risen to US$ 26 billion by 1993.

One of the greatest problems when operating
dams is control of sedimentation. The Yangtze trans-
ports more than 500 million tons of sediment per
year, much of which will be deposited in the reservoir
due to the reduced flow rate. Other dams in China
(Sanmenxia and Gezhouba) show that the rate of
sedimentation is mostly underestimated, altering the
relation between the costs and benefits of a dam to
such an extent that it becomes unprofitable. Never-
theless, the feasibility study comes to the conclusion
that the reservoir’s life span is virtually unlimited un-
der proper management. However, the assumptions
on which the sedimentation analysis in the feasibility
study were based have been called into question by
American experts (Williams, 1993c). Backwater sed-

imentation can also hinder navigation in the upper
reaches of the reservoir.

When dams disrupt the delicate balance between
sedimentation and sediment flow, large-scale irriga-
tion systems downstream may be damaged, and dikes
along the river exposed to increased erosion. In the
Yangtze estuary, the shoreline will erode and intru-
sion of salt water will increase, with corresponding
impacts on ecosystems and on fisheries yields. These
impacts were obviously left out in all feasibility stud-
ies.

A breach in the Three Gorges dam would rank as
the greatest man-made disaster of all time (Williams,
1993c). Dam-bursts are no rare occurrence in China,
and have happened to 3,200 of 80,000 dams since
1950. Earthquakes can also lead to dams collapsing.
In the event of war, a military assault on the dam is
very likely. During the planned 18-year construction
phase, secondary dams must be built that would
probably be unable to withstand a 1-in-100-year
flood. The feasibility study itself assesses the likeli-
hood of such an extreme event to be 1:20 (CYJV,
1989, quoted in Barber and Ryder, 1993), which
seems unacceptably high considering the gigantic
scale of damage that might be caused.

In addition to the risks above, the area covered by
the reservoir contains a number of waste and toxic
sites which should not be submerged unless there is a
clean-up operation beforehand. Standing waters
must comply with higher standards with regard to the
treatment of industrial and municipal wastewater;
these follow-on costs must be included in the calcula-
tions. The danger of methylmercury being released
from flooded land and accumulating in the food
chain up to humans (CYJV, 1989) has been given in-
adequate consideration so far.

The scale of planned resettlement is enormous,
with more than 1.1 million people affected (Kwai-
cheong, 1995). Resettlement costs are stated as 32%
of total costs. Large-scale resettlement programs in
China have rarely been carried out in a satisfactory
way, and have mostly involved great distress (Free-
berne, 1993). On the other hand, the population car-
rying capacity of the new settlement area, an envi-
ronmentally very fragile, mountainous terrain uphill
from the reservoir, was already exceeded in 1985 by
15% (Gao and Chen, 1987, quoted in Kwai-cheong,
1995). 46% of the cropped land has an inclination of
25° or more.The rates of deforestation and erosion in
the region are already very high (Shi et al., 1987,
quoted in Kwai-cheong, 1995). Settlement in this
area will probably be an exposition factor sufficient-
ly powerful to trigger or further intensify the Sahel
Syndrome (for detailed treatment of the Sahel Syn-
drome, see WBGU, 1997). It will be difficult to find a
form of land-use for this region that is environmen-
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tally sound in the long term. The high erosion rates
already evident will increase still further, producing
sediment loads that will curtail the project’s life.

It will not be possible to cushion in any adequate
form the economic or the social and psychological ef-
fects of compulsory resettlement on this scale.A pre-
requisite for the success of such drastic interference
with the social fabric of a region is timely participa-
tion of the population in transparent planning and
execution of the resettlement program. There is eve-
ry reason to doubt whether such frameworks exist at
all in present-day Chinese society. One indicator of
this is that resistance to the dam within China is be-
ing suppressed, and critical texts may not be pub-
lished (HRW, 1995).

In addition to the degradation of ecosystems al-
ready mentioned, both downstream and as a result of
resettlement, the river would be turned into standing
water along the 600 km stretch of reservoir, with in-
evitable and radical consequences for abiotic condi-
tions (e.g. reduced flow rate, anoxic conditions in
deep water, release of nutrients, increased biomass
production) and hence for the biological community
of the river. Migratory species will be prevented from
changing their habitat due to the dam, and could be-
come extinct. There is a high probability that the
small populations of endemic river dolphins (Lipotes
vexillifer, the stock of which is currently less than 200
individuals; Renjun, 1991) and alligators will be
wiped out.

Megadams are not the only way to use hydropow-
er or to ensure protection against floods. There are
viable alternatives to the Three Gorges project that
would enable a more environmentally sound use of
hydropower and help reduce the threat of flooding in
the lower reaches of the river.

The potential for decentralized small and medi-
um-sized power stations along the Yangtze is consid-
ered to be high, and is far from being fully exploited.
Moreover, energy efficiency in China is very low,
which means that investments in efficiency improve-
ments should be compared to investments in energy
production. Alternative methods of flood control
(more investment in the existing flood control sys-
tem, preventing erosion, reforestation) should be ex-
amined.

In an overall cost-benefit analysis of the Three
Gorges project, it would have made sense to carry
out a parallel assessment of alternative solutions in
the form of a set of decentralized measures, such as
those recommended in a study carried out by US ex-
perts in the 1980s.

Recommendations for policy action
Germany’s approval of government guarantees

(“Hermes” credit guarantees) relating to the Three

Gorges project was not based on any cost-benefit
analysis accessible to public scrutiny; the statement
issued by the Ministry for the Economy referred ex-
clusively to competitive factors as the rationale be-
hind the decision. One reason put forward was that
the granting of Hermes credit guarantees in Germa-
ny has never required compliance with environmen-
tal or social criteria.

The Council recommends that government credit
guarantees for large-scale projects having such im-
mense environmental or social impacts be linked in
future to compliance with environmental and social
standards, and that public access be granted to the
relevant studies. In the case of the Three Gorges pro-
ject, the recommendation to the Federal Govern-
ment is that it desist from supporting the project un-
less a prior assessment is carried out into the social
and environmental impacts according to the criteria
referred to below (see Section D 3.4.5.2).

3.4.4
Indirect measurement of syndrome intensity

As already explained, the Aral Sea Syndrome is of
relevance for global water problems for two reasons.
Firstly, there are elements in the syndrome mecha-
nism that have a direct effect on water quality and
quantity. These include the influences on groundwa-
ter, the change in river physics and chemistry (sedi-
ment loads, temperature, oxygen concentration, etc.)
or possible evaporation effects.The second and more
important factor, however, is that the syndrome in-
volves the indirect environmental degradation and
social impacts associated with large-scale technical
projects for water resource development.

By measuring intensity, the attempt can be made
to specify regions in which the syndrome can already
be observed (Schellnhuber et al., 1997).The intensity
of the Aral Sea Syndrome thus provides an indication
of ecologically and socially counter-productive water
development projects. Accordingly, recommenda-
tions for action will be aimed more at cure than at
prevention. Determination of the disposition, by con-
trast, serves to identify the regions threatened by the
syndrome (Schellnhuber et al., 1997). In the context
of the intensifying global water crisis and the hydro-
power potential that is still unexploited, it can be ex-
pected that large projects will continue to be planned
and built in the future. The degree of disposition is
therefore of crucial importance for focusing policy
on preventive measures to counteract the Aral Sea
Syndrome.

Unfortunately, currently available data does not
permit a completely independent determination of
the two indicators. For this reason, a middle way is
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taken here, aimed at determining the degree of vul-
nerability. This does not refer to the susceptibility of
a region to the entire syndrome, but only to its pri-
mary negative impacts (see Section D 3.4.2.3 and
D 3.4.2.4). This serves to identify those regions in
which implementation of a large-scale water devel-
opment project involves a significant risk of damage.
In combination with a map showing the distribution
of large dams on the world’s major rivers (ICOLD,
1984 and 1988), the determination of vulnerability
permits an indirect measurement of intensity: vulner-
able regions with numerous dams in the upper reach-
es of rivers are usually affected by the syndrome be-
cause “successful” dam projects still represent the ex-
ception to the rule and have not been achieved until
recently.

3.4.4.1
Measurement of the core trend “changes in sur-
face runoff”

As described above, the “changes in surface run-
off” trend is the key interface between implementa-
tion of a large-scale technical project and its subse-
quent impacts. Therefore, it is critically important in
determining the intensity of the Aral Sea Syndrome
that this trend be identified appropriately. Unfortu-
nately, there is insufficient data to describe the specif-
ic impacts of a dam or a similar water development
project completely, since data on the precise location
are not available for all projects. For this reason, the
first step was to count the number of dams measuring
more than 30 meters from foundation to crest in a
given country, on the basis of the World Register of
Dams (ICOLD, 1984 and 1988); the figures for some
large countries (Australia, Brazil, China, India, Can-
ada, Mexico, South Africa and the USA) were brok-
en down according to provinces or states.

The Aral Sea Syndrome differs from other syn-
dromes in that a geographic link exists between the
causes and effects due to the natural course of the
rivers: the main effects of intervention in the water
balance are found in the lower reaches of the river as
well as the actual site where intervention occurs. To
determine the dependence of environmental impacts
on the volume of flow and of particulate or dissolved
matter, a simple model based essentially on graphic
processing of a global digitalized river network and
validated by a sufficient number of measuring sta-
tions was developed to describe these flow volumes
(Petschel-Held and Plöchl, 1997).

On this basis, the first step was to calculate the
number of dams in a country or province as an aggre-
gated indicator of the influence on the riverine sys-
tems of a region.This indicator is shown in Fig. D 3.4-

4 as a function of the area covered by regions through
which a larger river flows. The high values in Califor-
nia and Colorado (USA), southern Europe, China
and Japan are particularly striking. Other regions
that stand out by virtue of the subnational resolution
include Kwazulu-Natal in South Africa, Tamil Nadu
in India and Victoria in Australia.

The number of dams per area with flowing waters
was combined with the global river network to pro-
duce a dam impact indicator for the expected number
of dams at the local site itself and in the upper reach-
es of rivers in relation to the respective annual flow
volume. The indicator thus describes the changes in
surface runoff that have occurred through the impact
of all dams in the region, but it cannot be used to an-
alyze the consequences of specific large-scale pro-
jects (Fig. D 3.4-5).

3.4.4.2
Measuring vulnerability

On the basis of the syndrome-specific network of
interrelations, the following effects can be identified
as relevant for the determination of vulnerability and
verified with indicators:
• Changes in loads of particulate matter: with the

help of a global data set (resolution 0.5° x 0.5°) for
sediment deposition in a region (Ludwig and
Probst, 1996) and the above-mentioned river
model, the natural sediment transport was esti-
mated (i.e. without taking existing river-regulating
structures into consideration) and used as a meas-
ure of the vulnerability of the region to the effects
of the change in sediment load due to dams.

• Impacts on terrestrial and marine ecosystems: the
geographically explicit mapping of wetlands ac-
cording to Matthews and Fung (1987) was used to
develop indicators of the sensitivity of terrestrial
ecosystems. Based on the high degree of depen-
dence of marine and coastal ecosystems on the
sediment loads of nearby rivers, the total sub-
stance discharge by the respective river into the
sea was used as an indicator of the vulnerability of
these systems.

• Health hazards: large-scale water development in-
creases the risk of infections due to schistosomia-
sis. On the basis of work carried out by Martens
(1995), who studied epidemic potential as a func-
tion of temperature, and an aggregated indicator
for an adequate supply of water and sanitation fa-
cilities (WRI, 1996), an indicator of health risks
was developed. The absence of digital data on the
propagation area of the carrier snails – the hosts
for the parasite – makes the indicated risk regions
appear larger than they currently are. On the In-
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dian subcontinent, for example, one can find both
suitable climatic conditions and extremely poor
sanitation facilities. However, since the carrier
snail of the pathogen for schistosomiasis is at pre-
sent hardly encountered there (WHO, personal
report), only a few cases of infection are known.

• International conflicts: with the help of the flow
model mentioned in Section D 3.4.4.1 and an
internal assessment by Council experts, the risk of

an international conflict being triggered by large-
scale water resource development projects was
determined on a geographically explicit basis.This
risk is not integrated into the overall vulnerability,
but entered as a risk in the intensity map described
in Section D 3.4.4.3.
Section D 3.4.2 shows that numerous other cate-

gories of damage appear besides those mentioned.
On the one hand, however, as in the case of land lost

Dam indicator

Low

a

High

No data

Dam impact

Low

No dam impact

High

No data

b

Figure D 3.4-4
a) Number of dams in a province or country in relation to the total river length in the respective region.
b) Dam impact indicator, i.e. expected number of upstream dams per km3 of annual flow volume.
Source: BMBF project “Syndrome dynamics”, PIK core project QUESTIONS and WBGU
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through inundation by reservoirs, the spatial refer-
ence is directly correlated to the dam and thus need
not be explicitly included in a first approximation.
On the other hand, there is a serious lack of data on
the socioeconomic damage at the regional level.
Therefore, the overall vulnerability derived from the
indicators mentioned and depicted in Fig. D 3.4-5a

must be interpreted as an underestimation, i.e. the ac-
tual vulnerability is probably higher as a rule.

The degree of vulnerability in the tropics is usual-
ly higher than in temperate zones. On the basis of the
system of indicators we have developed, this can be
explained by the much more unfavorable climatic
water balance, the higher risk of contracting water-

Vulnerability
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No vulnerability
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No data

Syndrome intensity

Low

Syndrome not active

High
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Risk of conflict
Threat to coastal ecosystems

b

Figure D 3.4-5
a) Vulnerability to severe damage to nature and people due to the construction of large dams. Vulnerable coastal areas
are marked by the shaded circles.
b) Intensity of the Aral Sea Syndrome. Because of the uncertainty as to the data regarding number and site of large
dams, no assessment was conducted for the countries of the former USSR.
Source: BMBF project “Syndrome dynamics”, PIK core project QUESTIONS and WBGU
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related vector diseases and the higher sediment loads
of the rivers. The river valleys of the Nile, Niger and
Mississippi are striking examples of this, in addition
to extensive areas in India and China. Due to its sed-
iment load, the Amazon is also indicated as partially
vulnerable.

3.4.4.3
Intensity

The intensity of the Aral Sea Syndrome was calcu-
lated by combining the individual indicators of vul-
nerability with the dam impact indicator. Since direct
measurement is impossible, the resulting intensity
map (Fig. D 3.4-5b) should be regarded as a probabil-
ity distribution, i.e. red regions are affected by the
Aral Sea Syndrome with a higher degree of probabil-
ity than regions colored green. Overlaps were han-
dled in such a way that the indicator provides an
underestimation, i.e. the actual intensity of the syn-
drome is likely to be higher than indicated here.

Southern China and large sections of India can be
identified as the core regions of the syndrome, al-
though they also include provinces or states in Mexi-
co (Guanajuato, Zacatecas), Brazil (São Paulo, Mi-
nas Gerais) and Australia (New South Wales, South
Australia). Since they are only characterized by the
core trend, and not by a high degree of vulnerability,
the indicator for the temperate regions of North
America and Europe is generally weak. In Africa, the
large reservoirs (Assuan, Akosombo, Koussou, Kari-
ba and Cabora Bassa) and their downstream regions
are easily identified. Due to lack of reliable data, in-
dicators were not calculated for the states of the for-
mer USSR (marked in gray).

3.4.5
Recommended action

In the case of the Aral Sea Syndrome, the recom-
mendations for avoiding or mitigating the social, ec-
ological and economic consequences of large-scale
water development projects are broken down into
three categories. This split reflects a ranking of deci-
sions, i.e. the Council favors, with a view to sustain-
able development, the reduction or avoidance of the
disposition to large-scale water development pro-
jects involving severe environmental or social im-
pacts. Should such projects prove necessary, however,
they should first be subjected to detailed assessment
on the basis of full internalization of costs, and only
at the end should thought be given to mitigation
measures for existing projects.

3.4.5.1
Reducing the disposition to the Aral Sea Syn-
drome

Catchments are the natural units for sustainable
management of increasingly scarce water resources
and thus provide a suitable framework for planning
and evaluating water resource development projects.
The principles of water development projects must
therefore be to preserve the integrity and function of
catchment areas and avoid degradation of their eco-
systems and soils. Several points will be mentioned
here and then described in more detail in Section D 5
as examples of this form of integrated watershed
management.
• Avoidance of non-sustainable land use in the

catchment, deforestation in particular (see Over-
exploitation Syndrome; Section D 3.2), use of
steep slopes for growing crops and other methods
that accelerate erosion (see Section D 3.4;WBGU,
1995).

• Conservation or restoration of forests in the wa-
tershed may significantly mitigate the threat of
floods and prevent soil degradation.

• Conservation of wetlands and floodplains is also
important in preventing excessive flood peaks. In
addition, wetlands are valuable because of their
ecological functions and the biodiversity they
maintain (see Section D 1.2 and D 4.4).

• The above points are extremely important for
flood control strategies based on the principle of
sustainability. Other strategy elements include:
avoidance of settlements in high-risk areas, plac-
ing greater weight on passive protective measures
(e.g. circular dikes, protective mounds), improved
measures for early warning and protection against
disasters, provision of information to the popula-
tion at risk (see Section D 1.6).
Before planning specific projects involving major

interference with the environmental and social struc-
ture of a region, an analysis should be conducted of
traditional systems of water and land development.

Firstly, such systems form the basis of sustainable
methods of land management that are centuries old
in some cases and which may provide suitable alter-
natives after further development and modification
in accordance with the principles of participation and
subsidiarity.

Secondly, knowledge about traditional systems is a
prerequisite for assessing the impacts of a project.
The participation of the local population in planning
and implementation is imperative for the success of
all these measures (see Section D 5.3).

Finally, it must be kept in mind that many catch-
ments straddle national boundaries. Strategies for
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preventing international conflicts will be discussed in
Section D 4.1.

From the perspective of sustainable development,
integrated watershed management must be closely
linked to appropriate strategies for improving the ef-
ficiency of water and energy use (Section D 3.4.2.2):
• More efficient water use, e.g. by means of modern

irrigation methods, by avoiding water losses due to
leaks in distribution or recycling systems, or by in-
stalling water-saving facilities. Specific references
are made to this at various places in this report
(e.g. Section D 4.3 and D 4.5). Given the rising ag-
ricultural demand for water, the close links to the
Green Revolution Syndrome and the action rec-
ommended in this connection must be taken into
account (see Section D 3.3). Demand in urban ar-
eas is influenced by the Urban Sprawl and the Fa-
vela Syndromes – recommended action for the lat-
ter is provided in Section D 3.6.

• Enhancing the efficiency of energy use offers a
number of opportunities for reducing demand,
above all in developing and newly industrializing
countries in which there is still a considerable po-
tential for increasing energy productivity.

3.4.5.2
Evaluation of large-scale water development
projects

If strategies for efficiency enhancement are no
longer adequate for meeting the expected increases
in demand, the construction of large-scale projects is
a possible option requiring due assessment. What is
needed in this context is a comprehensive and site-
based analysis of the consequences and expectations
associated with the project. The Council is not in a
position to carry out an evaluation, not even for spe-
cific large-scale projects such as the Three Gorges
dam. However, recommendations can be given in
two directions: first of all, it is possible to establish the
guard rails or boundary conditions that must not be
exceeded. Guard rails are understood as “knock-out
criteria”, i.e. failure to meet them cannot be compen-
sated for, no matter how well other criteria are met.
Secondly, recommendations can be elaborated with
respect to the process of analysis and the demands to
be leveled at such a process.

Guard rails
An evaluation of water development projects ad-

dresses many spheres of impact. On the positive side
are the direct beneficial effects, such as power gener-
ation, irrigation, flood control, the creation of new
habitats for aquatic animals and flora, as well as im-
proved recreational facilities. However, indirect as-

pects also play a role, e.g. planning security, economic
development, job creation, substitution of environ-
mentally unsound energy sources, export earnings,
technology transfer and the establishment of effi-
cient institutions.

On the negative side are the direct impacts, such as
costs of construction, operation and decommission-
ing the technical facilities, resettlement problems, job
losses (e.g. in fisheries), loss of endangered ecosys-
tems and species, health hazards, safety risks as well
as indirect impacts in the lower reaches and in coast-
al ecosystems due to insufficient sediment loads, in-
creased water pollution, social uprooting and widen-
ing economic and social disparities. Inclusion of all
relevant aspects in a knowledge-based and balanced
process of analyis means considerable expenditure
and is not possible without specialized knowledge.
Therefore, such efforts cannot be made for all
planned projects in general. For this reason, two se-
lection criteria should be applied:
• If one ascertains that only minimal changes are

produced in the environment and society, an anal-
ysis is not necessary and the project may be car-
ried out, provided it has a positive cost-benefit bal-
ance (trivial case).

• If one determines that a project is rated so poorly
on the basis of a relevant evaluation criterion that
compensation by means of a beneficial criterion
does not appear possible, then the project should
not be pursued without a detailed analysis (viola-
tion of a guard rail).
If cases of triviality or rejection do not exist on the

basis of one of the guard rails, then a detailed analy-
sis of the advantages and disadvantages is necessary.
Since the manifestations of the Aral Sea Syndrome
always take place in connection with projects having
far-reaching impacts, the first case of triviality can be
ruled out. Thus, it is important to conduct an analysis
for all cases connected with this syndrome in accor-
dance with the guard rail principle in order to clarify
whether an analysis of the respective advantages and
disadvantages is required at all.

Just what are the guard rails, however? In the view
of the Council, the guard rails used as criteria should
comprise quantitatively or clearly measurable mini-
mal conditions from the perspective of ecology, eco-
nomics and social acceptability. If one of the minimal
conditions is not met, then the project must be reject-
ed, unless all other action options (including that of
not taking any action) also violate minimal condi-
tions. In the following, these minimal conditions are
formulated for the Aral Sea Syndrome:

Ecology:
• Biodiversity: Irreversible conversion of an ecosys-

tem classified as extremely valuable (for example,
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with internationally recognized protective status
as a World Cultural Heritage region; see Section
D 5.6.1), loss of particularly important ecological
functions or one or more species regarded as mer-
iting special protection.

• Environmental degradation: High probability of
irreversible destruction or significant reduction in
use potential of water and soil due to salinization,
sedimentation or similar processes.

Economics
• Net benefit: The net benefit of the project should

point to a positive result with a high degree of
probability on the basis of a rudimentary cost-ben-
efit analysis.

• Solidity: Uncertainty about the expected rate of
return may not be greater than a specified per-
centage of the total investment amount.

• Management: A lack of or deficiency in the ability
of organizations in the project region to manage
the expected secondary impacts and risks appro-
priately.

Social acceptability
• Risk: Graduated risk according to scope (recom-

mendations of the US Corps of Engineers, includ-
ing a risk aversion factor):
– 1x103 for up to 100 persons
– 1x104 for up to 1,000 persons
– 1x105 for over 1,000 persons.

• Health: Expected increase in mortality by a speci-
fied factor.

• Participation: Minimum of participation and ap-
proval on the part of the affected population.

• Potential for conflict: Particularly high probability
of military conflicts as a consequence of the pro-
ject.
For every project one must ask whether one of

these guard rails has been transgressed. If the answer
is yes, one must examine further whether “business as
usual” at the same or another place similarly fails to
comply with one of the guard rails. Should this be the
case, it must be determined whether alternatives ex-
ist for steering the project, other projects with equiv-
alent benefits or the status quo out of the “disaster
zone” (with an acceptable level of effort and expen-
diture). If this is possible, the solution with the least
expected costs should be taken. If it is not possible,
then an evaluation of all options that violate at least
one guard rail must be conducted.To ensure that this
evaluation can be rationally applied, the guard rails
must be defined in such a way that they encompass
minimal requirements only.

Procedural recommendations
If none of the guard rails is violated or the pro-

posed project is assessed as complying better with the
guard rails than the status quo or another feasible op-
tion, then a comprehensive analysis is advisable. This
analysis should take into account all the dimensions
mentioned above. Given the complexity of these di-
mensions and the virtually unforeseeable conse-
quences, the Council suggests a multidimensional
method of evaluation (Baumann et al., 1984).This in-
volves separate determination of economic criteria
(cost-benefit analysis), social criteria, environmental
criteria (environmental impact assessment) and risk
criteria, and their subsequent organization in matrix
form. On the basis of these analyses, the evaluation of
the respective project only makes sense in relation to
possible alternatives. Assessment must therefore
cover the “status quo” option as well as one or more
options with equivalent benefits (e.g. decentralized
water development projects, or construction of natu-
ral gas power stations). Aggregation of the various
dimensions is not a task for the analysts, but requires
the setting of political priorities. In democratic soci-
eties like Germany, discursive forms of weighting
should be employed for this purpose.

The outcome of such a process is not predeter-
mined.The prerequisites for such evaluation process-
es taking effect include the following metacriteria:
– reliable data and results for comparing options,
– qualified statements regarding the uncertainty of

the forecasts,
– transparency regarding the decision-making pro-

cess (who, what, when),
– access to and participation of the major stakehold-

ers (to test the willingness to participate),
– openness of the process,
– necessity of substantiating the specific weighting

applied.
These metacriteria are always valid, regardless of

whether they are used as guiding principles for the
country carrying out the project or as a decision-
making aid for the donor country.

Conclusions for the Federal Government
• The first step is to determine whether the first se-

lection criterion (triviality of secondary impacts)
is met. If affirmative, a positive decision should be
made in favor of support, provided that the cost-
benefit balance is positive and the project can
clearly be deemed eligible for funding.

• The second step is to examine whether one of the
guard rails above is violated by a project with non-
trivial secondary impacts. If this is so, the project
should be rejected, unless the status quo also vio-
lates one or more guard rails. In the latter case, pri-
ority should be given to modifying the original
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project, or other options with equivalent benefits
should be sought for which a violation of the min-
imal conditions is not expected.

• If the project, in modified or original form, does
not violate any of the guard rails, checks must be
carried out to determine whether sufficient docu-
ments are available to perform a meaningful eval-
uation according to the above metacriteria.

• If these documents are available, then the Federal
Government should either request that an analy-
sis be conducted and disclosed by the country
making the application and then evaluate this
analysis, or conduct such an analysis itself.

• It will never be possible to obtain all desirable
data or meet all participation demands within the
framework of the evaluation. Here each individu-
al case must be examined to see whether the re-
quirements for complying with the metacriteria
have been met, at least in principle.

• If all these assessments arrive at a positive result,
financial support can be recommended. However,
the pledge of funding, technical aid or guarantees
should be linked to compliance with the respective
conditions.

• Since the measures specified in the plans for the
execution of large-scale projects (e.g. for the pro-
tection of ecosystems or for the involvement of
the people affected) are often not implemented at
all or only to an inadequate extent, the financing
plan should couple the respective payments to
compliance with specified target data by certain
dates. Here it is important to integrate target cut-
off points into the project that make it possible to
discontinue the project if serious deficits exist.

• When funds or technical assistance are granted,
the current balance of the respective country with
such large-scale projects should be included in the
analysis of advantages and disadvantages of the
project. Even projects that are beneficial in princi-
ple may lead to unacceptable risks if institutional
deficits (such as a high degree of corruption) exist.

3.4.5.3
Mitigating the impacts of existing large-scale
water development projects

The Council holds the view that large dams consti-
tute major interference with nature, the impacts of
which are difficult to foresee and almost impossible
to mitigate. The hydrological consequences induced
by changes in streamflow and sediment balance, as
well as most subsequent impacts on the environment,
remain unaffected by the measures listed below.
• Measures aimed at integrated watershed manage-

ment not only can reduce the disposition to the

Aral Sea Syndrome, but may significantly enhance
projects already implemented. These include,
above all, sustainable methods of land use, e.g. re-
duction of erosion through greater afforestation
(see Section D 3.4.5.1).

• Increased sluicing of water from the reservoir has
the purpose of raising streamflow and imitating
the natural streamflow variability.These measures
are expensive, especially for hydroelectric power
stations, and can be measured directly in monetary
terms; this explains why operators resist them so
ardently. Regulations of this nature imposed in the
USA have already led to the abandonment of
some dam construction projects. Many old dams
are not equipped to sluice large quantities of wa-
ter within a short period of time, as would be nec-
essary to simulate natural conditions in any realis-
tic manner. Initial experience from an experiment
in Glen Canyon (Colorado) has been positive in
that the river bed has been approximately re-
stored to its natural state (Collier et al., 1997). Fur-
ther experience should be gained in this respect
(see research recommendations in Section
D 3.4.6).

• The quality of water flowing out of the reservoir
can be positively influenced: examples include
oxygen enhancement before or while passing the
turbines, or temperature control by exploiting the
thermal stratification of the reservoir.

• Attempts to compensate for the negative effects
on migrating fish species by means of fish ladders
and fish farms must be subjected to critical review.
The negative consequences of a dam can be miti-
gated in this way only for a small section of the bi-
otic environment. One of the prerequisites is a de-
tailed environmental assessment of local condi-
tions, since experience with other dams in other
climatic zones cannot be applied without qualifi-
cation (see research recommendations in Section
D 3.4.6).

• “Rescue campaigns” to take wild animals out of
flood areas must be regarded more as a public re-
lations maneuver than as a conservation measure,
because with the loss of their habitat the animals
also lose their life-support system. Relocation of
animal populations in neighboring regions is of
dubious benefit from an ecological perspective.

• After renewed evaluation of the advantages and
disadvantages of an existing project, decommis-
sioning (particularly of dams) may become neces-
sary in extreme cases. Relatively little experience
is available in this connection, so further research
is needed (see Section D 3.4.6).

• The direct health risks due to large-scale water de-
velopment projects, in particular for irrigation, are
closely linked to the inadequate provision of clean
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drinking water and sanitary facilities for the local
population (see indicator for schistosomiasis in
Section D 3.4.4.2). Wherever possible, such facil-
ities should be upgraded – as part of an overall im-
provement of the health system – in order to re-
duce the risk of infection (see recommended ac-
tion in Section D 4.2).
The evaluation of remedial measures referred to

above should be considered in the case of projects re-
ceiving development assistance or credit guarantees
from Germany; the expenditures for installation and
operation should be included in the cost-benefit cal-
culations.

3.4.6
Research recommendations

A substantial and wide-ranging body of knowl-
edge now exists on the impacts of large-scale water
development projects. Translating this knowledge to
the context of individual case studies is difficult, how-
ever; the assessment of environmental costs and their
internalization in cost-benefit analyses involves con-
siderable methodological problems.The Council sees
an urgent need for research in this context. This ap-
plies especially to compliance with the first two met-
acriteria mentioned in Section D 3.4.5.2, namely “re-
liable data and results” as well as “qualified state-
ments on the uncertainty of the forecasts”.

In support of such research, it is useful to review
again the success of previous dam projects – meas-
ures funded by the Federal Government in the
framework of development cooperation, for example
– and to compare this assessment to the analysis of
costs and benefits prior to construction.The environ-
mental and social impacts of projects should be ob-
served on a long-term basis in order to improve the
basis for assessments and be able to plan remedial
measures more successfully.

The Council sees a major research gap with regard
to solving the technical and financial problems that
arise through the decommissioning of dams. Dams
have a limited service life due to sedimentation and
structural ageing, for example, or to a subsequently
amended assessment of the cost-benefit relation.The
decommissioning of dams has been given little atten-
tion in studies to date, and the costs of such undertak-
ings have not yet been taken into account in cost-
benefit analyses. Fundamental research needs to be
carried out in this area, whereby Germany is in a po-
sition to gain a lead.

Gaps in knowledge also exist with respect to miti-
gating the environmental impacts of dams. The tech-
nical measures designed to reduce the obstacles to
the migration of animals (e.g. fish ladders) are suc-

cessful in certain cases, particularly for salmonids, but
remain inadequate in many other cases. Techniques
developed primarily in the USA are often applied to
other continents and climates without sufficient in-
vestigation of biological and environmental aspects,
with unsatisfactory results the inevitable outcome.
Experiments with the natural situation of duplicated
streamflow regimes may help to reduce adverse envi-
ronmental effects in lower reaches.

3.5
The Favela Syndrome: Uncontrolled urbaniza-
tion, impoverishment and threats to water re-
sources and the environment in human settle-
ments

Megacities prone to collapse – Push and pull fac-
tors – Failure of governance a driving force – Informal
sector ensures survival – Rising water demand in ag-
glomerations puts excessive strains on regional fresh-
water reserves – Indicators of the syndrome – Waste-
water treatment methods – Recommendations

The world’s water resources are subjected to pres-
sure by yet another syndrome, one that will have
mounting importance for global change in the future
– the Favela Syndrome. Evident in virtually all devel-
oping and newly industrializing countries, the Favela
Syndrome has dire consequences for the people af-
fected, severest impacts on the balance of nature at
regional and global level, as well as major indirect im-
plications for the industrialized countries. Rapid ur-
banization, partially driven by migration from rural
areas to the cities, combined with a lack of planning
and control capacities at local level, lead to an over-
loading of urban systems (living and working condi-
tions, transport, supply and disposal services) that in
some cities has taken on catastrophic dimensions.
The water needs of these agglomerations are stagger-
ingly high, yet the infrastructure for waste and waste-
water disposal is totally inadequate. At the same
time, large sections of the population do not have suf-
ficient access to safe drinking water and basic sanita-
tion facilities. Such conditions lead to a whole series
of typical diseases that can spread to other regions of
the world in the course of globalization. After a brief
definition of the Favela Syndrome (D 3.5.1), this sec-
tion analyzes its general mechanism (D 3.5.2), then
focuses on the water component and its social and ec-
ological impacts (D 3.5.3) before making recommen-
dations on action to cure the syndrome and, in partic-
ular, its water-related problems (D 3.5.4).
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3.5.1
Definition

The Favela Syndrome refers to a special develop-
ment problem resulting from the uncontrolled
growth of human settlements – either in specific parts
of the core cities or, more frequently, in existing and
new centers. Because of the rapid pace of this infor-
mal urbanization process and the failure of govern-
ance, there is usually little or no state control in the
form of land-use and development planning, regula-
tory control or establishment of the essential infra-
structures for supply and disposal. It is this rapidly
growing disparity in the urbanization process that
forms the actual mechanism of the syndrome, with its
characteristic pattern of growth and environmental
degradation, and the resultant hazards for people
and the natural environment.

In Portuguese, the word favela (English: slums,
squatter settlements; Spanish: barrios) refers to an
urban settlement typically constructed by rural refu-
gees without proper building materials or official ap-
proval. However, it is not just the type of dwelling
that defines the Favela Syndrome.

Nor is it confined to those cities in the world that
have a high proportion of such settlements. The core
element of the syndrome is a mechanism of imbal-
anced urbanization that can be identified in very dif-
ferent cities, embracing not only settlement types, but
also economic and social relations, interconnected
flows of materials, substances and energy, as well as
natural impacts and feedback effects. This functional
unity is what is meant by the term Favela Syndrome
of Global Change as used in the following. It occurs
in cities where one might expect to find the settle-
ment patterns mentioned above – e.g. in São Paulo or
Lima. However, inner-city slum areas are also a typi-
cal element of global change and part of the Favela
Syndrome, even though they are built of solid build-
ing materials. Furthermore, the syndrome also in-
cludes all those segments in “more developed” cities
that display the characteristics shown in the network
of interrelations (see below).

“Uncontrolled urbanization, environmental haz-
ards and impoverishment” do not constitute the only
syndrome of global change in the urban context,
however. Other syndromes besides the Favela Syn-
drome can usually be found in varying degrees of in-
tensity in urban environments, e.g. the Asian Tigers
Syndrome and the Urban Sprawl Syndrome (see Sec-
tion D 3.2). These syndromes refer to specific pat-
terns of damage, each with their own causes, mecha-
nisms and resultant problems for humans and nature.
Their focal aspects, by contrast, are the problems that
result from the lifestyles specific to affluent societies

or the breathtaking pace at which some “newly in-
dustrializing” states are developing. In contrast to the
Favela Syndrome, their intensities are not linked to
rapid population growth.This does not mean that the
Favela Syndrome is purely a developing country phe-
nomenon – manifestations of the syndrome can also
be observed in the urban centers of the industrialized
countries, and there is a risk that the pressures on
megacities will cause them to “collapse”, triggering
migratory flows that are most likely to point in the di-
rection of the highly developed nations.

In the view of the Council, the process of urban-
ization as such does not represent a negative trend
within the Earth System.The history of humankind is
full of examples which show how urbanization has
furthered the development of civilizations. From an
ecological standpoint, too, concentrating living and
production provides a number of benefits (e.g. less
land needed per person, more efficient use of infra-
structure, higher energy efficiency). Nevertheless,
one of the specific features of the urbanization pro-
cess in the Favela Syndrome is that it places excessive
strains on and causes damage to human civilizations
and ecological systems on account of the unsustain-
able trends which characterize it. The focus of our
analysis is on this complex pattern of damage. Table
3.5-1 illustrates the quantitative dimensions of un-
controlled urbanization.

Different assessments have been made of the glo-
bal extent of favela formation.The UNFPA estimates
that around 600 million people worldwide live in fa-
velas (UNFPA, 1995). Projections based on the Unit-
ed Nations and UNICEF statistics range from 0.77 to
1.5 billion people who are unable to satisfy their ba-
sic needs (food, shelter, health).

There is every indication that the syndrome will
grow in significance: by the year 2010 about 3.3 bil-
lion people (approximately half the world popula-
tion) will live in cities; it is estimated that the urban
population in 2025 will account for two thirds of the
world population (UNPD, 1994). Cities with the
highest number of inhabitants in the year 2000 and a
pronounced vulnerability to the Favela Syndrome in-
clude Mumbai (Bombay), Buenos Aires, Jakarta,
Cairo, Calcutta, Manila, Mexico City, São Paulo,
Shanghai and Teheran (see Box D 3.5-1). However,
not only existing megacities are susceptible to the Fa-
vela Syndrome: numerous examples on the African
continent, such as Dar-es-Salaam in East Africa and
Bangui in Central Africa, show that marginal lands
used for agriculture are particularly susceptible to
uncontrolled, “explosive” urbanization. The syn-
drome also includes the vulnerability of settlement
structures which – as in the case of Nouakchott, the
capital of Mauritania, twenty years ago – have
reached a stage of development that can be described
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as “no longer a village – not yet a city”, and which
contain the seeds of further uncontrolled and rapid
urbanization.

3.5.2
General syndrome diagnosis

There follows an analysis of the symptoms and
interactions of the Favela Syndrome, grouped ac-
cording to the main complexes.The network of inter-
relations in Fig. 3.5-1 provides an overview.

3.5.2.1
Rural exodus, decline of traditions and uncon-
trolled urbanization

The Favela Syndrome is a side-effect of the global
urbanization process at the end of the 20th century.
Worldwide urbanization is characterized by three
main features:
– an increase in the absolute number of people liv-

ing in cities,
– a rise in the proportion of city dwellers among the

national population,
– worldwide increase in urban settlements and life-

styles.
The key factors driving these rapid urbanization

processes can be roughly divided into two large
groups: firstly, the (push) factors prompting people to
migrate from rural areas to the cities; secondly, the
(pull) factors that attract people to cities (Bähr and
Mertins, 1995; Campbell, 1989; Flanagan, 1990; Har-
doy and Satterthwaite, 1989).

Push factors
– Overpopulation of rural areas.
– Scarcity of cultivable land due, inter alia, to large-

scale technical projects (dam construction).
– Decline in soil fertility and other natural produc-

tion factors, degradation of agricultural soils.
– Increasing exploitation of agriculture and soil for

market gains (e.g. cash cropping).
– Socioeconomic framework (e.g. dominance of

large landowners, lack of rural reforms).
– Demand for higher standards.

Pull factors
– Hopes of securing a livelihood.
– Hopes of finding differentiated labor markets and

employment opportunities.
– Expectations of higher incomes.
– Better educational and training opportunities.
– Less social control (higher degree of individual-

ization).
– Better social and urban infrastructure (health

care, social security systems, transportation, etc.).
– Better access to information.
– Modern “urbanity” model.

When individual persons, families or entire village
clans decide to leave the rural area where they live
and work, a specific mixture of cultural and regional
factors is usually involved. An extreme case of invol-
untary rural exodus is when the landless poor are
forced by violent action to migrate to cities, whereas
the temporary outmigration of young people in order
to acquire better education or training represents the
other end of the scale. Subjective perceptions and
evaluation of objective features and situations (e.g.
assessments regarding the future development po-
tential of a region as compared with the city) play just
as important a role as these objective factors.

The driving force behind the rapid urbanization
process in much of the world is the disparate devel-
opment of urban and rural areas. Furthermore, most
megacities have a functional primacy, meaning that
political-administrative, economic, social, cultural
and research functions are concentrated in the cen-
ters of these urban agglomerations, but are absent in
rural regions (Bronger, 1996). In the mid-1980s,
Mumbai, Calcutta and Delhi (or 3.9% of the Indian
population in 1991) accounted for
– 12.7% of the students,
– 15.5% of the hospital beds,
– 18.3% of industrial output in dollar terms,

Country Population Of which Population
(million) in favelas of megacities

(percent) (million)

Brazil 161 6.9 São Paulo 15.9
Rio de Janeiro10.4

Egypt 63 15.1 Cairo 7.7
India 945 7.7 Calcutta 11.7

(regionally up to 36) Mumbai 15.1
Delhi 9.9

Indonesia 200 6.9 Jakarta 11.5
Philippines 69 27.6 Manila 9.3
South Korea 45 14.4 Seoul 11.6

Table D 3.5-1
Inhabitants of favelas.
Source: Oberai, 1993;
UNPD, 1994; Kidron and
Segal, 1996
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BOX 3.5-1

Examples of the Favela Syndrome

The degradation afflicting the urban environ-
ment is characterized by the interplay of many dif-
ferent factors. The high concentration of factories
and consumption causes high emission levels of
air pollutants, made worse by the poor efficiency
of most factories. In many cases, local climate con-
ditions prevent the escape of these pollutants
from the urban atmosphere, with the result that
contamination spreads not only to the soil under
the cities, which is already degraded by waste and
surface sealing, but also to groundwater resources.
Many industrial facilities in these urban agglom-
erations do not even take minimal precautions to
ensure a basic level of safety, proper disposal of
waste and wastewater, or emission reductions.
Motor vehicles usually lack any kind of exhaust-
reducing equipment.

Even at low growth rates, the settlements af-
fected cannot put additional infrastructure in
place, because no funding is available and because
the local government does not operate schemes
for planning and resource management (or the
latter are unable to cope with rapidly expanding
needs). Existing facilities can only cover a small
part of the additional needs, causing the urbaniza-
tion process to get increasingly out of control and
triggering specific people-environment interac-
tions typical of this process – leading to uncon-
trolled accumulation of domestic and industrial
waste, lack of safe water supplies and wastewater
disposal, high concentrations of contaminants in
soil, air and water, collapsing transportation sys-
tems, increasing surface sealing and the acute
health risks these factors imply.

Mexico City
6,000 tons of air pollutants are emitted daily to

the (urban) atmosphere, constituting a severe
threat to the health of Mexico City residents. One
refinery and two power plants alone emit 330 tons
a day of sulfur dioxide. Soil erosion and the lack of
vegetation result in 300,000 tons of dust being
generated in the city each year. The wastewater
discharged by the Mexico City conurbation is
around 50 m3 a second. Only 70% of it flows into
the public sewer system (i.e. for potential waste-
water treatment). Domestic sewage enters the en-
vironment virtually untreated.As urbanization in-
tensifies, water needs rise. Over the last 20 years
alone, there has been subsidence of up to 8 m in

the peripheral areas due to excessive water with-
drawals (Ezcurra and Mazari-Hiriart, 1996).
These factors have severe repercussions on the
health of the urban population. In analyses of
wastewater, the independent Metropolitan Uni-
versity has identified around 40 pathogenic mi-
croorganisms as well as high concentrations of
cadmium and lead.

Madras
Madras has a population of 3.79 million people,

1.5 million of whom live in slums with no sanita-
tion facilities. The infrastructure was designed for
only 1 million residents. Around 4,000 tons of
waste are produced each day in the city, most of
which is disposed of in the swamp areas near the
coast (Appasamy and Lundqvist, 1993).The water
resources in the region are already under exces-
sive strain. Annual precipitation cannot compen-
sate for water withdrawals, while storage basins
are unable to cover the daily freshwater needs of
350 million liters. Groundwater overdrafting
(150 million liters a day) causes the intrusion of
seawater into the city’s aquifer, greatly reducing
the low stock of potable freshwater. With 78 liters
of water per capita and day (less than half of that
figure in years with extremely low rainfall),
Madras has the lowest water availability in the
whole of India. Despite having a dual supply sys-
tem (water of high quality for drinking and cook-
ing, water of lower quality for washing and
bathing), water shortages are unavoidable. The
costs of providing the city with a safe water supply
and sewer system are estimated at almost
US$ 200 million. As long as this capital is not
forthcoming, 26% of the city area will remain
without any form of wastewater infrastructure, i.e.
untreated wastewater will continue to be dis-
charged into the rivers that serve large sections of
the city’s population as a source of freshwater.

São Paulo
In 1985, 15.1% of all households had no access

to a piped water supply and 51.6% were not con-
nected to the sewer system. It is estimated that
only 10% of all wastewater in São Paulo is treat-
ed. Water pollution also affects the coastal waters
and particularly the beaches near the city. Major
problems also exist with regard to the disposal of
solid waste, which in some cases is dumped at un-
safe and badly managed sites, secret waste dumps,
on roadsides and in river beds. The protection of
groundwater resources is totally inadequate
(Wöhlcke, 1994).
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– 30.6% of imports and exports though ports,
– 34.3% of the telephones,
– 39.9% of the private automobiles and
– 43.5% of the total income tax (Bronger, 1996).

These figures provide an indication of the attrac-
tion that urban centers exert on surrounding areas –
an attraction that is further intensified by the spread
of communication media (especially television) as
well as by transportation and tourism. Yet in the pe-
riod between 1985 and 1989, 72% of all new urban
households in the developing countries were only
able to find housing in slums or squatter settlements.
In Africa, the figure was as high as 92% (SEF, 1993).

The problems of megacities should not detract
from the fact that most city dwellers in developing
and newly industrializing countries live in cities with
fewer than 1 million inhabitants (Hardoy et al.,
1995). Many of the latter became urban centers only
recently. Public perception of the global crisis affect-
ing the urban environment is predominantly based
on the spectacular examples of São Paulo, Mexico
City, Lagos, Shanghai or Mumbai, rather than Belèm,
Ciudad Jurez, Kumasi, Zhuhai or Patna. And yet the
Favela Syndrome can also be found in these latter cit-
ies.

Demand for higher standards
As mentioned above, there are a whole range of

push factors that prompt rural exodus. Syndrome
links to other trends and syndromes centered on the
use of agricultural ecosystems (Sahel, Rural Exodus,
Green Revolution Syndrome) are therefore mani-
fold. The Asian Tigers Syndrome, although concen-
trated mainly in newly industrializing countries, is an
additional driving force. Within the Favela Syn-
drome, the demand for higher standards plays a ma-
jor role. In the course of development and modern-
ization, individuals, families and entire social groups
in many countries of the world develop a higher lev-
el of demands with regard to the material and imma-
terial aspects of their lives: more self-determined and
easier forms of work, higher incomes, family struc-
tures permitting greater autonomy, more freedom of
choice in the shaping of biography, less confinement
by traditional ties, a higher level of education, etc.

This applies not only to industrialized and newly in-
dustrializing countries, but also – albeit at a lower lev-
el – to developing nations (Inkeles, 1996). As long as
rural areas offer people below-average opportunities
compared to cities, there is a latent motivation to
move to the city.When the demands of the rural pop-
ulation rise as well, this willingness can quickly turn
into action.The rise in demands contributing to rural
exodus is fostered by family members or other villag-
ers who have already migrated to the cities and who
then relay the opportunities they encounter to their
families and villages back home. This may result in
chain migration.

Decline of traditional social structures
Not only do rising demands facilitate rural exodus,

they also speed up the decline of traditional social
structures. The demands that grow in the course of
syndrome development (in rural areas) are not only
quantitatively higher, but also of a different qualita-
tive nature than previous ones. Many of them cannot
be met within conventional social structures and the
systems of norms and values that these entail. Rural
areas can rapidly become claustrophobic for people
living there, whereas cities appear to be the right
place in which to satisfy demands. The transition
from donkey to moped, for example, involves more
than a simple quantitative growth in horsepower. A
change in reference systems occurs – instead of grass
and straw produced by the village, gasoline, oil and
spare parts from the urban economy are needed, the
social status of the user rises substantially, the new-
found mobility enables longer distances to be trav-
eled, etc.

The diversity of cultural traditions in the world is
closely linked to village settlement structures and to
the rhythm of life and work in crop and livestock
farming.The greater the extent to which migration to
cities prevents these patterns of settlement, liveli-
hood and lifestyle from being handed down, the
more these cultural traditions fade. Rural exodus –
seen in its entire complexity – is not simply people
moving from villages to larger towns and cities, but
refers to profound sociocultural changes. These
changes involve not only the actors themselves, but

Bangkok
Most of the canals in and around Bangkok are

so severely polluted by organic wastes that they
are now anaerobic. Most wastewater is discharged
into nearby canals via storm drains. Of the 51,500
registered factories, nearly half are classified as
water-polluting. The contaminated wastewater is

eventually discharged via the canals into the Chao
Phraya River which flows through Bangkok. Lev-
els of dissolved oxygen in the river – at least in its
middle section – are far below the official stan-
dard, significantly impairing the water quality in
the lower section of the river as well (Hardoy et
al., 1995).
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also the society as a whole, assuming that the migra-
tion flows are sufficiently large.The urban system dif-
fers from the village in several respects: it follows dif-
ferent rules of economic reproduction (e.g. monetary
economy instead of simple barter), of social associa-
tion (e.g. socialization through employment and
friendships rather than the community bonds of fam-
ily and neighborhood) and of cultural symbolization
(e.g. cinema and high-rise buildings as opposed to
storytellers and round huts) (Calvert and Calvert,
1996; Flanagan, 1990; Giddens, 1993). The traditional
forms of social control are greatly weakened.

For individuals, groups and society as a whole, ru-
ral exodus therefore means the erosion of traditional
lifestyles and livelihoods, and the decline of tradition-
al systems of norms and values.This process may gen-
erate anomic phenomena, such as rising crime, lack
of orientation among unemployed youth, or the de-
generation of everyday lifestyles across large sec-
tions of the population. Such tendencies are already
evident in many developing country cities. The
growth of religious fundamentalism is attributable in
large measure to urban milieus of this kind, although
anomie and a propensity to violence are not an inev-
itable consequence of declining traditions. Old life-
styles and the corresponding norms and values are
often superceded by new ones that are a more fitting
expression of this new, deliberately chosen environ-
ment and the hopes attached to it, as well as by new
forms of social integration and reproduction. Invari-
ably, the chances for a peaceful and smooth transition
to new forms of sociocultural integration dwindle to
the extent that the urbanization process takes place
very rapidly, unplanned, without suitable economic
opportunities and without an adequate means of po-
litical regulation. And yet there are signs that endog-
enous potential develops in such contexts – in the
form of grassroots organizations, self-help groups
and fragile networks between the poor and the mid-
dle classes.

3.5.2.2
Failure of governance, growing significance of
the informal sector and exclusion

Large agglomerations (particularly those in devel-
oping countries, such as São Paulo, Mexico City, La-
gos or Manila) have, on the one hand, a “modern”
sector meeting all or at least most of the economic,
social, cultural and urban development criteria that
define a global city as exemplified by New York, Lon-
don or Tokyo. Their inner cities are home to the na-
tional headquarters of multinational corporations
and possess a functioning local public transport and
telephone system, restaurants with national and

international specialities, modern stores, etc. This
modern sector of the city is also part of the network
of international economic and communication links
that is in the course of economic globalization not
only expanding, but also becoming increasingly inte-
grated (Clark, 1996; Lo and Yeung, 1996).

On the other hand, one finds dilapidated inner-
city slums as well as areas of squalor in more or less
peripheral districts, where life centers around survi-
val, finding work for the next few days, and clean
drinking water. The prosperity of the city center has
virtually no impact on these areas and the people
who live there. It is this complex of peripheral, some-
times illegal settlements of the socially marginalized,
often on dangerous terrain (slopes, marshland), that
characterizes the Favela Syndrome.

Failure of governance
The emergence of the Favela Syndrome can be at-

tributed, inter alia, to the failure of governance at na-
tional level. The urban economy and its infrastruc-
ture were promoted one-sidedly and disproportion-
ately, at the expense of rural areas. This “urban bias”
of national development policies (Lipton, 1976)
needs correcting as a matter of urgency if the Favela
Syndrome is to be alleviated. One of the most impor-
tant steps in combating the syndrome (see below) is
to improve the living conditions, employment and in-
come opportunities for the rural population, espe-
cially those who are prepared to migrate (landless
people, small farmers, small tenant farmers, young
people, single mothers).

The syndrome is further exacerbated by the fail-
ure of governance at the local level – i.e. by munici-
pal administrations and public-sector management
(e.g. in the waste disposal, water supply and transport
fields). In this context, “failure” refers primarily to
systemic dysfunctions rather than misguided behav-
ior on the part of individual local politicians. These
dysfunctions affect not only the political stakehold-
ers, but also the political system, its structures, pro-
grams and instruments. Within the syndrome ad-
dressed here, the failure of governance is understood
to involve 
– policymaking based on inadequate information,
– non-existent or deficient capacities for regional

and urban planning,
– lack of clarity about administrative responsibil-

ities,
– separation of urban planning and the manage-

ment of public finance,
– lack or inadequate implementation of environ-

mental legislation,
– underdeveloped or weak degree of local self-gov-

ernment within the national constitution and the
implementation thereof,
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– splitting of responsibilities for infrastructure pro-
vision without consideration of the problems in-
volved (e.g. water supply vs. wastewater disposal,
road construction vs. local public transportation),

– corruption and patronage in the public welfare
system.

Growing significance of the informal 
sector
When governance fails, the informal sector grows.

The latter term is used as a contrast to the formal sec-
tor of the economy, and is characterized by the fea-
tures summarized in Table 3.5-2. This very broadly
defined sector comprises activities (segments) such
as small retail enterprises (food, consumer goods),
craft trades and small industry (e.g. repair shops, tail-
ors, home workshops), services (e.g. shoe-shine boys,
hot food stalls, car wash enterprises), transport, waste
disposal, etc. Depending on the definition and legal
situation, the distinction between legal and illegal op-
erations (e.g. drug trafficking, prostitution) varies
from one country to another.A typical feature of the
Favela Syndrome, analogous to the large number of
informal settlements, is the enormous importance of
the informal sector, since urban planning and re-
source management is no longer adequate to main-
tain a basic infrastructure (Manshard, 1992).

The informal sector can be viewed as the urban
equivalent of subsistence agriculture. Survival strate-
gies and mechanisms play a major role here (Portes
and Schauffler, 1993). Contrary to popular opinion,
the opportunities for earning money in the informal
sector are relatively good; in many cities, at least,
wages there tend to be higher than the minimum de-
fined by the state (Bantle, 1994). The objective op-

portunities for securing survival, combined with sub-
jective perceptions, largely explain why many people
migrate from rural areas to the cities; they are thus a
major pull factor in the process of urbanization.Table
D 3.5-3 documents the growing importance of the in-
formal sector. Other studies conclude that around
50% of those employed in the city work in the infor-
mal sector (ILO, 1993). In some cities (e.g. Lima, Iba-
dan) the figure is estimated to be over 60% (Stapel-
feldt, 1990; Manshard, 1992).

The informal sector is linked to the formal sector
in manifold ways (e.g. through suppliers of compo-
nents or preliminary products for industrial produc-
tion, or the provision of services) and will be even
more closely linked in the future, whereby structural
adjustment programs at local government level will
play a significant role (movement of jobs to the infor-
mal sector, transfer of functions). However, the
growth of the informal sector also means that local
governments lose resources (e.g. charges and levies)
and loyalties, which further restricts their capacity for
action. Infrastructural deficits usually grow in pro-
portion to the distance from the city center.

Even though the informal sector has a significant
buffering capacity, the Council emphasizes that it
cannot provide a long-term solution to the problems
of uncontrolled urbanization. In the medium term, it
is probable that fewer and fewer people will be able
to continue to develop informal settlements on their
own. They will come up against barriers that are in-
surmountable with the means available. This assess-
ment is reflected, inter alia, by the intensifying com-
petition for jobs in the informal sector, worsening
sewage disposal problems as a result of increasing

Dimension Formal sector Informal sector

Technology capital-intensive labor-intensive

Organization bureaucratic and primitive and family-based
market-based

Capital abundant limited

Labor limited and qualified abundant and unskilled

Wages generally regulated individual

Prices fixed flexible/negotiable

Credit banks institutional persons: non-institutional

Relations with customers indirect, impersonal direct, personal

Overheads high low

Public control high minimal

Public assistance high minimal

International
integration high minimal

Table D 3.5-2
Summary comparison of
the formal and informal
sectors.
Source: Bähr and Mertins,
1995; Santos, 1979
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settlement density, abandonment of agricultural are-
as and rising traffic volume (WBGU, 1997).

The increasing significance of the informal sector,
in combination with poor traffic planning, causes the
volume of inner-city traffic to expand. In cities afflict-
ed with this syndrome, the streets are chronically
overloaded and local public transport inadequate.
Since many areas where the informally employed
live are located outside the city centers and away
from the factories where they work, the traffic vol-
ume in many of these cities rises as the informal sec-
tor grows.

Social and economic marginalization
Another major cause of the growing importance

of the informal sector within the Favela Syndrome is
the trend towards social and economic marginaliza-
tion in the affected regions or countries. This refers,
on the one hand, to all those marginalization process-
es that act as driving factors in other syndromes (e.g.
Sahel Syndrome, Rural Exodus Syndrome), as well
as, on the other, to the specific type of marginaliza-
tion, endogenous to the Favela Syndrome, that drives
people into the informal sector. These processes may
include (Hardoy and Satterthwaite, 1989; Flanagan,
1990):
– barriers to employment in the formal sector (e.g.

educational deficits, lack of credit standing),
– processes of impoverishment without any form of

state assistance,
– displacement from districts of origin due to rising

rents and property prices, or expulsion by the au-
thorities and 

– economic pressure on the formal sector (structu-
ral adjustment, globalization of markets).

The failure of governance mentioned above is re-
inforced by socioeconomic disparities and increases
these in turn.The more inequitable the economic and
political power structure of a country or city, the
greater the probability that the interests of more
powerful groups will prevail, and the lesser the extent
to which national and local governments possess the
capacity and the will to develop and implement a for-
ward-looking policy oriented to the common weal.

Where state bureaucracies operate inefficiently
and corruptly, and any focus on the welfare of all is
abandoned in favor of egoistic clientelism, urbaniza-
tion and declining traditions can unleash an unshield-
ed and uncushioned effect on the socially weak and
reinforce their marginalization (Bangura, 1996). Peo-
ple in higher income brackets and politically influen-
tial groups live primarily in cities, and the politically
influential class usually bases its development mod-
els and development activities on the urban popula-
tion (urban bias) – either by gearing production to
the needs of city dwellers (e.g. with low food prices)
or by using the money siphoned off from rural areas
for the creation of urban infrastructures in privileged
city districts. On the basis of these economic, political
and social privileges and their consequences, such as
better infrastructure, food supply and health care, job
supply, educational institutions, etc., the cities under-
go an internal social split, on the one hand, and, on
the other, become centers which attract the under-
privileged rural population that is disadvantaged due
to the political neglect of the rural regions and low
producer prices (Lipton, 1976; Sundrum, 1990).

Marginalization processes are also boosted by the
loss of traditions already referred to, when there is no
functional equivalent – in the form of homogenous,
viable and identity-promoting lifestyle constructs –
to replace a world of vanishing, rurally based tradi-
tions. For example, children and young people with
no educational or employment prospects in the cities
are driven onto the streets and sometimes to crime or
drug addiction. In addition, the compensatory func-
tion performed by the middle classes is not sufficient-
ly developed in stagnating economies or in those
whose growth exhibits severe disparities. Middle
classes, whether industrial, commercial or adminis-
trative in origin, are not only the visible personifica-
tion of economic transition and social compromise,
but also the conveyors of the respective norms and
values. Their existence counteracts the pressure of
marginalization in material and non-material ways. If
middle classes fail to develop, the loss of traditions in-
tensifies the marginalization process. If sections of
the middle classes themselves sink into poverty and
the informal economy, the syndrome takes on more
pronounced contours, as can be observed in sub-Sa-
haran Africa (Bangura, 1996).

Urban 1950 1980 1985 1989
employed (percent)

Persons employed
in formal sector 71.1 69.1 67.5 63.9
Of which:
– in public

services 18.8 21.3 24.0 20.8
– in private

enterprises 81.2 78.7 76.0 79.2

Persons employed in
informal sector 22.2 23.5 27.5 32.1

Unemployed 6.7 7.4 5.0 5.0

Total 100 100 100 100

Table D 3.5-3
Trends in structure of persons employed in the cities of
Latin America, 1950–1989.
Source: Bähr and Mertins, 1995
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3.5.3
Water-specific syndrome description

A characteristic feature of the Favela Syndrome is
a settlement structure with inadequately developed
water supply and disposal facilities in a situation of
rising water needs and water consumption. These
problems have many negative impacts on the urban
population as well as on ecosystems in and around
cities. In this section, analysis focuses on these two as-
pects.

The depletion of existing freshwater reserves in
the course of uncontrolled urbanization is caused by
several different factors. Primary among them is the
greatly increased and mounting demand for water,
which leads to withdrawal levels far in excess of the
natural renewal rates of regional water resources.
Water withdrawals from rivers, lakes, groundwater
and other sources quadrupled worldwide between
1940 and 1990 (WRI, 1996). The scarcity of water re-
sources generates intensified competition between
urban, industrial and agricultural users.As a result of
rapid population growth, severe shortages of supply
are already emerging in parts of China, India and the
Middle East.

3.5.3.1
Disparities between withdrawal and supply

Like all agglomerations, favelas are unable to
meet the demand for water due to insufficient fresh-
water reserves in the respective region, and in partic-
ular to inadequate infrastructural capacities regard-
ing the supply of water. Since agglomerations were
often established on large rivers because of the ben-
efits of transportation, and these rivers are an easily
tapped source of water for industry and population,
the proportion of water withdrawals taken from sur-
face waters is traditionally high. However, if there are
insufficient surface waters, or if they become increas-
ingly polluted with wastewater, then groundwater
stocks are mined, or man-made reservoirs are creat-
ed. Many of the latter are extremely contaminated
with untreated sewage and thus highly eutrophic. A
well-studied example is the Hartbeespoort Dam near
Johannesburg. When groundwater is used as the pri-
mary source, the natural rate of recharge by precipi-
tation is usually insufficient to compensate for with-
drawals. There are also frequent cases of groundwa-
ter contamination by wastewater and landfill lea-
chate.

When the water table in coastal areas is lowered,
seawater intrusion and salinization of groundwater
stocks may occur – an almost irreversible form of

degradation. The extent of possible groundwater sa-
linization can be seen in the tendency for large settle-
ments to be located in coastal regions. Of the world’s
eight megacities with over 10 million inhabitants, six
are situated in a coastal region, while 40% of the
roughly 270 smaller agglomerations with a popula-
tion in excess of 1 million are located in such regions
(WRI, 1996). Salinization of groundwater in coastal
regions has also been observed in the case of several
coastal cities in China and Vietnam. Major aquifers
have been severly depleted in northern Africa, India,
Southeast Asia and the Middle East due to excessive
rates of groundwater extraction.

The damage to the regional hydrosphere caused
by lowering and/or salinization of aquifiers may seri-
ously impair the natural vegetation cover and crops
in the catchment and in extreme cases may even de-
stroy them (desertification).

3.5.3.2
Water pollution and eutrophication

Uncontrolled discharge of wastewater from settle-
ments and enterprises in the informal sector leads to
eutrophication and to an alarming degree of biologi-
cal pollution in receiving waterbodies and groundwa-
ter. The implications for sanitation are alarming, be-
cause these waterbodies are used either as sources of
drinking or service water or, in the case of surface wa-
ters, for recreational purposes or for food production
(fishing, aquaculture).

On average, half of all municipal wastewater
comes from diffuse domestic sources. Factories in
surrounding areas, built without adequate legal re-
quirements and therefore not fitted with equipment
for reducing pollutant discharges, are identifiable
point sources of pollution. Traffic and uncontrolled
waste accumulation also generate large-scale con-
tamination of surface waters and groundwater.

Only a few large cities in developing and newly in-
dustrializing countries have adequate sewer systems
and treatment plants; usually, only a small portion of
the wastewater is purified, even when it is channeled
through a sewer system. Existing sewage treatment
plants rarely operate satisfactorily. In most cases,
wastewater discharges exceed legal and/or hygieni-
cally acceptable maxima. The reason for this state of
affairs does not necessarily lie in the treatment plants
themselves, but in the frequent lack of adequately
trained technicians to operate technically sophisti-
cated facilities. Moreover, the high energy consump-
tion and operating costs of modern wastewater treat-
ment plants often prevent them from being used to
good effect. As a result, the small number of modern
treatment plants in existence are rendered inopera-



194 D 3.5 The Favela Syndrome

tional due to improper use and poor maintenance. In
Mexico City, seven of the 14 treatment plants do not
operate to capacity and treat only about 7% of the
total wastewater. Rather than upgrading and repair-
ing existing facilities, priority was given to the con-
struction of new plants, thus forcing operating costs
to rise artificially.

Substantial economic damage is caused by the dis-
charge of minimally treated municipal wastewater
into rivers and estuaries in India, China, Venezuela,
Senegal and Manila, where they have led to rapid dis-
integration of the local fishing industry. Regional
food problems and migration of the population are
direct impacts.

3.5.3.3
Lack of infrastructure and its consequences

Although the number of people in megacities who
have an adequate water supply and sanitation facil-
ities has risen in recent years, rapid population
growth means that the percentage of people with an
adequate supply of freshwater continues to decline.
Due to the lack of organized water supply, one fave-
la inhabitant in four must buy water from mobile
vendors; this water is 4–100 times more expensive
than tap water and varies considerably in quality.The
quadrupling of global water withdrawals from rivers,
lakes, groundwater and other sources over the last 50
years can no longer be met by regional water re-
sources (WRI, 1996).The water supply system in Cai-
ro, for example, has reached its limits. Settlement pol-
icies are being implemented to relieve the situation
there, such as forced resettlement of city dwellers in
newly created settlements in the desert, whose
economic development is to be supported by con-
structing an 800-km-long canal from the White Nile.
Construction of the first, 30-km section has already
commenced.

Poor efficiency of existing supply systems
The efficiency of existing supply networks is total-

ly inadequate in most cases:
• Major water losses are characteristic of the water

supply networks in Manila, Cairo, Jakarta, Lima
and Mexico City, where about 40% of treated
drinking water is unaccounted for. The possible
causes are leaky pipes, illegal taps (corruption) as
well as the unregistered use in informal regions
that is tacitly tolerated for socioeconomic and eth-
ical reasons.The annual financial loss due to unac-
counted water losses in Central America is
$1–1.5 billion (Black, 1994).

• In Mexico City, the current water price of US$ 0.1
per m3 covers only a tenth of the marginal cost of

supplying water to the city (WRI, 1994).
• In Rufisque (Senegal), a local project group took

on the task of disposing of liquid and solid wastes
from the informal sector and improving the
economic, social, hygienic and ecological condi-
tions. It undertook further development of appro-
priate technologies and performed training, moni-
toring and financing functions. With the help of
the population – mostly women and children – as
well as municipal and private enterprises, the
group developed private sanitation facilities, a
sewer system, regulated waste disposal at waste
dumps as well as methods for recycling used water
and household waste. Ongoing investments can
now be made to an increasing extent without ex-
ternal finance, thanks to the amounts paid into the
project by the beneficiaries (Gaye and Diallo,
1994).
The scarcity of water resources generates intensi-

fied competition between urban, industrial and agri-
cultural users.As a result of rapid population growth,
severe shortages of supply are already emerging in
parts of China, India and the Middle East. Poor infra-
structure gives rise to further deficits in the supply of
pure drinking water.

Long-distance water supply networks as
one solution
The deteriorating quality of regional water re-

serves due to pollution and eutrophication by indus-
trial, agricultural and urban wastewater reduces the
amount of potable water resources.This is further ag-
gravated by large-scale surface sealing through the
expansion of settlements, factories and traffic routes
at the expense of green and open areas. Many local
governments are looking at the possibility of remote
supply as a way out of the crisis, since urban water
consumption only accounts for 10% of the total de-
mand worldwide. In Dhaka (Bangladesh), Jakarta
(Indonesia) and São Paulo (Brazil) the figure is even
less than 1% (WRI, 1996).A remote supply has been
installed in the megacities of Jakarta, Bangkok and
Mexico City.The latter pipes water from a waterbody
180 km away. Given the current trends in demand,
however, this source will no longer be sufficient by
the year 2000 (Black, 1994).This type of water supply
generates very high costs, not only for the municipal
budget, but also for the impoverished population to
whom these costs are passed on. Water purchases al-
ready account for 20% of the household budgets of
the favela poor.
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3.5.3.4
Water-specific threats to human health

The combination of high population density, inad-
equate water supply and poor sanitation in the fave-
las poses serious health hazards to the inhabitants.
Various diseases are particularly prevalent, and the
consequential costs for the health care system are
considerable.Table D 3.5-4 outlines the water supply
and sanitation situation in three cities. Fig. D 3.5-2
compares the mortality rates in Accra and São Paulo
according to cause of death and district. The suscep-
tibility to infectious diseases is conspicuously high in
Accra and correlates significantly with the sanitation
conditions. The chart in Fig. D 3.5-2 also underlines
the high degree of exposition and frequency of mor-
talities in those residential areas with the poorest
population.

Diarrheal diseases are primarily caused by inade-
quate access to water, sanitation facilities and waste
disposal, and claimed the lives of 3 million people
worldwide in 1995, 80% of them children under five.
Around 30% of infections are attributable to the
transmission of pathogens via drinking water, and
70% to eating rotten food. Cholera (see Section
D 4.2), in particular, has a high affinity to poverty,
overpopulation and poor sanitation (WHO, 1996)
and can therefore be labeled a typical disease of the
Favela Syndrome. Since the 1970s, this disease has
been on the rise again, particularly in Africa. Here
alone around 79 million people are threatened by
cholera, and 120,000 people die of the disease world-
wide every year.

Overcrowding promotes the transmission of infec-
tious diseases, such as colds, pneumonia and tubercu-

losis. Moreover, the psychological stress induced by
cramped living space (in the slums of New Delhi, for
example, 1.5 m2 per person) and fear of repression
because of illegal housing is substantial.

Rats and fleas are carriers of the plague. Yersinia
pestis bacteria are transmitted to humans from in-
fected rats by flea vectors. Uncollected waste in the
favelas attracts rats, among which the epidemic
spreads cyclically. Peru, for example, experienced a
severe outbreak of the plague in 1984, as well as mi-
nor ones in 1990 and 1992. After “quiet” periods of
more than 30 years the plague has appeared again in
Botswana, India and Malawi, for example. Outbreaks
are reported regularly from countries like Madagas-
car, the Congo, Bolivia, Brazil, China, Kazakhstan
and Vietnam. Around 1,400 people worldwide con-
tracted the plague in 1995, with at least 50 mortalities
(WHO, 1996).

Air pollution, due in many cases to the immediate
proximity of industrial sites and to exposure to
smoke from household fuel combustion, leads to res-
piratory diseases such as chronic bronchitis and asth-
ma, especially among women and children.

The linkages between the favelas and agglomera-
tions with a high traffic volume mean that these dis-
eases are not confined to the local area. Moreover,
since the informal sector has various forms of contact
with the formal sector, infectious diseases can spread
rapidly and, given the high degree of commercial and
tourist mobility, may be transported internationally
to regions not otherwise exposed.

3.5.3.5
Water-centered network of interrelations

The interaction of unfavorable development
trends can be seen in the following water-centered
network of interrelations for the Favela Syndrome
(Fig. D 3.5-3), as may its links to other syndromes of
global change.

3.5.3.6
Dynamic measure of intensity of the Favela
Syndrome

In the following, we describe those trends and
interactions that a) distinguish the Favela Syndrome
from related syndromes (e.g. Urban Sprawl Syn-
drome,Asian Tigers Syndrome) and b) display a high
degree of internal linkage (e.g. in the form of self-re-
inforcing interactions between trends).The following
four indicators were selected because they meet both
conditions. Linkages between trends are measured,
rather than individual trends. The result is a dynamic

Accra Jakarta São Paulo

Average per capita
purchasing power
(US$) 1,000 2,000 4,000

–2,000 –4,000 –8,000

Latrines shared
by at least 10 
households (percent) 48 14–20 <3

No household
water supply
(percent) 46 13 5

No waste
disposal (percent) 89 37 5

Table D 3.5-4
Water supply to urban households (study of about 1,000
households).
Source: WRI, 1996; UNDP, 1996; World Bank, 1996



196 D 3.5 The Favela Syndrome

measure of the intensity of the Favela Syndrome that
permits an initial assessment of its future develop-
ment. The following can be identified as key features
of the Favela Syndrome:
1. Very rapid growth of the urban population due to

migration as well as inter-city migration in a later
phase. The interaction of the rural exodus and ur-
banization trends is a highly syndrome-specific
mechanism; this is particularly relevant when as-
sessing the spread of the syndrome to regions that
have not yet “contracted” it. The indicator to be
used here is therefore the annual rate of urban
population growth.

2. Social and economic marginalization represents
one of the most important anthropospheric trends
within the Favela Syndrome. It fosters the growth
of the informal sector and in turn is driven by the
latter, through the decline of traditional social
structures.The indicators used to measure this key
trend are “distribution of incomes” and “number
of urban poor”.

3. The inadequate infrastructure for providing basic
services in urban areas is one of the central fea-
tures of the Favela Syndrome.This problem is par-
ticularly prevalent with regard to water supply and
sanitation. Many environmental and social prob-
lems result from the fact that the cities affected do
not have the financial, organizational and political
resources to create an adequate infrastructure to

meet the needs of a growing population. The pop-
ulation groups concerned are often forced to take
matters into their own hands and make up for the
lack of public services. In order to identify, at least
roughly, the connection between social marginal-
ization and the mounting importance of the infor-
mal sector, use is made of the “growth in public-
sector investment” indicator. Stagnation or a mi-
nor increase in investment indicates a linkage that
intensifies the syndrome.

4. The rapid process of urbanization in many regions
overtaxes existing urban structures and capacities
in most cases. Moreover, it occurs within a condi-
tional framework of technical, economic and po-
litical factors characterized by stark contrasts.
Whereas urbanization is accompanied within the
Urban Sprawl Syndrome by a relatively uniform
access to the urban infrastructure, the Favela Syn-
drome involves a significant inequity in this re-
spect. The indicator used to identify this syn-
drome-specific process of marginalized urbaniza-
tion in the area of water supply is the “proportion
of the urban population with continuous access to
safe water”.When the value of this indicator is low
or grows at a rate below average, the syndrome is
reinforced.
The spatial distribution of the population is the

basis for the mapping of trend linkages. The first
question that is raised here pertains to the delinea-

Zone 1 (worst) Zone 2

Zone 3 Zone 4 (best)

Infectious and 
parasitic diseases

Respiratory
diseases

Circulatory
diseases

05101520 0 5 10 15 20 25

Deaths per 10,000 populationAccra São Paulo

External causes
(accidents, homicides)

Figure D 3.5-2
Age-adjusted mortality
rates by socio-
environmental zones in
Accra and São Paulo,
1991–1992.
Source: modified from
Stephens, 1994
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tion of rural and urban areas. Not only megacities,
but also smaller urban structures may have a disposi-
tion towards the Favela Syndrome, so it makes little
sense to measure its intensity on the basis of absolute
urban population figures. Another problem is that
there is no standardized definition of “city” that
could be used for international comparison, so syn-
drome intensity is measured here by means of popu-
lation density, irrespective of administrative boun-
daries.

Using the grid map of population density (grid
cells of 5 arc minutes) developed by Tobler et al.
(1995), the regions with the highest population den-
sity within each country are firstly identified as urban
structures, and this on a worldwide basis. The grid
cells with the next lowest population densities are
also designated as urban structures, until the sum of
the people living in the identified regions corre-
sponds to the known percentage of urban population
in the respective country.

The extent to which the situation will worsen in
the regions thus identified depends primarily on the
population growth and on the level of infrastructural
investments that cities are able to make in order to
maintain or establish a minimum capacity for water
supply and wastewater treatment. Hence, the degree
of intensity is further determined by a fuzzy AND
intersect (minimum function) of the basic map with
the regionally specific data for demographic devel-
opment and public-sector investment (in per capita

GNP per annum, in US$). Integration of the relevant
data material for 1990 produces a map of syndrome
intensity (Fig. D 3.5-3).

3.5.4
Syndrome cure

In the context of the water problems on which our
analysis centers, a distinction must be made between
three different strategy levels for remedying the Fa-
vela syndrome:
– combating causal factors of a more general nature

that give rise to the Favela Syndrome and have a
bearing on freshwater issues.

– targeted measures to combat water-specific prob-
lems affecting the entire network of interrelations
or parts of it.

– combating specific water-related problems irre-
spective of their systemic interrelations within the
Favela Syndrome.

3.5.4.1
General recommendations for action

Making recommendations for action in connec-
tion with the Favela Syndrome, or deriving basic
therapeutic approaches from the syndrome mecha-

Syndrome intensity

Low

Syndrome not active

High

Figure D 3.5-3
Intensity of the Favela Syndrome. Explanations in the text.
Source: BMBF project “Syndrome dynamics”, PIK core project QUESTIONS and WBGU 



198 D 3.5 The Favela Syndrome

nism, is a difficult undertaking for three reasons in
particular:
• On the one hand, the definition of the syndrome

and the description of its mechanisms indicate that
slum development depends on certain socioeco-
nomic and geographical conditions. On the other
hand, a more detailed analysis that distinguishes
between different types of slums (slums for the
upwardly or downwardly mobile, homogeneous or
heterogeneous districts) in terms of composition,
duration of residence or reasons for living there
would also highlight certain concatenations of
causes that render it virtually impossible to devel-
op generally valid recommendations.

• Many of the symptoms that play an active role in
the Favela Syndrome are key trends of global
change. Rural exodus, urbanization and popula-
tion growth, for example, form a complex mixture
of “megatrends” that operate as a crucial driving
force behind the Favela Syndrome. Measures of
reducing population growth are therefore recom-
mendable in an additional respect as therapy
against uncontrolled urbanization. The Council
has repeatedly pointed out that effective progress
in stabilizing the world population can only be
achieved in the long term at best (WBGU, 1994
and 1995).

• As recently as the mid-1960s, efforts were still be-
ing made to eliminate the worst conditions in slum
settlements by imposing building and health con-
trol regulations (Spiegel, 1970). “Slum clearance”,
“urban redevelopment” and “housing acts” were
recurrent terms in the legislation enacted at the
time. The social problems were largely ignored in
the expectation that they would automatically dis-
appear when the slums were demolished.What ac-
tually happened, at best, was that problems were
merely transplanted to other areas. Changes arose
slowly when planners began to realize that the fa-
velas generally exhibited a relatively stable sub-
culture with a highly developed group mentality,
ethical code, intensive family life and neighborly
relations. Deriving general recommendations for
action should therefore be based on the obvious
dichotomy between the suffering and the values of
favela life. Clearing a slum does not automatically
improve the welfare of its inhabitants.

Reduction of population growth
In light of this assessment, priority should be giv-

en to securing an institutional basis for population
policy in all states by means of international cooper-
ation and financing programs (WBGU, 1995 and
1996), because the problems generated by uncon-
trolled urbanization, and hence their elimination, are
crucially dependent on population trends.The Coun-

cil believes that Germany, in common with all other
industrialized countries, has a special interest in de-
veloping appropriate problem-solving capacities, giv-
en the fact that intranational migrations (rural exo-
dus) – when combined with a disregard for the con-
comitant overburdening of urban structures – can
very quickly become international refugee move-
ments, with Germany among the destination coun-
tries. The Council has already specified the causes of
uncontrolled population growth and the requisite
countermeasures on several occasions (WBGU, 1994
and 1995). It has repeatedly emphasized the action
needed in the fields of poverty eradication, the posi-
tion of women, reducing child mortality, improving
education and training, providing access to family
planning methods, etc.

Reduction of migration pressure
Controlled urbanization requires, in addition to

the above, a reduction of migration pressure in rural
regions. The basis for this would be a nationally and
internationally coordinated regional planning policy
aimed at inducing appropriate structural changes in
rural areas (WBGU, 1994) and at counteracting the
dire effects of urban bias. Polycentric rather than
monocentric land-use structures have to be created
in accordance with AGENDA 21. Furthermore, it is es-
sential to develop specific guiding principles for re-
gional planning that permit a harmonization be-
tween “environment and development” through a
balanced mix of land-use structures between city and
rural areas as well as within the cities (by maintaining
and developing sufficient inner-city green areas).

Sustainable settlements development
The 1992 UN Conference on Environment and

Development in Rio de Janeiro played a pioneering
role in this context. In particular, the 1996 United Na-
tions Conference on Human Settlements (HABITAT

II) in Istanbul laid the foundations for implementing
the urban development aspects of AGENDA 21. The
HABITAT Agenda provides a global framework for
promoting sustainable settlements development.The
Global Plan of Action adopted at HABITAT II defines
a set of common goals and strategies to be translated
into national action plans, the primary objective be-
ing to give (greater) consideration to the needs of the
poor and homeless as well as refugees and ethnic mi-
norities. Settlements policy and action to combat
poverty are indissolubly linked. To improve the data
base, it is also necessary to develop a housing infor-
mation system. Land management and land tenure
policy (safeguarding rights to land) must be im-
proved (WBGU, 1997).

In addition to these general recommendations,
which pertain to the overall complex of the Favela
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Syndrome, the Global Plan of Action contains specif-
ic recommendations on water resource management
in settlements. This involves, for example: (1) inte-
grated planning of water supply and wastewater
treatment systems, (2) measures for avoiding wastage
of water and for proper recycling of drinking water,
(3) strategies and criteria for precautionary protec-
tion and conservation of aquatic ecosystems, (4) im-
provements regarding the efficiency in allocating in-
frastructural investments as well as (5) comprehen-
sive, cross-sectoral resource management (HABITAT

II, Global Plan of Action, 1996). Special research
needs exist in connection with the determinants of
the carrying capacity of urban structures (“optimal
city size”) and analytical and forecasting methods for
identifying regions with a disposition for intranation-
al migrations (WBGU, 1996).

3.5.4.2
Water-specific recommendations for action

Creation of basic principles for integrat-
ed water management
One of the prerequisites for any cure is an ade-

quate information base. This includes inventorizing
water stocks, on the one hand, and ascertaining in
quantitative and qualitative terms within the frame-
work of a national water strategy the demand for wa-
ter at local and regional level, on the other.
Economic, social and environmental concerns must
all be taken into account, in accordance with the goal
of sustainability. It is important also to strengthen the
capacity of national and local hydrological research
institutes and to improve their links to environmen-
tal research as well as to institutes in the field of
economic and social science research (particularly in
the field of urban studies and urban planning). The
transfer of knowledge to local government decision-
makers must be improved.

Securing a human right to water
Local governments must focus their policies on

delivering a basic supply of safe drinking water, espe-
cially to the poor, and on treating municipal wastewa-
ter. At the international level, the Council has pro-
posed a World Water Charter as an instrument for se-
curing a minimum supply (see Section D 5.5 and Sec-
tion E 2). These rights must be implemented at local
level. Simple methods of water supply and wastewa-
ter treatment are not only the sole realistic solution,
but operate as well to strengthen the capacity for
self-help.

More efficient local government
The failure of governance at local government lev-

el should be counteracted by improving the efficien-
cy of public administration at the local level. It may
be necessary in some cases to create an appropriate
framework at the national level (in the form of a lo-
cal government constitution).The measures required
include the bundling of responsibilities, combining
management and financing functions, improving en-
vironmental legislation and monitoring, dismantling
bureaucratism, decentralizing tasks to the lowest lev-
els possible, increasing the transparency of govern-
ment activities as well as enhancing the skills of the
public administration employees. The privatization
of water supply and wastewater disposal enterprises
may be a solution, provided that (1) a basic supply
and (2) sustainability goals are safeguarded. Systems
for delivering water and disposing of wastewater
should also be managed as an integral whole, as
should surface waters and groundwater resources.
Improved management strategies should relate to
“real” entities (e.g. water catchments) and appropri-
ate administrative territories.

Appropriate technologies
The development of efficient technologies for wa-

ter use and wastewater treatment is essential in com-
bating the Favela Syndrome. As far as industrial de-
mand is concerned, the focus should be on achieving
the lowest possible water consumption, whereas ef-
forts regarding domestic sewage in the favelas must
center on promoting and further developing low-
cost, easy-to-handle and, in general, regionally devel-
oped technologies with a low degree of complexity.
Support measures on the part of donor nations
should also foster international know-how and tech-
nology transfer in order to optimize research efforts
(technical capacity building). Special weight must be
placed on minimizing the energy needs of these tech-
nologies.

Improved cooperation between local govern-
ment and the informal sector

The self-help potential of the informal sector
should be exploited to a greater extent and integrat-
ed with decentralized public administration – not
least to relieve the latter of tasks and costs as well as
to find more rapid, appropriate and flexible solutions
for those worst affected by the Favela Syndrome. A
number of NGOs and CBOs (community-based or-
ganizations) in many cities of the developing world
have taken this route, gaining positive experience in
the management of infrastructural institutions and
the mobilization of local self-help within the frame-
work of urban supply projects (e.g. the Orangi Pilot
Project, Pakistan; Hardoy et al., 1995). Strengthening
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self-help potential, public participation and individu-
al responsibility may alleviate the syndrome-specific
mechanism in which bad governance and the grow-
ing importance of the informal sector are mutually
reinforcing, and in this way produce productive im-
pacts in the form of synergy effects.

Control of demand (water tariff systems)
The pricing systems operating in most large cities

affected by the Favela Syndrome do not reflect the
economic and environmental scarcity of water to an
adequate extent, so wastage is the invariable conse-
quence. On top of that, many poor consumers are
compelled to pay relatively high water prices to mo-
bile vendors because the water supply systems are so
inadequate. Existing water charges must be changed
so that they reflect scarcities and increase the reli-
ability of supply.To be environmentally and econom-
ically viable, water tariff systems should ensure that
the costs of collecting and using water are recovered,
particularly since the financial resources needed for
water management, water-related infrastructure in
settlements and resource protection play a role of
mounting importance in the cost structure of devel-
oping country economies (see recommended action
for securing minimum needs in Section D 5.4). A ba-
sic supply for low-income user groups must be guar-
anteed by imposing a basic charge that depends on
the ability to pay. Low-income users should be able
to reduce the amount they have to pay through active
participation in systems of water collection, water
supply and wastewater disposal. The demand of ma-
jor polluters or large consumers should be controlled
using the instrument of marginal cost tariffs. Taxing
consumption in this way is a financial incentive to use
water sustainably (Postel, 1993).

Framework program for inter-city 
cooperation
The Council urges that a framework program fo-

cusing on water be established for German cities
wishing to collaborate with cities in other countries.
On the basis of standard criteria for financial, organ-
izational, technical and research cooperation and as-
sistance, German and EU cities could apply to make
a specific contribution towards mitigating the Favela
Syndrome. The geographical focus should be on the
syndrome in general, which would extend coverage
to surrounding rural areas as well. The GTZ, which
has had many years of experience with water supply
and sanitation projects, could be commissioned to
implement such a project.

Technical measures
The paramount humanitarian aim of the recom-

mendations is to protect the health of the population

by improving sanitary conditions in the favelas. If the
severe threats to human health are to be reduced, it
is imperative to ensure safe and adequate water sup-
ply and wastewater disposal. Attaining this goal cre-
ates a breathing space for political activities aimed at
regaining control over uncontrolled urbanization.

In the medium to long term, action should be tak-
en to adapt the use of water in urban agglomerations
(as an economic resource and medium for wastewa-
ter disposal) to the principle of sustainability, in order
to protect the environment and the natural basis on
which all life depends. Neglecting these goals will
cause the risk of epidemics to rise, and in the long
term will generate increasing numbers of interna-
tional environmental refugees and other migrants;
this migration pressure will be directed primarily to-
wards the industrialized nations.
• Defining acceptable withdrawal volumes: Given

the finite nature of freshwater reserves and their
ubiquitous overexploitation, the primary issue is
to determine the maximum acceptable volume of
withdrawals, based on renewable water stocks, in
order to prevent the total depletion of water re-
sources (see the “guide rail” model,WBGU, 1997).

• Enhancing the efficiency of supply systems: The
low efficiency of many water supply and wastewa-
ter disposal systems should be improved by up-
grading and repairing them. In many cases, this
generates greater benefits than building new facil-
ities, because time and costs can be saved.

• Supplying rural areas: International financial as-
sistance should be channeled first and foremost
into supplying water to rural and low-income ur-
ban areas in the poorest countries of Africa and
southern Asia. The population there has minimal
access to drinking water and sanitation. In Ethi-
opia, Mozambique, the Congo, Pakistan, India and
Papua New Guinea, 80–90% of the people do not
have an adequate supply of water (World Bank,
1996).

• Groundwater protection and replenishment: Over-
drafting groundwater reserves can be countered
by enhancing groundwater renewal. This is done,
for example, by setting up protected water areas
with appropriate regulations governing land use
on soils with a high permeability to water and by
creating water reservoirs for artificial groundwa-
ter recharging in accordance with flood and dry
periods. This applies in particular to coastal re-
gions, where shrinking groundwater reserves may
be severely damaged by saline intrusion.

• Seawater desalination: One option for water pro-
duction in some coastal regions is to desalinate
brackish water and seawater. However, the draw-
back of this method is that it requires a high level
of technology, capital investment and energy in-
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Methodology for selecting appropriate
methods of wastewater treatment

The suitability of different wastewater treat-
ment systems depends on the size of settlement,
geological conditions, topography, water supply,
pollution, climate, the sanitary, socioeconomic
and technical conditions, the receiving waters to
which discharge is planned (river or irrigation sys-
tem) as well as the size and quality of the sewer
system (Arceveila, 1996).

Additional criteria relevant to wastewater dis-
posal techniques include degree of economic effi-
ciency, reliability, easy handling (“low technolo-
gy”), manufacture using indigenous resources, lo-
cal responsibility and integration of the commu-
nity. The life cycle analysis (LCA) method can be
applied to assess environmentally relevant im-
pacts. Relevant factors include sanitary efficiency,
energy flow, phosphorus flow and nitrogen elimi-
nation as well as nutrient loads from terrestrial to
aquatic habitats, qualitative and quantitative
changes in water supply, use of non-renewable en-
ergies and materials (pump energy, energy loss in
the form of methane, infrastructure and operating
equipment), economic costs and the amount of
reused water.

Once these criteria have been met, preference
must be given to the method with the lowest are-
al requirements, a simple design and an economic
utility value.

In dense settlement areas in hot climates, the
best systems for wastewater treatment are those
involving a combination of aerobic and anaerobic
systems and dry deposition of solids,“low technol-
ogy”, low energy consumption and which can also
profit from the high temperatures. The World
Bank has developed a suitable method for select-

ing low-cost methods of wastewater treatment in
developing countries with hot climates (Arthur,
1983). Preference is given here to wastewater
treatment in anaerobic ponds, where around
70–80% of the organic substance can be decom-
posed at 25 °C with minimal odors (given a maxi-
mum daily input of 350 g of degradable substanc-
es per m3 of wastewater).The pretreated wastewa-
ter is then safe to use as irrigation water, and can
be channeled to fields via reservoirs. Research
projects in this field should be aimed at minimiz-
ing the land area and energy required by the var-
ious methods in use.

A number of conceivable approaches to solv-
ing wastewater treatment problems in humid to
semi-arid regions is presented in Table D 3.5-5.

If the sewer system can be separated according
to different qualities of wastewater, the recyclabil-
ity of wastewater is enhanced:
- wastewater containing feces is hygienically un-

safe,
- wastewater without feces is unpleasant but not

hazardous, and therefore suitable as irrigation
water,

- treated wastewater without feces is suitable for
many uses as service water, in some cases as
drinking water.
A number of water-saving or dry sanitation

systems, usually on a decentralized basis, provide
an alternative to water-based disposal. They in-
clude low-cost types that can be installed with lo-
cal resources, e.g. the “pour flush latrine” and the
“ventilated improved pit (VIP) latrine”. The for-
mer consumes only 2–3 liters as opposed to the
8–20 liters of water needed for flushing with a
conventional WC (Hardoy et al., 1990).

These systems have a number of advantages
compared to the undesired and inefficient mix-
ture of different types of waste caused by water-
aided transport of human, domestic and munici-
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Type of facility Costs Areal Energy Complexity Efficiency
needs needs

Plant-growth beds low moderately high low moderately low temp.-dependent
Settling ponds low high low low temp.-dependent
Trickling filter moderate moderate average moderately low average
Activated sludge average low high high high
Multistage treatment high low very high high high

Table D 3.5-5
Wastewater treatment in humid to semi-arid regions.
Source: WBGU
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put; where solar energy is used, the area of land
needed is considerable.

• Water pricing: The measures required to enhance
groundwater renewal, etc. involve financial out-
lays that must be covered by prices or charges re-
flecting the true value of good water.

• Water tax: Industrial water consumption and
wastewater discharge will increase radically in the
urban centers of the developing countries, as will
the competition for water. Taxing the use of water
resources should be based on the “polluter pays”
and precautionary principles applied elsewhere by
environmental policymakers.

• Water recycling: Measures aimed at reducing the
strain on water resources include the use of tech-
nologies that protect water resources, especially
industrial water recycling, promoting the recycling
of water-intensive products and the use of appro-
priate wastewater treatment methods that ensure
compliance with the relevant requirements.

• Water monitoring: Municipal monitoring of pollu-
tion sources, waterbodies and water resources that
serve as receiving waters for wastewater discharge
should be carried out on a long-term basis.This re-
quires the establishment of regionally appropriate
environmental regulations regarding the quality
of treated wastewater.
Separating industrial from municipal wastewater

enables toxic substances to be treated more efficient-
ly. Pretreated or separately collected wastewater is
better suited to reuse, e.g. in irrigation. A method for
selecting suitable wastewater treatment processes in
developing countries was developed in the context of
the HABITAT II conference (see Box D 3.5-2).

Health-related activities
A key function in the elimination of health risks,

besides the provision of safe drinking water, is per-
formed by wastewater treatment, which must pre-
vent the survival and circulation of pathogens. Ap-
propriate systems must be selected by analysing local
conditions with respect to the transmission of dis-
ease. Technologies matching the particular context

are essential, as is the participation of the local popu-
lation in improving sanitation facilities. Excellent re-
sults have been achieved with decentralized systems
in which users participate in the design stage and
where active involvement of the local population in
the construction phase is encouraged. Identification
with the project is fostered and secured on a long-
term basis through communication, training pro-
grams and participation (the “wastewater neighbor-
hoods” in Brazil, for example).

Since pathogens occur almost exclusively in excre-
ment, sanitation systems that separate urine and fe-
ces reduce wastewater contamination, and enable fe-
ces to be disposed of as dry substance instead. Less
water is therefore needed for flushing.

The WHO (1995) describes the percentage reduc-
tion in the risk of diarrheal infection as follows:
– Improved water quality: 16%.
– Improved water availability: 25%.
– Combination of improved water quality and water

availability: 37%.
– Improved excrement disposal: 22%.

In regions with a low water supply, treated waste-
water can be used for irrigation.The WHO has issued
guidelines for safe use of service water.These address
the various ways in which diseases can be transmit-
ted, depending on the type of pathogens, their survi-
val in wastewater, the transmission methods, the
crops grown and the exposition of rural workers and
consumers, as well as body hygiene and immunity.To
ensure health protection, however, it is essential that
wastewater be treated. In hot climates, anaerobic
ponds (sedimentation basins) are highly effective in
destroying pathogens. Where land prices are low,
these represent a low-cost wastewater treatment
method that is easy to build and operate.

Waterborne infectious diseases are a characteris-
tic feature of the Favela Syndrome. Given the rapid-
ity with which these diseases propagate, combating
epidemics with a reactive approach – sending doctors
and aid to the hot spots as required – has its obvious
limits. Pathogens, particularly in the form of new mu-
tants, can be spread throughout the world very quick-

pal wastes: in contrast to water-based methods,
they do not transport nutrients and foreign sub-
stances from terrestrial to aquatic systems, and
due to separate deposition the different wastes
can be used as fertilizer after appropriate treat-
ment.

Yet systems of this kind have been used to only
a minimal extent so far. Special purification pro-
cesses are necessary to treat toxic wastewater,

which usually comes from factories. Only small
quantities of organic toxic substances can be de-
composed by microorganisms using conventional
methods, and heavy metals can be removed only
by adding special chemical substances (chelating
agents). In temperate climates, heavy metals in
composted sewage sludge can be absorbed by
worms and stored in humic substances (Protopop-
ov, 1995).
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ly by tourists and business travelers, migrants and ex-
ported goods. For this reason, future efforts must be
concentrated more on preventive measures, such as
improving water quality. A paradigm shift might be
achieved in this context, since investments in a regu-
lated drinking water supply and sewage treatment
promise one of the highest possible “health gains” in
the fight against many diseases. With these impacts,
such investments are also important measures for
stabilizing population size and combating poverty
(see Section D 4.2).



Key issues4

4.1
International conflicts

Water conflicts – Ataturk Dam – Jordan Basin –
Gabcikovo Dam – Great Lakes in North America –
Different lines of conflict and utilization claims – Glo-
bal dimension of regional conflicts – Protecting the
world natural heritage – Persistent Organic Pollutants
(POPs) – The right to water – Conservation of fresh-
water resources as a multilateral task

4.1.1
Basic elements of conflict analysis

In studying international conflicts, social science
has developed and empirically tested a variety of
theoretical approaches that can also be used to ana-
lyze conflicts over the allocation and utilization of
freshwater resources. Within such approaches, con-
flicts are classified according to the specific policy
fields to which they relate, which permits conclusions
to be drawn about the way in which the respective
conflicts are fought out, as well as appropriate means
of resolving them. Another scale on which to evalu-
ate conflicts is the likelihood of their being managed
on the basis of ad hoc cooperation between the states
involved, or regulated by well-established “interna-
tional regimes”. The term “regime”, which originates
from the field of jurisprudence, refers in the disci-
pline of international relations to a set of implicit or
explicit principles, norms, rules and decision-making
procedures around which actors’ expectations con-
verge in a given issue area (Krasner, 1983; Rittberger,
1993; on environmental regimes: Young, 1994).
“Rules” are specific delimitations on what states
may, must or must not do that must largely be com-
plied with in practice. For an international regime to
exist, the activities of states in a specific issue area
must be explicitly guided by binding rules.

A conflict typology could distinguish between
conflicts of interest, conflicts over means or conflicts
over values (e.g. Aubert, 1972).

• A conflict of interest between two actors results
from scarcity of some kind: two actors want the
same object, but there is not enough to satisfy
both.

• A conflict over means arises when there is dissen-
sion over the right way to achieve a common goal.

• A conflict over values is based on dissension re-
garding the status of an object in terms of catego-
ries such as security, power, dominance or territo-
riality (e.g. spheres of influence, borders).
A further distinction may be drawn between abso-

lutely and relatively assessed goods. Absolutely as-
sessed goods, e.g. an adequate supply of clean water,
are those which acquire their value independently of
how much the other parties to the conflict possess.
Relatively assessed goods, in contrast, obtain their
value by virtue of the fact that one or more actors
have a greater share than other parties.

By applying these distinctions it is possible to as-
sess the conduciveness to cooperative conflict man-
agement and to regulation by international regimes
(regime-conduciveness). The social sciences provide
substantial research evidence confirming that con-
flicts of interest over absolutely assessed goods show
a high propensity for international cooperation,
whereas conflicts over means are less conducive, and
conflicts of interest over relatively assessed goods are
much more difficult to regulate. Conflicts over val-
ues, i.e. security, dominance, spheres of influence and
similar, show the lowest propensity for regime forma-
tion (Fig. D 4.1-1).

According to this typology of conflicts, pure con-
flicts over freshwater in which the issue relates
“only” to a scarce resource are more likely to be re-
solved by cooperative means, as the cases cited dem-
onstrate (see Section D 4.1.3). Such conflicts are
more liable to produce a consensus regarding alloca-
tion of the resource than conflicts over arms threats
or status, which are assessed in relative terms by the
parties concerned. In cases where conflicts over
freshwater resources involve political goals such as
the wielding of power, national security, the exercise
of political influence or similar, the prospects for



205Pathways to conflict management D 4.1.2

cooperative and consensual conflict management are
much less.

4.1.2
Pathways to conflict management

The first step towards settling a conflict is for the
parties to be willing and prepared to communicate
with each other. It is of critical importance, in achiev-
ing a consensual agreement or compromise, that the
opposing parties abandon at least some of their
standpoints and enter a cooperative discourse. With-
in such discourse, the participants act communica-
tively. In the ideal-typical form, communicative ac-
tion is strategic action aiming at mutual understand-
ing (Habermas, 1981). Strategic action is rational,
purposive action in interdependent decision-making
situations, in which the actors are aware that the re-
sult of their actions depends not only on their own ac-
tions, but also on those of others (Keck, 1995). Ac-
tions are rational when the objectives are achieved in
the optimal way. However, these principles are not
sufficient in themselves to explain the behavioral
changes that are induced in actors by, for example, re-
gimes in international relations (see Section D 5.5.3)
or by decentralized decision-making and agreement
as a result of mediation (see Sections 5.3.2 and D
5.5.4). These actions are based instead on the goal of
understanding and agreement. The actors intend by
their actions to arrive at agreement on the situation
so that they are able to coordinate their activities on
a mutual basis (Habermas, 1981). Action based on or
aimed at mutual understanding enables solutions to
the conflict to be found through argumentation. Pol-
itics, and international politics in particular, consists
primarily of speech interactions. Borrowing from
Müller (1994), we can identify three points that are
decisive for actors to attain their goals through coop-
eration:
1. mutual trust in the sincerity, reliability and cred-

ibility of the other’s language,
2. agreement on the definition of the situation and

the normative framework; and
3. compromise on allocations.

In social situations where action is geared to
agreement, the very preferences of actors are open to
change (Risse-Kappen, 1995). In the process of
reaching an understanding, argumentation is the dis-
cursive element by which claims can be asserted, i.e.
everyone engaged in this process must be prepared
from the outset to be persuaded through the argu-
ments of the other. The operation of such processes
in intergovernmental negotiations can be seen when
the issues relate not only to the authenticity of lan-
guage, but also to arguments derived from convic-
tions that are based for their part on what are accept-
ed as facts or as normatively desired (Zangl and
Zürn, 1996). Of critical importance for the outcome
of the communicative process is that no one party in
this situation has superior power resources, so that a
voluntary agreement to cooperate arises solely
through the persuasive strength of the better argu-
ments (see Box D 4.1-1).

4.1.3
Regional water conflicts

In the following, we examine various examples of
international conflicts over freshwater resources
with special reference to the way they are handled
politically.This will indicate the range of possible and
empirically identifiable patterns of cooperation,
from very cooperative forms of conflict manage-
ment, such as those between Canada and the USA, to
totally unregulated conflicts. According to Müller
(1993), cooperative arrangements are in place for
two-thirds of the world’s 200 transboundary water-
courses, 30 of these being administered or governed
by special organizational bodies. Each of the case
studies begins with a brief introduction, followed by
an assessment of the escalation risk.

4.1.3.1
The Ataturk Dam on the Tigris-Euphrates

Turkey is currently engaged in one of the biggest
water development projects in the world and the

Conflicts of interest

Conflicts about
values and means

Values

Means

Relatively assessed
goods

Absolutely assessed
goods

Low
regime-conduciveness

High
regime-conduciveness

Moderate
regime-conduciveness

Very high
regime-conduciveness

Figure D 4.1-1
A typology of conflicts.
Source: Efinger et al., 1988
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BOX D 4.1-1

Game-theoretical modeling of conflict
situations

Game theory can be applied in order to model
conflict situations or negotiations in which actors
take decisions. Game theory analyzes the struc-
ture of strategic decision-making that is generated
by the rational calculations of actors. The behav-
ior of actors and the course of the conflict, as well
as the decisions of actors are simulated in such a
way that possible future outcomes can be predict-
ed. Game theory (see, for example,Axelrod, 1987;
Putnam, 1988; Zürn, 1992; Keck, 1993) distin-
guishes between cooperative and non-coopera-
tive games. In other words, situations are modeled
in which there are possibilities of conflict with
confrontational interests, on the one hand, and
opportunities for cooperation with mutual inter-
ests, on the other. The advantage of game theory
lies in its simplification of real-life situations,
which means that complexity is reduced and con-
ceivable outcomes can be predicted, but this is
also the source of the theory’s deficiencies. Critics
point out that, by reducing the complexities of the
real world to a small number of players and sim-
plified situations, game theory provides a poor re-
flection of the multi-layered structures in interna-
tional relations and the multitude of factors in op-
eration. Real-world conflicts frequently involve a
large number of protagonists with divergent inter-
ests, which are lumped together or simply ignored
by game-theoretical approaches.

People exert influence on each other through
their behavior, and different types of behavior
change the world in which actors operate. Game
theory is a method that can be used empirically
for describing and analyzing situations in which
the value of a decision-maker’s objective function
depends not only on his or her own decisions, but
also on those of others. Actors may choose coop-
erative or non-cooperative means, to solve eco-
nomic, political or military problems, for example.
It is assumed that their behavior is rational, and
that they will try to maximize their rewards. The
name “game theory” derives from the fact that
mathematical formulation of situations with sev-
eral decision-makers – individuals, groups, enter-
prises or nations – bears similarities to strategic
board games. In game theory, decision-makers are
called players, and their objective function is a
pay-off or a utility function. This function defines

the pay-off or the benefit for a player if he plays a
certain strategic combination. A game is de-
scribed in terms of the number of players, the set
of strategies defining the range of possible combi-
nations of the players’ strategies, the utility or
pay-off function, and the rules of the game. Each
player chooses a strategy – bearing in mind that
the potential benefit is determined not only by his
own decisions, but also by those of third parties.
The strategies tell the player what action he must
choose in a certain game state in the light of avail-
able information in order to maximize his expect-
ed benefit.

Game theory is a useful tool for analyzing the
impacts of rules governing interpersonal rela-
tions. The simplest, “classical” game-theoretical
situation is the Prisoner’s Dilemma, a lucid
demonstration of conflict potential between indi-
viduals and the importance of rules. In the situa-
tion as originally invented, from which the game
takes its name, two people are caught for a minor
offense, and possibly a serious crime to which they
have not (yet) confessed. Different pairs of re-
sponses – one confesses, both confess, neither con-
fesses – lead to different sentences, and it can be
shown that individually rational behavior leads to
a relatively bad outcome for both if there is no
contact between them.

Environmental problems can frequently be
modeled as Prisoner’s Dilemmas. The following
situation can serve as an example: in manufactur-
ing certain products, two states,A and B, discharge
contaminated effluent into a shared waterbody.
The production of these goods provides the in-
habitants with a quantifiable benefit valued at 8. If
the effluent is not treated, the water becomes so
polluted that neither side is able to derive any fur-
ther benefit from it. If both states implement mea-
sures to treat the effluent, the improved quality of
the water generates a benefit of 6 for the inhabi-
tants of both states, whereby the costs for treating
the effluent are valued at 4. If only one state im-
plements such measures, this produces a benefit
of 3 for both states due to the improved water
quality.
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most ambitious development project in its history –
the series of dams referred to as the Southeastern
Anatolia Project (Günedogu Anadolu Projesi –
GAP). One indication that this gigantic water devel-
opment project is likely to cause major tensions with
neighboring states are the surface-air missiles that
Turkey has installed to protect the project from mili-
tary attack. However, this does not necessarily imply
that the dam would automatically lead to open war-
fare between Turkey as the upper riparian, Syria as
the middle riparian and Iraq as the lower riparian.
Even though no trilateral negotiations for allocating
the waters of the Tigris-Euphrates are being conduct-
ed, there is no acute risk of war at present.

Unilateral vociferation of needs and uncertainty
about the intentions of other riparians together pro-
mote an atmosphere of mistrust and generalized
wishful thinking in the region, which in the medium
term could severely exacerbate the existing problems
concerning resource distribution and the environ-
ment in the Tigris-Euphrates basin. If burgeoning
growth of water demand is compounded by unex-
pected dry spells, political relations between the
three riparians may deteriorate rapidly. Armed con-
flict, triggered off by different perceptions, cannot be
wholly excluded, particularly since the Near and

Middle East will probably be regions with severe wa-
ter stress in the next century.

The real source of animosity is the Ataturk Dam,
the heart of the large-scale water development pro-
ject in Turkey that is supposed to turn southeast An-
atolia into a prosperous, dynamic economy. The stor-
age capacity of all the dams taken together will
amount to about 115–120 billion m3 in the year 2000.
Syria and Iraq, the downstream riparians, are there-
fore anxious that the planned projects in the upper
reaches, in addition to those already constructed, will
impose serious restrictions on their freshwater re-
quirements, which are growing substantially. The
streamflows for the Tigris-Euphrates basin are in fact
known, so the gap between demand, on the one hand,
and current and forecast requirements, on the other,
can be assessed with some precision. Deducting the
water volume consumed in the upper reaches results
in an average streamflow at present of approximate-
ly 700 m3 per second. In bilateral negotiations with
Syria and Iraq in 1984 and 1987,Turkey guaranteed a
streamflow at the Turkish-Syrian border of 500 m3

per second, which Syria and Iraq agreed at their own
discretion to share in a ratio of 58 to 42. If the “equi-
table” shares the parties have accorded each other
are compared with the existing water volume of

B
Strategy 1 Strategy 2

Strategy 1 I II
10, 10 7, 11

A

Strategy 2
III IV

11, 7 8, 8

Cells I–IV in the matrix show the size of the net
pay-off to the inhabitants of A (left) or B (right).
If both states refuse to treat their wastewater,
their pay-off from the production of goods will be
8 in each case (cell IV). If both states implement
measures to treat their wastewater, each society
will have a net pay-off of 10 (cell I): the net pay-
off from production is reduced by the costs of
wastewater treatment from 8 to 4. This loss is off-
set by the net gain from the utility value of the pu-
rified, shared water, which amounts to 6 for each
state.

In the situation as described, a dominant strat-
egy will emerge for both A and B if neither knows
the strategy adopted by the other: regardless of
the behavior of B, A will always choose strategy 2

(no wastewater treatment), and regardless of the
behavior of A, B will always select strategy 2 (no
wastewater treatment). If country B decides to
treat its effluent, the population of A will obtain a
benefit of 11 by refusing to treat its effluent. The
benefit would be only 10 if A opted to implement
wastewater treatment as well. If B decides against
treatment, the people in A are still better off if
they adopt strategy 2 (no treatment) (benefit of 8
instead of 7). Regardless of B’s behavior, the ben-
efit is greater for the people in A if they decide
against purifying their wastewater. The same ap-
plies for the people in B. Since both states will act
rationally – in the absence of cooperation – and
decide against wastewater treatment, the situa-
tion in cell IV will ensue. However, the people in
both states would be better off if both A and B
were to treat their effluent. Each society could
then achieve a benefit (utility) value of 10. To
bring about this situation, it is necessary to have
rules that effectively reduce the uncertainty about
the behavior of the respective other. Unless there
are binding rules governing their behavior, both
states will act in such a way that the outcome pro-
duced is that of cell IV – the situation neither side
wants.



208 D 4.1 International conflicts

700 m3, then the volume actually in dispute is around
200 m3 per second. In other words, the issue revolves
around the allocation of 21% of the Euphrates wa-
ters.

A consensus solution is impeded by development
targets and strategic interests that have led in recent
years to major divergence between positions. These
include the consumption targets of the three ripar-
ians, which have been set very high or even exagger-
ated in each case, given the focus on agricultural
modernization and the locating of new industry, in
order to achieve a better bargaining position. Both
present-day requirements and future consumption
targets are far in excess of the river basin’s capacity.

Another factor is the complexity of security issues
in the Tigris-Euphrates basin, with a specific constel-
lation of conflicting forces emerging due to the geo-
strategic location of the riparians as well as cultural,
socioeconomic and environmental differences.There
is a long-standing tradition of regional conflicts – the
Ottoman Empire dominated the entire region right
up to the First World War, so Turkey’s current dam
projects awaken bad memories of Ottoman hegemo-
ny in Syria and Iraq. The megadam project must also
be seen in the context of domestic problems in south-
east Anatolia; the project stands symbolically and
within development policy for the integration of east
Anatolia, and hence the Kurdish people, into the
Turkish state.

However, Turkey is able to mobilize strong
economic and environmental arguments in support
of its claim, as upper riparian, to be responsible for
water use in the entire basin. It may indeed make
good economic sense to operate irrigation schemes
where they are most productive and consume scarce
water resources most sparingly. But a regional “divi-
sion of labor” along these lines would increase the
vulnerability of the downstream riparians; despite
the higher costs involved for them, Syria and Iraq are
endeavoring to engineer a national supply basis that
is as independent of Turkey as possible. Moreover,
the majority of the Syrian and Iraqi population com-
prises small farmers for whom these waters are an es-
sential basis of their livelihood.

Nevertheless, Syria and Iraq have divergent inter-
ests – for Syria, in particular, the Euphrates is the
central source of water for industry and agriculture.
Because precipitation falls to as little as 200 mm a
year in the inland areas, agriculture is only possible
with irrigation. If Turkey implements its plans for the
upper reaches of the Euphrates, Syria might face sus-
tained water scarcity. For this reason, Syria proposes
that demand and supply be calculated separately for
all three countries. Iraq, on the other hand, has a
stronger position vis-à-vis Turkey. Firstly, it is not ex-
clusively dependent on the waters of the Euphrates,

but now has the Tigris virtually all to itself. Secondly,
it is able to couple the flow of water from Turkey to
the flow of oil into Turkey. Moreover, Iraq lays claim
to an “historical right” to irrigate additional areas, in
that some irrigation systems have been in operation
since the ancient Sumerian dynasties. But it is pre-
cisely this aspect that makes Iraq vulnerable, because
irrigating 1.95 million hectares of cropland creates
the highest level of water consumption in the entire
region.

Within this complex web of conflicts, Syria has a
middle position both geographically and politically. It
has been exposed to increasing pressure from both
sides. Because of its own high level of water con-
sumption and the history of hostilities between the
two nations, Syria would be very unwilling to join
sides with Turkey against the downstream riparian,
Iraq. But a joint approach by Syria and Iraq is incon-
ceivable since the second Gulf War, certainly not with
the political systems currently in place in the two
countries. For all the differences in positions and
interests, Turkey and Iraq might possibly manage to
reach bilateral agreements to the detriment of Syria.

The different positions of the three riparian states
are also expressed in divergent interpretations of
international law on freshwater resources (see Sec-
tion D 5.5). Whereas Syria and Iraq seem to focus
their policy of “fair” share on the legal concept of
“shared resource”, Turkey insists as upper riparian
on a fundamentally different analysis; it rejects both
neighbors’ claims to two thirds of a resource that is
situated in 88.7% of Turkish territory.The same argu-
ment is advanced in respect of the Tigris.The position
taken by Iraq, which wants to safeguard 83% of the
Tigris waters for itself and concede only 13% to Tur-
key, even though 52.8% of the water is on the latter’s
territory, is rejected as inequitable. Turkey favors the
concept of “equitable and reasonable utilization” of
transboundary watercourses, which according to its
view, takes general precedence over the “no harm
rule”, thereby favoring the interests of upstream ri-
parians. Furthermore, it has to be noted that Turkey’s
reliance on the principle of “equitable and reason-
able utilization” depends highly on its own percep-
tion of the rule. Consequently, Turkey was one of
three States that opposed the adoption of the “Con-
vention on the Law of the Non-Navigational Uses of
International Watercourses” on May 21, 1997 by UN
General Assembly Resolution 51/229 [36 I.L.M. 700
(1997)]. The Convention, which was negotiated on
the basis of the International Law Commission’s
Draft Articles on this subject matter (UN Document
A/49/10), lays down a different basic understanding
of the principle of “equitable and reasonable utiliza-
tion” and strikes a different balance between the two
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fundamental rules, which Turkey perceived as unac-
ceptable.

Opportunism feeding on geographical factors is
only one reason for implementing a comprehensive
water regime in the region. Such a regime would have
to give adequate consideration to the complex and
interdependent roots of potential conflict in the var-
ious river basins.

Another dimension of the water conflict is its in-
strumentalization by the strategic interests of other
nations. The different interests of the three riparians
relate not only to the water resources themselves or
to technical aspects, but are rooted primarily in his-
torical and political developments.

Turkey, for example, sees itself more and more as
a global player in the political arena ever since the
disintegration of the USSR. As a member of NATO,
a candidate for EU accession and for full member-
ship in the WEU, Turkey is striving for a bridging
function between East and West that would permit it
to operate as a regional superpower in all directions.
The country has considered itself since 1989 as one of
the main pillars supporting the establishment of a
stable architecture for pan-European security. On
the other hand, it is located geographically in the
midst of a circle of acute conflicts in the Balkans, the
Caucasus, in Central Asia, the Near East and the
Middle East. The claim to power deriving from such
a bridging role provokes unpleasant memories
among Arab neighbors of the period prior to the Ot-
toman Empire’s demise.

Governments in the region link solutions to the
Kurdish problem directly and indirectly to the water
issue. Direct links are generated above all by nation-
al issues within Turkey. Observers assume that Turk-
ish politicians are very unlikely to invest billions in a
region they believed might become autonomous or
achieve independence in the middle to long term. On
the contrary, GAP stands symbolically and within de-
velopment policy for the integration of east Anatolia
and its inhabitants into the Turkish state. These ef-
forts to integrate the region economically are an in-
dication, in turn, that any policy change involving rec-
ognition of the Kurds as a national minority is incon-
ceivable for policymakers. The armed conflict that
has flared since 1984 between the Kurdish Workers’
Party (PKK) and the Turkish military has repeatedly
delayed work on the project, and discouraged many
foreign investors.

There is very little likelihood, in the present at
least, that the water problems in the Tigris-Euphrates
basin will escalate into armed conflict over the distri-
bution of water resources. However, if the riparians
continue to insist on unilaterally defined consump-
tion targets, the security risks will mount. Any analy-
sis of future threats must recognize the roles played

not only by typical security policy and competing
geostrategic interests in a scarce resource, but also by
environmental security issues. Indeed, it is precisely
the radical transformation of the basin’s environ-
ment, mediated through the socioeconomic prob-
lems of the rural producers in all three countries, that
may destabilize international security. Conflicts over
resource distribution within the three countries will
promote the marginalization of the rural population.
The Ataturk Dam is more likely to boost rural pover-
ty than mitigate it.

Turkey’s Three-Staged Plan for Optimum, Equita-
ble and Reasonable Utilization of the Transboundary
Watercourses of the Tigris-Euphrates Basin could
provide a basis for compromise.The first stage envis-
ages the exchange and evaluation of meteorological
and hydrological data, as well as the calculation of
water quantities and water losses at agreed measure-
ment sites. The second stage comprises an inventory
of arable land, the evaluation of soil quality and as-
sessments of use patterns and irrigation systems. The
third stage requires the integrated evaluation of land
and water resources, with the objective of minimizing
water losses and water consumption by identifying
and implementing advanced irrigation systems.
These activities are supplemented by the evaluation
of total water consumption by the three states, the
measurement of evaporation rates, and more.

The plan is a good basis for a regional water re-
gime. However, an essential requirement is that Tur-
key take into consideration the objections raised by
the two downstream riparians regarding the political
leverage that Turkey would gain and their anxieties
about being dependent on Turkish goodwill. Includ-
ing the degree of external vulnerability as a further
criterion would be one way to do this. The objective
would have to be a reduction in the possibility of one
party causing harm to another.The number of people
per unit of flowing water could be used as an indica-
tor in this context. Negotiations must be based on the
accepted principle that the economic and environ-
mental costs generated by a purely unilateral or even
confrontational approach would greatly exceed the
size of concessions needed in the middle term in or-
der to engineer a cooperative solution.

4.1.3.2
The Jordan basin

The conflict in the Middle East between Israel and
its Arab neighbors relates first and foremost to na-
tional security and territorial claims. However, there
is a further dimension, a “conflict of welfare” involv-
ing disputes over a limited resource, which has been
gaining in significance (Schmid, 1993). The conflict
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over finite water resources can be traced back to the
very beginnings of the Middle East conflict, but has
become increasingly important in recent years. On
the one hand, the fact that Israel obtains 50% of its
waters from the disputed territories means that the
overall peace process in the region involves not only
security issues but also Israel’s water supply. On the
other hand, the growing relevance of the waters in
the Jordan basin can be attributed above all to popu-
lation growth in the region, the overexploitation of
water resources – especially through the explosive
growth of irrigated agriculture (Renger, 1995) – and
water pollution (Libiszewski, 1995).The waters of the
Jordan and Yarmuk are crucial to the existence of Is-
rael and its Arab neighbors (Durth, 1996; Dombrow-
sky, 1995).

Solving the water conflict will not suffice to re-
solve the overall conflict, but it is an essential compo-
nent of any solution. The rights to watercourses have
played a decisive role since the Israeli state was first
established. Johnston’s Unified Plan of 1955, which
contained proposals for sharing the waters of the Jor-
dan and Yarmuk among Israel, Jordan, Lebanon, Syr-
ia and the West Bank, failed to take hold due to the
lack of consensus from Syria and Lebanon. Exploit-
ing this unregulated situation, Israel was drawing al-
most twice as much water from the Jordan in the ear-
ly 1990s as envisaged by the water-sharing regime in
Johnston’s Unified Plan (Lehn et al., 1996). The dis-
pute between Israel and its neighbors is closely
linked to the question whether the allocations ac-
cording to the Unified Plan have effectively been
shifted in Israel’s favor as a result of the latter’s terri-
torial gains (Soffer, 1994). However, the security con-
flict over territory and borders that has been waged
in numerous wars has been going through a phase of
consolidation since 1990. In the current situation, the
conflict over use and allocation of the water resourc-
es must be seen as a “conflict of interests” as opposed
to a conflict over values, with water being assessed
absolutely and not relatively. This means, compara-
tively speaking, that there is now a “very good”
chance of regime-formation if research findings in
the social sciences are anything to go by.

Initial steps towards formation of a water-sharing
regime are contained in the Israeli-Jordanian Peace
Treaty concluded on October 24, 1994. The treaty
contains detailed provisions concerning quantitative
allocations, protection of water quality and the re-
quirement to manage and develop their water re-
sources in such a way that no harm is done to those
of the other party. The substantive content of the
peace settlement is based on the doctrines of custo-
mary international law.

An unusual feature of the treaty, and one which
relates the specific circumstances faced by the two

countries, is their recognition that existing resources
are not sufficient to meet their needs and that the
parties must therefore cooperate in order to develop
new water resources (Alster, 1996): expanding Jor-
dan’s supply of water could only be achieved other-
wise if Israel were to limit its own share – a conces-
sion that would be unacceptable to the Israeli popu-
lation.

Unfortunately, very little progress in implement-
ing the treaty commitments has been achieved to
date. Moreover, a bilateral agreement of this kind
must become an integral part of a wider, basin-wide
agreement among all the riparians if the conflict is to
be resolved.The Declaration of Principles on Interim
Self-Government Arrangements concluded by Israel
and the PLO in October 1994 is a further element of
such an accord.A possible forum for settling the con-
flict is the working group on regional water resource
management set up within the framework of multi-
lateral peace negotiations. The background to the
working group was the realization that certain issues
can only be dealt with in a regional and international
context (Renger, 1995). Participants in the working
group negotiations include not only the immediate
protagonists, but also other states from the region as
well as leading nations in world politics and the glo-
bal economy.

Johnston’s Unified Plan of 1955 is often cited in
the literature as an example of a non-zero sum game.
This is because it involved not only the riparian states
but also external third parties who could mediate be-
tween the conflicting parties, provide technical and
financial assistance, or apply political pressure on the
parties (Eaton and Eaton, 1994). There were there-
fore obvious parallels to the working group on water
resources within the multilateral peace talks.

The working group on water has been unable so
far to reach any significant decisions due not least of
all to the integral role played by the water issue with-
in the process as a whole. Some results have been
achieved in connection with water harvesting issues,
where the focus has been concentrated on the search
for technical solutions to water scarcity. But what is
really needed is a political solution. Political success-
es to date have been rather modest: for the first time,
Palestinians have been accepted by Israel as partici-
pants in this forum.

4.1.3.3
The Gabcikovo Dam on the River Danube

International conflicts over transboundary waters
can be settled not only through direct negotiations,
but also by bringing them before international courts
or tribunals. In the latter case, states no longer have
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the last word regarding the outcome, which is deter-
mined on the basis of the relevant regional treaties or
customary international law. Precisely on account of
the uncertain outcome in such cases, the jurisdiction
of international tribunals has played a secondary role
in international politics.

A contrary example is the conflict between Hun-
gary and the Slovak Republic over dams on the Riv-
er Danube. In 1993, the two states brought their long-
standing conflict before the International Court of
Justice (ICJ) in The Hague, after mediation by the
EC had failed to engineer a settlement.As far back as
the 1950s, Czechoslovakia and Hungary had given
thought to a joint hydroelectric dam project on the
Danube; in 1977, the two states signed a treaty to this
effect, in which they agreed to build a hydroelectric
dam at Gabcikovo, on the Czech side, and to create a
reservoir upstream from Gabcikovo at the Hungar-
ian town of Dunakiliti. The Gabcikovo dam was de-
signed for peak-load operation, i.e. the turbines were
not to be driven by the natural streamflow of the Da-
nube. Instead, the river was to be held back for 18
hours a day in order to achieve a higher output from
the turbines (720 megawatts) during the remaining
six hours of the day in which the water would be al-
lowed to flow.This would have enabled power gener-
ation to be synchronized with peak demand for
electricity. On the other hand, this system requires an
additional, downstream reservoir for evening out the
daily fluctuations in water level – essential for navi-
gation, for example.According to the 1977 treaty, this
lower dam was to be built at Nagymaros in Hungary.

In 1989, Hungary decided to stop work on the pro-
ject and asked Czechoslovakia to follow suit, particu-
larly in view of the environmental hazards induced
by the project. Prior to this step, there had been con-
siderable opposition from the Hungarian population,
supported by the Hungarian Academy of Science.
Czechoslovakia did not share Hungarian misgivings
about the environmental impacts and continued with
construction of the Gabcikovo dam.To substitute for
the Hungarian dam at Dunakiliti, it drew up an alter-
native plan that envisaged a reservoir at Cunovo, on
Czech territory, and then proceeded to implement
the plan (“Variant C”). Hungary responded by re-
scinding the treaty on May 19, 1992.The Cunovo dam
enabled Slovakia to operate the hydroelectric power
station at Gabcikovo using the natural streamflow of
the Danube.

As Klötzli (1993) has shown in a study conducted
as part of the Environment and Conflicts Project, the
Gabcikovo project contains the germs of a conflict
going much further than the purely environmental
context. The Danube project, designed under the so-
cialist regime, endangers not only the balance of na-
ture in a unique floodplain landscape, but is being in-

creasingly instrumentalized by both sides in connec-
tion with the national minorities issue. Both sides are
misusing the environmental conflict in the conflicts
over the rights of minorities .

That said, Hungary and the Slovak Republic took
the step of bringing the issue before the Internation-
al Court of Justice in 1993. It is interesting to note
that Hungary is basing its position before the ICJ pri-
marily on environmental arguments. It is anxious
about losing biodiversity, about disruption of the bal-
ance of nature in the region, and about deterioration
in the quality of Danube water; the latter would jeop-
ardize the supply of drinking water to Budapest,
which covers most of its needs from wells sunk into
the sand and gravel beds beneath the river’s flood-
plain.The Czech side responds to these objections ei-
ther by rejecting them outright, or by referring to
possible counter-measures.

The case, which the ICJ decided recently on Sep-
tember 27, 1997, was very complex, both legally and
practically. In its judgement the ICJ found that Hun-
gary, for example, has violated the legal principle of
pacta sunt servanda by unilaterally suspending its
contractually agreed operations at Nagymaros and
Gabcikovo.The Court clarified that a “state of neces-
sity” as invoked by Hungary and laid down by the
International Law Commission in Article 33 of the
Draft Articles on the International Responsibility of
States (Yearbook of the International Law Commis-
sion, 1980 Vol. II, Part 2, p. 34ff., to which the ICJ re-
ferred; meanwhile the draft articles have gone
through a second reading: see GAOR 51, Supp.10,
p. 125, to be found at http://www.un.org./law/ilc/
chap03.htm#doc74) could not permit the conclusion
that the treaty obligations had ceased to be binding
upon it. A “state of necessity” would prohibit the in-
currence of international responsibility only. It is
worthwhile to point out that the ICJ acknowledged
expressly that ecological concerns – as expressed by
Hungary – could indeed relate to an “essential inter-
est” of a State required to invoke a “state of neces-
sity”. It stressed the great significance it attaches to
respect for the environment, not only for States but
also for the whole of mankind. However, the Court
found that Hungary had not convincingly shown that
a real,“grave” and “imminent”“peril” to the environ-
ment as an essential interest to Hungary had existed
in 1989.

The Court continued by finding that Czechoslov-
akia was entitled to proceed, in November 1991, to
the “provisional solution” as described in the Special
Agreement. Hungary’s reaction, the termination of
the 1977 Treaty and related instruments, did not
therefore have the effect of terminating them. On the
other hand Czechoslovakia was not entitled to put
the “provisional solution” into operation from Octo-
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ber 1992 onwards. Finally, the Court decided that
both Parties have to compensate each other for the
damages incurred by their unlawful acts and that
Hungary and Slovakia must negotiate in good faith in
the light of the prevailing situation, and must take all
necessary measures to ensure the achievement of the
objectives of the Treaty of 1977, in accordance with
such modalities as they may agree upon. Part of it will
be the establishment of a joint operational regime in
accordance with the 1977 Treaty.

The future is likely to see more international con-
flicts ensuing from divergent assessments of the envi-
ronmental impacts of a nation’s activities, especially
since environmental awareness and environmental
standards vary from one state to the next.The ICJ ad-
vanced and strengthened international environmen-
tal law by acknowledging an “environmental state of
necessity”. Nevertheless, the decision shows the re-
strictions that environmental protection by law faces:
uncertainties in fact cannot wholly be compensated
by law. The willingness of Hungary and Slovakia to
bring the controversy before the ICJ should be
viewed as a notable example of conflict settlement.

4.1.3.4
The Great Lakes in North America

The US-Canadian regime governing transboun-
dary watercourses shows that conflict over freshwa-
ter resources can be solved by peaceful means. In
1909, the two states signed the first Boundary Waters
Treaty, to which many amendments and additions
have since been made.The regulations relating to the
Great Lakes are seen as a pioneering achievement in
the monitoring of water pollution in a shared river
basin and its ecosystem. The main focus is on moni-
toring the riverine ecosystem, not just the avoidance
of conflict. The regulations are aimed at preventing
disputes before they arise. Special bilateral institu-
tions exist in which the US states and Canadian prov-
inces play an integral role.When a conflict arises, pro-
cedures are set in motion to investigate the facts of
the case with the involvement of technical experts
and the general public. The procedure ends with a
recommended settlement for the disputing parties.

The Boundary Waters Treaty of 1909 includes
principles and mechanisms for preventing or settling
disputes, especially when they relate to water quality.
The treaty also contains one of the first ever provi-
sions for preventing water pollution. The Joint Com-
mission established under the Treaty is a dispute-set-
tlement instrument that enables either party to refer
an issue or grievance to the Commission for investi-
gation.The Commission may then issue a report con-
taining recommendations, but this does not have the

same status as a formal dispute settlement verdict.
This procedure is known as “reference” and is the in-
strument used for many years to settle disputes. The
procedure is based on investigations, hearings and
expertises. Since 1909 there have been 52 references
to the Joint Commission.Three references have been
made in the last twelve years: the 1985 Flat Head
River Reference, the 1986 Great Lake Levels Refer-
ence and one reference to obtain public statements
on the US-Canadian air quality treaty of 1991. The
Great Lakes Levels Reference of 1986 is particularly
important, because the Commission chose an ecosys-
tem approach, is itself permanently involved in mon-
itoring the water level, and puts forward proposals to
the parties. The Joint Commission has also played a
major role in settling transnational conflicts through
mediation, or in applying the results of technical ex-
pertises.

In 1964, in response to a record low level in the
Great Lakes and serious concern about water pollu-
tion, the USA and Canada submitted a reference to
the Joint Commission. The Commission set up two
joint investigatory boards comprised of technical ex-
perts recruited from the governments of the two
countries and the affected federal states and provinc-
es. After the joint investigatory boards had reported
on serious problems with phosphate contamination
and eutrophication of the waters, the parties nego-
tiated the Great Lakes Water Quality Agreement of
1972. It contains joint water quality targets and a pro-
cedure for monitoring pollution. In addition, a formal
institution was established, namely a Water Quality
Board charged with responsibility for coordinating
the efforts of US federal states and Canadian prov-
inces to monitor and control pollution. A Research
Advisory Board was also set up to give scientific ad-
vice to the Joint Commission and the Water Quality
Board. Finally, a joint regional office was set up with
its headquarters in Windsor, Ontario.

In 1978, the 1972 agreement was amended and ex-
tended in scope, while maintaining the institutional
structure. The objective of the new agreement was to
restore and preserve the integrity of the ecosystem in
the Great Lakes basin. This was a pioneering goal, in
that it focused on the entire ecosystem of the basin
and envisaged a pollution control system based on
ecosystem management. This meant that not only di-
rect emissions were taken into account, but also pol-
lution from other sources. In 1987, a Protocol amend-
ing the Great Lakes Water Quality Agreement was
negotiated. The Protocol relates to the various caus-
es of pollution in the Great Lakes and attempts for
the first time to implement an ecosystem approach
aimed at effectively protecting water quality
throughout the Great Lakes basin.
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There has been little dispute regarding implemen-
tation of the Great Lakes Water Quality Agreement.
This is partly attributable to the instruments it pro-
vides for promoting cooperation between the parties
in monitoring pollution.

In addition to the international treaties between
the two countries, there are other major agreements
at sub-national level between the relevant US states
and Canadian provinces. In terms of conflict media-
tion, their major efforts to cooperate on pollution
prevention and other issues of relevance to water
have created a level of mutual trust in the wish of
both sides to preserve the resource. The precaution-
ary measures in place have certainly helped to mini-
mize and resolve cross-border conflicts. They are im-
portant because they involve a high level of public
participation. In addition to the presence of many
NGOs demanding protection of the Great Lakes, the
government bodies have involved citizen groups
through hearings, information exchange and through
various working groups, at the respective national
levels and at the federal state or province level. This,
too, has had a positive impact on the resolution of po-
tential conflicts over the Great Lakes.

Given the close relations nurtured by the USA
and Canada, the rather informal investigative proce-
dures ending with recommendations to the parties
have proved effective. Experience acquired in con-
nection with the Great Lakes and with water contro-
versies between the two nations provides useful in-
sights that could be of value for water management
and environmental disputes in other regions of the
world.

Both states view disputes over transboundary wa-
ters as pure conflicts of interest, in which the issues at
stake are the utilization, conservation and protection
of the waters and their ecosystems. These conflicts of
interest have not been instrumentalized in the for-
eign policies of the two countries, nor linked to for-
eign policy values such as security, power, spheres of
influence or similar. It therefore comes as no surprise
that the USA and Canada have cooperated for al-
most ninety years when freshwater disputes have
arisen, and have succeeded in firmly establishing an
efficient bilateral regime governing transboundary
waters.

4.1.4
Degradation of freshwater resources as a glo-
bal problem

The case studies show that utilization of scarce wa-
ter resources has been the source of many regional
conflicts between states.These have been resolved by
cooperative means when they were pure conflicts of

interest, but inadequately regulated if the conflicts of
interest were supplemented by conflicts over the
choice of means, or security issues and spheres of in-
fluence. In the eyes of the Council, however, the deg-
radation of freshwater resources throughout the
world is not merely a regional problem.

Although the problem of freshwater resource deg-
radation does not involve interdependencies as com-
plex as the destruction of the stratospheric ozone lay-
er, climate change or the contamination of the oceans
with persistent organic pollutants, the latter prob-
lems involve environmental damage in one state im-
pacting directly on environmental assets in another,
which has led in many cases to various forms of effec-
tive regulation by international regimes (on conven-
tions in these areas, see WBGU, 1996; on the forma-
tion of global environmental regimes, see, for exam-
ple, Simonis, 1996; Biermann, 1994; Breitmeier, 1996).
Water is not an identical resource throughout the
world – stocks vary considerably in quantity and
quality, and are regionally finite – and this aspect
generates different lines of conflict and different
claims to the resource (BMZ, 1995 and 1996; SEI,
1996; Gleick, 1993).

The Council sees four aspects that lend a global di-
mension to the degradation of freshwater:
1. regional water conflicts may escalate and cause

destabilization at global level;
2. certain waters form part of the world natural her-

itage and therefore need the protective mantle of
the whole international community;

3. the pollution of freshwater impairs the marine en-
vironment and thus part of the global commons;

4. the degradation of freshwater resources is posing
a mounting threat to the realization of the human
right to food and water, which was codified (for
the contracting parties) in the International Cove-
nant on Economic, Social and Cultural Rights of
1966 and which imposes a commitment on the
international community according to the respec-
tive capabilities of each state.

4.1.4.1
Regional water conflicts as a threat to world
security

In many cases, international water conflicts are
confined to the region in question, as is apparent in
the specific issues described above. But disputes like
those over the waters of the Euphrates and Tigris are
also indicative of the major destabilization potential
bottled up in such regional conflicts. More than 200
watercourses, innumerable lakes and groundwater
reservoirs have transboundary basins. Very few con-
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flicts over utilization rights have ever been brought
before the International Court of Justice.

A number of other conflicts have been regulated
by international regimes in certain regions, in which
the utilization rights of each state are precisely de-
fined. However, regional regimes of this kind have
mainly been established between states that cooper-
ate relatively closely, as in North America or Europe.
On the other hand, conflicts in Western Asia over the
Euphrates and Tigris, or in East Asia over the Me-
kong (where the upper riparian has stayed aloof from
the regime of lower riparians) show that, in the ab-
sence of cooperative regulations, water conflicts may
persist and even escalate. The likelihood of the latter
is magnified by the very fact that pressure on the re-
maining resources increases and that more and more
people are potentially affected by water crises.

The Council sees two main solutions: firstly, con-
flict regulation and conflict avoidance mechanisms
must be improved for states affected by water con-
flicts; this includes, in particular, the support provid-
ed by the UN Convention on the Non-Navigational
Uses of International Watercourses recently adopted
by the UN General Assembly (UN GA Res. 51/229),
and perhaps the creation of a specialized mediation
and negotiation body, such as an international medi-
ation center for water conflicts (see Section D 5.5).

Secondly, every opportunity must be exploited to
prevent local and regional “water crises” from arising
in the first place and later from leading to interna-
tional conflicts. If the present-day trends described in
this Report continue, existing water conflicts will
worsen and new ones will be added.The threat to glo-
bal security inherent in the escalation potential of re-
gional water conflicts places the protection and con-
servation of freshwater resources firmly on the glo-
bal agenda. Nations have a similar interest in com-
bating regional water crises on the global level, so
there is a strong need for a regime, ideally a global re-
gime, for mitigating and preventing “water crises”.

4.1.4.2
Freshwater resources as part of the world natu-
ral heritage

Some inland waters qualify as part of the world
natural heritage by virtue of their unique biodiver-
sity, or their outstanding scientific or aesthetic value.
To protect this heritage, an international Convention
concerning the Protection of the World Cultural and
Natural Heritage was signed by the Member States
of UNESCO as early as 1972. This convention com-
mits the parties, inter alia, to place certain sites desig-
nated as part of the “world natural heritage” under
special protection. Furthermore, states may ask the

international community for assistance if they do not
have the resources themselves to carry out the neces-
sary measures in an adequate manner. The World
Heritage Fund was established when the convention
entered into force, and partly consists of compulsory
contributions made by the signatory states, making it
the pioneering fund for similar instruments in later
years, such as the Multilateral Ozone Fund under the
Montreal Protocol and the Global Environment Fa-
cility (GEF) of 1990/1991 (Ehrmann, 1997). Like the
Multilateral Ozone Fund and the GEF, the main
function of the World Heritage Fund is to give devel-
oping countries the assistance they need to preserve
the world heritage on their own territory.

Where certain inland waters may be deemed part
of the world natural heritage, protecting them is the
responsibility of the international community when
the states concerned do not have sufficient resources
of their own.This is a further illustration of the global
dimension to the use and protection of freshwater re-
sources (see Box D 1.2-1).

4.1.4.3
Inland waters and marine pollution

70–80% of marine pollution is land-based, more
than half being discharged into the sea from rivers.
More oil, for example, is discharged into the world
ocean via rivers (and coastal cities) than from tank-
ers (WBGU, 1996). In this context, too, there is a glo-
bal dimension to local and regional use of inland wa-
ters. As the Council explained in its 1995 Report
(WBGU, 1996), protection of the seas requires above
all a comprehensive range of land-based measures to
protect the environment. To date, developing coun-
tries have treated only 5% of their effluent; with ris-
ing population densities in coastal zones, combined
with industrialization and intensification of agricul-
ture, the pressures on inland waters and coastal wa-
ters is developing into an environmental problem of
ever-greater significance.

The Council believes that only global solutions
can provide the answer. It explicitly welcomes the
resolution adopted by the Washington Intergovern-
mental Conference on Protection of the Marine En-
vironment from Land-based Activities of 1995 to
commence negotiations for a global convention for
the reduction and ultimately a ban on persistent or-
ganic pollutants. The first round of negotiations will
probably start in 1998. Given the obvious similarities
between the problems arising from POPs and from
ozone-depleting substances, the Council recom-
mends that the Montreal Protocol on Substances that
Deplete the Ozone Layer, generally assessed as an
outstanding success for global environmental policy-
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making, be taken as a model for the planned POP
Convention. However, global reductions in “normal”
wastewater must remain a key issue alongside the
discrete problem of POPs, because their accumula-
tion in the coastal areas threatens to cause severe
damage to biodiversity. Already, 10% of the world’s
coral reefs has been destroyed; a further 30% is at
risk, especially in coastal waters (Biermann and
Hardtke, 1997).

4.1.4.4
The “human right to water”

The use and protection of freshwater resources
have a global dimension, being indissolubly linked to
the international protection of human rights. In ac-
cordance with Article 25 of the Universal Declara-
tion of Human Rights (1948) and Article 11 of the
International Covenant on Economic, Social and
Cultural Rights of 1966, every person has a right to
food, which includes drinking water (McCaffrey,
1992). States that signed the Declaration of the World
Food Summit in Rome in 1996 reaffirmed that “eve-
ry man, woman and child has the right to be free from
hunger and malnutrition” and that “access to nutri-
tionally adequate and safe food is a right of each hu-
man being”.

The United Nations Conference on Human Set-
tlements (HABITAT II) includes, in the Istanbul Dec-
laration of 1996, an almost identical reaffirmation of
the human right to food and explicitly the right to
“adequate water”. All these documents were sup-
ported by Germany.

However, these social rights should not be viewed
in a strictly legal sense, since final declarations by UN
summits or the Universal Declaration of Human
Rights are not binding on states, even when they are
based on a broad consensus. However, there is no dis-
puting that the social right to food and water involves
an obligation on the part of governments to do every-
thing in their power to ensure that this right is real-
ized.

According to Article 11, para. 2 of the Internation-
al Covenant on Economic, Social and Cultural
Rights, this obligation applies to the international
community as well, which should support as far as it
can all those states that are unable with their own re-
sources to guarantee the human right to food and wa-
ter. Within the human rights regime, major regional
water crises are therefore more than a regional prob-
lem, but are immensely relevant to the interest of all
states in the realization of social rights.To that extent,
providing all people with a basic adequate supply of
water for drinking and sanitation can be seen as a
task for the international community as a whole.

4.1.5
Summary

The utilization and distribution of water resources
may lead to conflicts between states that add up, es-
pecially with increasing global scarcity of water re-
sources, to a dangerous potential for escalation.
International conflicts over water distribution may
be regional at first; however, due to their potential to
endanger peace, the international community has an
interest in preventing local and regional water crises
and in peaceful settlement of regional water conflicts.
A global interest is also present where part of the
world natural heritage is threatened with elimination
as a result of regionally confined activities.The entire
international community is similarly affected when
local and regional activities pollute the world’s
oceans. Even when water crises are confined to one
specific region and have no direct impacts, such as
migratory flows, on neighboring states, they can nev-
ertheless impinge upon a global interest of the inter-
national community if people are no longer assured a
basic supply of water – the “human right to water”.

Brought together, these various aspects show that
the protection and conservation of freshwater re-
sources are the responsibility of the international
community in many cases, which in other contexts
has led to the creation of international regimes. The
UN Secretary-General, in a study produced in 1997
with the UN special organizations, concluded that the
various action programs adopted to date were insuf-
ficient, and that a new “Global Consensus” among
the international community is needed for world-
wide protection of freshwater resources.The Council
agrees on the whole with this assessment by the UN
Secretary-General, and stresses the need for greater
international cooperation (for more detail, see Sec-
tions D 5.5 and E 2).

In regions where tensions surround transboun-
dary water resources, the Council recommends that
peace-promoting and peacekeeping pilot projects on
sustainable management of water be initiated in or-
der to de-escalate the potential for conflict. Involve-
ment in such projects should be open to all parties.
Shared use of the resource should be characterized
by fair and equitable cooperation and allocation. Pi-
lot projects of this kind could be encouraged as part
of development, economic and environmental coop-
eration activities (for further recommendations on
peace-promoting activities, see Sections D 5.5 and
E 2).
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4.2
Spread of waterborne diseases

Half of the world’s population suffers from water-
related infections – Developing countries particularly
affected – New pathogens in industrialized countries –
Hosts include mosquitoes and snails – Malaria
spreading – Problem areas include mobility, resis-
tance, climate change, poverty, growth of irrigated
farming, rats

In the first half of this century, many infectious dis-
eases were thought to be in decline, at least in the in-
dustrialized nations. Unfortunately, many parts of the
world are now witnessing a resurgence of these dis-
eases. This situation is a result of numerous and dis-
parate factors that influence the incidence of infec-
tious diseases: rapid population growth, dense hu-
man settlement near forests and swamps, high mobil-
ity, global trade, inappropriate use of pesticides and
antibiotics, adaptation of pathogens to environmen-
tal conditions, social and political disintegration and,
finally, perturbations of regional climate.

In global terms, waterborne infections are still one
of the principal causes of disease and death, particu-
larly in developing countries in the tropics and sub-
tropics. Such infections are gaining significance in the
industrial nations as well, mainly due to highly resist-
ant parasitic pathogens.About half the world popula-
tion currently suffers from water-related diseases.
For this reason, regulated water supply and sewage
disposal meeting the water hygiene criteria of the
World Health Organization (WHO) represent some
of the most effective preventive measures for com-

bating these diseases worldwide. Investments in this
area are likely to provide the highest possible “health
gains”. While safe drinking water may prevent many
diseases, vaccine programs will continue to be a sec-
ond major dimension of preventive medical efforts.

The United Nations designated the 1980s as the
“International Drinking Water Supply and Sanita-
tion Decade”, in the course of which 1.3 billion peo-
ple received a new drinking water supply and
750 million people sanitation facilities. Nevertheless,
1.2 billion people were still left without access to
clean water and 1.7 billion without proper sanitation.
According to United Nations estimates, nearly
900 million more people will fall into these categories
in the 1990s due to population growth alone, simply
because investments in infrastructure cannot keep
pace with population growth (Fig. D 4.2-1). Such a
rise is also evident in the European region of the
WHO (including Russia). On the other hand, the sus-
ceptibility to infection has declined markedly in
countries that have succeeded in providing hygieni-
cally pure drinking water and sewage disposal sys-
tems. Other successful measures for combating wa-
terborne infections have included vaccinations and
health education, especially for women who were
reached by simple therapy concepts.

4.2.1
Diseases related to water use

In addition to poisoning by contaminants in water,
there are numerous infections that can be transmit-
ted by the use of water. A distinction must be made
here between infections transmitted
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access to sanitation
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Source: Gleick, 1993
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1. by the use of contaminated drinking water or
through skin contact with contaminated freshwa-
ter or seawater, or

2. by animal hosts or carriers that transmit the
pathogens in the area surrounding their freshwa-
ter habitats.
Table D 4.2-1 provides an overview of the major

waterborne diseases, listed according to a systematic
biological classification of pathogens.The numbers of
people contracting or dying from these diseases are
sometimes contradictory, depending on source, so the

figures in the table should therefore be taken as an
approximate reference only.

4.2.1.1
Use of contaminated drinking water

Local communities need an infrastructure that is
technically and epidemiologically intact in order to
ensure an adequate level of water hygiene. Even in
developed countries, epidemics are often caused by
the consumption of drinking water contaminated

Pathogen Disease Vector Endangered Incidence Deaths Growth
persons (1,000 (1,000 through

(million)a per year) per year) climate
change

Viruses Polio viruses Poliomyelitis no data 110 5

Dengue viruses Dengue fever e.g. Aedes 2,400 560 23 ++
(DEN virus) aegypti

(mosquito)
Yellow fever Yellow fever e.g. Aedes 450 200 30 ++
viruses (YF virus) aegypti

(mosquito)

Bacteria Pathogenic Diarrheas no data 1,200,000 3,000
Escherichia coli, –1,800,000 –4,000
Shigella et al.
Salmonella typhi Typhoid no data 16,000 600
Legionella
pneumophila Legionnaire’s disease no data no data no data
Vibrio cholerae Cholera no data 380 120 ?

Protozoa Entamoeba Amoebiasis no data no data no data
histolytica (amoebic dysentry)
Cryptosporidium Cryptosporidiosis no data no data no data
parvum
Giardia lamblia Lambliasis no data 500
Plasmodium sp. Malaria Anopheles 2,400 300,000 2,100 +++

(mosquito) –500,000

Trema- Schistosoma sp. Schistosomiasis freshwater 600 200,000 20 ++
todes (flatworm) or snail

bilharziosis

Nema- Wucheria sp., Lymphatic mosquito 1,094 117,000 no data +
todes Brugia sp. filariosis

Onchocerca Onchocerciasis blackfly 123 17,500 no data ++
volvulus (river blindness)
Dracunculus Dracunculiasis Crustaceans 100 100 no data ?
medinensis (water flea)
(guinea worm)

+ = probable ++ = very probable +++ = highly probable ? = unknown
a Projections for population growth, based on 1989 figures.

Table D 4.2-1
Water-related diseases.
Source: PAHO, 1994; WHO, 1994, 1995 and 1996; Michael and Bundy, 1996
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with sewage as a result of damage to the pipe system
(Usera et al., 1995). Most at risk are large settlements
with a central water supply. The threat is compound-
ed by new pathogens that have appeared in recent
decades. In 1976, for example, cases of people with
cryptosporidiosis, triggered by the Cryptosporidium
parasite in drinking water, were reported for the first
time. The biggest cryptosporidiosis epidemic oc-
curred in the USA in 1993. This problem arises in
both developing and industrialized countries. One
example from Russia has shown that hygiene regula-
tions tend to be ignored during cold periods, leading
to an increased incidence of waterborne enteric in-
fections (Kartsev, 1995).

Infections transmitted through drinking water are
particularly widespread in developing countries
where fecal-oral transmission is a consequence not
only of poor drinking water quality, but also of insuf-
ficient water for sanitation purposes (Bangs et al.,
1996). 25 million people in the developing world die
each year from drinking infested or contaminated
water. Pathogens or carriers in water are responsible
for 99% of the diseases transmitted by drinking wa-
ter worldwide, while only 1% occurs as a result of
chemical pollution. The infections are mainly due to
protozoa (Giardia, Cryptosporidia), bacteria (e.g. Es-
cherichia coli, Salmonellae, Shigellae, Campylobacter
sp., Yersiniae, Vibrio cholerae) or viruses (e.g. rotavi-
ruses). These pathogens are able to enter the drink-
ing water system and cause acute enteric diseases or
even systemic infections because drinking water and
sewage systems are inadequately separated.

Globally, acute diarrheal diseases are the second
most frequent cause of infant mortality, after acute
respiratory illnesses (WHO, 1996). Of the total
3.1 million total deaths per year, nearly 80% involve
children under the age of five.There is an obvious re-
lationship here between access to clean drinking wa-
ter and infant mortality (Fig. D 4.2-2). Cholera alone
claims 120,000 lives annually. This infectious disease
has re-emerged in many places recently (Fig. D 4.2-3)
where it was previously assumed to be wiped out.
Settlements with a very high population density and
a lack of basic sanitation facilities are repeatedly the
breeding ground for epidemics. Several dramatic out-
breaks of cholera have occurred recently in refugee
camps and urban slums (see Section D 3.5). Since
1995, Europe has again been witnessing several thou-
sand cholera cases a year. Cholera can be transmitted
not only through drinking water, but also through
brackish water, when people swim in the sea, or
through the ingestion of contaminated fish. As well
as the high salt content, the sea provides other condi-
tions that are favorable for cholera pathogens, for ex-
ample an alkaline environment engendered by in-
dustrial wastewater and with concomitantly high
populations of microfauna, as found along the coasts
of South America and in the Bay of Bengal. New va-
rieties of cholera bacteria make the disease difficult
to combat in the initial phase. In contrast to Vibrio
cholerae O1, which does not leave the intestine in the
course of the infection, the cholera pathogen Vibrio
cholerae O139, known since 1992, can become inva-
sive through capsulation and lead to generalized in-
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fections (spread of germs to the entire body). The
epidemiological significance of this new pathogen
cannot be assessed at the moment. Until now, howev-
er, it has been confined to Asia. More recent findings
on the survival of V. cholerae outside humans and be-
tween pandemic periods indicate the need for a sys-
tems approach to studies in this field. There are evi-
dently complex relationships between the spread
pattern, the appearance of new strains and anthropo-
genic environmental changes, such as oceanic eu-
trophication and rising surface water temperatures,
which foster phytoplankton growth (McMichael et
al., 1996).

Approximately 4 billion cases of diarrheal diseas-
es occur annually. Diseases associated with a lack of
water hygiene, such as bacterial, viral and parasitic
enteric infections, are frequently contracted in devel-
oping countries undergoing rapid urbanization and
slums formation, as well as during large-scale migra-
tions resulting from wars or natural disasters (see
Section D 3.5).

Somewhat less frequent are parasitic infections,
such as amoebiasis (infection with Entamoeba histo-
lytica) and lambliasis (infection with Giardia lam-
blia), which are contracted in the same way and cause
acute or chronic health disorders: amoebic dysentery,
amoebic liver abscess as well as Lamblia enteritis
with complicated malabsorption syndrome (deficient
absorption of vital food components via the intes-
tine). Mention must also be made of cryptosporidio-
sis, which is contracted through infection with oo-
cytes of Cryptosporidium parvum. The largest out-
break to date, in which over 400,000 people suffered

from diarrhea, took place in Milwaukee, USA, in
1993. This outbreak was caused by drinking water
contaminated with Cryptosporidium. The direct and
indirect costs are estimated at over $100 million (Ex-
ner and Gornik, 1997). Dracunculiasis, an infection
with guinea worm larvae (Dracunculus medinensis)
that are ingested together with microscopically small
freshwater crustaceans contained in drinking water,
has only regional relevance.

Of the infections that attack the entire body, Ty-
phus abdominalis, hepatitis A and hepatitis E are the
most frequent. Their frequencies correlate negative-
ly with increasing quality of the water supply (Perez
et al., 1996). The most important of the salmonellosis
diseases, which are directly related to inadequate hy-
giene standards for drinking water and food, is ty-
phus with 16 million cases and 600,000 deaths a year,
predominantly in Asia (WHO, 1996). Lax monitoring
of drinking water may lead to such waterborne infec-
tious epidemics in industrialized countries as well
(Yatsuyanagi et al., 1996).

A special case is Legionnaire’s disease, which is
caused by the bacterium Legionella pneumophila
and contracted via aerosols produced when warm
water is splashed – while showering, for example.
This disease poses a threat both in warm countries
and in temperate zones wherever there is a central
hot water supply or when used water is stored in roof
cisterns. Furthermore, unintentionally ingested
wastewater may induce infections, e.g. while partak-
ing in leisure-time activities in inland waters or at the
sea.

Figure D 4.2-3
Outbreaks of cholera in 1995.
Source: WHO, 1996
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Poliomyelitis, caused by polio viruses, has declined
in significance thanks to successful vaccination cam-
paigns, but continues to occur in African and Asian
developing countries.

Leptospirosis is a frequently severe infection re-
sulting in renal failure, jaundice and hemorrhaging. It
is contracted through the intake of Spirilla (Leptospi-
ra) via skin wounds and mucous membranes in con-
tact with inland waters, or via rats or mice that ex-
crete the bacteria in their urine. It is of regional sig-
nificance only.

4.2.1.2
Water-based hosts and carriers of infectious
diseases

Mosquitoes
Mosquitoes, whose larvae grow in freshwater, and

other arthropods cause numerous viral diseases by
transmission of so-called arboviruses (Nielsen et al.,
1996). Of the 20 most common, all have caused epi-
demics. In addition to humans, other species such as
apes, birds and rodents provide a natural reservoir
for such viruses. Some of these viruses occur almost
exclusively in rural regions of the tropics and sub-
tropics; they are responsible for such diseases as
O’nyong-nyong fever, Sinbis, eastern and western
equine encephalitis, Barmah forest virus and Kyasa-
nur forest disease, Murray Valley encephalitis, Rocio,
Rift Valley fever and California encephalitis. Others
are also the cause of diseases in larger settlements,
e.g. Chikungunya, Ross River, Mayaro virus, Vene-

zuelan equine encephalitis, dengue, yellow fever, Jap-
anese encephalitis, St. Louis encephalitis, West Nile
and La Crosse encephalitis.

The majority of infections run their course as fe-
verish systemic infections. If complicated by menin-
goencephalitis (inflammation of the brain and me-
ninges), death or permanent defects are often the re-
sult. Hemorrhagic fevers, characterized by a great
tendency to hemorrhages, have the highest mortality
rate and can take the form of dengue, yellow fever,
Kyasanur forest disease and Rift Valley fever. Den-
gue (Fig. D 4.2-4), which can easily lead to death
when it occurs as dengue shock syndrome, is the most
important arbovirus.The infection occurs in over 100
countries which account in total for 2.5 billion of the
world population (WHO, 1996).

Due to the breeding habits of the vector insect, the
mosquito (Anopheles sp.), malaria is similarly con-
fined to freshwater biotopes and is globally the most
important water-related vector disease. Of the 500
million people who contract malaria every year, 2.1
million die as a result, including 1 million children.
Mortality is almost exclusively caused by Malaria
tropica, for which Plasmodium falciparum is respon-
sible. Malaria tertiana, caused by P. vivax or P. ovale,
and the rare form, Malaria quartana, caused by P. ma-
lariae, are fatal in exceptional cases only. Malaria oc-
curs in 91 countries (Fig. D 4.2-5), with 40% of the
world population living in these regions. Africa ac-
counts for 90% of all malaria cases (WHO, 1996).
Malaria is rarely found in urban areas because the
Anopheles populations there have declined. In

Figure D 4.2-4
Outbreaks of dengue (red) and yellow fever (green circles) in 1995.
Source: WHO, 1996
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Southeast Asia, however, the mosquito is already
adapting to city life.

Lymphatic filariosis, a threadworm infection that
can also be transmitted by mosquitoes in the form of
Wucheria bancrofti, Brugia malayi and Brugia timori,
is widespread in the tropics and subtropics on all con-
tinents; 120 million people are infected (WHO, 1996).
The disease leads to acute and chronic lymph tract in-
flammations with swelling of the dependent parts of
the body (elephantiasis).

Onchocerciasis, transmitted by blackflies that
breed in fast-flowing waterbodies or attach their lar-
vae to river crustaceans in slow-flowing waters, is a
threadworm infection caused by Onchocerca volvu-
lus and feared because of the blindness that may re-
sult (river blindness). Around 18 million people are
infected, mostly in Africa and to a smaller extent in
Central and South America.

Aquatic and mud snails
Aquatic snails with lungs or gills serve as interme-

diate hosts for schistosomiasis in natural inland wa-
ters, as well in as irrigation and dam facilities with
suitable aquatic flora.The total number of people in-
fected by this disease, also known as bilharziosis, is
currently estimated at around 200 million, with
200,000 deaths occurring each year. Its principal vec-
tors, Schistosoma mansoni, S. haematobium and S. ja-
ponicum, use freshwater snails as hosts; these release
the larva stage, the cercariae, which are infectious for
humans. These larvae can pierce intact skin or mu-
cous membrane and develop into adult flatworms.
Acute symptoms, such as cercarial dermatitis and Ka-

tayama fever, may appear when larvae penetrate the
body and subsequently grow. The eggs produced by
the female are excreted with the urine or feces, or
cause chronic inflammation, even carcinomas, in var-
ious internal organs. S. japonicum has another signif-
icant reservoir in working animals. S. mansoni and S.
haematobium cycles, in contrast, can only be main-
tained where excreta containing schistosome eggs
are able to enter bathing, drinking or used water sites
containing populations of the relevant host snails
(Burchard et al., 1996). In the newly built recreation-
al centers in southern Africa, an increasing number
of surfers and canoeists contract acute or chronic
schistosomiasis.

Water snails of the genus Bithynia are primary
hosts of the Chinese liver fluke (Clonorchis sinensis)
and of the cat liver fluke (Opisthorchis felineus and
O. viverrini). Secondary hosts are freshwater fish,
which also serve as a source of human infection. Ma-
jor health disorders include inflammations and
blockages of the biliary tract, with biliary tract carci-
noma as a further complication. The Chinese liver
fluke alone infects about 20 million people.

The large liver flukes, Fasciola hepatica and F.
gigantica, use Lymnaeidae (snails living in mud) as
well as primary hosts and shore plants such as grass-
es and watercresses as secondary hosts. Working ani-
mals and people are infected as false hosts via the lat-
ter. The infection causes inflammations of the liver
and biliary tract, but is regionally confined to South
America and northern Africa at present.

Figure D 4.2-5
Incidence of malaria.
Source: WHO, 1993
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4.2.2
Trends in the spread of waterborne infections

Increasing mobility / tourism
Air traffic has grown by 7% annually in the past 20

years, while forecasts for the coming 20 years assume
further annual growth of 5%. More and more tourists
and business travelers are seeking out remote areas
in all corners of the world. Parallel to this trend, mi-
gration flows are on the rise, with around 120 million
people living outside their country of birth and mil-
lions each year going to other countries in search of
better living conditions. These are the preconditions
that foster the rapid spread of infectious diseases,
both harmless and extremely dangerous. Countries in
temperate zones are directly affected by this devel-
opment and are forced to take preventive and pro-
tective action. Epidemic control measures at ports
and airports are no longer sufficient – what is re-
quired is a comprehensive preventive strategy at the
local level.

One example of an infection spread by long-dis-
tance tourism is the emergence of schistosomiasis in
Malawi or South Africa (Taylor et al., 1995). Here it
must be kept in mind that the host snails for schistos-
omiasis are also found in Portugal and a permanent
influx of the schistosomiasis cycle via tourists is theo-
retically possible.

Travelers who go from temperate zones to the
tropics increasingly contract arboviruses. It can be as-
sumed that around 40 million such travelers come
from the USA and Europe alone, with an upward
tendency. As intercontinental travel grows, viruses,
vectors (organisms that transmit diseases) and reser-
voir animals will increasingly spread. Dengue virus
types in particular have been passed on a global scale

in this manner. Individual cases of the severe dengue
hemorrhagic fever have already manifested them-
selves among tourists. Dengue biotopes have arisen
temporarily in Texas, with subsequent transmission
to humans. The mosquito Aedes albopictus, another
dengue carrier, has spread from Asia to Europe and
the USA, in some cases via residual water in import-
ed used car tires (Gubler, 1996). In addition to den-
gue, yellow fever is another disease that has been
spreading in recent years. Many tropical and subtrop-
ical cities are potential sites for urban yellow fever
epidemics transmitted by the Aedes aegypti vector
(WHO, 1996). Rats as well are playing an increasing
role in the spread of infectious diseases (Box D 4.2-
1).

Formation of resistance and new
pathogens
Mass chemotherapy and chemoprophylaxis, as

used to combat onchocerciasis, lymphatic filariosis,
malaria and bacterial infections, are accompanied by
the development of resistance against the drugs used.
Particularly untargeted and uncontrolled use of ma-
laria prophylactics has led to the formation of sub-
stantial resistance against chloroquine, pyrimetha-
mine-sulfadoxine, Mefloquin and quinine among ma-
laria vectors. If, however, the administration of drugs
for targeted therapy is monitored, such resistance is
reversible in some cases, as has been shown in Hai-
nan (China) and Thailand, for example. Negative de-
velopments regarding the effectiveness of chloram-
phenicol, Co-trimoxazol and ampicillin against Sal-
monella typhi, the vector for Typhus abdominalis,
have also been observed. Considerable advances
have been made in the eradication of dracunculiasis,
on the other hand. However, not only the pathogens

BOX D 4.2-1

Rats and disease

Rats have greatly enlarged their natural habi-
tat, a process that has been fostered above all by
growing urbanization. They can be regarded as
constant companions of human beings. A major
factor behind the spread of infectious diseases is
the fact that rats live preferentially in sewers.
However, diseases occurring outside of the sewer
system are frequently transmitted by rats living in
the contaminated area. To this extent, rats, espe-
cially the Norway rat, represent a link between
sewage contaminated with infectious germs, on
the one hand, and people and pets, on the other.

This major epidemiological risk increases in cor-
relation with the concentration of germs in
sewage and high rat populations in the sewer sys-
tem. Rats are carriers of a great number of para-
sites (lice, fleas, ticks, worms) as well as bacteria
(Leptospira, Borrelia, Salmonella, Yersinia, etc.)
and viruses. The expansion of sewer systems in
many cities in developing countries is an indica-
tion of the potential risk. From ports, rats spread
into all areas of human settlement and develop
skillful strategies for adapting to the prevailing
environmental and living conditions. Greater at-
tention and research efforts must be focused on
rats as a possible multiple vector for infectious
diseases.
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themselves, but also host organisms are increasingly
developing resistance – e.g. to insecticides.

In spite of the successes achieved so far, infectious
diseases are as important as ever, even in industrial-
ized countries, and their dynamics remain very un-
predictable. More pathogens in drinking water are
likely to be discovered or to come into being. Exam-
ples include the epidemics of Legionnaire’s disease
and cryptosporidiosis in connection with inadequate-
ly treated drinking water in the USA, the bacterium
Salmonella enteritidis PT4 in Great Britain in 1988, as
well as the cholera vector Vibrio cholerae O139,
which first appeared in India in 1992 and can also
cause systemic infections because of its capsulation.

New findings necessitate a critical examination of
the criteria for evaluating the significance of patho-
gens in drinking water and the effectiveness of pre-
vention strategies. They include:
– recent epidemics caused by protozoa in drinking

water (Giardia, Cryptosporidium);
– findings on the reproduction of microorganisms in

biofilms in water pipes and household plumbing
(Legionella, pseudomonads);

– the importance of drinking water for the transmis-
sion of viruses;

– the uncertain correlation of these pathogens to
classical bacterial indicators for assessing water
purity;

– the increase in populations at risk;
– the necessity of using surface waters as a source of

drinking water.
(Exner, personal communication. Draft resolution

adopted by the conference on “Water and patho-
gens”, Bonn 1996).

Climate change
The geographic spread of vector diseases is depen-

dent on the living conditions required for the growth
of carriers and pathogens. The dominant factors are
temperature, availability of surface water, soil mois-
ture, water vapor as well as certain forms of vegeta-
tion.A shift or expansion of the relevant biota due to
a change in climate will thus affect the future distri-
bution of regions at risk. In addition to climate zones,
a major role is also played by changes in annual cy-
cles, for example; this applies in particular to the life-
time of the vectors to which the pathogen is adapted
(IPCC, 1996a).

The mean global temperature is currently forecast
to rise about 2 °C by the year 2100 (IPCC, 1996b).At
local scale, warming may lead to reduced agricultural
yields and thus malnutrition, which in combination
with a rise in ultraviolet and cosmic radiation on the
immune system will increase the susceptibility to in-
fections. On the other hand, local cold spells result in
a higher incidence of intestinal infections, especially

due to the high chloride resistance of pathogens at
low temperatures (Kartsev, 1995).

If global warming continues, one can assume that
certain diseases transmitted by mosquitoes, including
malaria, dengue fever and viral encephalitis, will
spread. The major factors responsible for this are
higher mosquito reproduction and bite rates and
shorter incubation times of the pathogens in the vec-
tor. In Texas, populations of Malaria tertiana have al-
ready been able to establish themselves temporarily.
In Turkey, the incidence of Malaria tertiana has risen
dramatically in recent years to a current rate of more
than 100,000 cases a year. The carrier of the disease,
the female Anopheles mosquito, is also found in tem-
perate European zones. Malaria can establish itself
rapidly here, particularly if mean temperatures in-
crease. The spread of the disease varies considerably
according to region, however. Malaria is declining in
areas where pyrethroid-impregnated mosquito nets
are employed on a large scale, as is done with visible
success in China. In general, however, malaria can be
expected to grow in connection with global warming
(see Box D 4.2-2).

The pathogenic agent for yellow fever, by contrast,
is less sensitive and therefore likely to spread to new
regions, even if there is only a moderate climate
change, due to the variability of its host selection
(Maurice, 1993). The incubation period of the yellow
fever virus diminishes with increasing temperature
from several weeks to 8–10 days. Dengue fever is
transmitted by the mosquito genus Aedes. In the past
decade, dengue fever has spread again in Central
America, and in Columbia A. aegypti has extended its
habitat from its previous maximum elevation of
1,000 m to over 2,000 m. However, dengue fever epi-
demics have seldom been observed at mean temper-
atures below 20 °C. A. albopictus, another vector of
the dengue virus and even more resistant to cold than
A. aegypti, has established itself in the USA and, giv-
en a rise in temperature, could spread to Canada
(IPCC, 1996a). Schistosomiasis will tend to become
more widespread as temperatures rise because, on
the one hand, the aquatic snails that act as hosts grow
and reproduce more rapidly and, on the other, the
flukes themselves have better chances of survival in
the host at higher temperatures. In Egypt, for exam-
ple, a decline in the incidence of flukes in snails was
observed in winter (WHO, 1990).

The effects of an altered climate on the distribu-
tion and quality of surface waters have an enormous
impact on the living conditions of the pathogens that
cause infections via drinking water. Floods resulting
from heavy rain may also create transmission links
between sewage systems and sources of drinking wa-
ter, thus fostering the spread of diarrheal diseases
(such as cholera) even in industrialized countries



224 D 4.2 Spread of waterborne diseases

(IPCC, 1996a). Longer warm spells may enhance the
survival capacity of numerous bacteriological organ-
isms.

Marginalization / poverty
The number of water-scarce countries is rising

(see Section D 1.4). Although there has been an in-
crease in facilities for hygienic water supply and
wastewater treatment in recent years, the absolute
number of people lacking access to such facilities has
risen due to population growth. Nevertheless, under

the (very optimistic) presumption that significant ad-
vances will be achieved in drinking water supply and
wastewater disposal in coming years, one can assume
that the incidence of waterborne and other infections
will fall considerably within the next 20 years, partic-
ularly in the developing countries, while injuries and
other non-infectious illnesses are more liable to in-
crease. Diarrheal diseases, for example, which cur-
rently cause the second highest rate of cumulative
disability (in disability-adjusted life years, DALYs)
after respiratory infections, will only be the ninth

BOX D 4.2-2

Malaria on the rise

According to WHO estimates, 36% of the
world population today lives in regions where ma-
laria is endemic (WHO, 1996). Since the outbreak
of the AIDS pandemic, six times more people
have died from malaria than from AIDS. In Ger-
many, 800–1,000 cases a year are reported among
people entering the country or returning from
malaria regions, though the number of unreport-
ed cases is estimated to be two to four times high-
er. Malaria continues to spread on a global scale.
Various factors play a role in this process: popula-
tion growth and migrations, wars, agricultural de-
velopment, irrigation activities, dam construction,
deforestation, growth of slums, short-term weath-
er changes and presumably medium-term climate
changes as well. The WHO (1993) specifies 11
geographical zones with different causes for the
spread of malaria:
Central America: agricultural development, irriga-

tion and settlement combined with resistance
to insecticides.

Amazon rainforest: clearing activities, breaking up
of malaria-resistant biotopes.

African cities: inadequate sanitation systems, high
resistance to drugs.

Dry savannah and marginal desert areas in Africa:
flooding, migration of the population.

Ethiopia: environmental destruction, drought,
large-scale resettlement.

Savannas and forests in Africa: growing resistance
to chloroquine.

East African highlands and Madagascar: major
changes in agricultural land and practices, pos-
sible rise in temperature.

Afghanistan: lack of control due to civil war.
Central South Asia: clearing of forests, even in

hilly regions.

Cambodia, Laos, Myanmar, Thailand and Viet-
nam: rapidly growing risk in marginal areas of
civilization due to economic activities (e.g. min-
ing). Highest resistance in the world to drugs.
In spite of possibly new and adapted vectors,

temperature remains a limiting factor for further
spread. While the minimum temperature for the
development of mosquitoes is around 8–10 °C and
the optimum is about 25–27 °C, Plasmodium vivax
ends its sporulation at temperatures below 14–16
°C, P. falciparum at temperatures below 18–20 °C
(Miller and Warrell, 1990). Therefore, relatively
minimal changes in temperature can have a signif-
icant impact on the spread of malaria. Martens et
al. (1994) developed a model calculation that
takes into account the impacts of climate changes
on mosquito populations and the incubation time
of the parasite. Assuming a temperature rise of
3–5 °C by the year 2100, it was calculated that
60% of the world population will live in potential
malaria regions in future. Moreover, the Martens
model forecasts an additional 50–80 million cases
of malaria per year for 2100. Given the complex-
ity of the ecosystem, however, identical environ-
mental changes may have completely different
impacts at the regional level (Lindsay and Birley,
1996). Demographic, socioeconomic and techni-
cal changes were not taken into consideration, so
the results must be evaluated with great caution.

100 years after the discovery of the transmis-
sion cycle and after the initial spectacular success-
es in research and implementation, malaria re-
search is currently in a state of crisis, as are con-
cepts for combating the disease, for preventive
medical efforts and for therapy. Malaria continues
to spread as a result of population pressure and
environmental destruction, possibly reinforced by
the global warming and increased precipitation in
the tropics.

Source: Diesfeld, 1997



225Need for action and recommendations D 4.2.3

most frequent health disorder in the year 2020, after
heart diseases, depression, disability due to traffic ac-
cidents, cerebrovascular diseases, respiratory tract
diseases, pneumonia, tuberculosis and the impacts of
war (Murray and Lopez, 1996).

Vaccination
Poliomyelitis is clearly declining. It is the only wa-

terborne infection that is currently taken into ac-
count by the WHO’s successful “Expanded Program
of Immunization” (EPI). Future programs, however,
will involve the use of newly developed vaccines to
treat yellow fever as well as bacterial intestinal infec-
tions. With the help of the EPI, polio was eradicated
in the USA five years ago, and this goal will presum-
ably be achieved on a worldwide scale by the year
2001.After smallpox, poliomyelitis will be the second
disease to be eradicated worldwide solely through
vaccination.

The development of a vaccine against malaria has
failed to materialize, but there are some promising
new approaches (Butler, 1997). At present, the po-
tential vaccine appears to provide protection only for
60 days, so its usefulness is restricted to travelers for
short periods and therefore cannot help the threat-
ened local population. A number of open questions
are due to be clarified by field tests in Gambia.

Expansion of irrigation
The spread of waterborne diseases was greatly fa-

vored in the past by the sheer number of water devel-
opment projects.The creation of ponds, reservoirs, ir-
rigation and drainage channels as well as major
shortcomings in the water supply and wastewater
treatment systems of many cities in developing coun-
tries have all promoted the continued existence or
spread of a number of diseases and continue to do so.
In recent years, new irrigation systems and water res-
ervoirs in central and northern Africa as well as in the
Middle East have created ideal conditions for the
spread of those species of snails that transmit bilhar-
ziosis. In addition to the latter, which occurs when
water is taken from slow-flowing waterbodies, there
has been a spread of infectious diseases such as ma-
laria, yellow fever and river blindness. More recently,
farming practices in Rajasthan (India) have under-
gone a fundamental change following the construc-
tion of the Indira Ghandi Canal. Wheat and cotton
are now grown by means of irrigation farming. Many
people in search of work have been attracted to these
regions. The 445-km-long canal has proved to be an
ideal breeding ground for mosquitoes during the
monsoon season. Instead of high yields and prosper-
ity, the monsoon rains brought farmers a rapidly
spreading malaria epidemic. The occurrence of ma-
laria as well as dengue fever and Japanese encephal-

itis is not unusual in India. However, the irrigation
channels carried the epidemics deep into the country,
bringing farmers and workers into contact with the
diseases.

No convincing figures are available on the extent
to which the economic benefit of such measures is
offset or even reversed by importation of the disease
(see also Section D 3.4). The PEEM (Panel of Ex-
perts on Environmental Management for Vector
Control) of the WHO, FAO and UNEP, plus UNCHS
since 1991, examines the impacts of water manage-
ment on the incidence of waterborne diseases and on
efforts to combat them, with special reference to en-
vironmental aspects.To date, however, it does not ap-
pear to have undertaken much beyond planning,
meetings and local analyses (Bos, 1997).

The growing incidence of Rift Valley fever and
Japanese encephalitis can also be explained by
changes in agricultural and irrigation practices. The
most important of the arboviruses mentioned is den-
gue, which together with its major vector, the Aedes
aegypti mosquito, is widespread in the tropical and
subtropical regions of all continents. Aedes has
adapted well to urban environments by using small
reservoirs of water, such as flower pots, car tires, bird-
baths, gutters, barrels and even plastic tarpaulins, to
live and breed in.The incidence of the disease has ris-
en dramatically worldwide, particularly in connec-
tion with the urbanization process in tropical devel-
oping countries. More than 50 million cases, 200,000
of them severe, are expected every year. Between
1989 and 1994, the number of dengue fever cases in
Latin America increased sixty-fold.

Within the framework of the Onchiocerciasis
Control Program (OCP) coordinated by the WHO,
substantial progress is being made towards eradicat-
ing onchocerciasis by means of mass treatment with
Ivermectin and by combating buffalo gnats. The pro-
gram is now being extended to the whole of tropical
Africa. Combating lymphatic filariosis, on the other
hand, is less successful at the moment.

4.2.3
Need for action and recommendations

Combating causes

Combating pathogens and hosts
The use of chemical agents to combat pathogens

and their hosts directly has long been common prac-
tice, though with varying degrees of success and with
innumerable side effects. Forty years ago it was be-
lieved that malaria could be eradicated with DDT
within a relatively short time. That was a false hope,
however. Instead, this particular insecticide has be-
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come an epitome for the use of chemicals in the envi-
ronment without due regard for the side effects, how-
ever undisputed its success has been (Carson, 1962).
Malaria continues to remain the tropical disease with
the highest incidence and number of fatalities. Mos-
quito populations and their larvae are still combated
with the help of insecticides or, for example, suspen-
sions of Bacillus thuringiensis.

Combating mosquitoes or other animal hosts can
only serve as one element of a comprehensive strate-
gy. Such a strategy must also include early diagnosis
and treatment of infected people, as well as the estab-
lishment of local health services and educational
campaigns. Moreover, research capacities must be
strengthened in malaria-afflicted regions, firstly for
monitoring purposes and, secondly, in order to iden-
tify the ecological, social and economic determinants
of the disease.

Confining habitats
In many countries, swamps have been drained and

rivercourses regulated, thus limiting or destroying
the habitats of insects. These measures were un-
doubtedly successful in combating malaria. After
construction work to render the Upper Rhine navi-
gable, for example, malaria disappeared from the ar-
eas inundated by the river from around the mid-19th
century onwards. From today’s perspective, however,
wetlands are increasingly threatened and are now
seen as biotopes worth protecting. Thus, if building
measures are carried out to confine the habitats of
animal hosts for pathogens, the opportunities for
combating disease must be weighed up against the
loss of valuable biotopes.

Conversely, the construction of large reservoirs
and canal systems creates habitats for host organisms
such as mosquitoes and aquatic snails. There are nu-
merous cases (see above) in which outbreaks of ma-
laria, dengue fever and bilharziosis increased after
the opening of large-scale water development pro-
jects. Environmental impact assessments of such pro-
jects must therefore include an analysis of pathogen
or host colonization and specify possible counter-
measures.

Limiting transport/spread
Growth in mobility is a significant factor behind

the global spread of waterborne diseases. It is there-
fore becoming increasingly important to educate
those potentially at risk, such as long-distance and
business travelers, about the health risks involved
and about preventive measures that can be taken.
Public information campaigns are also needed to en-
courage vaccination in general. It is also necessary to
inform the public about graduated prevention in or-

der to prevent the build-up of resistance on the part
of pathogens and host organisms at local level.

Limiting exposure

Drinking water supply and disposal
A centralized or decentralized system for supply-

ing clean drinking water and treating wastewater is
crucial, in global terms, to the elimination of water-
related diseases. A decisive reduction in waterborne
enteric infections, for example, can be achieved in
this way (Omar et al., 1995). In addition, the inci-
dence of skin and mucous membrane diseases de-
clines when people have clean water for washing
themselves. In rural areas of developing countries,
predominantly women spend a great deal of time
procuring water for drinking and other purposes.
Having adequate sources of water near the home, e.g.
from pump wells, generates extra working time,
which benefits economic development. In urban are-
as, the infrastructure for drinking water supply and
sewage disposal, particularly in slum districts, must
be improved. Studies by the World Bank (1993) show
that projects for improving water supply and waste-
water disposal in slums can cut morbidity rates by
25%, of which two thirds is achieved through better
hygiene and one third through clean drinking water.

One of the fundamental questions to be asked is
whether a reactive approach to epidemic control, as
practised to date, has reached its limits, given the fast-
er pace at which water-related diseases are spread-
ing, and whether more weight should therefore be
given to precautionary activities in future, such as im-
proving water quality. A paradigm shift might be
achieved in this context, since investments in a regu-
lated drinking water supply and sewage treatment
promise one of the highest possible “health gains” in
the fight against many diseases. Given their impacts
in this connection, such investments are important
also in stabilizing population growth and eradicating
poverty.

For this reason, the Council recommends that
greater support be given in the framework of devel-
opment cooperation to projects that generate posi-
tive impacts on regional health care by improving
drinking water supply and the treatment of wastewa-
ter. Each project should be intensively examined and
assessed for these potential impacts. The participa-
tion of the people concerned is a decisive element
here, since behavioral changes with respect to the
management of water resources can only be effected
by means of educational activities and an under-
standing of the risks involved.



227Need for action and recommendations D 4.2.3

Centralized water treatment
Centralized hot-water supply systems for public

buildings, even in industrialized countries like Ger-
many, should be monitored for Legionnaire’s disease
and appropriate steps should be taken, e.g. heating or
chlorination. Monitoring of such facilities is particu-
larly necessary in hospitals, hotels and other public
facilities (Walker et al., 1995).

Preventive measures

Nutrition
As with other health disorders, the course of a wa-

terborne infection depends to a substantial degree on
how well the person concerned is nourished. Malnu-
trition complicates such infections. Therefore, meas-
ures for eliminating protein, iodine and vitamin A de-
ficiencies as well as nutrition-related anemia have
high priority also with regard to waterborne infec-
tions, especially in developing countries.

Education
As part of health education, people can be in-

structed in self-treatment, in particular about giving
rehydration solutions (containing essential salts) to
children suffering from diarrheal diseases. In Egypt,
for example, a national program succeeded in dra-
matically lowering the mortality rate in this way. Net-
works have been formed with various relief organiza-
tions under the auspices of WHO in order to combat
diarrheal epidemics (WHO, 1996).

Since 1994, WHO and UNICEF have been en-
deavoring to combat diseases affecting children in a
program entitled “Integrated management of child-
hood illnesses”.The diagnosis for a sick child is often
inadequate because the symptoms of different dis-
eases overlap. In training courses held in Ethiopia
and Tanzania, for example, participants are trained to
respond quickly to symptoms of disease (respiratory
infections, diarrhea, malnutrition, etc.) and to contact
the public health services. Such prevention courses
are seen as a highly effective solution for combating
the high rate of infant mortality in developing coun-
tries (WHO, 1996). The strategies for combating in-
fant mortality are well known:
– vitamin-A supplement,
– targeted efforts to combat malnutrition,
– encouragement of breast-feeding,
– rotavirus vaccination,
– development of vaccines against Shigellae and Es-

cherichia coli.
Unfortunately, health service provision of vacci-

nations and treatment for sick children is very little
used in many countries; in Bolivia, Pakistan, Came-
roon and Burkina Faso, only 20% of sick children
were able to receive this kind of health care. Raising

the level of education of the population, especially
among women, is one of the most effective instru-
ments for improving family health. Personal and food
hygiene, the use of health services, the readiness and
ability to pay fees for water supply and waste dispo-
sal as well as for preventive health measures and
treatment are crucially linked to the level of educa-
tion of families.

Combating schistosomiasis requires health educa-
tion first and foremost, and secondly the use of drugs
(WHO, 1996). In the case of Schistosoma japonicum
infection, the additional reservoir represented by
working animals is a special challenge. Effective vac-
cines, which have already been tested in China in the
form of radiated cercariae (liver fluke larvae), for ex-
ample, merit support.

Vaccination
The development of vaccines against waterborne

infections must be promoted to a greater degree.Vac-
cination campaigns have proved to be one of the
most successful tools of traditional medicine, also in
terms of the cost-benefit relation. Whenever efforts
to bring together manufacturers, research institutes
and public health facilities, including the WHO, as
part of a concerted action actually succeed, then such
vaccines are indeed developed, e.g. against malaria,
dengue fever, cholera, rotaviruses and enterotoxic
Escherichia coli.

Greater use of available vaccines, such as those
against yellow fever and Japanese encephalitis,
should also be supported under WHO coordination.
The WHO’s Expanded Program of Immunization
provides for these and other vaccinations.

Public Health
The changes in the epidemiology of waterborne

infections that can be expected in connection with
global warming and constantly changing biotopes re-
quire interdisciplinary cooperation between doctors,
climatologists, biologists and social scientists. The
tools to be used in this context include monitoring of
the epidemiological situation, integrated geographi-
cal and social-scientific modeling, and geographic in-
formation systems (Patz et al., 1996).

For Germany, where the epidemiology of tropical
infections is still in its infancy, this would mean the
forging of links between the Robert Koch Institute as
the designated successor of the Federal Health De-
partment, on the one hand, and university and non-
university-affiliated epidemiological research and
service institutions. Moreover, a network (European,
as far as possible) should be linked to international
organizations, such as the Centers for Disease Con-
trol and Prevention (CDC) in the USA and, in partic-
ular, the WHO, and should include the respective
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Health Departments. The surveillance system set up
in England and Wales is currently an exemplary mod-
el. Such steps require the development and imple-
mentation of advanced and rapid health information
systems (with GIS). Essential tools include national
and international infection epidemiology working
groups that can detect increased incidences of diseas-
es at an early date with the help of modern tech-
niques such as molecular epidemiology (Usera et al.,
1995). They must also be able to discover new types
of infections that will continue to be a significant fac-
tor in the future. The necessary epidemic control
measures must additionally include immediate and
long-term relief programs for developing countries.
Development of resistance to drugs can be checked
only if the latter are used in a targeted manner and
use is monitored.This follows from a comparison be-
tween Germany and the USA (better-monitored cu-
rative therapy in Germany) as well as from the suc-
cessful measures taken in Thailand and China (Hai-
nan) against development of resistance by malaria
pathogens. Monitoring and combating resistances
should also be a task of the networks.

Knowledge about waterborne infections is still
wholly inadequate in Germany. This knowledge
should be imparted to a greater extent in the course
of medical training and passed on to the population
through suitable media. Another competent contact
in this context is the German Association of Tropical
Medicine, which currently holds the chair of the Eu-
ropean Federation of Tropical Medicine and Interna-
tional Health and actively focuses on waterborne in-
fections in its programs and with the help of numer-
ous individual members.

The individual and public health services in the
developing countries must be further developed.This
need is shown by the resurgence of sleeping sickness
in post-independence Central Africa due to the col-
lapse of the vertical controls implemented by the co-
lonial administration. The services offered are fre-
quently of inferior quality. For this reason epidemics
related to drinking water cannot be detected at all or
only to an inadequate degree. Early detection, how-
ever, is a prerequisite for determining the causes and
combating them as quickly as possible. Structural ac-
tivities (decentralization, innovative financing mod-
els, quality assurance) for improving health services
have priority over initial and further training of hu-
man resources and should be an integral element of
development cooperation.

In summary, the Council recommends the follow-
ing action to combat waterborne infections. The con-
cept of comprehensive quality assurance can be cer-
tain of acceptance by the public and thus contribute
to internal political stability in the long run.
• Greater support for drinking water and wastewa-

ter projects in the framework of development
cooperation, giving special consideration to health
impacts.

• Installation and support of national and global
epidemiological networks to observe and analyze
the epidemic situation with respect to waterborne
infections and their resistance to drugs.

• Linking food security programs to improvements
in drinking water infrastructure, in the framework
of development cooperation.

• Targeted training of decision-makers and respon-
sible persons in health and environment agencies
working in the fields of drinking water and waste-
water hygiene, or water utilities, so as to initiate
the necessary structural measures.

• Stipulation of clear responsibilities in the monitor-
ing and control of drinking water quality for water
supply companies, authorities and reference hy-
giene institutes, and installation of the appropriate
infrastructure.

• Deployment of an interdisciplinary committee un-
der the direction of the WHO to draw up interna-
tionally accepted guidelines for quality assurance
and preventive measures.

• Construction of reservoirs and open irrigation sys-
tems should not be supported as long as the health
impacts of such measures have not been assessed
and parallel combating measures cannot be of-
fered.

• Dissemination of health information for the pop-
ulation concerned, particularly women as the
main coordinators of the family, giving considera-
tion to self-treatment methods in areas with inad-
equate medical care.

• Improved implementation and support of vacci-
nations. Specific programs for combating malaria,
lymphatic filariosis, schistosomiasis, onchocercia-
sis and Legionnaire’s disease.

• Use of chemicals to combat mosquitoes and their
larvae only when environmental impacts are tak-
en into account.

Research needs
• More intensive development of vaccines against

waterborne infections.
• Further investigation of possible pathogens of wa-

terborne infections with regard to verification
procedures, ecological and epidemiological char-
acteristics, the impact of water treatment tech-
niques, disinfection methods and reproductive
conditions.
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4.3
Water and food

Historical corn belts of the world – Grain produc-
tion increased – Calorie consumption varies regional-
ly – Large-scale decline in production of basic food-
stuffs – Rapid rise in forecast water demand by agri-
culture

4.3.1
Historical background

Providing food for humanity is closely linked to
the availability of water. The physical accessibility of
drinking water forms a direct linkage, while the im-
possibility of producing many foods without input-
ting water is an indirect linkage. In addition to this
existential importance, water use is also of central im-
portance in the growth of human cultures. In the
large river basins (e.g. the Tigris / Euphrates, the Nile,
the Ganges or the Niger), the use of water in agricul-
tural irrigation systems enabled the rise of the oldest
civilizations over 8,000 years ago.

The organized production of food began more
than 10,000 years ago with the growth of agriculture
in various areas of the Earth enjoying favorable envi-
ronmental conditions (Sick, 1983; Kinder and Hilge-
mann, 1986). The combining of crop and livestock
farming in a system involving the cultivation of wild
grain as well as the domestication of sheep, goats and
pigs created the basis for sedentarization of the pop-
ulation. Differing environmental circumstances en-
able a distinction to be made between the tropical sa-
vannah farmers who concentrated on vegetative pro-
duction of tuberous plants, and the steppe farmers
with their production and sowing of cereal crops.Var-
ious centers of agriculture developed independently
of one another in different parts of the globe, such as
the Chinese center, the West Asian center and the
Andine center (Nentwig, 1995). Early agriculturalists
were already familiar with a broad range of food-
stuffs, which thus enabled further population growth
and societal development. The climate change that
began in the middle Stone Age (around 8,500 B.C.)
brought about dramatic changes in environmental
conditions, resulting in the aridification of large are-
as in the previously favorable regions in the subtrop-
ical-tropical belt of savannahs and steppes in the
northern hemisphere as temperatures rose (Sick,
1983). Population growth and intensifying aridifica-
tion led to migrations to the floodplains of large riv-
ers and to the growth of advanced civilizations on the
Nile, Euphrates and Tigris, Ganges and Indus Rivers
(Kinder and Hilgemann, 1986).

Within these riverside cultures, the agricultural
communities of the steppes and savannahs soon de-
veloped into differentiated societal systems with dif-
ferent hierarchies, cultural elements and division of
labor. The supply, distribution and range of food
underwent changes within and between these differ-
ent societies. Here we have early evidence that diet is
intimately linked to societal development, and thus
depends on cultural differences, social status, techno-
logical development and mobility as well as on wars
and environmental changes.

4.3.2
Population growth and food

Thomas Malthus’s famous “Essay on the Principle
of Population” was published almost exactly 200
years ago, in 1798. Based on the assumption that pop-
ulation and food production would rise in geometric
and linear progression respectively, i.e. at different
growth rates, Malthus predicted that the supply of
food would become extremely inadequate, and that
population growth would be adjusted by famine to
the level of food production. Since then, however, the
world population has risen more than sixfold to
5.7 billion people today. Exponential growth meant
that the time it took for the world population to dou-
ble became increasingly shorter. Given the current
mean growth rate of 1.7%, only about 38 years will be
needed for the latest doubling from three to six bil-
lion people. Since the beginning of the 20th century,
population growth has been primarily concentrated
in the developing countries (Fig. D 4.3-1), where the
food situation is the most precarious. Although
growth rates are declining, most population growth
will continue to take place in the developing nations.

Whereas the developing countries accounted for
65% of the world population in 1955, this figure had
risen to 78% by 1990 and will grow to 83% by the
year 2025, according to UN estimates (WRI, 1994).

This contrasts with negative income trends among
developing countries.The world market prices for ag-
ricultural produce, which have been falling consis-
tently over the last 15 years, impose an extremely
heavy burden on the developing countries due to the
immense importance of agricultural production in
these economies. In 1991, the poorest 20% of the
world population shared a mere 1.4% of global in-
come, while the richest 20% had 84.7% of this in-
come at their disposal. More than 1.1 billion people
earn less than $1 a day.

Population growth rates are high in the poorest
countries of the world and in water-scarce countries
(India, Bangladesh, Kenya, Nigeria, Egypt, Burundi,
Somalia, Sudan) (Engelman and Leroy, 1995). The
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situation becomes critical in regions suffering from
water shortage and high precipitation variability. In-
adequate economic development, climatic and pedo-
logical extremes, water scarcity and pollution as well
as population growth exacerbate the food situation
in the developing countries dramatically. The situa-
tion in the sub-Saharan countries, but also in South
Asia, is a source of particular concern, while the
problem of malnutrition in the rapidly growing states
of Southeast Asia has been largely eliminated.

In the competition between “the stork and the
plow”, two strategies have always been available for
the “plow”, namely expansion of farmland and the
intensification of crop farming. Until the middle of
this century, the focus was on expanding the area of
cropland.This method is only practiced where poten-
tial arable land is available or where there are no reg-
ulations on the use of forests and grasslands. In many
regions with potentially usable cropland, agriculture
is prevented by water scarcity from producing good
yields. Water is a key agricultural resource. Accord-
ingly, intensive efforts to build up irrigation farming
were made at an early date.As a result of this process,
irrigated areas have increased fivefold in this century
(1900–1994) from 50 million hectares to 250 million
hectares, while water withdrawals have risen simulta-
neously by a factor of six (Clarke, 1993; Postel et al.,
1996) (see also Section D 1.3). Today, around 75% of
global water withdrawals flows into agriculture.
Withdrawal and consumption vary considerably at
the regional level, however. More than 70% of irri-
gated land is located in developing countries. Asia
has the highest proportion (62%) of the world’s total
area of irrigated land. 86% of water withdrawals
there is used for irrigation purposes, which is equiva-
lent to 40% of global water consumption. In arid and
semi-arid developing countries, 80% of the water
withdrawals is used by agriculture, while only 40% is

used for agricultural production in the humid regions
of the industrialized nations (FAO, 1996c).

Improvements in the supply of food, particularly
since the mid-1960s, have been brought about
through the intensification of agriculture. This was
achieved by means of new production techniques –
not only the more widespread use of irrigation, but
also high-yielding varieties, fertilizers, plant protec-
tion agents and greater mechanization. This process,
described as the “Green Revolution”, generated
enormous increases in yield (see Section D 3.3).

Despite the gloomy forecasts mentioned above,
the supply of grain to the world population has im-
proved both quantitatively and qualitatively over the
last 30 years, with the main boosts in worldwide pro-
duction occurring between 1969 and 1989 (Figs.
D 4.3-2 and D 4.3-3). During these 20 years, the pro-
duction of root crops grew by 0.8% annually, cereals
by 2.6% and milk, meat and fish by 2% (Schug et al.,
1996). In absolute figures, grain production roughly
trebled from 680 million tons in 1950 to 1,970 mil-
lions tons in 1990, which corresponds to a per capita
increase from 247 kg (1950) to 336 kg (1990).

In addition, rice production rose from 151 million
tons in 1960 to 350 million tons in 1990, correspond-
ing to a rise of 230% or an annual growth in produc-
tion of 7%. According to estimates by Yudelman
(1994), the share of production on irrigated areas is
60% for rice and 46.5% for cereals. Only 17% of the
world’s farmland is irrigated, though the FAO
(1996c) has calculated a 40% share of food produc-
tion on such land; this reflects the great importance
attached to irrigated crops for world food.

In the developing countries, total food production
rose by 39% in the decade between 1980 and 1990.
Growth rates were extremely high in Asia (50%) as
well as in Africa (33%). In absolute terms, food pro-
duction improved in 101 developing countries (Ol-
tersdorf and Weingärtner, 1996). However, it is
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equally evident that growth rates have fallen steadily
over the last 30 years. While the annual growth rate
between 1960 and 1970 was 3%, it dropped to 2.3%
between 1970 and 1980 and was down to only 2% be-
tween 1980 and 1990 (WRI, 1996). From 1990 to
1995, grain yields fell by 12%, corresponding to a per
capita decline in supply from 336 kg to 300 kg. More-
over, such growth rates need to be examined at the
regional scale. Europe, for example, has recorded
constant production growth, while per capita yields
in Africa have declined significantly (Fig. D 4.3-4).

The undeniable successes of the “Green Revolu-
tion” cannot and should not conceal the severe dis-
parities that continue to exist between North and
South in respect of food production and distribution,
or the fact that more than 800 million people suffer
from chronic malnutrition or hunger (FAO, 1996c).
The percentage of chronically undernourished per-
sons in the sub-Saharan African states is 37%, or
175 million people. In South Asia as well, where the

proportion of chronically undernourished persons
was reduced from 34% (1970) to 24% (1990), there
are 277 million people suffering from malnutrition.
Even in China, the country with the highest produc-
tion increase in the last 20 years, 189 million people
are thought to be chronically undernourished (Uvin,
1993). At least 82 developing countries have a per
capita calorie supply of less than 2,500 kcal, which
puts them in the category of countries with chronic
malnutrition (Schug et al., 1996) (Fig. D 4.3-5). The
figure would presumably be much higher if a statisti-
cal differentiation could be made according to social
criteria, region and gender. Even if the nutritional
subsistence level is assured at the household level,
the food security of individual family members may
be threatened. For example, meals are often distrib-
uted to the benefit of the male heads of the house-
hold and boys. Girls and women are therefore more
frequently affected by malnutrition (FAO, 1987;
UNDP, 1992).
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In Ethiopia, Cambodia and the Maldive Islands,
the calorie supply dropped below 1,800 kcal per cap-
ita in the mid-1980s.The contrasts become even more
obvious if one keeps in mind that in the sub-Saharan
region, for example, barely 5% of the food comes
from animal sources in contrast to 30% in the indus-
trialized nations. The energy requirement for animal
calories is seven times higher than for plant calories.
This means that the primary calorie consumption per
capita is four times higher in the industrialized coun-
tries (9,500 kcal) than in Africa.

These imbalances prompt the question whether a
further doubling of the global population is actually
possible in view of the food supply situation, and giv-
en the major damage caused to the environment
worldwide by food production. Such damage in-
cludes the increasing degradation of soils on a global
scale (WBGU, 1995), the spread of desertification in
marginal areas around deserts and the loss of valu-
able ecosystems through the expansion of pasture
and farm land at the expense of forests and grass-
lands.The situation appears even more threatening if

one considers that the production increases of the
last decade barely kept pace with population growth,
and that current trends indicate a stagnation both in
farmland expansion and yield enhancement (Figs.
D 4.3-3 and D 4.3-6).

The area of cultivated land used to produce basic
foodstuffs is declining, decreasing in the case of grain
crops by more than 16 million hectares relative to
1981 (8.5%). In view of the 90 million people added
to the world population each year, the annual in-
crease in irrigated area of less than 1% represents a
real per capita decline of 12% by the year 2010. In
terms of total cropland, the situation is even more
daunting; the available per capita area will fall by a
total of 50 million hectares, or 21%, despite the in-
crease in total agricultural area (WWI, 1996a). Ac-
cording to estimates produced by the International
Food Policy Research Institute (IFPRI), this con-
trasts with a 56% rise in grain demand and a 74% rise
in demand for animal products in the 1990–2010 pe-
riod (Holtz, 1997).
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4.3.3
Food and water consumption: current situation
and a look into the future

Grain crops account for around 50% of the
world’s cultivated land. One can assume that about
1,000 tons of water is needed to produce a single ton
of grain (WWI, 1996a).This figure includes transpira-
tion from plants and evaporation from soils, but not
the losses due to wasteful irrigation methods or the
water needed to desalinate the soil. Thus, the quan-
tity of water referred to is more a reflection of mini-
mum requirements for grain production. Based on
world grain production of 1.72 billion tons in 1995
(FAO, 1996c), a water volume of 1,720 km3, or 300 m3

per capita, is required. The quantity of grain pro-
duced worldwide in 1995, i.e. 300 kg per capita, corre-
sponds to exactly the amount necessary to cover the
calorie needs of the population. Given 100% efficien-
cy and a diet consisting of plant foods only, 300 m3 of
water per capita and annum would theoretically suf-
fice for to supply the world with food. Current con-
sumption of grain is around 150 kg per capita and an-
num on a worldwide average and therefore meets
only half of humanity’s calorie needs.

If the goal for the future is a nutritional basis for
all humankind that is equivalent in composition to
the current global diet, then 84% of the food would
have to be from plant sources and 16% from animal
produce.This would correspond to a reduction in the
industrialized countries of 13% and an increase in
the supply of animal calories in the developing coun-
tries of 6%. If the plant portion consisted solely of
grain, water consumption would be 570 m3 per capita
and year. The significant rise results from the ineffi-
cient calorie turnover in the production of animal
produce. An average of seven grain calories is re-
quired to produce one animal calorie. Based on the
above water consumption, an additional 51.3 billion
m3 (51.3 km3) of water annually is needed to cover

the additional food needs for the growth in popula-
tion of 90 million people. Given a constant average
per capita consumption of food, an additional
1,556 km3 of water will be required for food produc-
tion in the year 2025. This is 18 times the quantity of
water that flows down the Nile every year, or 58% of
the volume that was used in agriculture in 1990.
These figures do not take into account the water loss-
es due to inefficient irrigation. If present production
conditions in irrigation farming are applied to the
year 2025, water withdrawals for food production
would rise by a further 20% to 1,867 km3.

The situation looks even more critical if FAO data
are taken into account. In Asia, where 60% of the
world population lives, the FAO estimates per capita
water withdrawals at 2,000 m3 per annum for a bal-
anced diet providing sufficient meat (FAO, 1996c).
This high figure results from the substantial volume
that goes into irrigation for food production and in-
cludes the large losses of water due to inefficient irri-
gation systems.

If the latter withdrawal rates are compared with
renewable water stocks (WRI 1996; Engelman and
Leroy, 1995) and expected population growth to the
year 2025 (mean UN forecast) is taken into account,
then in the Asian region China (1,780 m3), India
(1,498 m3), Pakistan (1,643 m3), Iran (812 m3), Af-
ghanistan (1,105 m3), South Korea (1,158 m3) and
Singapore (179 m3), with a total of around 3.43 billion
people, will fall below this minimum value. Owing to
the expected economic development in these coun-
tries, water scarcity will be further exacerbated and
food import needs will rise. Another problem con-
cerns increasing urbanization, which will lead to dis-
tribution problems between cities and the surround-
ing areas as water resources become scarce. Apart
from this quantitative aspect, impacts on water qual-
ity can be expected since the pressure on using water
for irrigation will result in deterioration of the qual-
ity of available water.
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4.3.4
Recommended action

To secure the food supply for a world population
that continues to grow at a rapid pace, additional ef-
forts will have to be made to improve agricultural
and forestry production and to check the progressive
degradation of soils. This will necessitate the devel-
opment of locally appropriate, sustainable and envi-
ronmentally sound strategies for water use in agricul-
ture and forestry that place substantially more
weight on the abiotic and biotic potential of specific
locations than has been the case until now, and which
preserve or protect this potential by means of suit-
able measures.

Efficient use of water for crop production poses a
major challenge for agricultural engineers and farm-
ers. More efficient irrigation systems can be achieved
by improving the technical systems for supplying wa-
ter via canal and pipe systems, as well as for distribut-
ing and dosing water on agricultural areas. In future,
greater care must be taken to focus support less on
high-tech engineering and to make use of more
adapted, low-tech methods, which are often less cost-
ly. Moreover, greater consideration should be given
to the experience and sociocultural background of
the population concerned.
• In regions with scarce water resources, land-based

wastewater treatment or the watering of crops
with treated wastewater will gain increasingly in
importance as the needs and wastewater volume
of private households and industry rise. These
long-term trends should be taken into account to-
day in the planning of development projects, and
steps should be taken at an early stage to effect a
change in water use patterns and thus avoid un-
wise investments. Germany has a long tradition in
wastewater treatment. The experience gained in
this field should be utilized and adapted to other
regions.

• Irrigation farming is frequently coupled with
large-scale water development projects. For eco-
logical, economic and social reasons, it is recom-
mended that support be given to the development
of small decentralized projects that are often easi-
er to adapt and which build on local structures and
experience. In combination with present-day sys-
tems for transmitting data and information, even
small projects can be optimally managed and
monitored.

• To enhance irrigation efficiency, plants must be se-
lected or cultivated that are insensitive to fluctua-
tions in water supply and have a high salt toler-
ance.The use of such locally adapted plants would
reduce the risk of yield losses, impose lower de-

mands on irrigation systems and thus provide for
greater acceptance.

• As already stated in the WBGU 1994 Annual Re-
port, rainfed cropping also holds substantial po-
tential for increasing yields in large parts of the
world. Supporting decentralized facilities for “wa-
ter harvesting” will not only increase the volume
of water available to plants, but at the same time
reduce the degradation of farmland by preventing
erosion.As with irrigation, such measures must be
accompanied by selection of adapted plants.

• By promoting rainfed farming, one can mitigate
the pressure on traditional, intensively irrigated
“corn belts”, and at the same time counteract fur-
ther widening of regional disparities.

• In the view of the Council, multiple cropping sys-
tems and agroforestry should be given priority
over monoculture farming. Within the framework
of an integrated agricultural development strate-
gy, the targets of enhanced food grain production
and rural development should be pursued in tan-
dem, in order to avoid growth that has no impact
on development.
Aquaculture is a water-related branch of the food

industry that will continue to develop in the future
(see Box D 4.3-1) and which involves the production
of animal and plant food. It deserves further support
in both its intensive and extensive form. Past mis-
takes arose from inadequacies in production meth-
ods and from a lack of acceptance of the products
themselves.A substantial part of the support given to
aquaculture projects should therefore be devoted to
marketing aspects and to enhancing acceptance.
• Land-use systems and aquacultures based on the

exploitation of fossil water reserves should only be
supported after meticulous assessment of ecologi-
cal, economic and social criteria. In many regions,
high-quality groundwater reserves are the only
“sources” for supplying the population with drink-
ing water. Because these reserves are finite, their
use should be analyzed with regard to long-term
regional development.

• The growing need for food cannot be met by an in-
crease in agricultural production alone. Instead,
effective social security systems are called for that
obviate the need to have large numbers of chil-
dren in order to ensure survival and to create pur-
chasing power for acquiring food.There can be no
food security on a long-term basis without social
development.

• A key area for increasing productivity is educa-
tion. It is therefore essential to support school-
based education, and to create the necessary infra-
structure alongside the establishment of social se-
curity systems.
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BOX D 4.3-1

Aquaculture - the growing importance of a
traditional production method

Integrated aquaculture in the form of fish-rice
crops or pig-fish crops has a long tradition of use
in Asia, where they have contributed to food se-
curity and rising production. Through specialized
cultivation of aquatic plants and animals, aquacul-
ture has transformed in the last two decades into
an expansive sector of the fishing industry, with
growing economic importance and annual growth
rates of 10–15% (in 1994, turnover had already
reached $40 billion; FAO, 1996c) (Fig. D 4.3-7).
Approximately 45% of production and 33% of
sales income are generated by freshwater aqua-
culture (1994).Aquaculture is most widespread in
the developing countries, particularly in the Asian
region, where around 75% of the worldwide pro-
duction takes place and 57% of sales is earned,
thus improving the food situation and economic
development. 70% of sales is from freshwater
aquaculture.

While the supply of freshwater fish comprised
only 19% of total fish consumption in 1994, 68%
of this share was produced by aquaculture (FAO,
1996c). As the population grows and catch quotas
on the world’s oceans stagnate or decline, it can be
assumed that aquaculture will continue to expand
its share of total fish production. Because of its
high-quality protein content, fish can make a sig-
nificant contribution to nutritional and food secu-
rity. 17% of the worldwide supply of high-quality
protein is provided through the consumption of

fish. In 1994 12 million tons of fish was produced
as food by means of aquaculture (FAO, 1996c).

The percentage of protein supplied as fish is far
above the world average in the countries of
Southeast Asia and Africa, where the figure is
28% and 21% respectively (Fig. D 4.3-8). In the
field of aquaculture, a distinction must be drawn
between industrial aquaculture and extensive, of-
ten integrated aquaculture.The former focuses on
luxury products, such as salmon, lobster or
prawns, is export-oriented and cost-intensive.
High stock densities frequently lead to eutrophi-
cation and severe organic pollution of the water-
body. Moreover, water quality is severely reduced
due to microbial contamination, antibiotics and
insecticides. On the other hand, low-input aqua-
culture implemented on an integrated basis in
small farming systems in developing countries can
make a major contribution to food security by
providing a broader food base, reduced suscepti-
bility to droughts or other negative impacts on
yield, and to securing or improving operating in-
come through the supply of local markets. Prereq-
uisites include cultural adaptation, availability of
land and free access to water.

The FAO supports regional integration of
aquaculture into existing farming systems in nine
countries of southern Africa with around 20,000
small ponds and a yield potential of 50–200 kg ha-1

year-1. Aquaculture in the form of fish-vegetable
crops also plays a growing role in the peripheral
areas around Asian cities. It offers the rural popu-
lation living near the city an additional source of
employment and the constantly growing popula-
tion in the cities an important source of food.

1987

1990

1993

1995

Marine aquaculture
Freshwater culture

Production (million t year-1)
0 2010

Figure D 4.3-7
Growth of aquaculture production.
Source: FAO, 1996c
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Figure D 4.3-8
Percentage of protein supply obtained from fish.
Source: WWI, 1996a
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BOX D 4.3-2

Irrigation systems of the Nabateans

People in the arid regions of the Earth learned
at an early stage how to handle water as a scarce
resource to their best advantage. A particularly
interesting and still exemplary irrigation system
was developed by the Nabateans in the Near East.
These extremely well-adapted systems existed
from 1000 B.C. to 700 A.D., when they were de-
stroyed during the Arabian wars. In regions with
80–200 mm of precipitation a year, this system en-
abled a sustainable food supply for a family to be
produced on a 35-hectare plot for centuries with-
out needing external water supplies. The system
was based on the fact that after rainfalls (2–3 mm
a day) in desert areas with silty soils, the water
flows off from the soil surface, collects in valleys
and runs off in fast-flowing streams.This is caused
by low infiltration rates due to poor wettability
and clogging of the surface soil. If this water is col-
lected in sinks, sufficient water can be provided to
plants from the soil through the small-scale stor-
age there, so that longer drought periods can be
survived without any connection to groundwater.

The Nabateans reinforced this natural effect of
flood water retention through structural meas-
ures, resulting in sustainable agricultural manage-
ment of valley meadows in the Negev Desert for
over 1500 years.The structural measures included
– building canals that diverted the flood water

along slopes to the farmland,
– collecting stones on the slope to increase the

water yield (this was important in years of low
precipitation),

– constructing stone walls along the edges of val-
ley meadows to protect the cultivated land
against sheet floods from the slope and divert
surplus water to a receiving waterbody (impor-
tant in years of high precipitation), and

– sluices for admitting water to the actual farm.
The farm itself was laid out in the form of ter-

races, where each plot was surrounded by an earth
or stone wall so that the farm area was lower than
the wall.The terraces had the function of retaining
water and collecting sediment. The system can be
described as follows.

At precipitation rates higher than local infiltra-
tion, a sheet flood occurs as described above. This
water was collected, diverted to the farm via ca-
nals and stored there in a system of ponds. Surplus
water was conveyed to lower-lying plots in the val-
ley via weirs. The collected floodwater infiltrated

the soil in the course of about one week.The stone
walls were so designed such that the soil profile
was not only thoroughly moistened, but also elu-
viated. This prevented an accumulation of salt in
the rooting zone.After the flood, the soil was hoed
to prevent transport of water to the soil surface by
blocking the capillaries, because salinization of
the topsoil would otherwise have resulted.

The plots were mainly planted with woody
plants with a large rooting depth (olive, almond,
pomegranate, carob, apricot, peach, plum, pista-
chio, grape vines). In addition, deep-root fodder
(Atriplex, grasses) was grown. Cultivation of veg-
etables and cereals was possible but was not car-
ried out regularly, and then only on certain plots.

The ratio between catchment area and arable
land was around 7–5:1. On experimental farms in
Avdat and Shivta, harvests were achieved even in
dry years with only 80 mm of precipitation. Water
use was strictly regulated among the Nabateans:
– there were rights of use in neighboring valleys

(indicated by canals extending beyond a single
catchment),

– the height of the bordering walls corresponded
to the usable soil depth (at the head of the val-
ley , where soils are shallow, the walls are low-
er than at the foot of the valley),

– surplus water was passed on in a regulated sys-
tem (of sluices) to neighbors in lower-lying val-
ley areas,

– a receiving waterbody channeled floodwater
away and simultaneously filled large cisterns
alongside streams.
Setting up a farm of this kind requires relative-

ly little technical input (10 persons, 200 days of
manual work). Maintenance of the walls was the
most important part of running the farm since
they can be damaged in flood years.The yield of a
5-hectare farm with a catchment area of 35 hec-
tares, largely consisting of slopes without vegeta-
tion in the desert, was sufficient for the subsis-
tence of one family. Today the fossil remains of
Byzantine farms are still used by Bedouins for
growing grain – without any signs of salinization.
The farms work without a drop of water from
man-made irrigation. The yield per tree is higher
than with irrigation farming, though the per area
yield is lower due to the smaller number of trees.

The idea of a farm watered by collected rain-
water could be implemented in all arid regions
with non-sandy soil. Since it permits only subsis-
tence farming and not cash crops, this knowledge
has not been disseminated to the extent merited
by its potential.
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4.3.5
Research recommendations

Projects conducted jointly by researchers from
Germany and developing countries should be given
general support. “In situ” research performs an im-
portant multiplier function. The cutbacks in funding
for international agricultural research should be
counteracted with greater commitment on the part of
Germany. In particular, it is recommended that the
BMZ provide more funds than in the past for pro-
moting research on the wide variety of aspects relat-
ed to the use of water for food production in the de-
veloping countries.These activities should be coordi-
nated with those carried out by the BMBF and BML.
Integrating the existing research potential of univer-
sities should be strengthened by involving the DFG
in the design of appropriate programs .

Specific research needs exist in the following are-
as:
• Development of methods for distributing and dos-

ing irrigation water that enhance the efficiency of
water use.

• Development of irrigation techniques that ensure
sustainable use of soils.

• Intensified research into the breeding of salt- and
drought-resistant crop varieties. Traditional varie-
ties whose cultivation has been neglected up to
now should be included to an increasing extent in
such programs.

• Research on the potential for using process water
and wastewater in agricultural production.

• Research on new water-harvesting strategies for
soil protection and crop production in arid and
semi-arid regions (see Box D 4.3-2).

• Further development of the potential offered by
aquaculture, and research on the societal condi-
tions for its success.

• Exploitation of the opportunities offered by inter-
national research programs, such as IGBP and
IHDP, that deal with global water problems and
the interaction between crop production and the
water budget.

4.4
Degradation of freshwater ecosystems and
neighboring habitats

Salinity limits usability – Acidification: more than
4,000 lakes affected – Warmth and pollutants impair
water – Non-native species alter biotic communities –
Overfishing – Interference with waterbodies and wet-
lands – Ramsar Convention – Wetlands regulate cli-
mate

The degradation of freshwater habitats by pollu-
tant loading, physical damage and direct anthropo-
genic interference leads to impairment of many of
their functions. The type and severity of degradation
influences the specific natural, cultural and utiliza-
tion functions that are weakened or totally lost (Sec-
tion D 1.1). Anthropogenic disturbances are particu-
larly drastic when they cause freshwater habitats to
shrink, for example through interference with the
water balance (Aral Sea), lowering of water tables,
canalization of rivers, building of dams, building de-
velopment and peat cutting. Pressures and impair-
ments that alter physical, chemical or biotic factors
have impacts on water quality especially (Section
D 1.5). Such damage can be induced, for example, by
thermal energy inputs in the form of cooling water
discharge from power stations, by the increased tur-
bulence and mechanical stresses caused by shipping
(physical factors), the deposition of inorganic and or-
ganic substances (chemical factors), the introduction
of non-native species of flora and fauna, and the ex-
cessive removal of biomass (overfishing) (biotic fac-
tors). Different types of interference and stress are
often coupled with each other and are also linked to
impacts from neighboring and distant regions. Me-
chanical stress produced by ships can resuspend pol-
lutants in sediments, for example, or acid precipita-
tion can lead to metals being leached from soils into
groundwater and surface waters. Non-sustainable
land use increases erosion, thus endangering fresh-
water habitats.

The natural features of aquatic habitats can vary
considerably, depending on geological, climatic and
hydrological conditions. Quite often one can find
semi-natural habitats with characteristics that are not
dissimilar to those of degraded habitats. The trophic
levels of lakes, for example, can show substantial
variation, such that lakes that are eutrophic due to
anthropogenic nutrient loading are barely distin-
guishable from lakes with a naturally high concentra-
tion of nutrients.The food chains in salt lakes are sim-
ple, and the use functions for humans often negligible
– characteristics that may also appear in cases of hu-
man-induced salinization. Other forms of degrada-
tion, such as contamination with persistent organic
pollutants, have never occurred under natural condi-
tions. This makes it all the more difficult to assess
their impacts or to determine the critical loads (for
the critical load concept see WBGU, 1995). The as-
sessment of factors that lead to ecosystem degrada-
tion depends first of all on the changes in and losses
of functions that they imply. The weighting attached
to the various ecosystem functions will determine the
significance of their loss (global dimensions? size of
area affected? acceptable alternatives for people af-
fected?). There is also the question as to whether
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these functions may be discharged in some other way,
or whether other ecosystems performing the same
ecological functions are present. Degradations must
be assessed as particularly severe when they are es-
sentially or practically irreversible, i.e. when they
cannot be reversed or mitigated either through the
self-organization capacity of the ecosystems, or
through measures to restore and rehabilitate them.
Processes involving the extinction of species, the deg-
radation of unique habitats, long-term loss of use or
the destruction of ecosystems of particular impor-
tance for climate must also be included in this catego-
ry. Conserving the natural range of existing ecosys-
tems is therefore an eminently important task. The
prevention of degradation in the future and the elim-
ination of present-day causes of degradation are ma-
jor steps towards accomplishing this objective. In
many cases, it makes sense to implement targeted re-
habilitation measures (mediation, restoration), or to
create new habitats. Preserving ecosystems not only
safeguards their present functions, but also ensures
that functions required in the future are preserved
(see section D 1.2.5). This also helps to safeguard
those functions whose existence or significance have
not been recognized as yet.

4.4.1
Salinization and desiccation

Surface waters
Due to the low tolerance towards elevated salt

concentrations on the part of most freshwater organ-
isms, increased salinity causes devastating changes in
biotic communities and generally involves a decline
in biodiversity. At salt concentrations of 5% and
more, almost all freshwater fishes lose their capacity
to reproduce (Arrow, 1994). Elevated salt concentra-
tions can render water unusable as drinking water or
for agriculture (see section D 1.5). Lakes in arid re-
gions with high evaporation rates have high natural
salinities.At 270 grams per liter, the Dead Sea has the
highest salinity of all the world’s major inland waters.
Besides bacteria, the only organism to survive these
conditions is a single exceedingly salt-tolerant spe-
cies of green algae (Wetzel, 1983). The diversion of
enormous quantities of water from tributaries in or-
der to irrigate cotton plantations has caused the Aral
Sea to shrink to half its previous size. The commu-
nities of what used to be the world’s fourth largest
freshwater ecosystem have been irreversibly disrupt-
ed as a consequence of the increasing salinity caused
by reduced inflow (Plotnikov et al., 1991). This trend
has led to economic collapse in many parts of the re-
gion (see Section D 3.4).

The discharge of highly saline water from munici-
pal sewage systems leads to elevated salinity levels in
many rivers. However, the largest quantities of salt
are discharged to surface waters from mining opera-
tions, oil wells and agricultural land use. The impacts
on lower reaches of running waters are often partic-
ularly severe. In central Europe, the salinization of
the River Rhine and the River Werra due to potas-
sium mining are well-documented examples. In both
cases, the stock of species was drastically reduced
(1989). In recent years, the decline in salt concentra-
tions in the river Werra has led to a visible recovery
of biotic communities.

Soils and groundwater
In arid areas, salinization and desiccation of

groundwater stocks are the consequences of exces-
sive groundwater pumping. In water-poor regions,
the increased demand for water generated by long-
distance tourism, mostly from the rich industrialized
countries, often leads to the total exhaustion of
groundwater reserves. In coastal areas where
groundwater is pumped on a large scale to provide
water for drinking (India, Mexico, the Mediterrane-
an) or for mining purposes (North Carolina, Great
Britain), the artificial lowering of water tables has of-
ten resulted in the intrusion of sea water into the
groundwater.

Regions with salinized soils (Table D 4.4.1) are
found in the salt marshes of temperate zones, in the
mangrove swamps of the tropics and sub-tropics, and
in the salt marshes of salt lakes in arid regions. Sali-
nized soils are common in arid and sub-arid regions,
where precipitation does not suffice to transport dis-
solved salts to deeper horizons. The transport of wa-
ter is here reversed – from deeper horizons to the
topsoil where salinization occurs. Salinization occurs
in the vicinity of coasts due to the high salt loads in
precipitation. Increased transpiration of crops leads
to elevated salt concentrations, even on non-irrigated
grazing and farmland. But it is primarily in irrigated
crops – not only in the sub-tropics – that salinity
reaches a critical level.The salinization process often
involves sodium ions, which lead to the formation of
soda and to alkalization of soils because ion ex-
change is blocked by the sodium ions (Section
D 1.5.2.2).

The problem of salinization has existed for a long
time. Ever since humans discovered agriculture, the
demise of cultures was associated in many cases with
the salinization of soils (Marschner, 1919). World-
wide, about one-third of all irrigated land is affected
by salt and it is estimated that more irrigated land is
lost to agriculture through salinization than is gained
through the irrigation of new areas (Marschner, 1990;
Pereira, 1974). The annual increase in salinized soils
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Type Climate and Example Secondary Primary Prediction
location cause cause

NATURAL SALINIZATION

Salinization of soil Arid and semi- West and Evaporation Climate Increase with
arid climates northwest India, greater than climate change

Egypt, north- precipitation
west China,
Australia, western
USA, Namibia

Impacts on Salt marshes on North Sea and Saline Proximity to Increase with 
groundwater coasts, Black Sea coasts, , groundwater, coast sea level rise

marshes near Israel, Australia, inundation
salt lakes China

Sinks, valleys Great Plains Saline Geology, Constant
meadows, etc. (USA, Canada), groundwater, climate

Indus and inundation
Ganges plains

ANTHROPOGENIC SALINIZATION

Felling of Mediterranean, Western Change in Land Constant
forests temperate Australia rhizosphere acquisition

Continental, Siberia Change in Land Increasing
boreal transpiration acquisition

Felling of Tropical humid South America Salt loads Cultivation Increasing
low-lying forests from coast of cash crops 

and farming
for export

Transformation of Continental, Kazakhstan Change in Cultivation Increasing
steppes and temperate transpiration of cash crops 
irrigation and furrow and cotton

irrigation for export

Transformation Continental, Nebraska (USA), Change in Cultivation Increasing
of steppes and temperate Alberta, Saskat- transpiration, of grain crops 
irrigation chewan (Canada) sprinkler irrigation and lucerne

Irrigation Arid and semi- Murray Valley Sprinkler irrigation Cultivation Declining
from rivers arid climates, (Australia) and furrow of cash crops

tropical irrigation for export

Indus Furrow Cultivation Increasing
(Pakistan) irrigation of cotton

for export

Modification of Monsoon India Furrow Cultivation Increasing
old irrigation climate irrigation of cotton
methods for export

China Pond irrigation Rice crops Increasing
for food
security

Table D 4.4-1
Salinization phenomena caused directly or indirectly by natural and anthropogenic factors, their regional distribution
and forecast trends.
Source: WBGU
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(natural and anthropogenic) is estimated at 0.16–1.5
million hectares per year (Barrow, 1994).

4.4.2
Acidification

Sulfurous and nitrogenous gases emitted primari-
ly from fossil fuel combustion and distributed by at-
mospheric transport is leading worldwide in areas of
high precipitation to acid rain and to acidification of
waterbodies and soils. Worst affected are soils and
lakes in low-calcium areas with low buffering capac-
ity (Figure D 1.5.2). Emissions of acidification agents
containing sulfur have declined in Germany as a re-
sult of emission reduction measures; however, there
are no signs as yet of the pH values in rain being re-
stored to their natural level (Brown et al., 1995). The
decline in pH values causes changes in the cellular
ion budgets of aquatic organisms (Klee, 1985) and
leads to death when values are extreme (Lenhart and
Steinberg,1984).

One consequence of acidification is the enhanced
release of toxic metal ions from soils and sediments
to surface waters and groundwater (especially alumi-
num, copper, cadmium, zinc and lead). In aquatic or-
ganisms, aluminum and other metals lead to the inhi-
bition of enzyme functions and may cause reduced
blood formation (Lampert and Sommer, 1993). High
concentrations can be acutely toxic. The release of
metals is further reinforced by eutrophication and
abnormally high temperatures in waterbodies. Both
forms of stress lead to oxygen decline, which increas-
es the solubility of many metals.

More than 4,000 lakes in Norway and Sweden
have been impaired by acidification. Salmon and
trout species have effectively disappeared from
many rivers (Rossland et al., 1986). Similar impacts
of acid rain have been observed in the High Tatra and
in northeastern parts of North America, in the Adi-
rondack Mountains (New York, USA) and in the
province of Ontario (Canada) (Burns et al., 1981;
Dickson, 1981).

4.4.3
Eutrophication and pollution

Eutrophication of surface waters
Excess nutrient inputs, of phosphate and nitrate in

particular, raise primary production. Phytoplankton
biomass increases, and the species composition of bi-
ological communities is altered. In extreme cases of
eutrophication, dense blue-green algal scums are
formed that produce noxious and toxic substances in
many cases. The flow of particulates to the lake bot-

tom increases (Lampert and Sommer,1993), and the
decomposition of organic material in deepwater lay-
ers leads to oxygen depletion and even to complete
anoxia. Such anoxic conditions enhance the remobil-
ization of phosphate from lake sediments (internal
loading), thus amplifying the impact of eutrophica-
tion by positive feedback. The increase in primary
production improves fish yields (Hartmann and Qu-
oss, 1993), but species composition also changes. Sal-
monids, found particularly in waters with low produc-
tivity, are very sensitive to high temperatures and low
oxygen concentrations. Deoxygenation of deep wa-
ter in eutrophic lakes means that fish with high oxy-
gen requirements can survive only in warm surface
layers, but these do not provide optimal conditions.
Salmonids are therefore replaced through eutrophi-
cation by edible fish of lesser value belonging to the
Cyprinid family (carp) (Carpenter et al., 1996). In
highly eutrophic tropical lakes especially, changes in
the oxygen budget can lead to dramatic summer fish
kills. In lakes of the temperate and cold zones, com-
plete anoxia can occur when oxygen inputs from the
atmosphere are blocked by ice cover and the photo-
synthetic supply of oxygen is minimized by the lack
of light (winter fish kills).

In most inland waterbodies, eutrophication is at-
tributable to increased phosphate loads from the
catchment. In West Germany, as recently as 1989, this
phosphate input came predominantly from munici-
pal sewage (UBA, 1994). In Europe and North
America, phosphate loads to many waterbodies have
been dramatically reduced through reductions in
wastewater discharges achieved by constructing ring
sewers, adding a third purification stage to sewage
works, and by substituting phosphate in detergents
with other water softeners, such as organic complex-
forming agents (Burns et al., 1981;Wagner, 1976;Tilz-
er et al., 1991; Wehrli et al., 1996). In former West
Germany, phosphate emissions from municipal sew-
age works were reduced by 74% between 1985 and
1995 (UBA, 1994). As a consequence, the trophic
status of many lakes was successfully reduced. Al-
though mass algal growth close to lakeshores has de-
clined rapidly on the whole (e.g. Lake Constance),
the restoration of lakes to their former oligotrophic
status is only possible after a considerable time lag in
many cases. In shallow lakes especially, phosphates
continue to be released at high rates from benthic
sediments, where they accumulated during eutrophi-
cation, even after such a reduction in external phos-
phate loading. In Lake Trummen (Sweden), the only
way to improve water quality was to remove (lake
bottom) sediment that was extremely contaminated
with phosphate (Björk, 1985). For remediation to
succeed, it is essential to know which nutrients are
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limiting production, and where these nutrients come
from.

Concerted action to rehabilitate the waters of
Lake Constance (eliminating roughly 80% of phos-
phate in domestic sewage throughout the catchment
by means of a third purification stage and by con-
structing ring sewers) led to a drastic reduction in
winter concentrations of total phosphate (to less than
25% of the maximum value as at 1995). Despite these
measures, annual primary production and phyto-
plankton biomass have declined only by about 25%.
The delayed response of the system to reduced exter-
nal nutrient loading is still not sufficiently under-
stood (Kümmerlin,1991; Tilzer et al., 1991).

Significant phosphate emissions originate from
fertilized soils. Phosphates are removed from soils
mainly in particulate form through soil erosion, and
are flushed from aerated soils to a lesser extent than
the more mobile nitrogen compounds. Nevertheless,
emissions were reduced by only about 20% between
1985 and 1995, in contrast to the situation with mu-
nicipal sewage.The very large loads of nitrogen com-
pounds (nitrate, nitrite, and ammonium) from agri-
culture (effluents, leaching) have hardly changed.
Whereas the atmosphere is of no global significance
as a pathway for phosphate loads, the atmospheric
deposition of nitrogen, e.g. from agriculture, is sub-
stantial and many times greater than what enters the
environment via effluent and leachate (UBA, 1994).

In general, only one nutrient limits biomass pro-
duction, and in the case of inland waterbodies this is
usually phosphate. However, in some inland water-
bodies featuring special biogeochemical conditions,
the most important limiting nutrient is nitrogen, not
phosphate. In these cases, nitrogen addition may be
eutrophying. In Lake Tahoe (USA), which is ex-
tremely low in nutrients and biomass production,
more than 65% of nitrogen loads originates from the
atmosphere (Jassby et al., 1994 and 1995; see Section
D 1.5.1). The increase in these nitrogen loads has
caused an increase in phytoplankton biomass, and
has increased the turbidity of what used to be excep-
tionally clear water. The changing ratio of phosphate
to nitrogen in the water is now causing the limiting
nutrient to shift from nitrogen to phosphate (Gold-
man et al., 1993).

Running waters are often used as receiving waters
for wastewater, cooling water and other inputs. Their
rapid renewal rates and good aeration means that
running waters can withstand greater pressures than
standing waters (Niemeyer-Lüllwitz and Zucchi,
1985). However, their stress-bearing capacity de-
clines when weirs or dams are constructed, because
the physical and chemical behavior of such waters
becomes similar to that of lakes (longer retention
times in water, development of temperature stratifi-

cation in summer). The same occurs, although to a
lesser degree, in the lower reaches of large rivers,
where gas exchange is reduced due to lower veloc-
ities of flow, and depletion of oxygen induced as a re-
sult of heavy organic pollution (Sections D 1.2.1 and
D 1.2.2).

Nitrate in groundwater
Enrichment of groundwater with nitrate occurs on

a large scale, above all through the diffuse deposition
of nitrogen through atmospheric loads (Section
D 1.5.1.1), but especially through the leaching of fer-
tilizers from cropland. The usability of groundwater
for drinking water supplies can be seriously jeopard-
ized by high concentrations of nitrate. In the EU and
in Germany, the maximum value for nitrate in drink-
ing water is 50 milligrams per liter. In order to safe-
guard drinking water supplies from groundwater,
certain areas in Germany have been designated as
water protection areas where land use is subject to
stringent controls. Fractured rock aquifers, as are
found in the karst regions of former Yugoslavia, on
the Yucatan peninsula and many Caribbean islands,
for example, are particularly vulnerable, and assess-
ing the size of such designated areas requires large-
scale hydrological surveys.

Pollution of waterbodies
The range of anthropogenic substances entering

the environment is too great to be surveyed in full.
There are many hundreds of thousands of chemical
compounds, of which only a minute proportion can
be detected by waterbody monitoring programs. The
various types of pollutants and pressures on water re-
sources include: pesticides, heavy metals, hormonally
active substances, radioactive isotopes, pathogens
and parasites. Radioactive substances represent a
special risk, while the significance of environmental
chemicals with hormonal effects, such as pesticides,
dioxin and PCB, is still a source of considerable con-
troversy. Even at very small concentrations, the latter
substances can have crucial effects on the endocrine
system as well as negative impacts on the reproduc-
tion and development of aquatic organisms (Froese,
1997).

In standing waters, contaminants are able to accu-
mulate to a high degree due to the lack of mixing.
Many pollutants are adsorbed by suspended matter
and are actively ingested by organisms. When parti-
cles or dead organisms sink to the riverbed or lake
bottom, they carry pollutants with them that then ac-
cumulate in the sediments. When sediment deposits
are stirred by dredging and construction work, by
floods, as a result of water movements induced by
wind or by shipping, as well as by benthic fauna (bio-
turbation), or by chemical mobilization (oxygen de-
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pletion, changes in redox potential, or fluctuations in
salt concentration), pollutants in the sediment are re-
leased to the substance cycles of the waterbodies.

The Great Lakes in North America, the largest la-
custrine region in the world, have such high levels of
pollution due to large-scale external loads that drink-
ing water may be extracted at only 3% of the 8,000-
km shoreline. This accumulation of pollutants is fur-
ther reinforced by the low renewal rate of the lakes
(Abramowitz, 1995). In southern Finland and on
Lake Baikal, paper and cellulose production are the
main source of heavy pollution (Lindstrom-Seppa
and Oikari, 1990).

Toxic pollutants impair the normally high self-pur-
ification capacity of running waters when they kill or
harm the bacteria responsible for the self-purifica-
tion process. When rivers are polluted as a conse-
quence of large-scale discharge of effluent from in-
dustrial centers, or through accidents, a high rate of
deoxygenation and the direct impact of toxic sub-
stances can lead to the elimination of many groups of
fauna, as occurred after the Sandoz disaster on the
River Rhine (Lelek and Koehler, 1990). There have
been many cases in which the biological communities
of rivers have recovered rapidly from such singular
events, but this cannot be generalized to the same ex-
tent for other waterbodies (see Section D 1.2.5).

Discharged cooling water raises the temperature
of adjacent or downstream portions of the water-
body.As a result of these changed conditions, biolog-
ical communities and the turnover rates of substanc-
es undergo changes. Elevated deoxygenation rates as
a consequence of higher temperatures is a particular-
ly serious effect that is attributable both to the tem-
perature dependence of the physical solubility of
oxygen in water, as well as the higher metabolic rates
of aquatic organisms.Thermal pollution control plans
have been drawn up for rivers in highly industrialized
areas exposed to severe thermal stress; these plans
are supposed to ensure that the waterbodies are not
heated up by more than 3 °C. Streamflow variations
are of critical significance for the capacity of rivers to
tolerate thermal pollution. Discharges of cooling wa-
ter at low water levels have particularly severe conse-
quences, especially in the warm season.

Groundwater
Groundwater pollution does not normally occur

until after a certain delay, because the leaching of
pollutants from polluted soils at industrial locations
and under landfills into interstitial groundwater is
normally a slow process. Fractured rock aquifers
(granite, lava, karst) with low rates of water renewal
are particularly vulnerable to anthropogenic pollu-
tants, which can be very quick in appearing. Even in
highly technified industrialized countries, certain

groups of pollutants in groundwater (for example ra-
dioactive isotopes, phenols, arsenic) prevent any fur-
ther use of this resource (WBGU, 1995). Groundwa-
ter pollution, once it has occurred, is almost impos-
sible to eliminate and must therefore be classified as
severe damage to water resources.

4.4.4
Introduction of non-native species

Invasion and introduction of non-native
species
International transoceanic shipping leads to un-

wanted transfers of non-native species between pre-
viously isolated aquatic habitats. In addition, fauna
and flora are deliberately introduced into freshwater
habitats for commercial purposes. Linking continen-
tal catchments via canals provides other new dissem-
ination pathways for local and exotic fauna and flora.
The explosive propagation of invasive species, such
as the zebra mussel Dreissena polymorpha in the
Laurentian Great Lakes of North America, is a con-
sequence of high mobility and a low degree of con-
trol by natural regulation (Griffiths and Schloesser,
1991). Due to the lack of natural enemies otherwise
present in the native habitats (predators and para-
sites), introduced non-native species can have severe
impacts on native species of flora and fauna, and may
even eliminate them entirely. The introduction of
non-native species can result in the following long-
term outcomes for the ecosystems concerned:
1. Permanent establishment is not possible.
2. Indigenous species are displaced.
3. Coexistence with indigenous species occurs, with

the establishment of a new equilibrium.
In the Great Lakes of North America, about 130

non-native species have been introduced so far. As a
result, the fisheries yield of native species has col-
lapsed to a mere 0.2%. The economic damage is in
the order of several billion US dollars (Abramowitz,
1995). In many cases, the explosive spread of non-na-
tive species during the initial phase leads to popula-
tion decline and to the establishment of a new equi-
librium within the biological community.When indig-
enous and non-native species coexist, this is not an
identical state to the one existing prior to the inva-
sion of the foreign organism. The accidental intro-
duction of the American waterweed (Elodea cana-
densis) from North America into European inland
waterways about 100 years ago led at first to drastic
changes in the structure of riparian biocoenoses. In
the meantime, the species has become firmly estab-
lished in the affected ecosystems (see also Box D 4.4-
1).
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Besides the accidental introduction of non-native
species and the impacts this can have, dramatic
changes in the structure of entire food webs some-
times result from the deliberate introduction of non-
native useful plants and animals from which high
yields are expected. Impacts on native communities
vary and are unpredictable in most cases. Effects on
the food web are often severe. Successfully intro-
duced fishes are often rapidly growing species that
can effectively use and eliminate populations of prey
species in order to maintain their high rates of repro-
duction.

4.4.5
Overfishing of inland waters

The fisheries yields of inland lakes are dependent
on the primary production of the waterbody as well
as the efficiency with which the potential catch is able
to use the organic substance thus formed. Only in the
rarest cases do suitable species make direct use of the
plant biomass.They are mostly at the end of the food
chain: plankton algae are grazed upon by plankton-
eating fauna (zooplankton), which themselves serve
as food for plankton-eating fish. Energy losses occur
at each transfer step that are cumulatively all the

greater, the longer the respective food chain (Odum,
1971).The population density of the next grazer pop-
ulation reaches saturation level when the highest
possible population density (carrying capacity) has
been reached for the given food situation.

Sustainable use of a fish population is only pos-
sible when catch size is balanced by the growth of
young fish. The most rapid growth is then achieved
when the population density has reached about half
the maximum carrying capacity. In many cases, how-
ever, fish stocks are depleted much more rapidly than
this, resulting in a reduction not only in population
density but also in growth rates. As a consequence,
the fisheries yields are smaller than they could be if
catch rates were optimized. An important fisheries
management measure is to stock with young fish in
order to ensure the minimum level necessary to
maintain population size. The maximum population
density and hence the total fish yield cannot be in-
creased, however.

BOX D 4.4-1

The introduction of non-native fish species and
the impacts: Two case studies

The introduction of the Nile perch to
Lake Victoria
The deliberate introduction of the Nile perch

(Lates niloticus) to Lake Victoria (Uganda, Ken-
ya, Tanzania) in the early 1950s caused mass ex-
tinction among the lake’s endemic fish species. Of
approximately 350 endemic species, 200 have fal-
len victim to non-native predatory fish and grow-
ing pollution, while remaining stocks were heavi-
ly decimated.Although an export-oriented fisher-
ies industry for catching the 200 kg and 2 m long
Nile perch has been successfully established, the
price paid by approximately 30 million local in-
habitants was the destruction of their main source
of food and livelihood (Abramowitz, 1995).

The introduction of commercial fish
species to South Chilean lakes
Biogeographical isolation has resulted in the

biotic communities of South Chilean Lakes being

relatively species-poor. Water fleas (Daphnia),
the most important source of food for plankton-
grazing fish in European and North American
lakes, are absent. Because the productivity of
these waters is usually low, the only species to be
successfully introduced have been rainbow trout
and brown trout, which feed on benthic fauna. Eu-
trophication of these lakes due to aquaculture and
to intensive land use in the catchments has led to
the propagation of larger zooplankton species
that are suitable as food for fish, and to conditions
similar to those in European and North American
lakes. Native fish fauna feeding on small zoo-
plankton (copepods) are likely to be eliminated
(Carpenter et al., 1996).

The two examples show that the introduction
of non-native fish species can result in major
changes in the structure of the food web, changes
that can have unforeseeable impacts. In the case
of the Chilean lakes, future developments will
probably be very much affected by eutrophica-
tion.
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4.4.6
Declining area and quality of inland 
waterbodies due to direct intervention

Many direct forms of anthropogenic intervention
and exploitation damage the ecological integrity and
hence the quality of inland waterbody ecosystems.
Construction projects can even cause the destruction
of entire ecosystems. Examples include the drainage
of wetlands, the canalization of rivers, diking, and the
construction of retention basins and dams. In numer-
ous industrialized countries, the ecosystems of the
major rivers have been largely destroyed by a chain
of dams (e.g. the Danube and Volga rivers). Some riv-
ers have only a few short stretches where they can
still flow freely. Impoundment of rivers and lakes has
resulted not only in the elimination of species-rich bi-
ota in lakeshore and riverside areas, but also in the
destruction of wetlands in adjacent valley meadows.

Dams
Dams alter the hydrological regime of entire river

basins and cause large-scale changes to environmen-
tal, economic and sociocultural factors in the areas
affected. The ecological impacts can be summarized
as follows:
1. Increased evaporation from the water surface due

to longer residence times of water.
2. Impoundments produce thermally stratified wa-

terbodies that behave similarly to natural standing
waters. The result is the formation of vertical gra-
dients (dissolved oxygen, nutrients), plankton
growth, the breeding of insect vectors that spread
disease (e.g. mosquitoes responsible for transmit-
ting malaria) and to elimination of running water
biocoenoses.

3. Breaks in the watercourse prevent migrations that
are essential for the life cycle of many fishes and
other organisms. It is feared, for example, that
damming the Yangtze River will expose an en-
demic mammal species, the Yangtze dolphin, to
the threat of extinction. Dolphins in the River
Ganges face a similar fate (Reeves and Leather-
wood, 1994).

4. The natural nutrient balance of entire catchments
is altered when valley floors are no longer ferti-
lized by annual floods. Agriculture must then rely
on man-made irrigation systems and fertilizers (an
example is the Nile Valley).

Rivers used as shipping canals
As human settlements have become increasingly

concentrated, the need for land resources and for
regulated watercourses has had growing impacts on
major rivers (Niemeyer-Lüllwitz and Zucchi, 1985).

Many running waters have been reshaped into mere
canals for transport and irrigation. The semi-natural
state of many riverine ecosystems has been utterly
destroyed by dredging, canalization, impoundment
and maintenance operations (Claus and Neumann,
1995).

New land is wrested from riparian areas and
floodplains mainly by diking and by deepening the
river bed. Diking leads to higher flow rates, as a result
of which the river scours deeper into the stream bed.
This causes the water table to sink over extensive ar-
eas, leading to wetland destruction and declining
yields from cropland.

The reduced retention capacity of regulated river
systems during annual flood peaks triggers a race
against time to raise the height of dikes. Enormous
damage is inflicted on economies by the increasing
incidence of devastating river floods, such as those
occurring in the catchment of the intensively regulat-
ed Mississippi River (USA). Areas of land in river
catchments that are used for intensive agriculture (as
in Huang He, China) are unable to retain as much
water as undisturbed catchments (WBGU, 1995).

Navigation, water sports and leisure uses
Waves generated by ships can agitate the bottom

sediment and cause it to be resuspended. On heavily
navigated waterways, deposited contaminants can
thus be reactivated.The mechanical stresses imposed
on emergent, floating-leaved and submersed macro-
phytes by the currents and waves generated by ship-
ping can lead to breaking and uprooting of entire
stands and to inhibited blooms. Along intensively
navigated waterways there is often a complete ab-
sence of littoral flora, which have difficulty establish-
ing themselves due to modified hydrological condi-
tions and partial reinforcement of the river banks.

Fauna are also disturbed by heavy shipping traffic
and recreational activities. Birds and large aquatic
mammals (e.g. sea-cows) are worst affected (Zhou,
1986).

4.4.7
Impacts of the loss and degradation of wet-
lands

Wetlands, as the element linking terrestrial and
aquatic ecosystems, are particularly exposed to natu-
ral and anthropogenic degradation (Table D 4.4-2).

Wetland loss and desiccation
Drainage of wetlands is usually for the following

ends:
– River canalization and lowering of water levels.
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– Combating water-related diseases (especially ma-
laria).

– Acquiring land for agricultural, industrial and
commercial development.

– Road construction and residential development
(surface sealing).

– Direct use (cutting peat for fuel, conversion to
parks and gardens).
The conversion of wetlands to farmland, especial-

ly in tropical countries dominated by agriculture, has
not always led to higher yields. The diversified use of
natural wetlands in the Niger Delta, for example,
probably generates more income for the national
economy than a rice monoculture is capable of doing
(Drijver and Marchand, 1986; see also Section
D 1.2.4). There is a growing need for cost-benefit
analyses that take into account not only the direct in-
come generated, but also the costs of medium- and
long-term impacts (e.g. floods, lowering of water ta-
bles, environmental damage such as biodiversity loss)
(see Box D 4.4-2 and D 4.4-3).

Nutrient budget
High nutrient loads in inflowing river or drainage

water as well as precipitation water rich in nutrients
lead to enhanced plant growth and in the long term
to wetlands becoming overgrown. Many wetland ar-
eas are eutrophic and highly productive under natu-
ral conditions, and their capacity for converting nutri-

ents to biomass is used worldwide as a simple means
of improving water quality (Section D 1.2.4). Nitrate
is converted to atmospheric nitrogen (denitrifica-
tion) in water-filled soil layers with low concentra-
tions of dissolved oxygen. This self-purification pro-
cess reduces nutrient uptake and the amount of nu-
trient that is subsequently released (Vought et al.,
1994). In many cases, however, neighboring habitats
are exposed to emissions from wetlands. Integrated
aquacultures, as found in sub-tropical and tropical
countries in South Asia (Thailand, India, Vietnam,
China and Taiwan), can put pressure on surrounding
aquatic ecosystems, to which they discharge a nutri-
ent-rich, deoxygenating load comprising fecal waste,
feed and various chemicals (e.g. pharmaceutical
preparations or algal growth inhibitors) (Dierberg
and Kiattisimkul, 1996). Maximum loads occur when
fish ponds are emptied for seasonal harvesting.

Wetlands with low concentrations of nutrients,
like the swamps and moorlands of Scandinavia and
northern Asia, receive most of their water in the form
of rain. Rainwater’s low buffering capacity and the
ability of peat-forming Sphagnum mosses to ex-
change ions (sodium and potassium ions are ex-
changed for hydrogen ions) create acidic conditions
regardless of the geological base. Bog flora are well
adapted to such conditions (Ruttner, 1962). These
characteristic features may be lost following changes
in the chemical composition of precipitation (see

Wetlands ca. 1990 Wetland area lost
(1,000 km2) (in percent)

Europe 154 Italy (1994): 94
Great Britain (1991): 60
Netherlands (1991): 60
France (1980): 10

Middle East 8 Pakistan (1994): 74
Far East 11 India (1994): 79
Southeast Asia 241 Thailand (1994): 96

Vietnam (1994): 100
Indonesia (1994): 39

Australia and 15 Australia (1990): 95
New Zealand New Zealand (1994): 90
Africa 355 Botswana (1994): 10

Dem. Rep. Congo (1990):50
Malawi (1994): 60
Cameroon (1994): 80
Nigeria (1994): 80
Chad (1994): 90

Alaska 325 -
Canada 1,268 -
USA 422 (1984): 57
Central America 18 -
South America 1,524 -

Global 5,900 -

Table D 4.4-2
Global loss of wetlands.
Sources: modified from
WRI, 1996 and UNDP,
1994
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BOX D 4.4-2

The Pantanal – one of the largest wetland
areas in the world – is endangered

The Pantanal in central South America belongs
for the greater part to Brazil and extends west-
wards as far as Bolivia. Until now, extensive use
has enabled the preservation of this unique eco-
system, which features an enormous diversity of
lifestyles and cultures adapted to the flood cycle
(Junk and da Silva, 1995; Heckman, 1994). In ad-
dition to the increasing pressures induced by
changing use patterns on the floodplain (marked
green on the map in Fig. D 4.4-1) and in the catch-
ment (marked white on the map), the “Hidrovia”
mega-sized water development project is expos-
ing the Pantanal to the threat of massive environ-
mental degradation with unforeseeable social and
economic impacts.“Mercosud”, the South Ameri-
can common market of which Brazil, Argentina,
Uruguay and Paraguay are members, is planning
to develop the river system by making it navigable
over a 3,400-km stretch from Nueva Palmira in
Uruguay to Cáceres on the upper reaches of the
Rio Paraguai.

Covering an area of 180,000 km2, the Pantanal
features savannahs, forest islands, lakes and rivers
surrounded by gallery forest (Tucci et al., 1995).
Large parts of the Pantanal are inundated by

floods during the annual rainy season. Much of
the water evaporates before it can flow back to
the Rio Paraguai (Ponce, 1995). The Pantanal
therefore has a regulatory effect on the runoff re-
gime of the Paraguai-Parana-La Plata river sys-
tem and on climate processes in South America.

The Pantanal is of great ecological value be-
cause of its size, its almost virgin condition and
due to the large number of threatened species, in-
cluding the jaguar, the marsh deer, the Giant Ar-
madillo, the Giant Otter and Lear’s Macaw (Alho
et al., 1988). The diversity of habitats existing in
this mosaic of tropical floodplain savannahs and
terrestrial vegetation is unique among the sub-
tropical to tropical climate zones (UNEP, 1995).
The indigenous population, which traditionally
lives by fishing and livestock farming, depends on
the Pantanal for its resources (da Silva and Silva,
1995).

Following the period of economic growth in
the Pantanal up to the end of the 1950s, which was
based on cattle ranching, sugar cane crops and
timber exports, the economic importance of the
region went into progressive decline as a result of
increasingly cheaper competition from northeast
Brazil (Kohlhepp, 1995). The main cause of this
decline, besides inefficient production methods,
were the high transport costs conditioned by the
poor communication links to the major Brazilian
cities and the export ports on the Atlantic coast.
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Figure D 4.4-1
Map of the Pantanal.
Source: adapted from Junk, 1993
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Section D 1.5.1.1), resulting in shifts in the range of
typical flora and fauna species.

Significance of wetlands for climate
Wetlands regulate the Earth’s water and tempera-

ture balance. Many display high levels of productiv-
ity (Mitsch et al., 1994). Most of these areas contain
large amounts of organic material because their pri-
mary production exceeds decomposition. Between
20% and 30% of the total fixed carbon and nitrogen
in the world’s soils are found in moors, tundra and
marshes alone (Martikainen, 1996).This is equivalent

to about 40–60% of total atmospheric carbon, and
about three times the total carbon in the tropical
rainforests (Maltby and Procter, 1996). Substantial
amounts of these carbon and nitrogen pools have
been released over the past 200 years through drain-
age for agriculture and forestry, and by cutting peat
as a source of energy. At present, annual CO2 emis-
sions from these areas by agriculture alone are equiv-
alent to 3.5% of the total emissions to the atmo-
sphere from fossil fuel burning. Wetlands are effec-
tive sinks for carbon dioxide, on the one hand, but
they are also sources of other gases, such as methane

Today, only a small volume of regional freight is
transported on the Rio Paraguai between Cáceres
and Asunción.When the river level is low, naviga-
tion is brought to a standstill at times. Year-round
navigation would require large-scale measures to
regulate and maintain the river. The “Hidrovia
Project”, initiated and supported at international
level, is expected to provide a new boost to the re-
gional economy by improving transport capac-
ities, especially for soja beans from croplands to
the north of the Pantanal via a waterway that is
navigable throughout the year. Modifications to
the landscape are planned at more than 200 sites,
and include dredging a deeper stream bed, remov-
ing rocks and straightening meandering sections
of the river.There can be no foreseeing the conse-
quences that the destruction of natural rock bar-
riers at the exit of the Pantanal is likely to have.
On the whole, these hydro-engineering measures
threaten a severe reduction in the river basin’s
water retention and evaporation capacity. Accel-
erated streamflow as a result of dredging is likely
to cause some areas of the Pantanal to dry out, as
well as increasing the risk and scale of flooding
downstream. The adverse economic impacts of
building the waterway through the wetlands, such
as damage to fisheries and the need for cost-inten-
sive flood control measures, were inadequately
analyzed by the planners.This made the waterway
appear a more cost-beneficial alternative to ex-
panding the rail network.

Socioeconomic changes in the surrounding ar-
eas, such as gold prospecting, the conversion from
traditional farming methods to cash crops for ex-
port, rural exodus and the concomitant growth of
urban agglomerations are reinforcing the nega-
tive impacts on the Pantanal (Coy, 1991). The
structural transformation into a modern cattle
ranching economy induces changes to the land-
scape, such as diking. Gold mining operations dis-

charge mercury residues to waterbodies, soils and
air (von Tümpling et al., 1995). Soil erosion caused
by open-cast mining, road construction and the
cultivation of soya and sugar cane in the catch-
ment flushes enormous amounts of sediment into
lakes and rivers, causing habitats to silt up and the
conditions for animal and plant life to deteriorate
over wide expanses (Wantzen, 1997).

What needs to be done?
The Hidrovia Project is expected to have se-

vere and large-scale impacts on the society, econ-
omy and environment of the entire region (see
also Section D 3.4). In particular, the threat to bi-
odiversity in the Pantanal and of severe flooding
downstream from the Pantanal are problems of
international significance.The decision to support
the “Hidrovia” megaproject should be based on
an assessment of the social, economic and envi-
ronmental impacts. In this connection, it is essen-
tial to analyze the limits to economic growth with-
in the region (e.g. supply, market conditions) and
to consider alternatives like rail transport so that
sustainable use and locally appropriate develop-
ment remain a feasible option for the landscape in
the long term (Section D 3.4). The level of accep-
tance shown towards the Hidrovia Project on the
part of international aid organizations such as the
Inter-American Development Bank (IDB) is still
low.

Analyzing the natural geographical conditions
and assessing the impacts of existing and planned
human interference on this unique ecosystem re-
quire specially targeted tropical research efforts.
As part of the SHIFT program (Studies of Human
Impact on Forests and Floodplains in the Tropics),
the Federal Government is supporting research
projects focused on the environmental and soci-
oeconomic problems of the Pantanal region.
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BOX D 4.4-3

The Ramsar Convention

On February 3, 1971 in Ramsar, Iran, the “Con-
vention on Wetlands of International Importance
Especially as Waterfowl Habitat” (the Ramsar
Convention) was signed by 18 states. Wetlands as
defined by the Convention are shallow waterbod-
ies (such as lakes, ponds, rivers and coastal zones)
and land that is inundated or saturated with water
at least periodically, such as marshes, moorland,
swamps and floodplains. Protection of these areas
must be regulated internationally, not only be-
cause they are so important for biodiversity the
world over, but also because many animals that
live in wetlands or are dependent on them at cer-
tain stages in their growth frequently transcend
frontiers in the course of migration (Matthews,
1993). This applies to fish, birds and amphibians.

The Ramsar Convention entered into force in
1975 and has been ratified by 101 nations so far.
Almost all states in Europe, North America and
Oceania have ratified the Convention, whereas
the area in Asia and Africa covered by the Con-
vention is only 61% and 42% respectively. In
1975, the Convention was the first multilateral
agreement aimed at intergovernmental collabora-
tion in the protection of natural resources and at
“wise use” of such resources. To this day, the Con-
vention is the only agreement for the protection
of habitats. In the “Ramsar List”, the Parties to
the Convention have since designated 867 wet-
lands as protected areas; these cover a total 62.5
million hectares, or about one tenth of all wetland
areas in the world. Germany alone has designated
31 wetlands (660,569 hectares) under the Conven-
tion framework. Protected wetlands worldwide
include marine and coastal areas (rocky coasts,
salt marshes or tidal flats like the Wadden Sea), in
addition to inland wetlands from rivers to desert
oases, as well as man-made wetlands such as reser-
voirs, fish ponds or saltwater pools. Most wetlands
on the Ramsar List are either lakes, lagoons or
swamps.

Under the Convention, the Parties commit
themselves to “wise use” of all other wetlands not
included in the Ramsar List. In this respect, the
Ramsar Convention was well ahead of its time in
1975. The concept of “wise use” has been elabo-
rated in the course of time and has pronounced

similarities with the more recent notion of “sus-
tainable development”. Guidelines for the “sus-
tainable use” of wetlands have been developed
through the collaboration of Parties under the
Ramsar Convention.

In 1982, the Parties amended the Convention
to give more powers to its various institutions:The
Paris Protocol adopted in 1982 provided an
amendment procedure, under which a permanent
Ramsar Bureau charged with supporting imple-
mentation of the Convention was set up in
Switzerland in 1988. Legal developments up to
1994 included added powers for the Conference
of the Parties, creation of a Standing Committee
and a separate budget for the Conference of the
Parties. The Conference of the Parties meets
every three years (most recently the 1996 confer-
ence in Brisbane) to discuss the implementation
of the convention and to improve its operations
by means of resolutions and recommendations to
the Parties. One example is the so-called Mon-
treux Record created by the 1993 conference.This
is a list of Ramsar sites where change in ecological
character has occurred, is occurring or is likely to
occur. The aim of the list is to facilitate prioritiza-
tion under national conservation programs. As
soon as a wetland is put on the Montreux Record,
the Parties are expected to establish a monitoring
procedure that is then eligible for support from
the Ramsar Bureau. 1990 saw the creation of a
new Wetland Conservation Fund, now known as
the Small Grants Fund. The aim of the fund is to
provide developing countries with technical sup-
port and to finance programs aimed at the “wise
use” of wetlands. The Fund is maintained only
partially from the Convention’s core budget, rely-
ing primarily on voluntary contributions. Projects
receiving support tend to be small in scale, rarely
involving sums in excess of SFR 40,000.

The Convention has one main weakness, how-
ever. It has no instruments at its disposal for miti-
gating or ameliorating external impacts that cause
damage to wetlands. It is unlikely that the regula-
tory powers of the Convention will be extended.
Although some regional agreements regulating
the use of transboundary waterbodies now con-
tain provisions for protecting riparian ecosystems,
it will be necessary in future to intensify the prac-
tical integration and coordination of the Conven-
tion with other regimes for environmental protec-
tion.
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and N2O, which have more powerful climate-forcing
effects. The precise emissions of these gases depends
on aeration, water level, soil temperature and the
“maturity” of the wetland area. For example, drain-
age of wetlands with sinking water levels causes a re-
duction in methane production, but increases N2O
emissions from nutrient-rich wetlands. The probable
effects of a global temperature rise would include not
only modified biota, but also accelerated decomposi-
tion processes. It has not been possible so far to pro-
duce a definitive assessment of the combined impact
on biogeochemical processes of temperature rise,
changes in hydrology and possible modifications to
biota.

4.4.8
Recommended research and action

Research recommendations
• Definition of critical limits for physical, chemical

and biotic loads, and investigations into the impor-
tance of physical characteristics (morphology, hy-
draulic properties, temperature regimes, etc.) for
the stress-bearing capacity of standing and run-
ning waters. Here, the term physical load includes
the withdrawal and heating of water, as well as the
generation of turbulence. Chemical pollution in-
cludes nutrient and contaminant loads.

• Research into climate-forcing processes in fresh-
water ecosystems (especially in wetlands), and
their significance for biogeochemical cycles.

• Further development of concepts for rehabilitat-
ing anthropogenically damaged ecosystems, e.g. by
supporting the self-purification process and other
intrasystemic processes that contribute toward
improved water quality. These include measures
for controlling food chains, the restoration of
deepened river beds and for the re-establishment
of nutrient-poor conditions (reoligotrophication).
Such activities need supporting research.

• Assessments of sustainable fisheries yields for wa-
terbodies that are important for the local food
supply and economy. Before non-native fishes are
introduced, it is essential to evaluate the potential
impacts on the structure and function of freshwa-
ter ecosystems.

Recommendations for policy action
The Council recommends:

• That pressure be exerted at international level to
ensure that municipal wastewater and other po-
tentially harmful wastewater are not discharged
untreated into surface waters and groundwater if
this implies a threat to habitats or other resources
worthy of protection, or would mean that critical

stress limits are exceeded.
• The promotion of agricultural production meth-

ods that impose minimal pressures on the environ-
ment and human health, e.g. through contribu-
tions to the optimization of crop cultures against
the background of edaphic and climatic suitability,
or through support to organic farming.

• That direct interference with freshwater ecosys-
tems, especially the impoundment of riverbanks,
the canalization and shortening of river courses
and the construction of dams and weirs be seen as
ecological damage, the benefits of which must be
weighed up against the loss of functions they im-
ply.

4.5
Water technologies: Basic principles and trends

Production, distribution and treatment of water –
Water disposal – Adapted technologies

The term “water technologies” refers in the strict-
er sense to all technical facilities for supplying house-
holds, public facilities, agriculture as well as trade and
industry with water of adequate quality and quantity,
and for disposing of and purifying the wastewater
discharged after use. In a broader sense, it also in-
cludes technical facilities for optimizing water use in
the specific cultural and locational context. The pri-
mary objective thereby is to reduce the consumption
and pollution of water.

Securing daily water requirements provided the
initial driving force for the development of technolo-
gies for collecting, transporting and storing water. At
a very early stage, ways were also found of accessing
the high-quality water resources that are protected
against evaporation, namely groundwater. The intro-
duction of crop cultivation and irrigation necessitat-
ed raising large volumes of water and moving them
through canal systems, as well as flood control sys-
tems, and this, too, provided an early impetus for
technological advances. The fundamental impor-
tance of water for humankind has not only had im-
pacts on technological progress, however, but has
also shaped human cultures in the same way. Water
has been a key factor in development throughout the
past, and will continue to be so in the future, especial-
ly since it is becoming increasingly obvious that we
are still a long way from the sustainable management
of water resources.
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4.5.1
Water supply

Water is supplied by means of technical facilities
for collection and distribution, and for treating col-
lected water in accordance with the quality require-
ments of the respective consumer groups. Table
D 4.5-1 gives an overview of the various types of fa-
cility used for water collection and distribution
(Förster, 1990).

Groundwater, spring water and well water are
most effectively protected against contamination by
the covering layers and the filtering effects of soil.
They thus provide untreated water of high quality
that to date has required only minimal treatment, if
any. However, the increasing pollution of these re-
sources with contaminants and other unwanted sub-
stances is making treatment of groundwater more
and more necessary. The purifying effect of infiltra-
tion through soil is utilized in bank-filtering and arti-
ficial groundwater recharging as a form of semi-nat-
ural treatment of surface waters. Seawater is avail-
able in large quantities, but the desalination required
to produce freshwater is energy-intensive and hence
costly.

4.5.1.1
Water collection

Wells are used to collect or withdraw groundwa-
ter, bank-filtered water and artificially recharged
groundwater.There is an increasing tendency to con-
struct ever-deeper wells with ever-greater capacities.
In this case, water collection is generally only pos-
sible with the aid of pumps. Depending on the local
conditions, various types of wells are in use (Förster,

1990) (Table D 4.5-1): radial collector wells are used
in the case of shallow aquifers. These consist of a
large well shaft from which horizontal filter lines are
driven radially to all sides at groundwater level. The
large filter area makes them especially suitable for
soils with low permeability.Their advantage over ver-
tical wells is that they produce high yields from a con-
fined space, although this can only be exploited to the
full in the case of more prolific aquifers. Besides
these two well types, shallow groundwater and water
trapped behind impermeable vertical boundaries is
collected in shafts using perforated pipes driven into
the ground or mountainside. These well types are
useful when substantial lowering of the water table is
to be avoided, or when the terrain does not permit
the construction of wells. Another technology, ap-
plied especially in the Near East and northern Afri-
ca, is that of so-called qanats, or foggaras. These con-
sist of a series of wells and tunnels that collect
groundwater underground and channel it down a
slope until it exits further downhill (BMZ, 1995).

When river water is withdrawn, care must be tak-
en to ensure that the fluctuations in water level do
not cause the wells or intake structure to dry up. The
flow and distribution of bed load or contaminants
must also be taken into account (Förster, 1990).

Extraction of lake and reservoir water requires
precise knowledge of the waterbody. Depending on
size and geographic location, seasonal or daily chang-
es in stratification may influence the distribution of
organisms and the chemical processes occurring in
the lake. If one is familiar with these natural process-
es, the withdrawal depth can be selected such that un-
wanted substances – algae in particular – do not en-
ter the untreated water at all, or only to a minimal ex-
tent (Förster, 1990).

In the case of artificial groundwater recharging,
the infiltration of surface water into the filter or va-

Water collection Water distribution

GROUNDWATER: Vertical wells, EXTRACTION: Free-flowing methods
horizontal wells, and pump stations
infiltration collectors,
foggaras and qanats

SPRING WATER: Spring water collectors, TRANSPORT: Distribution networks,
infiltration collectors channels

SURFACE WATERS: Pumping stations for STORAGE: Storage basins in hills
lake or river water and valleys,

water towers,
BANK-FILTERED Wells cisterns,
WATER: reservoirs, aquifers

GROUNDWATER Infiltration plants,
RECHARGE: wells

SEA WATER: Desalination

Table D 4.5-1
Equipment and facilities
for harvesting and
distributing water.
Source: Rott, 1997
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dose zone is extremely critical. This is where sub-
stances contained in the water but not actually dis-
solved are fixed, and where biologically degradable
substances are broken down through the surface ef-
fect of the filter grain or soil. The larger the areas
available for infiltration of a specific quantity of wa-
ter, the lesser the extent to which clogging is a prob-
lem. This applies both to above-ground and under-
ground infiltration facilities.The decision as to which
infiltration method should be chosen depends not
only on the hydrological conditions, but also on oth-
er existing or planned uses of the terrain and on the
quality of the surface waters (Förster, 1990).

Methods used to desalinate seawater include re-
verse osmosis, electrodialysis and distillation. How-
ever, these technologies are still expensive and re-
quire large quantities of energy. Consequently, desal-
ination of seawater will not be a significant source of
freshwater supplies, at least in the near future.

4.5.1.2
Water distribution

In rare cases, open canals are used to transport
large quantities of water from the withdrawal site to
the treatment facility. Closed systems are always to
be recommended for the distribution of water after
treatment. In addition to pipelines and pumping sta-
tions, water storage basins are required in order to
maintain reserves, to cope with peak consumption
rates, to have water available for extinguishing fires
and to ensure constant water pressure throughout
the entire region. If there are substantial differences
in height, the distribution network is divided into
pressure zones in order to maintain the pressure
within a permissible range. Computer technology is
used to calculate operating states as well as the pres-
sures and flows within the system. Although the fun-
damental principles of hydraulic engineering are
now well established, the accurate determination of
water demand and its variation over time, especially
the daily and hourly peaks, continues to pose major
problems. Furthermore, it is essential to take future
trends into account because the service life of water
distribution equipment ranges from 15 to 30 years
only (Förster, 1990).

The materials used for water distribution pipes
vary in their characteristics. Steel, for example, has
high strength but is prone to corrosion. Plastics, on
the other hand, have a much lower strength but a
high resistance to corrosion. Pipes laid up until 1965
were exclusively made of gray cast iron. They have a
high resistance to corrosion, but are liable to fracture.
The trend away from gray cast iron to ductile cast
iron in the course of the 1960s resulted in a pipe with

high strength and sufficient ductility; however, it
proved to be much more prone to corrosion than had
been assumed originally. For this reason, pipes made
of ductile cast iron are now fitted with a suitable cas-
ing wherever necessary. Asbestos cement pipes are
predominantly used outside densely developed re-
gions. The suspicion that harmful amounts of asbes-
tos fibers are released into the water by these pipes
was not substantiated in studies conducted by the
Federal Health Department in Germany. Prestressed
concrete pipes have proved effective for large-diam-
eter transport lines. Plastic pipes are mostly used in
large rural supply networks and for household con-
nections. Careful quality monitoring is necessary dur-
ing the production of plastic pipes. Nowadays, the in-
ner side of metal pipes is protected against corrosion
by lining all pipes with cement mortar. Galvanized
steel pipes are also used for smaller-scale purposes.
Whenever the inner walls of vessels are coated or
lined, this coating or lining must be non-porous. Cor-
rosion problems that may arise when waters of vary-
ing origin and composition come together can be
managed by complying with fixed mixing ratios and,
where appropriate, correcting the pH value (Förster,
1990).

4.5.1.3
Water treatment

Facilities for treating collected water use a variety
of chemical and biological techniques. Given the in-
tensive human interference with the natural hydro-
logical cycle, and the fact that wastewater discharge
and withdrawals of untreated water are converging
to an increasing extent, modern water and sewage
treatment facilities have become very similar. It
therefore makes sense at this point to provide an
overview of the methods used in both water and
wastewater treatment (Table D 4.5-2). The special
procedures for drinking water purification and
wastewater treatment will be examined in Section D
4.5.3.2.

An important feature of these processes, besides
the way in which they operate, is whether they in-
volve separation – as in the case of physical and some
chemical processes – or destruction of substances – as
in the case of biological and some other chemical
processes. Separation processes remove substances
from water. The substance remains unchanged and
must therefore be subjected to further treatment or
disposed of in some way (physical treatment). When
decomposition processes are used, the unwanted
substance is acquired in a modified, usually mineral-
ized form, thus obviating the need for further treat-
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ment or disposal. In the case of biological processes,
biomass is produced that also has to be disposed of.

Physical treatment
Gas exchange processes are used to remove dis-

solved gases (e.g. hydrogen sulfide or carbon diox-
ide) and substances that taste or smell, or when gases
such as oxygen are to be dissolved as an oxidation
agent in the water. The degree of technical sophisti-
cation ranges from cascade aeration, where water
flows under gravity from a height over a weir into the
tank or basin lying under it, to oxidators into which
both the water and the gas for aeration are pumped
under pressure.

Techniques used to remove solids by separation
(racks, sieves, sedimentation, flotation, filtration) and
some of the membrane processes are based on
screening and on the use of gravitational, flow and
bonding forces.

As a rule, a rack consists of bars arranged parallel
to each other and perpendicularly to the direction of
flow. This simple design allows solids to be separated
reliably and at low cost. Because of the relatively
large spacing between the bars, ranging from 10 to
100 mm, a rack is suitable for removing relatively
large particles only, and is used in water and sewage
treatment only as a pretreatment stage and to protect
the following process stages.

To remove particles that are too small to be held
back by a rack, sieves with mesh sizes down to less
than 0.1 mm can be used. Microsieves with mesh siz-
es from 5 to 40 µm, such as those deployed in drink-
ing water treatment or more extensive wastewater
treatment, permit the removal of very fine suspend-
ed matter.

All processes that work on the basis of the differ-
ent densities of water and the particles to be removed
can be designated as gravity processes. When sus-
pended matter with a higher density than the sur-

rounding water is to be separated out, sedimentation
processes can be applied. To remove oil drops and
grease particles with a lower density than water, the
most suitable process to use is flotation.

Sedimentation and flotation reach their limits
when the suspended particles are too small, or the
difference between their density and that of water is
insignificant.To enable extensive separation of solids
in such cases, filtration processes are applied.

In addition to the purely mechanical screening ef-
fect, filtration can also involve mechanisms for trans-
porting and settling of substances in such a way that
the filters can also retain small suspended, colloidal-
ly dissolved and genuinely dissolved substances.

A distinction is made between slow and rapid fil-
tration. Slow filtration with a filtering rate of around
0.05 meters per hour is a proven method for drinking
water purification if suitably large areas are avail-
able. Slow filters are regenerated by stripping the
contaminated surface every several months. If large
throughputs on a small area are required, rapid filtra-
tion is carried out, i.e. filtration at filtering rates of
over 5 meters per hour. Fast filters are regenerated
by backwashing after filtering periods of one to sev-
eral days, depending on the amounts of solids re-
tained.

Membrane processes are based on the principle
that the water to be treated is forced under pressure
through a membrane with a defined pore size. They
are used for a wide variety of applications, ranging
from separation of suspended particles having a mag-
nitude of around 10 µm by means of microfiltration,
through separation of molecules with ultrafiltration,
to retention of small monovalent ions by reverse os-
mosis. Particles of organic and inorganic origin, for
example, can be extracted from wastewater by using
microfiltration methods. With the help of ultrafiltra-
tion, oils or dyes can be recovered from water and
reused. Reverse osmosis is used to purify highly sa-

Methods for water and wastewater treatment

Physical Chemical Biological

SEPARATION SEPARATION DESTRUCTIVE

METHODS: METHODS: METHODS:

Gas exchange, Precipitation/flocculation, Suspended biomass:
racks, sieves, ion exchange, Aerated and non-aerated tanks,
sedimentation, distillation activated sludge process,
flotation, biotowers and pressure biology
filtration, DESTRUCTIVE

membrane processes, METHODS: Immobilized biomass:
adsorption Oxidation, Soil filters,

reduction, biofilters,
photooxidation trickling filter process,

fluidized bed reactors
packed bed reactors

Table D 4.5-2
Processes for water
purification and
wastewater treatment.
Source: Rott, 1997
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line untreated water for use as drinking water. The
technological potential of membrane processes has
not yet been exploited to the full. In recent years, its
range of application has expanded significantly in all
areas of water technology. However, this enormous
technological potential is limited by high investment
and operating costs and requires highly qualified op-
erating personnel. As a result, membrane processes
are currently most widespread in the field of industri-
al water technology, where they are used for recover-
ing substances and for treating effluent contaminat-
ed with substances that are toxic or very difficult to
degrade biologically.

Adsorption is based on the physical and chemical
bonding forces that cause organic substances in wa-
ter to accumulate on solid surfaces. To make optimal
use of this effect in separating unwanted dissolved
substances, the water to be treated is brought into
contact with solids whose adsorptively effective in-
ner surface is as large as possible. The most common
adsorbents are activated charcoal with an internal
surface area of up to 1,500 m2 g-1, lignite coke, benton-
ite and adsorber resins. Two technical methods are
possible: 1) addition of powderized adsorbent to the
water, followed by reseparation by sedimentation
and/or filtration after an adequate period of contact,
and 2) fixing the adsorbent in grain form in a filter
bed and allowing the water to flow through this ad-
sorbent bed in a manner similar to filtration methods.
Once the adsorption capacity of the adsorbent has
been exhausted, it must be regenerated or disposed
of.

Chemical treatment processes
Precipitation involves the conversion of a dis-

solved substance into an insoluble form through
chemical reactions triggered by the addition of pre-
cipitants. Since it is impossible to separate these re-
sultant insoluble compounds directly from water on
account of their very small particle size, the next step
usually involves flocculation. The flakes thus formed
must then be separated from the water by means of
sedimentation, filtration or flotation. Precipitation
and flocculation methods are technically refined and
are used in the purification of water and the treat-
ment of wastewater to remove many dissolved sub-
stances. Recently, however, they have been increas-
ingly replaced by substance-destroying processes in
cases where either of the two approaches could be
used.

Ion exchange is a chemical-physical process that
exploits the ability of surface-charged substances to
absorb certain ions from water and in return release
an equivalent amount of other, similarly charged
ions. This means it is possible to remove specific cat-
ions or anions from water with the help of ion ex-

change processes. Once the capacity of an exchanger
has been exhausted, it can be restored by adding a
high concentration of the original counterion. Re-
generation results in a highly concentrated solution
containing the substance to be removed from the wa-
ter. Ion exchange methods have been technically per-
fected and are deployed not only in the water purifi-
cation sector, e.g. for removing nitrates or for soften-
ing water, but above all in the area of industrial
wastewater treatment, i.e. for treating process efflu-
ents and recovering metals from wastewater.

Oxidation and reduction methods are based on
the principle that substances in water will react with
oxidizing or reducing agents that are added. In pho-
to-oxidation processes, the reaction is triggered by in-
putting radiative energy in the visible and ultraviolet
range, rather than by adding an oxidant. As a conse-
quence, a previously dissolved substance may revert
to its undissolved form or to its gaseous form. This
means that oxidation, photo-oxidation or reduction
methods can rarely be used as stand-alone systems
and have to form part of an overall process involving
subsequent physical separation stages. Although oxi-
dation, photo-oxidation and reduction processes are
deployed in the water purification sector, e.g. for re-
moving iron or for disinfection, they are predomi-
nantly used in the treatment of industrial effluents, as
a means for removing cyanide and dyes, and for the
oxidation of substances that are very difficult to de-
grade biologically. Depending on the oxidation agent
and reactor design used, their deployment requires
major investments and operating costs as well as
highly qualified personnel.

In the case of distillation or vaporization, the wa-
ter to be treated is transformed from a liquid to a va-
por. Substances contained in the water are left be-
hind if their boiling point is higher than that of water,
and this residue must then be disposed of. During
subsequent cooling, the condensing water is free of
the unwanted substances. Since water has a very high
latent heat of vaporization, this process is very ener-
gy-intensive. For this reason, further development of
technical distillation methods is aimed at recovering,
during condensation of the evaporated water, the
greatest possible proportion of the energy expended
in heating the water and at reusing it in order to heat
up additional water. In practice, multistage plants
achieve a heat recovery of around 90%. Distillation
processes are used for the desalination of seawater,
and for the vaporization of industrial wastewater
with a high level of organic contamination and which
results in a combustible residue.

Biological treatment processes
Biological processes play a key role in the treat-

ment of wastewater and, to an increasing extent, in
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the purification of drinking water. Technological ex-
ploitation of biological processes involves imitating
the natural self-purification of waterbodies and en-
suring that the degradation of organic compounds
through the metabolic activity of microorganisms is
controlled and intensified. Microorganisms require
an adequate and balanced supply of nutrients – nitro-
gen, phosphorus, magnesium, calcium and potassium
– to maintain their metabolism and growth, so it may
be necessary to add certain amounts.A variety of mi-
croorganism groups can be used for biological degra-
dation. They may differ in respect of metabolism, the
way they produce energy, and the source of carbon
required for their cellular development.

In water purification or sewage treatment facil-
ities, different types of organisms form a biocoenosis
variously referred to in water technology as flakes,
sludge, biological grass or biofilm. In contrast to
chemical and physical processes, biological processes
do not attain a high degree of effectiveness until af-
ter a period lasting weeks or months. Biological pro-
cesses are employed in the water purification sector,
e.g. for biological removal of iron and manganese as
well as for denitrification.

In the field of wastewater treatment, biological
processes are used wherever degradable organic sub-
stances have to be mineralized. They have a very
broad range of application and can be flexibly adapt-
ed to the specific problem at different levels of tech-
nological sophistication. When the decisive criterion
is minimized contaminant concentration, and the
wastewater to be treated already contains relatively
small concentrations (as is the case with household
sewage, for instance), aerobic processes are usually
used, although these require much energy for aera-
tion and produce large amounts of residual matter in
the form of surplus biomass. When the key criterion
is the highest possible economic efficiency and the
wastewater to be treated contains a high level of or-
ganic pollution (such as effluents from the food and
paper industries), anaerobic processes are used.
Their advantages over aerobic processes are that no
energy is needed for aeration, less surplus biomass is
created, and methane gas is produced as a useful
source of energy.

Drinking water purification
Treatment of groundwater and surface water is

necessary when it contains substances that are harm-
ful or undesirable on account of their odor or taste, or
may lead to technical malfunctions.

Groundwater contains dissolved inorganic sub-
stances and organic metabolic products produced by
microorganisms. Groundwater is usually treated with
the following methods (Förster, 1990):
– Gas exchange methods for adding oxygen and re-

moving carbon dioxide, hydrogen sulfide methane
and odorants.

– Oxidation using microbiological or chemical
methods for the removal of iron and manganese.
This prevents deposits in pipe systems, an acrid,
ink-like taste of the water, and brown spots on
household objects and laundry.

– Deacidification by gas exchange or by adding cal-
cium or sodium hydroxide, as well as filtration
through alkaline filter materials in order to pre-
vent subsequent contamination of the purified
drinking water by the corrosion products of metal-
lic materials containing cement.

– Removal of calcium ions (water softening) by pre-
cipitating calcium carbonate or by ion exchange in
order to prevent the formation of calcite deposits
in pipes (particularly in hot-water systems and
household appliances), but also to reduce the need
for washing and cleaning agents.

– Removal of dissolved organic substances by
means of adsorption on activated charcoal (pos-
sibly after treatment with ozone). In groundwater
treatment, these processes are only necessary if
the water is contaminated with organic halogens
or mineral oil products. Naturally occurring humic
matter is also removed to a certain extent.

– Disinfection by adding chlorine or chlorine diox-
ide, or by treating with ozone or ultraviolet radia-
tion, to avoid risks due to pathogens of infectious
diseases.
Unlike groundwater, surface water always con-

tains particulate substances as well, such as plankton
and suspended mineral substances. Parasites, such as
crytosporidia and Giardia, are particularly proble-
matic. Additional stages are therefore necessary to
treat such water (Förster, 1990).

Surface water can be treated for use as drinking
water in a natural manner by means of bank filtration
and artificial groundwater recharging (Förster,
1990).

Artificial groundwater recharging has come to
play an increasingly important role in recent decades,
and in some areas, e.g. the Rhine-Ruhr region, has
become an indispensable factor in municipal and in-
dustrial water supply. The advantage of this process
derives from a combination of two aspects:
- utilization of natural treatment processes with

their large buffer capacity against unexpected de-
terioration of the water quality and

- the possibility of significantly increasing the quan-
tity of water that can be produced by technical
means.
The retention mechanisms used in artificial

groundwater recharging in order to eliminate inor-
ganic and organic contaminants are basically the
same as in bank filtration. However, there are differ-
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ences in quantities due to the fact that extremely rap-
id conversion of substances takes place in the biolog-
ically very active surface layer, resulting in some cas-
es in greater fixation, but in other cases in greater
mobility of harmful substances. Despite the obvious
improvements in water quality that can be achieved
with these processes, they can only be used in con-
junction with physical-chemical treatment methods.
Figure D 4.5-1 shows a possible scheme for treating
directly withdrawn surface water (Förster, 1990).

Since the mid-1970s, new technologies for produc-
ing drinking water from heavily contaminated sur-
face water have been derived from older methods
known to the chemical industry. They include the
combination of flocculation, sedimentation and high-
performance filtration, the use of ozone as an oxi-
dant, and two membrane processes – nanofiltration
and reverse osmosis. Water technologies are faced
with new challenges due to the increase in halogenat-
ed organic compounds and nitrogen pesticides in sur-
face and groundwater (Förster, 1990).

In the field of drinking water purification, efforts
were primarily directed for a long time at developing
and optimizing chemical processes, but attention
nowadays is increasingly focused on the performance
and stability of biological purification methods.

In contrast to other biotechnologies and in partic-
ular to wastewater treatment, one of the problems
that arises in drinking water treatment is the small
quantity of biomass. For this reason, biological treat-
ment of such water is only possible with fixed-bed re-
actors in which the microorganisms are immobilized
through adsorption on the carrier material.

What is now needed are biological methods of wa-
ter purification with high yields per unit of space and
time. However, it should also be pointed out that, in
contrast to other biotechnological processes for
drinking water treatment, relatively tight limits are
set due to the costs of secondary purification (remov-
ing non-recyclable substances).

4.5.2
Water use

Technical equipment related to water use should
also be regarded as water technology, to the extent
that it influences water consumption and the quan-
tity and state of wastewater.

Given the widely varying quality requirements
that are placed on water in the domestic sector and
by other consumer groups, it makes sense to supply
water of different qualities. One of the benefits
would be to reduce substantially the consumption of
high-quality drinking water, which requires costly
treatment (Förster, 1990).

In the domestic sector, supplying different qual-
ities of water has been tried out in only a few urban
agglomerations to date, e.g. Hong Kong, Singapore
and Tokyo (Förster, 1990), since the high investment
costs (for the construction of a dual network) as well
as reservations concerning hygiene render this a pro-
hibitive option. Facilities for using collected rainwa-
ter are more suitable on a decentralized scale (e.g. for
toilet flushing, watering plants, or laundry). In isolat-
ed cases, systems have been installed for using slight-
ly contaminated wastewater, so-called gray water, for
toilet flushing (Lehn et al., 1996). Theoretically,
drinking water consumption in households can be re-
duced by up to 50% using such methods (Förster,
1990; Lehn et al., 1996). Another potential source of
savings lies in the further refinement of household
appliances that use water, such as washing machines
and dishwashers. It is also possible to optimize instal-
lation equipment in buildings. Examples include flow
limiters, fast-regulating mixer taps and, in particular,
economical toilet flushing. Fitting water meters in
apartments enables costs to be allocated directly to
individual households.This can lead to significant re-
ductions in consumption (Lehn et al., 1996).

In the commercial and industrial sector, supply
systems providing different water qualities are al-

Precipi-
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infection 
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Figure D 4.5-1
Process diagram for a surface water treatment plant.
Source: Förster, 1990
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ready encountered quite frequently. Techniques that
reduce consumption are widespread in sectors in-
volving intensive water consumption and wastewater
production. For example, water is used several times
with the help of counterflow and cascade flushing, or
it is kept in the cycle as cooling or process water. An
identical production process in the textile processing
industry may result in a water consumption of be-
tween 40 and 300 m3 per ton of processed fabric, de-
pending on the technology employed. Pollution of
the water used can be prevented with methods for
minimizing wastage of products and consumables,
with dry-cleaning processes and with techniques for
recovery materials (Rudolph et al., 1995; Rott and
Minke, 1995).

One field where major reductions in water con-
sumption could be achieved is irrigation. Agriculture
is the biggest consumer of water worldwide, and the
bulk of this consumption is for artificial irrigation.
According to the FAO, however, less than 40% of ir-
rigation water actually reached the crop plants
(BMZ, 1995; see Section D 4.3). For example, water
consumption can be reduced by up to 50%, especial-
ly in the arid climate zone, if drip irrigation is applied
rather than sprinkler and gravitational irrigation
methods (BMZ, 1995). In addition, this has the im-
portant side effect that soils irrigated in this way are
not salinated as rapidly and can thus be cultivated
longer. Since a lower water quality suffices for irriga-
tion purposes, either untreated or minimally treated
groundwater and surface water are generally used
for this purpose (see Section D 1.5.). More and more
consideration is being given to the idea of using treat-
ed domestic wastewater. In the early 1990s, for exam-
ple, most countries in the Middle East and northern
Africa had started programs for treating and reusing
wastewater not only for irrigation, but also for indus-
trial purposes and for groundwater recharging
(BMZ, 1995).

4.5.3
Water disposal

Water contaminated by domestic, agricultural,
commercial or industrial use is termed wastewater. In
a broader sense, the rain or snowmelt water running
off roofs, courtyards, roads and squares can also be
included in this category. “Infiltration water” from
organized drainage channels, drainage pipes, artifi-
cial lowering of water tables as well as from ground-
water that flows into the sewer system through leak-
age points in drain pipes and sewers is included in the
calculations of water disposal facilities, i.e. wastewa-
ter discharge and treatment plants.

4.5.3.1
Water collection and transport

In the industrialized countries and in urban ag-
glomerations generally, excreta are usually diluted by
flushing before being transported in the sewer net-
work. Wastewater and precipitation water are col-
lected in a variety of receptacles from which the wa-
ter then flows through the sewer network to the
treatment plant and finally into the receiving water-
body. The sewer system may consist of one or more
networks.A combined sewer is one that transports all
types of wastewater flows – domestic and industrial,
as well as precipitation water – in a single system.
Separate sewer networks involve different flows of
wastewater in two or more sewer systems.

Combined and separate systems have various ad-
vantages and disadvantages that may be crucial to
the planning of the sewer network (Förster, 1990):
• As a rule, the combined system involves lower

construction costs than the separate system since
only one line has to be laid in the roads. It also re-
quires less flushing of the pipes because they are
cleansed by rainwater. On the other hand, it re-
quires larger treatment plants and, in the event of
heavy rainfall, must be discharged directly into the
receiving body of water due to the resultant over-
loading of the treatment plants.

• The separate system eliminates the disadvantages
of the combined system. It is also easier to expand.
Domestic sewer pipes can be laid deeper than
rainwater pipes. In the event of heavy rainfall, only
precipitation water that is relatively uncontami-
nated is discharged in an untreated state into the
receiving waterbody.
The combined system is more economical for

large cities on flat terrain as well as for smaller towns
that have limited monitoring facilities. The separate
system may be advantageous in municipalities with
closed industrial zones. Essentially, however, the
costs and thus the selection of the method depend on
the terrain and the receiving waterbody. A problem
with both systems is that very heavy precipitation
runoffs have to be discharged via the sewer system
when it rains due to the high degree of soil sealing in
densely settled regions. This can be avoided if areas
are desealed and minimally contaminated rainwater
can infiltrate the ground (Förster, 1990; Lehn et al.,
1996).

In many Asian countries, such as China, India, Ja-
pan and Vietnam, feces are usually kept separate
from wastewater. In this system the excrements are
fed back to the nutrient cycle in agriculture either di-
rectly, after decentralized anaerobic digestion, or af-
ter decentralized aerobic composting. Thus there is
no sewer system and no centralized wastewater treat-
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ment facilities, at least for domestic sewage. Another
advantage of this method is the significantly lower
water consumption since no water is used for toilet
flushing. In Japan, dry toilets are sometimes provided
with collection pits, which are emptied every two to
four weeks by suction extraction vehicles. The latter
bring the excrement sludge to central treatment facil-
ities equipped with mechanical-biological stages and
sludge incineration (Lehn et al., 1996; BMZ, 1995).

4.5.3.2
Water purification

In Germany, wastewater is purified almost exclu-
sively in central treatment plants. These comprise a
mechanical, a biological and, where very high purifi-
cation standards operate, a third chemical-physical
treatment stage (Förster, 1990). Similar systems will
also have to be applied in the urban agglomerations
of the developing countries. Figure D 4.5-2 shows a
schematic diagram of such a treatment plant featur-
ing best available techniques.

The wastewater flowing from the sewer system is
first fed to the mechanical treatment stage, which is
usually composed of racks, sand and grease traps as
well as a preliminary sedimentation tank. Coarse
screenings are removed in racks with bar spacing
from 60 to 100 mm, or fine racks with bar spacing of
10–25 mm. After that, the wastewater flows through
the combined sand and grease trap, in which quickly
settling inorganic particles are separated by sedimen-
tation, and floating oils and greases by flotation. The
wastewater then enters large sedimentation tanks,
where it remains for several hours. In this way, even

slowly settling particles of organic origin can be re-
moved by sedimentation. The sludge that settles to
the bottom of the tank, the so-called primary sludge,
is subsequently separated from the wastewater by
suction extraction.

The purpose of the biological purification stage
that follows is to convert the organic substances dis-
solved in the wastewater into biomass through the
metabolic activity of microorganisms, and to mineral-
ize nitrogen and phosphorus compounds. The most
commonly used methods in Germany are the trick-
ling filter and activated sludge processes.The latter is
shown as part of the treatment plant diagram in Fig.
D 4.5-2. In a final sedimentation tank, the biomass
must be separated from treated wastewater. Part of
the settled biomass is fed back to the aeration tank as
return sludge, while the additional biomass that has
grown as a result of nutrients is discharged from the
system here as surplus sludge. As a rule, the surplus
sludge is returned to the preliminary sedimentation
tank, removed from there along with the primary
sludge and then subjected to sludge treatment. In
many sewage treatment plants, sludge is digested an-
aerobically in tower-like digestion tanks where the
biomass is stabilized and hygienized by methane-
producing bacteria.

When discharged effluent must comply with high
quality standards with regard to major nutrients,
compliance with these requirements necessitates
modifications of the biological stage, such as en-
larged aeration tanks for nitrification, the creation of
anoxic zones for denitrification or anaerobic zones
for biological elimination of phosphorus. In the event
that these modifications of the biological stage are in-
adequate, the treatment plant must be extended to
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Process diagram for a municipal sewage treatment plant with extensive removal of carbon, nitrogen and phosphorus
compounds.
Source: adapted from Rott, 1997
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include an additional physical-chemical process
stage, such as precipitation/flocculation or filtration.

If the wastewater contains relatively high concen-
trations of refractory substances of industrial origin,
addition of a specially adapted physical-chemical
stage, such as adsorption or oxidation, may also be
considered in individual cases. However, it is prefer-
able from a technical and economic point of view to
treat the industrial wastewater within the enterprise
itself in a targeted and thus highly effective way, in
order to remove or destroy these substances prior to
discharge into the sewer system.

Central wastewater treatment plants are virtually
inconceivable in the rural areas of developing coun-
tries. What is needed instead are adapted solutions,
such as separation of excreta from wastewater or
sewage fields, non-aerated sewage ponds, wastewater
fish ponds or aquacultures, vegetation-covered soil
filters and seasonal wastewater treatment reservoirs.
In systems such as these, suitable wastewater can be
purified with little technical effort.Two more ecolog-
ically sound aerobic-biological purification methods
are land disposal and treatment in standing water-
bodies. In contrast to most other methods, surface
treatment or soil use are relatively easy to manage.
Here, the wastewater is sprinkled thinly over a slight-
ly sloping surface. The aim is for the plant nutrients
that have been converted through oxidation to be ab-
sorbed into the metabolism of the plants and trans-
formed into organic material, which is then harvest-
ed at periodic intervals. Penetration of the water into
groundwater is prevented by selecting dense or arti-
ficially compacted soils. This method is likely to pro-
duce benefits for tropical and arid regions in particu-
lar. Another method that falls somewhere between
land disposal and treatment in pools is the use of
aquatic plant filters, such as rushes, reeds and cat’s
tails, in temperate zones, or water hyacinths and
duckweed in tropical and subtropical regions. Micro-
organisms growing on roots and stalks act as a bio-
logical filter; this setup functions similarly to a trick-
ling filter, except that plants are used instead of inert
filler material (Förster, 1990; Lehn et al., 1996; BMZ,
1995).

Such rooting zone or plant wastewater treatment
facilities have recently met with great interest as a
low-cost alternative in rural municipalities with up to
1,000 inhabitants, because they are able to meet the
minimum legal requirements regarding wastewater
purification (Lehn et al., 1996). Compared to conven-
tional sewage treatment plant, construction costs are
around 20–30% and the operating costs less than
20% of the usual costs (Hecht, 1992).

Global relationships – developing coun-
tries
According to World Bank surveys and UN data,

around 1.7 billion people worldwide did not have ac-
cess to adequate sanitation in 1990 (World Bank,
1992; UN, 1990). This situation is compounded by a
large urban-rural divide. Whereas 72% of city-dwell-
ers has such access (corresponding to 377 million
people without access to sanitation), the figure for
the rural population is only 49% (1.36 billion people
without access). The number of people with access
provides an initial indication of the inadequacy of
wastewater treatment infrastructure, but says noth-
ing about how much of the wastewater flowing
through the sewer system is discharged into receiving
waters in a purified state.

The UN forecast (WRI, 1990) for the year 2000
shows that the degree to which sanitation services are
provided in cities is stagnating or even declining,
while it is increasing slightly in rural regions. Due to
the high population growth in developing countries,
the absolute number of people lacking access to san-
itation facilities will rise to approximately 1.9 billion
worldwide, particularly in the cities of developing
countries. With the exception of West Asia, growth
rates are around 70–100%, which means that 633 mil-
lion people will be living without sanitation in cities
in the year 2000.

The urbanization process in developing countries
is gaining pace without expansion of water supply
systems or increases in wastewater treatment capac-
ity. The result is that wastewater flows untreated or
inadequately treated into receiving waters. Domestic
sewage is a serious problem in South America, for ex-
ample.An above-average number of rivers display an
extremely high germ count (coliform bacteria). Ac-
cording to estimates of the World Resources Insti-
tute, only 2% of domestic sewage in that region is
treated (BMZ, 1995). Of 3,119 cities in India, only
eight have a fully developed infrastructure for waste-
water collection and treatment (WRI, 1996). Even in
countries with medium to high income, cities like
Buenos Aires or Santiago de Chile (where only 2%
and 4% of domestic sewage, respectively, is treated)
illustrate the lack of wastewater treatment infrastruc-
ture. Another factor is that the wastewater includes
not only domestic sewage, but also industrial effluent
from a wide variety of production processes. The
problem of deficient or non-existent wastewater
treatment and direct discharge into local receiving
waterbodies is not confined to the developing coun-
tries. Even in the OECD states, a third of the popula-
tion has no access to wastewater treatment (WRI,
1996). An additional problem is posed by the dilapi-
dation of existing infrastructures in the industrialized
countries, leading to overloading of the treatment
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plants and increased discharges of untreated water
into receiving waters because of the higher volume of
wastewater.

Public investments in water supply and the sewer
system account for 10% of the total public-sector in-
vestment in the developing countries, equivalent to
around 0.6% of GDP (World Bank, 1992). Expendi-
tures for wastewater infrastructures amount to con-
siderably less than 20% of the loans granted by the
World Bank, whereby the bulk of this money has
been invested in wastewater collection rather than
wastewater treatment (World Bank, 1992). Given av-
erage costs of US$ 1,500 per household for the collec-
tion and mechanical-biological purification of waste-
water (WRI, 1996), virtually no developing country
in the world is able to afford collection and treatment
of wastewater from all households without addition-
al financial support.The sheer expense of wastewater
treatment has led to a situation where even in indus-
trialized countries, such as Canada and France, only
66% and 52% of the population, respectively, is con-
nected to wastewater treatment facilities (World
Bank, 1992). In view of advancing urbanization, it is
advisable to concentrate the investments of develop-
ing countries on large agglomerations and to deploy
conventional technologies for wastewater treatment
in those areas.

Furthermore, there is a great need for low-cost
and low-tech methods of wastewater treatment (see
Box D 4.5-1). Major technological innovations in re-
cent years include stabilization ponds, which are rel-
atively cheap and easily operated, and the more tech-
nologically sophisticated sludge contact methods ap-
plied upstream, with which positive experience was
gained in Brazil and Colombia (World Bank, 1992).
A further option is to increase the reuse of municipal
sewage. Wastewater that has been pretreated with
mechanical and biological methods can be used in ir-
rigation farming or aquaculture. The organic solids
removed in the mechanical purification process can
then be used as fertilizer after a composting stage.
Different types of biological wastewater treatment
traditionally exist in East Asia in the form of aqua-
culture, which is combined with irrigation farming. In
India, for example, 30% of the wastewater in sewage
farms is used for raising carp and Tilapia (Lehn et al.,
1996). Calcutta disposes of 680,000 m3 daily in the
surrounding wetlands by means of aquaculture. The
coliform bacteria count is reduced from 10 million
per 100 ml to 10–100 per 100 ml during the flow. The
water purified in this way can then be used for irriga-
tion, thus demonstrating the efficiency of a simple
user cascade.

4.5.4
Development trends and research needs

Future development should be geared to the
avoidance-reduction-recycling hierarchy of objec-
tives and to the realization that only an holistic view
will secure sustainable development and use. Future
research and development work must therefore fo-
cus on the following areas (Kobus and de Haar, 1995;
Scherer and Castell-Exner, 1996; Bernhardt, 1993;
Wichmann, 1996; Rudolph et al., 1995).

In the field of water supply:
1. Avoidance of anthropogenic contamination of un-

treated water by further development of technical
measures aimed at eliminating problematic sub-
stances, such as plant protection agents, nitrogen
compounds, heavy metals, drugs and leachate
from hazardous waste sites.

2. Prevention of harmful bacteria in untreated water,
such as Cryptosporidia, Giardia and Legionellae,
by clarifying their source, incidence and behavior
during treatment, and by developing reliable
methods for eliminating such health hazards.

3. Solving the problems of reinfestation, biofilm for-
mation and corrosion in distribution networks by
identifying the interlinkages between pipe materi-
als, on the one hand, and water quality and reinfes-
tation potential, on the other. Developing quality
control systems in distribution networks and eco-
nomical remediation and renewal methods for the
network components concerned.

4. Avoidance of water consumption and network
losses through the exploitation of all economical-
ly acceptable savings potentials in the various con-
sumer groups, as well as optimization of water dis-
tribution and water treatment equipment by min-
imizing network losses and internal consumption.
Development of feasible techniques for multiple
use and life cycle management, particularly in the
industrial sector, as well as improvements in agri-
cultural irrigation techniques.

5. Further development of semi-natural water treat-
ment processes that involve no side effects, with
the aim of minimizing the use of chemicals and en-
ergy, as well as the volume of residual substances
requiring disposal.

6. Further development of biological in-situ treat-
ment methods in order to replace precipitation
and flocculation with biological methods and/or
with chemical oxidation processes involving the
use of catalysts. Further development of adsorp-
tion techniques using renewable adsorbents, as
well as processes that replace chlorine disinfection
with ultraviolet radiation or membrane processes.
The greatest potential in this context is seen in bi-
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ological processes, membrane processes as well as
chemical oxidation with catalysts.
In the field of water and sewage disposal:

1. Further development of production-integrated
environmental protection measures for the avoid-
ance of unnecessary water pollution. Pushing for-
ward the construction of mixing and equalizing
tanks to provide for uniform wastewater quality.
Further development of in-house preliminary
treatment with the aim of improving suitability for
biological treatment. Examples include the appli-
cation of membrane processes for recovering re-
usable substances from wastewater, or the use of
anaerobic biological processes and chemical oxi-
dation processes. Special emphasis should be
placed here on the development of sector-specific
concepts for treating wastewater sub-flows.

2. Reducing the contamination of receiving waters
caused by precipitation runoff from sealed areas.
Development economical and reliable systems for
centralized or decentralized use and infiltration of
minimally contaminated runoff from roofs.

3. Upgrading sewers to controlled reaction cham-
bers in which runoff is homogenized and pretreat-
ed. Use of membrane processes for improved re-
tention of solids, combined with substantial reduc-
tion of spatial requirements.

4. Reduction of bacterial contamination in treat-
ment plant effluents by refining and applying
methods such as ultraviolet radiation, ultrasound,
membrane processes or subsequent biological
treatment stages.

4.5.5
Recommended action

The Council’s recommendations for solving global
water problems are based on the avoidance-reduc-
tion-recycling hierarchy of objectives and on the re-
alization that only an holistic view will secure sustain-
able development and use. It is crucially important
that water resources be protected and used in effi-

BOX D 4.5-1

Adapted technologies for water supply and
disposal in developing countries

A broad range of instruments is available to all
industrialized countries and in particular to the
urban agglomerations in the developing coun-
tries. Further advances will require technical opti-
mization of known processes and more intensified
development of high-tech solutions. However, the
consequence is that technologies are becoming
more complex, are cost-intensive in many cases
and therefore require appropriately qualified per-
sonnel as well as a highly developed infrastruc-
ture.

The situation in the rural regions of the devel-
oping countries is completely different. In Africa,
where at present only 46% of the population has
access to a public drinking water supply, and a
mere 34% are connected to a controlled sewage
disposal system, water supply and disposal tech-
nologies should be culturally and locally adapted,
financially feasible, technically simple, and quick-
ly installed through self-help on the part of the
population (BMZ, 1995). Examples of such adapt-
ed methods are the slow sand filtration system for
water treatment, the further development of solar
distillation for seawater desalination, the use of
anaerobic biological processes for purifying do-

mestic and industrial wastewater, as well as low-
yield aerobic methods, such as plant-covered soil
filters or aquacultures, for purifying domestic sew-
age. There is also a substantial need for research
into optimizing the purity levels achieved by
methods for separating feces from wastewater in
order to spread it as fertilizer on cropland, and by
methods for utilizing partially purified domestic
sewage for agricultural irrigation (Lehn et al.,
1996; BMZ, 1995).

An additional effect that can be observed in
the developing countries is that losses within wa-
ter supply networks rise considerably shortly after
the establishment of the supply networks.To elim-
inate such losses it is necessary to improve organ-
izational structures, e.g. by introducing a stringent
acceptance test for construction work as well as
further development of pipeline technology to-
wards simpler and more reliable sealing tech-
niques. Specific per capita consumption tends to
rise dramatically after the introduction of central
water supply facilities. Greater efforts must there-
fore be made, especially in arid regions, to devel-
op and implement water-saving techniques (par-
ticularly in agricultural irrigation) and multiple
water use. Examples of the latter include the use
of partially purified domestic sewage as agricultu-
ral irrigation water or for groundwater recharging
(BMZ, 1995).
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cient ways. Specifically, the Council recommends the
following action:
• Avoidance of anthropogenic contamination of un-

treated water by applying legal and organization-
al instruments against the deposition of proble-
matic substances such as pesticides, nitrogen com-
pounds, heavy metals, drugs and infiltration water
from hazardous waste sites.

• Avoidance of water pollution, alongside recycling
and multiple use of water by trade and industry.

• Fostering the further development and dissemina-
tion of simple water technologies for developing
countries.

• Promoting optimized agricultural irrigation sys-
tems with the aim of water conservation.

• Support for low-cost and efficient methods for
purifying and disinfecting domestic and industrial
wastewater.

• Semi-natural methods for purifying domestic sew-
age, such that residues are minimized.

• Use of artificial groundwater recharge methods
involving minimally contaminated roof runoff and
purified domestic wastewater.

• Support for projects aimed at using partially puri-
fied domestic sewage for agricultural irrigation.

• Reduction of losses within water supply networks
and of consumption within the water works them-
selves.

• Fostering decentralized, adapted, low-tech and
low-cost technologies for the treatment of drink-
ing water and the purification of wastewater in ru-
ral regions of developing countries.



Solutions to the global water crisis5

5.1
Guidelines for the “sound management of
water resources”

Greatest possible efficiency while observing the im-
peratives of equity and sustainability – The “guard
rails” philosophy – Recent trends in international re-
source management and international law – The “hy-
drological imperative”

5.1.1
The guiding principle developed by the Council

The global water problem, like the threat to glob-
al soil resources (WBGU, 1995), is a mosaic of re-
gional and local crises that can be classified exten-
sively in terms of the syndromes of global change.
Measures for resolving critical situations are there-
fore most effective when aimed at the elimination
(“curing”) of the respective syndrome, or at least the
mitigation of its water-specific symptoms.This Annu-
al Report puts forward recommendations in this re-
spect.

These recommendations are based, regardless of
their context-specific character, on common norma-
tive guiding principles derived from an umbrella
model for the “sound management of water re-
sources” in a world in transition.

Such a global model takes account of the fact that
current water-related problems exhibit national and
international features – in respect of causes (world
trade, export of lifestyles, anthropogenic climate
change, etc.) as well as consequences (migration, loss
of biodiversity etc.).This makes it all the more neces-
sary to generate a global consensus for the manage-
ment of this, the most precious of all resources.

The model advocated by the Council for the sound
management of water resources can be expressed in
the following common denominator, namely to

achieve the greatest possible efficiency while ob-
serving the imperatives of equity and sustainability.

This dual objective acknowledges the fact that wa-
ter, like no other environmental resource, is both
scarce and essential, in other words an economic as-
set and a life-giving food. Its properties as essential
and life-giving define sociocultural and ecological
constraints to economic activity – referred to else-
where in this Report as guide rails or “guard rails”.
The sociocultural guard rails comprise the principle
of equity, both inter- and intragenerational, the prin-
ciple of self-determination of human beings and their
participation in decision-making, the right of all hu-
man beings to their minimum water requirements,
and the principle of minimizing as far as possible the
risk of disasters, such as floods. The ecological guard
rails encompass the principle of conserving the
aquatic ecosystems placed under international pro-
tection (the world’s natural heritage, designated
Ramsar areas, etc.) in their entirety, and of securing
the key functions of other aquatic ecosystems. These
sociocultural and environmental guard rails, so to
speak the minimum demands on the part of hu-
mankind and nature, define society’s action space,
the permissible range within which water resource
management must operate if it is to comply with the
model.

The fact that freshwater is a scarce good demands
that water resource management be pursued with
maximum efficiency within the guard rails and soci-
ety’s action space. This condition must be met before
the transition can be made from “permissible” use to
“sound” or “wise” management of water resources.
The search for beneficial and maximally efficient
management of water resources on the part of soci-
ety at large and through the operation of economic
forces must occur with a minimum of hindrance with-
in the action space afforded to society. However, effi-
ciency can only be achieved if appropriate institu-
tional, technical and educational conditions are met.
This is shown in diagrammatic form in Fig. D 5.1-1,
where the main constraints on the “sound manage-
ment of water resources” are portrayed.

At various times in the past, the Council has advo-
cated and explained (e.g. WBGU, 1996) the “guard
rails” philosophy as a suitable approach in the shap-
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ing of environmental and development policy. In the
terminology of integrated assessment, this general
approach corresponds to a cost-optimized strategy as
opposed to the more desirable but basically unfeasi-
ble cost-benefit strategy.

5.1.2
Normative guidelines for sound management of
water resources

In what way is it possible to operationalize the
model and the sociocultural and ecological guard
rails propounded by the Council? On the basis of the
analysis in Sections D 1 to D 4, the Council’s model
can be differentiated in terms of normative principles
that constitute a “hydrological imperative”:
1. The basic supply of drinking water and water-re-

lated sanitation facilities to present generations
must be safeguarded.

2. The global stock of freshwater must be conserved
for future generations; where non-essential fossil
reservoirs are mined, it is imperative to secure the
long-term substitution of such sources.

3. Fair access and utilization rights must be guaran-
teed, also with regard to transboundary freshwa-
ter resources.

4. Damage inflicted on other people due to influ-
ences on water quality or runoff characteristics
(flooding) must be prevented.

5. Cultural identity and the right of political self-de-
termination in the management of freshwater re-
sources must be respected.

6. All aquatic ecosystems under international pro-
tection must be preserved in their entirety.

7. The function of other aquatic ecosystems must be
secured – e.g. with measures to safeguard the qual-
ity of water – as a further condition for sustainable
water management of these systems.
Proceeding from these normative principles for

the sound management of water resources and from
the solutions to the water crisis that the Council
elaborates in the sections that follow, the key recom-
mendations for research and action are summarized
according to policy field in Sections E 1 and E 2.

Firstly, however, we describe in brief how the
Council’s model and guidelines are already reflected
in recent trends within international resource policy
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Figure D 5.1-1
The “guard rails” philosophy advocated by the WBGU. The action space for the “sound management of water
resources” is shaped and constrained above all by the sociocultural (S) and ecological (E) dimensions. Normative
requirements of society define socioenvironmental guard rails or guide rails that demarcate, in the form of contour L
(S, E), the permissible action space H as a sub-domain of the possible range of action. Institutional, educational and
scientific aspects (the arrows leading to contour L) must be observed in defining and complying with the guard rails.
The use and monitoring of freshwater resources must be within these guard rails and the social action space H if they
are to be optimized by efficient management, which is supported, in turn, by technical, institutional and educational
measures (i.e. the arrows leading into the social action space H).
Source: WBGU
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and international law.These recent developments are
dealt with in greater detail elsewhere in this Report.

5.1.3
The model as reflected in recent trends in the
fields of international resource policy and
international law

The model for sound management of water re-
sources outlined here by the Council is derived from
the “guard rails” philosophy developed by the Coun-
cil since its inception; it is also congruent with recent
developments in international resource policy and
international law.
1. Germany’s development cooperation program

has been focused for some considerable time on
the issues of poverty eradication, education and
training, and protection of the environment and
natural resources. Over many years, the field of
environmental and resource protection alone has
accounted for 30% of the assistance granted under
bilateral financial and technical cooperation. At
the beginning of the International Drinking Water
Supply and Sanitation Decade, the Federal Min-
istry of Economic Cooperation and Development
(BMZ) adopted a “Sectoral concept for water sup-
ply and sanitation measures in developing coun-
tries”, in the framework of which numerous water-
related projects have since been launched.

2. In 1996, as part of the its Framework Programme
in the Field of Research and Technological Devel-
opment, the EU set up the “Environment-Water
Task Force”. The aim of the task force is to devel-
op a European strategy for the sustainable man-
agement of water resources, to improve the inter-
national competitiveness of companies operating
in the water resources field, and to concentrate
EU policymaking on issues of key importance.

3. In 1997, the United Nations Commission on Sus-
tainable Development presented a “Comprehen-
sive Assessment of the Freshwater Resources of
the World” to the International Water Conference
in Marrakesh.The report drew attention to the in-
creasing number of countries facing severe water
stress.

4. The Council’s guard rails approach is also compli-
ant with the principle of national sovereignty with-
in international law. Referring to “guiding princi-
ples” and “guard rails” for policymaking respects
the sovereign rights of nations, something that is
not necessarily the case with definitive recom-
mendations. The model for sound management of
water resources takes account of recent trends in
international law and could help achieve the ur-
gently needed specification of the legal concepts

of “sustainability”, “intergenerational equity” and
the principle of “optimal utilization” of resources.
The principle of maximum efficiency of water use
that forms an integral part of the Council’s model
was postulated as early as 1972 in the Stockholm
Declaration on the Human Environment and ex-
pressed in the principle of “optimal utilization”.
This is a clear illustration that operationalizing le-
gal principles is reliant on previous interdiscipli-
nary work.
Water provides a prime example of how resource

utilization by human societies has now reached such
a high level that any transition to sustainable devel-
opment is effectively blocked. The main problem so
far has not been human impacts on the global hydro-
logical cycle, but on local resources, thus imposing se-
vere limits on the options open to future generations.
One way of specifying intergenerational equity in le-
gal terms has already been discussed with reference
to transboundary groundwater deposits and “maxi-
mum sustainable yield”. The idea is a simple one –
the rate of withdrawal may not exceed the rate of re-
newal. “Maximum sustainable yield” would be rec-
ommendable as a basic “guard rail” for all types of
waterbodies.

The utilization of transboundary freshwater re-
sources also harbors a potential for international
conflicts, for example between the upper and lower
riparians of a river. The criteria of “fairness” and eq-
uitable access to water is enshrined in international
law in the principle of “equitable and reasonable uti-
lization”.The scope for negotiation when reconciling
opposing national interests comes up against limits
when one state’s interest in covering its essential wa-
ter requirements conflicts with another state’s inter-
est in economic development.

The Council’s “guard rail” approach accords with
human rights as well. The guide rail here must be the
universal human right to coverage of essential water
needs, regardless of whether it is the state’s duty to
provide a safe and adequate supply of water to each
individual.When regulating the distribution of water,
no government may deny fair access to water to spe-
cific regions or population groups.A legal assessment
as to whether a state has violated the principle of fair
access to water for all must focus on whether or not
the state in question has created the administrative
and logistical conditions that could be reasonably ex-
pected from any state in similar circumstances, under
similar natural conditions and with similar capacities.
The greater the degree of effective control exercised
by a government over its territory, the more stringent
the criteria to be applied.
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5.2
Sociocultural and individual conditions for
water resource management

Water cultures – Significance of water – Culture-
forming element – Western understanding of science –
“Repair ecology” – Monetary benefit assessment –
Water rules – Centralized water management – Water
myths – Design element – Individual patterns of be-
havior – Public perception neglects water – Precau-
tion instead of avoidance – Standards of cleanliness –
Lack of incentives for action – Consumption-oriented
lifestyles – Invisibility of water pollution – Lack of
knowledge – Habits – De-emotionalized water re-
source management – Consequences of inappropriate
behavior barely perceptible

5.2.1 
Water cultures: Sociocultural contexts of water
resource management

The way in which people manage water resources
depends not only on ecological conditions, but also to
a considerable degree on the respective sociocultural
environment within which they grow up and behave
with respect to water – i.e. on their water culture.The
diverse significance that has always been attached to
water indicates how comprehensively this sociocultu-
ral context must be understood (see Box D 5.2-1).

The sociocultural context for water resource man-
agement may vary considerably, depending on the lo-
cation of a society in time and space. In accordance
with the specific characteristics of the respective wa-
ter culture, certain water-related values as well as
patterns of perception, assessment and behavior pre-
vail at all levels of social aggregation, from the indi-
vidual to commercial enterprises and even to politics,
with divergent environmental impacts in each case.

The water culture of a society, as the value context
that determines to a decisive degree how water re-
sources are managed, is by no means a fixed variable.
Rather, it is the product of the manifold interrela-
tions between ecological conditions, on the one hand,
and the various sociocultural spheres (politics, eco-
nomics, religion, etc.), on the other, and is subject to
constant change. Water itself, whether as a river or
sea, as flood or drought, has always exerted a major
influence on the particular manifestations of water
culture (see Box D 5.2-2).

The sociocultural value context of water resource
management can be differentiated according to vari-
ous interrelated dimensions that can be observed in
different “mixes” in societies that are spatially and/
or temporally distinct from each other. The most im-

portant of these dimensions, which together consti-
tute the water culture of a society, are
– the scientific and technological dimension,
– the economic dimension,
– the legal and administrative dimension,
– the religious dimension and
– the symbolic and esthetic dimension.

The water culture of a particular society can be de-
scribed analytically by identifying the specific fea-
tures in each dimension and by weighting these ac-
cording to their significance for that society. Viewed
in this way, a society’s water culture is a value context
that codetermines to a greater or lesser extent any
water-related activities. However, since the people
within a society give little thought to their own water
culture, they are usually unaware of it. This makes it
difficult to find appropriate solutions to water prob-
lems. Only by taking a closer look at other regions
and cultures of the world does one realize that social
organization can be based on entirely different value
systems. In a global analysis such as the one adopted
by the Council, this divergence in sociocultural con-
texts necessitates a differentiated, culturally contex-
tualized instrument mix as part of a sustainable water
policy.

5.2.1.1 
The scientific and technological dimension

The influence of science on Western society’s
management of water resources goes far beyond the
discussion of findings or establishing the fundamen-
tal basis for water technology and water analysis. It
also creates generally accepted criteria for decision-
making and assessment, and scientists are members
of many policymaking committees in the field of wa-
ter resource management. Science continues to enjoy
a high level of credibility within society. The scientif-
ic approach is often viewed as the ultimate authority
on which all decisions must be based. This creates an
incentive for the “scientification” of controversial is-
sues on the part of decision-makers, as a convenient
way of ignoring the play of forces within society.

However, scientific experts are not infallible, and
their actions are not always devoid of personal inter-
est. In addition, scientific treatment of the complex
and interlaced problem areas of global change, in-
cluding water problems, has substantial structural as
well as inherent shortcomings and has proven to be
inadequate for its task (WBGU, 1997). The scientific
water discourse in most countries of the Western
world displays a marked bias toward the natural sci-
ences, while the human dimensions of water resource
management, by contrast, are rarely considered.
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The “Western” understanding of science outlined
above is also exported to many other cultures
through the scientific support of development coop-
eration and the training of local experts from devel-
oping and newly industrializing countries at Western
universities.

The culture of technology development and its ap-
plication in solving water-related problems is closely
linked to the prevailing culture of science and re-
search. It would appear that water resource manage-
ment is virtually impossible nowadays without com-
plex technology, from extraction and treatment to
transport and purification.When water problems are
viewed from a predominantly technical perspective,
this leads to a situation in which misfunctioning wa-
ter management systems are analyzed and “opti-
mized” primarily with respect to their technical com-
ponents, while interactions with natural or social fac-

tors are effectively ignored. In turn, unwanted or un-
foreseen consequences of such optimization are then
tackled with technological means (“repair ecology”).
An example of this is the constant rise in technical ef-
fort required in order to comply with quality stan-
dards for drinking water. Contamination is mainly
countered by means of increasingly sophisticated fil-
tration methods, by connecting to remote water sup-
ply networks, or by tapping “fossil” water reservoirs,
rather than by focusing on the actual causes of the
contamination or even taking precautionary meas-
ures to protect drinking water resources. Problems
that arise are thus shifted in space and time, but not
solved.Therefore, although technical optimization of
systems is not automatically good water policy, many
water management decisions are still based exclu-
sively on technical criteria.

BOX D 5.2-1

Manifestations and meanings of water

Since primeval times, the diverse manifesta-
tions of water have been the source of manifold
differences in its meanings that are reflected in
the “subjective culture” (values, attitudes, myths,
norms, etc.) as well as in the “objective culture”
(visible and comprehensible pictures and symbols
of water, painting, literature, garden landscaping,
urban landscaping, architecture) of a society.
Hartmut Böhme brings alive the abundance of
manifestations and ways in which water is experi-
enced:

“Water comes out of the earth as a spring,
moves as a river, remains stationary as a lake, is
the sea in its eternal serenity and endless move-
ment. It transforms into ice and steam; it moves
upward through evaporation and downward as
rain, snow or hail; it flies as a cloud… It splashes,
roars, sprays, gurgles, glugs, whirls, plunges, surges,
rolls, trickles, hisses, undulates, seeps, ripples, bab-
bles, reflects, streams, drips… It is colorless and
can take on all colors.Through thirst it arouses the
most elementary desire, runs refreshingly down
the throat; it is tasted, drunk in swallows, gulped
down… During the act of swimming it conveys an
idea of what floating, gliding, weightlessness are
like. The embryo lives in water. Water cleans the
body and things, and indeed the soul and spirit…
In the transition between liquid and solid it forms
unusual zones: slimy, greasy, jellylike, slippery,
muddy, boggy, mushy – aggregates, without which

we would scarcely know what disgust is, for exam-
ple… It is shapeless, adapts to any form; it is soft,
but stronger than stone. It creates shapes: valley,
coasts, grottoes. It shapes landscapes and life
forms through extreme scarcity (deserts) or peri-
odic excess (rainy season). It frightens, threatens,
injures and destroys people and their facilities by
means of floods, storm tides, hail… Thus, water
holds death and gives birth to all life… Water is
disease (…) and water heals… Water (challenges)
human inventiveness: river regulation, dam con-
struction, irrigation facilities, sewer systems, ship-
building… Water as a traffic route, as a natural
trade route… Water as a bulwark against enemies
or as a strategic basis of power:Venice, England…
Underwater: realm of the depths, of secrets, of the
abyss… Water and its treasures: the frozen fresh-
water reservoirs of the Antarctic; the food re-
sources; the ... underwater resource reserves….
Water and law: water use regulations in cities of
antiquity; fishing law in the Middle Ages…, the
domestic and international legal regulation of all
water on the Earth today… Water and the divine:
primeval substance of the Creation; chaos, van-
quished by God. The gods and goddesses of the
seas and rivers: the water-nymphs, mermaids, si-
rens… Rhine romanticism: Loreley. Water and
femininity… Water, the subconscious and the
dreams. “Man’s soul resembles water” (Goethe).
Water and time: “You cannot step twice in the
same river” (Heraclitus). The arts: water and hor-
ticulture; water in landscape painting; water poet-
ry” (Böhme, 1988).
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Development policy is also characterized by this
technocentric approach. Yet the systems installed in
the water supply sector, whether drinking water sup-
ply or irrigation facilities, are faced with completely
different ecological, social, legal and economic condi-
tions in the developing countries. The transfer of
technical systems is accompanied by a transfer of
specific values that frequently conflict with those
prevailing locally (see Box D 5.2-3). Moreover, the
structural deficits of one-sided technically optimized
water resource management are more apparent un-
der the less favorable conditions in poorer countries.
The worldwide propagation of the water closet, for
example, is now considered to be extremely proble-
matic, because enormous quantities of fecal microor-
ganisms flow into rivers via sewer systems and treat-
ment plants, resulting in a substantial spread of
pathogens. When rivers in Germany are excessively
contaminated, the result is usually a ban on bathing,
but in India, for example, such contamination has a

major impact on the supply of drinking water, which
is mainly taken from rivers. However, a technical so-
lution to the problems caused by WCs, namely treat-
ing river water to produce drinking water, is exorbi-
tantly expensive for poorer countries unless external
support is given (Amsel and Lanz, 1992).

5.2.1.2
The economic dimension

Modern economies treat water as a commodity.
Here, water is viewed as a resource, a means of satis-
fying human needs. Since the use and consumption of
water benefits people, whether directly as a consu-
mer good or indirectly as an investment good, there
is a demand for it. Under certain conditions (if the
principle of exclusion does not operate or property
rights are inadequately allocated), water resources
may be allocated inappropriately. As a consequence,

BOX D 5.2-2

Water as a “culture-forming element”

Throughout human history, water in its numer-
ous forms has had a significant influence on cultu-
ral development and has shaped individual as well
as collective perceptions, values, and patterns of
behavior. This can be illustrated with some exam-
ples (Assmann, 1996; Fischer, 1988; Neubauer,
1995; Schua and Schua, 1981; Smith, 1985):
• The transition in humankind from a nomadic

to a sedentary existence, which was accompa-
nied by the growing of foodstuffs and the rais-
ing of livestock, was only possible along water-
courses because these were the only places
where the water needed for drinking and irri-
gation could be found in adequate and reliable
quantities.

• In many parts of the world, the development of
division of labor in antiquity was characterized
by the migration of entire peoples to the val-
leys of large rivers, as in Egypt (Nile), Mesopo-
tamia (Euphrates and Tigris), India (Indus)
and China (Huang He). The growth of locally
adapted irrigation technologies, which subse-
quently influenced the creation of many other
technical facilities and shaped societies and so-
cial orders, began on the great rivers.

• In ancient Egypt, the water of the Nile was
thought to emanate from a godhead and was
therefore thought to embody the origins of life.

The cyclical floods of the Nile, which guaran-
teed fertility for the otherwise barren country-
side, not only influenced agriculture, but were
also the object of religious convictions and the
basis for people’s perception of time.

• In many cases, such as Bern or Freiburg, cities
were established on rivers because, on the one
hand, they offered favorable sites for conduct-
ing trade, and on the other, the river could be
used as a natural protective wall against ene-
mies.

• Since the 9th century, Frisians have been en-
gaged in a struggle with the North Sea to pro-
tect their estates against floods and to reclaim
land from the sea. The battle with the sea was
repeatedly lost, with thousands of people los-
ing their lives in the process. Nonetheless, the
technologies required to solve the problems
were continuously refined.

• Until recently, there was no freshwater on
small islands off the coast of North Frisia, apart
from precipitation.This necessitated a complex
system for collecting and storing water, which
then formed the basis for the artificial hills on
which people lived. The permanent state of
scarcity shaped the needs and knowledge of
the island inhabitants and led to an extremely
frugal management of water as a valuable as-
set, a characteristic that has remained among
the older residents despite the improvements
achieved in the meantime.
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the water that used to be a free environmental asset
becomes a scarce asset in many places, a circum-
stance that should really be reflected in the price. If
external effects are involved, however, water prices
may lose their function as indicators of scarcity.
Therefore, the basic solution for water problems lies
in finding adequate scarcity prices, on the basis of
which the mechanism of the market regulates the al-
location problem “automatically” and maximizes the
overall social benefits.

It is of fundamental importance from the econom-
ic perspective that the (monetary) valuation of the
benefit of water be based on its various functions for
humans. Water and its functions thus take on the na-
ture of commercially available commodities, and al-
ternative uses are assessed according to cost and ben-
efit. This way of thinking must inevitably formulate
an abstract definition based on the complex signifi-
cance of “water”, from which economics merely pos-
tulates that it is expressed in differing degrees of will-
ingness to pay. An overemphasis of this approach
may lead to a suppression of water “uses” that in-
volve more than the mere use of resources (e.g. the
installation of artistically designed fountains, or the
use of water as an instrument for esthetically pleasing
garden and landscape design).

5.2.1.3
The legal and administrative dimension

Rules for the management of water resources
number among the oldest social conventions adopt-
ed by humankind. The tremendous variety of hydro-
logical, climatic, geological as well as religious and so-
cial conditions was reflected in an equally wide varie-
ty of water rules and the resultant laws pertaining to
water. Not all of these rules and regulations have
been codified as written law; many are accepted as
unwritten law. Each culture, for example, has its own
unique washing and cleaning rituals which strongly
influence people’s behavior.

In many former colonies, the legal system imposed
by the colonial powers displaced the original laws. It
is not surprising, therefore, that the application of
European systems of water law to countries in Afri-
ca, Asia or Latin America led to conflicts with exist-
ing values and customs, as well as with the ecological
conditions there. In many cases, the new laws under-
mined the traditional uses of water (see Box D 5.2-4).

Laws are established within a complex network of
interests and govern how water is managed by for-
bidding certain actions and tolerating others. For ex-
ample, it is of considerable importance whether the
contamination of groundwater is strictly prohibited,
or whether it is subject to approval and hence sanc-

BOX D 5.2-3

Water without users: irrigation facilities 
in Peru

The plateau at Lake Titicaca on the border be-
tween Peru and Bolivia, the Altiplano, is consid-
ered to be marginal, barren land. However, the
people living here have always adapted them-
selves to these conditions by applying their own
cultivation methods. In the 1980s,Western agricul-
tural advisors attempted to transform the region
north of Lake Titicaca into fertile land by means
of artificial irrigation systems. They erected dams,
constructed irrigation channels and created ter-
races. In this process they introduced capital-in-
tensive systems based on agricultural know-how
from Europe and America, while planners took
no note of the traditional techniques of the native
population.

The great majority of these projects are consid-
ered failures today.At least nine large-scale irriga-
tion projects north of Lake Titicaca covering a to-
tal of over 100,000 hectares are, for all practical

purposes, not used at all (Wicke, 1993). The West-
ern planners, who were not familiar with local ag-
ricultural-ecological conditions and whose bull-
dozers covered many terraces with unfertile soil,
were responsible for this situation. However, the
main reason given was the lack of interest in culti-
vation of the newly created fields on the part of
the rural population, which was entirely incom-
prehensible to the Western agricultural engineers.
In contrast to the scientific, technical perspective
of Western nations, for the native Quechua and
Aymara the Altiplano is “a cosmic landscape, a
structured cultural area full of holy places (hu-
acas), the home of the Mother of the Earth, pa-
chamama. As part of a complex system of values
based on reciprocity, the Earth gives the farmers
their crops; as an expression of their thanks, the
farmers return these rich gifts (pagos) to the
Earth” (Erickson, 1992). It is not surprising that
Western irrigation technology, which focuses on
damming rivers and diverting them to other val-
leys through tunnels in order to grow unknown
cereals imported from the West, is not compatible
with such a view of the world.
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tioned – albeit within limits. By means of a legal act
in this case, groundwater turns from an extremely
valuable asset that must be stringently protected into
a pollutable resource. Although, for example, the
German Water Management Act requires the exer-
cise of care in the use of water and waterbodies, wa-
ter law has increasingly developed into a law that ex-
clusively governs user rights. Requirements to pro-
tect and care for resources are regarded more and
more as mere obstacles to use and as locational dis-
advantages, and no longer as an essential basis for hu-
man existence, even with a view to future genera-
tions. Particularly in developing countries, the requi-
site regulations requiring the protection and care of
resources may even act as barriers to development.

Government administration of water resource
management has changed fundamentally as the lat-
ter’s complexity has grown. Subsequent to the tradi-
tional supervision of brooks and rivers by govern-
ment authorities, the use of water in households has
also been increasingly placed under government con-
trol. The resultant positive impacts (improvement of
the supply situation, simplification of quality moni-
toring, etc.) contrast with the fact that only a few old-
er people today possess indigenous knowledge about
the origin of the water and the special features of the
piping and storage system. The centralized water
management system that has been installed in many
places over the years, along with extensive centrally
planned water supply networks, is virtually invisible
for the citizens: they cannot see anybody playing an
active role.The source of the water flowing out of the
tap at home remains unknown. Thus, the administra-
tive structure fosters a perception of water as a tech-

nical product that can be bought and apparently
flows straight from the tap, devoid of any origin.

In such a management system, water policy deci-
sions can be made “at the expert level”, to the exclu-
sion of the public for all practical purposes. The sys-
tem also facilitates the customary practice of keeping
relevant information about use and contamination of
waterbodies largely secret. The resulting lack of
transparency and cooperation on the part of the au-
thorities has extensively undermined both the
knowledge and the interest of the population regard-
ing water issues.

Similar to the structure of water law, the highly
centralized approach of the water authorities is
found not only in the Western industrialized coun-
tries, but frequently in their former colonies as well.

5.2.1.4
The religious dimension

The multi-faceted meanings attached to water in
myths and religions across all historical periods illus-
trate the ambivalent nature of this substance for hu-
manity. In religious contexts there is both reverence
and fear of water, since it stands for fertility and for
life (as in rain for the fields or water for drinking), or
for the threat posed by uncontrollable powers, e.g. in
the form of floods and heavy rains, or through its
complete absence in times of drought (inter alia,
Schröer and Staubli, 1995; Wilke, 1995; in summary
form Gaidetzka, 1996b).

In the Creation myths of most religions, water is
viewed as the primal element of life, and associated
in this way with birth and fertility. In the religious tra-

BOX D 5.2.4

Kenya: From the commons to private property

In Kenya’s dry northern region, traditional no-
madic lifestyles have developed that use soils, wa-
tercourses and water sources on a seasonal basis
only. Farming is organized at the village level and
is based on shared use of the existing water and
soil resources. In accordance with this principle,
both land and water are equally available to all
members of the village.

Kenya’s current water law was adopted in 1951
during British colonial rule.According to this law,
a claim to water is based on ownership of land and
thus differs fundamentally from the view prior to
that. Kenya’s population did not know land own-

ership. The use of soils and water was regulated
through access rights. Water was only one of sev-
eral resources that people had access to on com-
munally managed land. The relationship to water
was based on need and use. Traditionally, water
was much more than an economic commodity.
Emphasis was not placed on rights, but on obliga-
tions.

Under British law, control over water in north-
ern Kenya was taken out of the hands of the pop-
ulation and organized by the central state. Use of
water was no longer possible without formal offi-
cial permission. Traditional access to streams and
water sites had suddenly become subject to ap-
proval, and only water whose use was officially
registered enjoyed state protection.
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ditions of desert peoples, especially, rain is perceived
and understood as a blessing sent from God in an-
swer to the prayers and rituals the people offer up.
Excessive rain, on the other hand, such as the Flood,
is interpreted as a sign of God’s wrath at the acts of
humans. In keeping with its physical properties, water
is associated in a religious context with the removal
of impurity, for instance by ritual cleansing or by as-
cribing healing powers to certain sources. This is
closely connected to the conception of water as the
water of life, counteracting the passage of time, and in
Christian baptism, for example, becomes a sign of
conversion, renewal and integration into the congre-
gation of believers. In addition, positive as well as
negative images of water can be found in numerous
religious conceptions of God, paradise and the here-
after.

In contrast to the almost exclusively “secular”
management of water resources in most industrial-
ized countries, the religious dimension of water cul-
ture is still maintained in many other cultures of the
world. However, the attribution of religious mean-
ings to water does not necessarily protect it against
contamination, even in these cultures (see Section
D 5.2.3).

5.2.1.5
The symbolic and esthetic dimension

Apart from the religious context, we encounter
water in a variety of symbolic and figurative mean-
ings, for instance as the epitome of purity, naturalness
and freshness, as a symbol of constant change and
transitoriness (panta rhei) and as a gentle yet unre-
lenting force that overcomes all resistance in the

course of time (Selbmann, 1995). The various forms
of water have inspired innumerable artists – compos-
ers, painters, sculptors and poets – to create great
works of art, which in turn, as visual or acoustic “wa-
ter images”, have an influence on the way we see and
perceive water.

In some cultures, the different meanings attached
to water are reflected in the use of different words to
refer to the same physical substance, with direct im-
pacts on the respective ways that water is used (see
Box D 5.2-5).

The esthetic meaning and significance attached to
water has certain affinities with this symbolic dimen-
sion. These esthetic elements are expressed, for ex-
ample, in the use of water as a design element, be it in
landscapes, gardens, parks or in urban areas as an ar-
tificial lake, waterfall, pond or artistically designed
fountain. What is common to them all is that “living”
water in all its variations is obviously perceived as
having a certain quality that many people are able to
appreciate. The attractiveness of water in the envi-
ronment far exceeds that of other materials or ele-
ments (Pitt, 1989).

It would require major interdisciplinary and/or
transdisciplinary research efforts to define a given
society’s water culture in all its dimensions – science,
technology, economy, law, administration, religion,
symbolism, esthetics – and the respective conse-
quences for water resources. All that is currently
available in this context are a number of case studies,
many of which are rather anecdotal in character. A
systematic analysis of water culture, which has yet to
be done for most societies, would highlight the fact
that many decisions of relevance to water resources
are made within a very tight framework of values,
and that little or no thought is given to other impor-

BOX D 5.2-5

New Zealand: The water culture of the Maori

For the Maori, the original inhabitants of New
Zealand, water possesses a deep spiritual mean-
ing. The gods as well as the ancestors are present
in it. Rain means that the god of the sky, Ranginui,
is crying. He is crying about the Mother of the
Earth, Papatuanuku, whose sighs rise as fog. The
dead ancestors as well as the mythological gods
live in the rivers. For the Maori, the waters of their
homeland are part of their identity: whatever hap-
pens to the water, also happens to them. This ap-
plies both to outside influences and to personal
actions.

It is typical that water bears different names ac-
cording to the circumstances.Waiora, the holy wa-
ter, falls as rain and comes up from the depths of
the Earth as a spring. Only waiora is suitable for
ritual ceremonies, e.g. for birth or death. River wa-
ter is usually waimaori: good and healthy to drink,
for catching fish, and as a cure for illness. Polluted
or diverted water becomes waikino or even wai-
mate: hazardous water that cannot be used for
ceremonies, as a cure or for drinking.

Thus, every river, every lake, every stream is
imbued with a more or less curative or dangerous
spirit (wairua). Just like all other things – Earth,
sky, animals, plants – waters are personified and
regarded at the same time as living elements of a
larger, universal organism (Taylor, 1987).
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tant factors, such as future environmental impacts or
public participation.

Thus, any sustainable water resources policy must
first be aware of the sociocultural value context, i.e.
the water culture within which it aims to have an im-
pact. Practitioners in the field of development coop-
eration should realize that water projects interfere in
deeply rooted cultural systems that cannot be under-
stood in technical terms alone. The existing sociocul-
tural framework must be taken into account when
elaborating differentiated strategies for the sustain-
able management of water resources in the various
sectors.

Modifying the individual patterns of water-related
behavior characteristic of private households re-
quires knowledge of the general factors that condi-
tion water-related behavior. This pertains primarily
to the role of human behavior as it relates to the
problems of scarcity (Section D 5.2.2) and contami-
nation of water (Section D 5.2.3), as well as in coping
with the threat that water may pose for people (see
Section D 1.6). Most social and behavioral research
on these topics has been conducted within the con-
text of a specific water culture as found in Western in-
dustrialized countries.This inevitably results in a cer-
tain degree of Eurocentrism in the following descrip-
tion, and a confinement in some cases to conditions
in Germany. However, this does not detract from the
fundamental importance of the factors affecting the
way people treat and manage water resources.

5.2.2
Water scarcity and behavior

One of the root causes of water problems is the in-
creasing overexploitation of local water resources,
resulting in water scarcity (see Section D 1.4). Such
overexploitation may be due to a poor natural sup-
ply, excessive consumption, or a combination of the
two.

When focusing on human behavior as a cause of
water scarcity, it is difficult to isolate quantity-related
problems from quality-related problems (see Section
D 1.5). On the one hand, a high level of demand on
the part of industry and private households for high-
quality types of water (e.g. drinking water conform-
ing to strictest quality standards) rapidly leads to
scarcity when the quality of untreated water is limit-
ed, even in regions with an abundant water supply,
like Germany. On the other hand, high water con-
sumption frequently aggravates the quality problem,
e.g. because of the large amounts of wastewater that
ensue. This interrelatedness should be borne in mind
when reading the following sections, where water

scarcity and water pollution are treated separately
for analytical reasons.

In the perception of the population, water prob-
lems play a very subordinate role, both in quantita-
tive and qualitative terms. In the most comprehen-
sive sociological study on the issue of water conduct-
ed in Germany in recent years – a large-scale survey
in the cities of Frankfurt/Main and Dresden, involv-
ing more than 1,000 interviewees (Ipsen, 1994; Gla-
sauer, 1996) – the problems of drinking water supply
(quantity) and water pollution (quality) ranked, at
2.1% and 1.2% respectively of all responses to the
(open) question as to the most important environ-
mental problem, far behind problems like air pollu-
tion (30%), transportation (30%), chemical industry
(15.2%) and waste (12.7%).This irrelevance of water
problems in the public mind is somewhat surprising,
in that the city of Frankfurt had launched a major wa-
ter saving campaign shortly before, and a broad pub-
lic discussion of the problem was ongoing at the time
of the survey. However, in contrast to the lack of per-
ception of the problem, the same study ascertained
that saving water had established itself as a “general-
ly valid norm”: 92% (!) of all interviewees felt it
made good sense to save water. Nearly two thirds of
this group stated water scarcity to be the reason. If
the discrepancy that emerges here between a lack of
awareness for the problem, on the one hand, and ba-
sic social acceptance of saving water, on the other
hand, should be substantiated, this would also have
implications for the instruments used to achieve the
policy goal of reduced water consumption (see Sec-
tion D 5.3). It would mean that water-saving meas-
ures addressing behavior (e.g. providing means and
incentives for saving water) are more appropriate for
reducing household water consumption than gener-
ating an awareness of the problem, e.g. with informa-
tion campaigns.

In order to investigate the causes of anthropogen-
ic water scarcity, it is first necessary to identify and
quantify water consumption behavior (see Box
D 5.2-6). If, in a country or region suffering from cur-
rent or imminent scarcity, private households as “ul-
timate consumers” are to be induced to make more
frugal use of water, then it is necessary to identify the
possible driving forces behind varying levels of water
consumption (for possible intervention measures see
Section D 5.3). Therefore, the systematic approach
applied in previous Council Reports (e.g. WBGU,
1994) will be used in the following to examine the
various sociological and psychological aspects of wa-
ter consumption.

Perception
In the perception of people in most industrialized

countries, (drinking) water appears to be available in
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any quantity at any time, provided a price (which is
usually relatively low) is paid. Taking the daily water
supply for granted is closely related in all likelihood
to the invisibility of the underlying infrastructure –
water comes into each home “straight from the tap”,
which is usually the only visible feature of the public
water supply. People only become conscious of it
when there is a malfunction for some reason.

This was not always the case (Katalyse, 1993;
Schramm, 1995). In Germany, for example, the cen-
tral water supply and wastewater disposal system as
we know it today (including WCs and the sewer net-
work) were established only as recently as the 19th
century – as a means of combating epidemics. Until
then, people could usually experience the scarcity of
water resources in a direct way, as members of well
cooperatives that emphasized personal responsibility
and provided a direct relationship to the resource.
Once the water supply system had been centralized,
by contrast, the public developed a greater awareness
of water quality but delegated responsibility and con-
trol over the system to “specialists”. Perception of
the water supply system became increasingly filtered.

The process of dissociation initiated by the cen-
tralization policies of the last century continues along
several dimensions, even to this day. Policies requir-
ing a permanent search for new sources of water, as
opposed to sound management and precautionary
action at local level, enabled a disjunction to develop
between the production and use of drinking water –
in spatial terms (development of large-scale systems
for remote water supply), in temporal terms (con-
sumption of ancient “fossil” groundwater stocks) and
in a qualitative sense (physico-chemical production
of drinking water from untreated water resources).
As a consequence, water problems were shifted to
other regions, to other generations and to other envi-
ronmental media. It became more difficult to per-
ceive interrelations, for example between water con-
sumption in Frankfurt and the desiccation of the Vo-
gelsberg region. No wonder, then, that media reports
about “impending water crisis” should cause confu-
sion among the public, when water still pours from
the tap, the river bursts its banks, or the fountains in
the town continue to splash cheerfully (perceptual
ambiguity) (Glasauer, 1996).

Water policies, too, have become increasing disso-
ciated from the people in society. Decisions are made
behind closed doors by policymakers for whom citi-
zens are nothing but “trouble-makers” and a nui-
sance, for example when designating drinking water
protection areas. Here, again, at least in a country like
Germany with abundant water resources, a situation
is created in which public awareness of the water sup-
ply does not develop until a conflict or crisis arises.

The situation is different in water-poor countries,
where a state of crisis is normality in many cases. In
the arid regions of many developing countries, for ex-
ample, water has always been regarded as a valuable
asset, and this in turn led to the development of wa-
ter-saving techniques in production, irrigation, etc.
(Gaidetzka, 1996a). Here, local water availability or
water stress are a structural factor influencing, more
than all other behavioral determinants, the way that
people perceive and manage their water supply.

Knowledge
Due to the lack of suitable data, little can be said

thus far about the knowledge of the population re-
garding quantitative aspects of water consumption.
One can assume, however, that ignorance prevails in
large sections of the population, not least of all be-
cause of inadequate feedback on water consumption
and water-saving behavior. One of the results of a
survey commissioned by the Federal Environment
Agency (BMU, 1996b) on environmental awareness
in eastern and western Germany indicates the plau-
sibility of this assumption. Despite the very large
range of replies given, only 16% (West) and 25%
(East) answered the question about the average dai-
ly water consumption in Germany correctly
(“101–199 liters”).

Attitudes, norms and values
Showers and baths account for around a third of

the water consumption in German households (see
Box D 5.2-6). This reflects not only the increasing
availability of sanitary facilities, but also a change in
hygienic needs.Whereas a proper bath was one of the
rare luxury goods enjoyed in the Middle Ages, for ex-
ample, a daily shower or even bath has become a
matter of course, and sometimes even a “must” for
many people in the industrialized countries today.
This shows how social norms, such as cleanliness, a
well-groomed appearance and tidiness, can conflict
with economical water consumption and/or the cor-
responding attitude (Glasauer, 1996). The social
norms experienced and acquired in one’s socializa-
tion history and everyday life are major prerequisites
for social acceptance and integration. It can therefore
be assumed that the individual motivation for water-
saving behavior has to be very strong to assert itself
vis-à-vis social norms. From both an historical and a
comparative cultural perspective, however, standards
of cleanliness and/or the associated consumption of
water are shown to be very prone to fluctuation (Vig-
arello, 1988).

Another effect that potentially promotes con-
sumption is the fact that wasteful use of water often
has positive connotations (Glasauer, 1996). A good
bath relaxes body and soul, and the growing trend to-
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wards designing domestic bathrooms to reflect a par-
ticular lifestyle conforming to the “fun culture” clear-
ly indicates that excessive individual consumption of
water is associated with wellness and zest for life
(Schramm, 1995).

Incentives for action
Possible incentives for wasteful as well as econom-

ical management of water are the price paid for it
and/or the rate structure. However, water as an es-
sential commodity usually has a very low price elas-
ticity (Winkler, 1982). Another major incentive for
action is to base charges on consumption, both for a
water-saving lifestyle and for the installation of wa-
ter-saving equipment (BMU, 1996b). In apartments
anyway, water costs are rarely charged in this way, but
are frequently billed at a flat rate like heating costs.

Another experience acting as a “negative incen-
tive” for thrifty use of water resources is that success-
ful water-saving campaigns do not pay off for the
population. Instead, they often result in a rise in the
water price (Glasauer, 1996). In general, the prevail-
ing incentives favor high water consumption.

Options and opportunities for taking 
action
The causes of rising water consumption year after

year in Germany since the Second World War cer-
tainly include the constant improvement of sanitary
conditions as well as the growth of water-consuming
appliances in the household (washing machines and
dishwashers) – in short, in the general availability of
infrastructure that promotes water consumption.
Consumption levels in the new eastern German
states, which are still at a low level because of the lack
of baths or shower facilities, among other things,
seem to confirm this (Schramm, 1995). These experi-
ences are of importance, particularly with respect to
the developing countries and their future water con-
sumption. Materialist lifestyles that emphasize the
virtues of consumption seem to lead “automatically”
to high levels of (direct and indirect) water consump-
tion.

Perceptible feedback 
Even though a central water supply and wastewa-

ter disposal system offers a number of benefits, water
consumers are frequently not aware of the conse-
quences of consuming or saving water under these

BOX D 5.2-6

Water-consuming modes of behavior of private
households

In general, water consumption by private
households is relatively low in comparison to agri-
culture and industry (see Section D 1.1). Howev-
er, in a regional breakdown and in absolute fig-
ures significant differences emerge (WRI, 1996).
According to International Water Supply Associ-
ation statistics for 1993, the average consumption
of 15 industrialized countries (excluding the
USA) ranges from 120 (Belgium) to 316 liters
(Australia) per capita and day. In Germany this
per capita consumption value declined slightly be-
tween 1990 and 1996 at a continuous rate and is
currently around 130 liters [Federal Association
of the German Gas and Water Industry (BGW),
1997, personal report]. However, indirect water
consumption, e.g. through the purchase of con-
sumer articles, is not included in these figures, and
usually consumers are even less aware of it than of
“visible” consumption (see below). To produce a
single car, for example, over 200,000 liters of wa-
ter is required, and impressive “ecological (water)
backpacks” can also be given for other consumer

goods (Katalyse, 1993). These hidden water flows
are of a global nature: through economic goods
(e.g. flowers, citrus and tropical fruits) hidden wa-
ter flows are imported and exported regularly.

A breakdown of the consumption of house-
holds according to types of use indicates the sig-
nificant savings potential that many experts still
see here.According to estimates by Möhle (1983),
for example, a third of the drinking water con-
sumption at the beginning of the 1980s was re-
quired for toilet flushing, another third was used
for taking baths and showers and the last third
flowed into use for washing laundry, dishwashing,
body care, watering the garden, cleaning rooms,
drinking and cooking as well as automobile care.
These estimated values must be interpreted cau-
tiously because of, for example, the changes that
have been effected in technical standards, the de-
velopment of water-saving technologies as well as
changes in the make-up of households. Neverthe-
less, it can be assumed that the orders of magni-
tude and, in particular, the minimal extent to
which drinking water of the highest quality is used
for appropriate purposes (e.g. drinking and cook-
ing) have changed very little since then.
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specific conditions. Whereas water shortage and
quality problems in the well cooperatives of the 18th
century were felt directly by the households con-
cerned, today this is often prevented by a lack of
feedback on consumption (partially due to the ab-
sence of means for determining household consump-
tion), by water prices that do not take consumption
into account, as well as by the constant availability of
drinking water that is ensured at considerable, but in-
visible, expense. Lanz and Davis (1995) cite the
Greek island of Alonnisos, where a changeover in the
supply system from decentralized cisterns to a cen-
tralized water supply led to a rise in water consump-
tion, as exemplifying the consequences of an absence
of such feedback mechanisms. The direct perception
of the impacts of water consumption is important for
people’s behavior, especially in areas where water is
already scarce, e.g. in arid regions.

5.2.3
Water pollution and behavior

In some cases, pollution of standing and running
waters as well as groundwater resources is closely
linked to the problem of water scarcity. The reasons
for this include direct interference in the water re-
sources as well as intentional or accident-related dis-
charge of pollutants into waterbodies. However, the
causes of water pollution are increasingly found “far
away” from the waterbodies themselves, e.g. soil con-
tamination caused by intensive agriculture (ground-
water pollution due to protracted use of fertilizers
and pesticides) and leaking landfills, or from air pol-
lution due to emissions of harmful substances from
the transport sector and industrial production (prob-
lem of spatial and temporal distance) (see Section
D 1.5).

There is no other environmental problem for
which greater improvements are perceived by the
population than for the purity of waterbodies. Ac-
cording to the study by the Federal Environment
Agency (BMU, 1996b) already cited, 39% of those
surveyed in western Germany and as many as 57% in
the new eastern German states see environmental
policy as having made the most progress in this field,
followed by air, soil, climate, energy and waste. The
latter might be due to the fact that interviewees asso-
ciate the term “waterbodies” more with surface wa-
ters (where quality improvements have indeed been
recorded) and less with groundwater or drinking wa-
ter reservoirs. The use of this term may also explain
why, in a study conducted by Billig (1994), the issue
of “water contamination” ranked third, in response
to the question about major future threats, after
“hazardous waste sites” and “violence” and followed

by events such as “climate changes”, “war” and
“chemical accidents” (for methodological problems
of surveys see WBGU, 1997). However, in the Health
of the Planet Survey as well (Dunlap et al., 1993), an
extensive survey study comparing different coun-
tries, the persons surveyed in 19 of 24 countries des-
ignated water quality as one of the three most impor-
tant environmental problems in response to an open
interview question. After air pollution (23 countries)
this is the second most frequent reply, far ahead of all
other problems referred to. In general, therefore, no
clear trend for water pollution can be discerned on
the basis of the available studies on the perception of
environmental problems.

With the greater focus now placed on the analysis
of indirect sources of pollution, including the enor-
mous consumption of water for the production of
consumer goods, the relevant patterns of human be-
havior and their respective determinants are to be
found in other areas than behavior directly related to
water. To this extent, the following considerations,
which refer to behavioral aspects in connection with
direct impacts on water, can only cover a small por-
tion of the relevant behavior and must be supple-
mented by analyses of indirectly water-polluting ac-
tions (for determinants of behavior with respect to
soil contamination, see e.g. WBGU, 1995).

Perception
Water pollution is not directly perceptible in most

cases. Even the clearest water from a “natural”
mountain stream – often seen as the epitome of pur-
ity – may be ecologically inferior. This makes proper
perception of the problem difficult.Whereas the con-
tamination of the Rhine after the Sandoz disaster
was actually visible in 1986, when it was colored red
over a great distance (though the red color itself was
the most harmless thing of all about the contamina-
tion at the time), it is rarely possible to determine
whether the clear water that comes out of the tap in
households is polluted and which substances it con-
tains. Our attention is not drawn to the lead in old
water pipes, nitrates or pesticide metabolites until the
water utilities inform us about it (or more frequently
the media) or, when irritated by contradictory expert
opinions, we arrange for private analyses. Apparent
contradictions between increasingly alarming media
information and personal perception of clear, good-
tasting water make people uncertain and arouse dis-
trust, especially towards official, often appeasing
sources of information (Glasauer, 1996). Nearly al-
ways, however, the “layman” must rely on scientists
and politicians to evaluate and differentiate water
quality: one fact that is often cited as evidence of suc-
cessful water policy, i.e. that salmon are swimming in
the Rhine again, may be an indication of the im-
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proved state of the rivers, but the placatory statement
provides no information about the quality of lakes
where swimming is permitted or the degree of pollu-
tion of drinking water.

Contamination is barely perceptible not only in
the drinking water supplied to homes via pipelines.
Once wastewater leaving the home loaded with dirt,
detergents, cleaning agents and feces goes down the
drain, there is no trace of it any more. Open sewers in
which a disgusting sewage mixture could be seen and
smelled are a thing of the past, and not until it arrives
at isolated treatment plants does the wastewater ap-
pear again. In general, one can plausibly assume that
the individual perception of water pollution has vir-
tually no effect on private, water-polluting behavior.

Knowledge
Even though no direct data are available in this re-

gard, one can assume that the absence of direct per-
ception is linked to a lack of factual knowledge about
the degree of purity of the water available to us. Giv-
en the reassuring knowledge that providers of water
and wastewater disposal services have to meet and
monitor the high quality standards for drinking water
as well as to make “clean water” out of wastewater in
treatment plants, such environmental knowledge was
not relevant until recently, particularly since the tech-
nical expenditure for the “production” of drinking
water and wastewater treatment remained in the
dark to a large extent.

Recently, however, the mounting reports of “con-
taminated drinking water” have induced individual
citizens to become knowledgeable, request informa-
tion from their water utilities and bring their own wa-
ter samples to be analyzed, also to establish clarity re-
garding the controversial information that reaches
them via the media. In most cases, knowledge about
water pollution in itself triggered uncertainty and
distrust in the safeness of tap water and has long been
a factor behind the decline in drinking water accep-
tance among the population (Schramm, 1995). In the
cited survey on water-related behavior in German
cities, over 85% of those surveyed state that they
rarely or never drink “water from the tap” (Ipsen,
1994). Supposed or actual knowledge becomes di-
rectly relevant to behavior here – the use of tap wa-
ter as drinking water, which was relatively insignifi-
cant anyway, is declining, while more and more peo-
ple drink mineral waters, which are thought to be un-
contaminated.

In view of the large number of potentially harmful
substances in water with which we are confronted
daily, it not only seems dubious to assume a certain
level of knowledge about the water-polluting impacts
of individual behavior, but also it appears doubtful
that such knowledge can become relevant to behav-

ior. Many water-polluting activities, from washing the
laundry to body care, seem to be too intensively gov-
erned by habit and too closely linked to values and
norms.

Attitudes, norms and values
While religious reverence of water gods may rep-

resent a kind of “natural precept of purity” and “holy
water” from rivers, springs and wells is kept clean by
believers as a matter of course (Katalyse, 1993), such
a protective mechanism is lacking in the completely
de-emotionalized handling of water as a “lifeless raw
material” that can be found in secular societies. How-
ever, the attribution of religious significance to water
does not necessarily protect it against contamination,
and consequently people should be warned against
accepting a romanticized view of protective religious
norms. From India, for instance, it is reported that
Hindus use the holy Ganges River as a waste dispo-
sal site with a total lack of concern precisely because
of its holiness: a river that can clean everything can
clean itself as well (Wilke, 1995).

The unquestioned manner in which water is used
as a disposal pathway is characteristic of the attitude
towards water that prevails in industrialized coun-
tries today (Lanz and Davis, 1995).This is not surpris-
ing, given the ubiquity of WCs, sewer networks and
the delegation of wastewater disposal to institutions
specially designed. The perception of wastewater
ends “at the drain”, and the act of discharging liquid
wastes into whatever type of sewage system has be-
come extensively habitualized. This contributes to a
substantial lack of concern for pollution problems.
Another factor that operates here was already dis-
cussed in connection with water scarcity: the power
of competing norms (cleanliness of body, laundry,
car, etc.) frequently makes the use and consumption
of water both in quantitative and qualitative terms
appear to have higher priority than environmental
protection.

Incentives for action
It is not without reason that in many economics

textbooks water serves as a paramount example of
the externalization of private costs in connection
with public goods: the incentive structure in the use
of waterbodies as disposal pathways almost inevita-
bly encourages their contamination. Faced with the
choice of disposing of liquid waste as hazardous
waste at great expense or simply “dumping it away”,
one is tempted to opt for the latter – both in industry
and at home. In contrast to soil, where contamination
in the form of hazardous waste sites can still be at-
tributed to the polluters years later, water as a flow-
ing element practically offers an open invitation to
unpunished pollution.
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Perceptible feedback
As with water pollution itself, the interrelations

between individual patterns of behavior and their
consequences for water quality in the context of a
centralized water supply and wastewater disposal
system are barely perceptible as a rule. Although al-
most every use of water is simultaneously connected
with contamination, there are no distinctions with re-
gard to the consequences for the polluter, e.g. be-
tween a proper bath and the disposal of photograph-
ic chemicals down the drain. The mixed treatment of
wastewater in the sewer network and treatment plant
usually renders it essentially impossible to ascribe in-
dividual cases of contamination to polluters. Damage
to the treatment plant or receiving waterbody as well
as – on the supply side – the cost of purifying drink-
ing water affect individual citizens much later, if at
all, through an increase in charges. Pollution, or the
absence of same (e.g. due to intensified environmen-
tal protection), are not reported to the polluter and
thus cannot have an effect on behavior in this way.

In addition to the absence of feedback mecha-
nisms relating to the direct use of water, there is even
less awareness of the indirect interrelations between
behavior and the pollution of water resources. Causal
chains that are separated both temporally and spa-
tially and which are very long and complex in some
cases (e.g. consumption of meat from intensive live-
stock farming, soil pollution due to liquid manure,
groundwater contamination) are rarely detected and
are difficult to describe quantitatively in relation to
individual patterns of behavior. Besides, a strategy
aimed at modifying water-related behavior by pro-
viding information on “hidden water pollution”
would certainly have to tackle the problem posed by
the ubiquity of water-polluting behavior.

5.3
Principles and instruments of sustainable water
management: Environmental education and
public discourse

Environmental education – Water culture as a bar-
rier and potential – Demand-side management –
Change in behavior – Effectiveness of intervention
measures – Making water perceptible – Promoting a
change in values – Avoiding punishment – Offering
courses of action – Feedback on behavior – Women
and water – Forms of conflict settlement – Consensus
building

Each society has its own particular water culture;
this can be described in various terms, but is some-
thing that many societies fail to perceive in any con-
scious manner. It emerges in distinct form only in the

context of an intersocietal comparison, historical
analyses or acute water crises. Nevertheless, as a val-
ue context it influences any management of water re-
sources to a greater or lesser extent (see Section
D 5.2). In its various manifestations, water culture
can act as a barrier, but also as a positive force when-
ever changes in the management of water resources
are made in accordance with the sustainability para-
digm. Any strategy planning and selection of instru-
ments for a sustainable water policy must address
this sociocultural background and respond to it with
a variety of specifically targeted activities. The impli-
cation is that there are no instruments for coping
with water problems that can be applied worldwide
and at any time, and that there are consequences for
global policymaking (conventions, etc.) and for wa-
ter-related development cooperation initiatives, for
example. By focusing on a society’s water culture, it is
possible to derive a wide range of approaches on
which to base targeted interventions aimed at im-
proving water resource management.

In the following, psychosocial approaches to be-
havioral change (referred to in brief as “environmen-
tal education”) are first examined before looking at
the communication processes between various
groups of actors (“public discourse”). In practice, it is
necessary to coordinate these approaches with legal-
administrative, economic and technical measures.
However, water-related behavioral patterns cannot
be changed at will, because the management of water
resources, including associated norms (purity, “de-
sire” or frugality), is learned very early on in the
course of a person’s socialization and thus usually be-
comes an established habit that is no longer reflected
upon.

5.3.1
Environmental education activities aimed at
sound management of water resources

Sustainable water management aimed at changing
the way society deals with its water resources – rang-
ing from changes in individual behavioral patterns to
changes in lifestyle – can focus primarily either on re-
ducing water consumption or on assuring water qual-
ity (see Section D 5.2). Each of these two objectives
requires a different set of priorities in the selection of
measures. In particular, strategies centered on behav-
ior (e.g. creating incentives and opportunities for ac-
tion, or giving feedback on the consequences of ac-
tions) will differ, depending on whether the behavior
to be changed relates to water consumption or to wa-
ter quality.

Sociological and psychological research on the
modification of water-related behavior has focused
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primarily – as in the field of energy saving – on the
quantitative aspect of reducing consumption. This is
also the main theme in the following sections. It is im-
portant to realize that most research on modifying
water-related behavioral patterns is still conducted in
the context of “Western water culture”. Thus, if re-
search findings are to be transposed to other cultures,
it is essential to bear in mind their specific water cul-
ture.

The problems involved in securing water supplies
on a long-term basis can be tackled with various dif-
ferent strategies. One approach is to try to increase
the supply of water, which is achieved in most cases
with major technological investments (purification,
desalinization, water pipelines from remote sources,
boreholes for mining “fossil” groundwater deposits,
etc.).This strategy of supply-side management is par-
ticularly appropriate for countries with no guaran-
teed basic water supply. It has its limits when high
consumption levels are maintained at enormous ex-
pense.Another approach is to try to influence the de-
mand for water with a combination of technical, eco-
nomic and psychosocial interventions and adjust
consumption to the limited supply (demand-side
management). In the power supply sector, it was
shown that, under certain boundary conditions, de-
mand-side management may be economically more
efficient than supply-side investments (least cost
planning) – such a strategy certainly appears to be ec-
ologically and socially more sustainable.As far as wa-
ter supply is concerned, however, such demand-
oriented approaches are only gradually starting to es-
tablish themselves (Cichorowski, 1996; Schramm,
1995; Winkler, 1982).

On the technical side (supplemented by appropri-
ate legal, administrative and economic measures),
demand-side management of water resources re-
quires that people be given the means to take action
themselves, e.g. by providing a greater supply of wa-
ter-saving infrastructure (washing machines and
dishwashers, fittings, etc.) or of qualitatively different
types of water (drinking vs. industrial water). On the
psychosocial side, measures must be aimed above all
at people’s motivation to adopt particular water-re-
lated behavioral patterns, and at changing their per-
ception of problems, their knowledge, attitudes and
values as well as the incentives that operate. Market-
ing and PR strategies enable several of these factors
to be addressed simultaneously among broad sec-
tions of the population. The goal of demand-side
management is to reduce water consumption, supple-
menting improved technical efficiency by modified
water consumption (behavior with respect to taking
showers and baths, re-use, etc.).

Compared to the energy-related behavior, which
has been studied intensively by sociological and psy-

chological research since the “oil crises” in the late
1970s/early 1980s, relatively few studies have been
conducted on the effectiveness of psychosocial inter-
ventions with respect to water-related behavior (see
Box D 5.3-1). These studies differ substantially in
terms of the situative boundary conditions, the be-
havioral models that are used and the determining
factors that are examined, so it is not possible to
make general inferences about one field from the
other. However, it has been shown that a whole series
of factors can contribute to changing water consump-
tion. It is noteworthy here that no one factor – nei-
ther a change in prices and price structures, nor the
availability of water-saving techniques, nor informa-
tion campaigns – will achieve the goal by itself
(Schramm, 1995; Winkler, 1982). Instead, a combina-
tion of different forms of intervention seems to be
hold most promise.

On the basis of the taxonomy outlined in Section
D 5.2, the next sub-section describes a number of op-
tions that, from the point of perspective of the social
and behavioral sciences, may be effective – separate-
ly or, preferably, in various combinations – in modify-
ing the way people manage their water resources (see
also WBGU, 1994).

Perception and knowledge
In order to create an awareness of water and the

real and/or potential problems associated with it, it is
necessary first of all to make water (once again) a
perceptible element within everyday life. This per-
ception pertains to the quality and quantity of avail-
able water resources, to the water-supply infrastruc-
ture, to the sources of water and its subsequent fate
(in spatial and temporal terms), as well as the chang-
es that this resource undergoes through human use.

Potential options include:
– extensive exposure of rivers and canals (this can

also benefit the local microclimate and be estheti-
cally valuable),

– ongoing publication of data on quality and quan-
tity by local water utilities, “open days” at bore-
hole and treatment facilities or wastewater treat-
ment plants, and public relations work in these ar-
eas,

– environmental education activities in schools and
outside, focusing on the local water situation and
aimed at making water something that people can
perceive and experience,

– establishing a broad-based public discourse on
water resources, with specific reference to the
type, condition, origin, importance and manage-
ment of local water resources, as well as the prob-
lems involved,

– requiring producers to indicate the amount of wa-
ter consumed in the production of consumer
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goods once this exceeds a certain level.
To enhance the effectiveness and efficiency of in-

formation activities aimed at effecting a change in
the patterns of water-related behavior, appropriate
information should be combined with other environ-
mental or social issues (soil, air, consumer behavior,
etc.) as far as possible. Such an approach also takes
into account the indirect “hidden” interrelation that
often exists between water and individual patterns of
behavior.

Attitudes, norms and values
A change in values towards sustainable manage-

ment of water resources must be encouraged in order
to create “competition” against existing individual
and social norms (cult of cleanliness, fun culture,
etc.). This would also include generating acceptance
of the need to modify water-related behavior, should
this be necessitated by qualitative or quantitative
conditions.

The role of prominent personalities or the public
sector (e.g. building and investment measures) as
models to emulate can be used here to establish wa-

BOX D 5.3-1

Effectiveness of psychosocial interventions

Studies on the reduction of water consumption
with the help of psychosocial interventions have
been conducted since the early 1980s, above all in
the USA and Australia (for an overview see Cone
and Hayes, 1980; Winkler, 1982; Stern and Os-
kamp, 1987; Seligman and Finegan, 1990; Gardner
and Stern, 1996). On the whole, most studies
found the behavioral effects actually achieved to
be minimal. This may have to do with the relative
inflexibility of water consumption, but may also
be due to the selective application of specific
measures in each case.

The following factors led to a reduction in con-
sumption in the various studies:
– a perceived social norm of saving water (Kan-

tola et al., 1982),
– low-cost installation of water-saving fittings

(Geller et al., 1983),
– a rise in water prices (Berk et al., 1980; Moore

et al., 1994),
– communicating the situation as a commons di-

lemma (long-term benefit of saving water for
all people; effectiveness of personal water-sav-
ing behavior) (Thompson and Stoutemyer,
1991),

– a combination of information campaigns and a
personal duty to help save water (Dickerson et
al., 1992),

– a combination of consumption feedback and
generation of cognitive dissonance (Aitken et
al., 1994),

– water-saving programs involving a combina-
tion of educational (information, appeals, con-
sumption feedback, etc.) and regulative ele-
ments (temporary consumption restrictions,
etc.) (Berk et al., 1980).

The following, by contrast, have proven to be
ineffective:
– a general price increase as well as progressive

price structure when reduction targets are ex-
ceeded (“penalty payments”) (Agras et al.,
1980),

– discounts for low consumption (Winkler,
1982),

– information on water problems and ways of
saving water (Geller et al., 1983),

– “economic education” (short-term economic
benefits of water-saving behavior) (Thompson
and Stoutemyer, 1991),

– isolated consumption feedback (Geller et al.,
1983; Winkler, 1982).
Various authors attribute the relative ineffec-

tiveness of informational interventions (particu-
larly feedback about actual water consumption)
to the economic framework in the respective stud-
ies, and point to similar effects in the energy sec-
tor – the low price for water as well as the usually
degressive price structure give a counterproduc-
tive signal that precludes any motivation to save
water (Geller et al., 1983;Winkler, 1982; Seligman
and Finegan, 1990). Nevertheless, such feedback
strategies may still be useful, as Hamilton’s (1985)
findings demonstrate: there is a positive correla-
tion between water-saving behavior and knowl-
edge about personal water consumption.

In addition to the factors mentioned, the vari-
ous studies found statistical correlations between
water consumption and many sociodemographic
variables, e.g. age (Kantola et al., 1982), position in
society (Thompson and Stoutemyer, 1991) as well
as household size and income (Aitken et al.,
1994). This underlines the need for interventions
aimed at reducing water consumption to address
specific target groups.
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ter-saving behavior as an “authorized” standard in a
credible manner. Publicizing particularly economical
behavior and consumer tips as well as offering premi-
ums of a material and symbolic nature for water-sav-
ing activities can also be beneficial in this context. To
develop “water awareness”, activities can be linked
to local sociocultural norms or to religiously motivat-
ed rules, as well as to the positive associations of a
cheerfully wasteful use of water if, for example, wa-
ter-saving infrastructure is already present in public
swimming pools and adventure parks, or “sustain-
able” behavior there is supported by incentives or be-
havior modeling (Glasauer, 1996).

In addition, concepts of regional sustainability or
efforts to set up a LOCAL AGENDA 21 by encouraging
a feeling of local affiliation and responsibility can
have an influence on attitudes and values with re-
spect to water as a (local) resource. Fostering a per-
ception of water (problems) and the relevant knowl-
edge in this context is also helpful.

To ensure that water of varying quality is managed
on a differentiated basis wherever possible (substitu-
tion of sanitary and industrial water for drinking wa-
ter), it is necessary not only to provide appropriate
infrastructural facilities (taps, reservoirs) and to
make it easier under building law to use rainwater,
but also to conduct appropriate image campaigns. In
this connection one can fall back on relevant experi-
ence in the advertising industry with activities that
have become established as “environmental market-
ing”. The campaigns conducted by individual water
utilities to enhance the image of tap water as a food-
stuff should also be welcomed, especially in connec-
tion with activities aimed at increasing the percep-
tion of water in everyday life. However, they must be
specifically linked to drinking water quality assu-
rance and transparency in the event of problems, so
that no credibility gaps are created.

Incentives for action
Incentives for sustainable management of water

resources can be based on price structures and on the
methods used to bill people for drinking water and
wastewater. Preference should be given to consump-
tion-based billing as opposed to the common method
of cost allocation.Within this context, rates should be
progressive, or at least linear so as not to favor high
consumption. Because of the low price elasticity, ap-
proaches based on the water rate structure should be
implemented, though always in combination with
other instruments.

In general, incentives such as premiums, discounts
and social recognition (e.g. by awarding “prizes” in
water-saving competitions) are to be created or mod-
ified so that careful management of water can be
worthwhile for the individual citizen as well as for

municipalities or water utilities. It is essential here to
avoid “punishing” water-saving behavior by impos-
ing subsequent price increases.

Options and opportunities for taking 
action
Citizens evidently view their own options for sav-

ing water as being relatively limited (Glasauer, 1996).
This makes it all the more important to create new
opportunities and to publicize less known options in
the public sector, e.g. by putting up clear and atten-
tion-grabbing signs in toilets and showers. In addi-
tion, extensive labeling of the appropriate fittings
and appliances, as is already the case with some wash-
ing machines and dishwashers, can play a useful role
here. Creating opportunities also includes promoting
innovations within industry in the environmental en-
gineering field.

If the aim is differentiated management of water
resources according to different qualities, it is essen-
tial to support the relevant infrastructural measures,
such as watering gardens with lower-quality industri-
al water.

Another major instrument for improving the op-
portunities that people have to take action them-
selves is to enable public participation in the deci-
sion-making processes relevant to water resources,
within the context of a public water discourse.

Perceptible feedback 
If people are to perceive both the positive and

negative impacts of their personal water-related be-
havior and relate this to their own action, feedback
on quantitative as well as qualitative water use and
consumption must be improved. This would mean,
for example, making it technically feasible to meas-
ure household consumption, examining the idea of
making such measurement mandatory under build-
ing and housing law, and providing for proper presen-
tation of the relevant information, e.g. on notice-
boards, displays, etc. The feedback procedures them-
selves should be designed in a user-friendly manner
and be tailored as precisely as possible to the actors
in question and their specific behavior. They should
also be carried out relatively frequently and enable
comparisons to be made.

The consequences of collective behavior can be
made perceptible in aggregated form as well, e.g. by
regularly publicizing local statistics on pollution in
sewage treatment plants, or on water levels in drink-
ing water reservoirs, as well as their respective caus-
es. By making the impacts of water-related behavior
visible through display boards, posters or similar me-
dia, one can counter the common assumption that
personal behavior is of marginal relevance only.
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All these interventions must be designed for the
specific use, context and target group, and permit
evaluation with respect to their impacts on actual be-
havior. Due to the potential ineffectiveness of psy-
chosocial interventions addressing only some of the
factors mentioned above, it is advisable to tackle sev-
eral factors simultaneously on the basis of general
concepts. One example of such an approach is the
concept of “efficient water use” applied in Frankfurt
am Main for some years now (see Box D 5.3-2).

Psychosocial interventions in other “water cul-
tures”, in the context of development cooperation,
for example, must take into account the respective
sociocultural contexts.This initially requires a precise
analysis of the local water-related conditions of an
ecological, scientific-technical, economic, legal-ad-
ministrative, religious and symbolic nature (see Sec-
tion D 5.2), as well as of the needs, customs and sen-
sitivities of the local population. The selection and
implementation of concrete measures must be based

on these basic conditions in order to be able to rule
out counterproductive results right from the begin-
ning.

It is of importance, for example, to devise techni-
cal measures, the initial priority of many projects, so
that they are socially acceptable and to “embed”
them in the knowledge and value system of the local
population in order to promote acceptance of and
identification with these measures. In addition, the
installation of water supply technology should be di-
rectly linked to support activities in the educational
field (culturally appropriate hygiene education, etc.).
In developing countries, it is particularly important to
provide for suitable involvement of women in water-
related measures (see Box D 5.3-3).

BOX D 5.3-2

The concept of “efficient water use” in
Frankfurt am Main

The concept of “efficient water use” was devel-
oped for the city of Frankfurt am Main in the ear-
ly 1990s, with the aim of securing a long-term sup-
ply of drinking water. In addition to protecting the
city’s own groundwater stocks (to secure local re-
sources) and differentiated water use (extensive
substitution of industrial water for drinking wa-
ter), the objective of the concept is to reduce wa-
ter consumption by 20% between 1991 and 2000,
by avoiding waste and losses and by deploying
water-saving technology (while maintaining the
same standards of comfort and hygiene), as well
as by changing consumption behavior. The great-
est potential for savings is presumed to be in pri-
vate households, which consume two thirds of
Frankfurt’s drinking water.

To change consumption behavior on the basis
of this concept, a broad-based water-saving cam-
paign encompassing several elements has been
conducted in Frankfurt since 1992, although there
is no distinction between different actor groups
(Cichorowski, 1996; Koenigs, 1996):
• Creating an awareness of water problems

through media advertising (series of posters,
radio and cinema spots) aimed at educational
and emotional linkage of the issues “water
scarcity” and “nature/environment”.

• Discussion of problems related to Frankfurt’s
water supply (primarily based on remote water
sources) through events, brochures and news-
paper advertisements.

• Providing households with information on the
specific options open to them, through bro-
chures, newspaper advertisements, advice cen-
ters and a hotline service.

• Implementation of pilot projects in specific city
districts (free installation of water-saving fit-
tings, optimization of sanitary facilities, instal-
lation of household water meters).

• Honoring “water savers”.
A levy on groundwater extractions charged in

Hessen since 1992, for example, was used to fi-
nance the communication and marketing cam-
paign.

In the period from 1991 to 1995, total consump-
tion of drinking water in Frankfurt dropped by
16%, with per capita savings in daily consumption
amounting to 12.3%. Due to the reduction in wa-
ter consumption that also took place in the area
surrounding the city during the period in ques-
tion, and a water emergency that was proclaimed
for the South Hessen region in 1992 and 1993, the
reduction in consumption cannot be wholly at-
tributed to the campaign (Cichorowski, 1996;
Schramm, 1995). Nevertheless, findings by Ipsen
(1994 and 1996) indirectly verify the effectiveness
of the campaign. However, these data also indi-
cate that differentiation according to actor or life-
style groups could even improve its effectiveness.
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5.3.2
Communication and discourse

5.3.2.1
Bases of discursive communication

The importance of communicative action and
cooperative discourse from the perspective of the so-
cial sciences has already been discussed in Section
D 4.1.2. The focus now turns to the various forms of
communication, and of discourse aimed at increasing
understanding, that operate in social processes. The
relevant instruments of communication and dis-
course are discussion groups, mediation procedures,
round-table talks, citizens’ participation, etc. at local,
regional, national and international level, in which
the intention is to bring together all those involved in
particular conflicts. The main purpose of discussion
groups is to produce an atmosphere of mutuality and
social learning; in discourses, the primary focus is
placed on collectively binding regulations or self-im-
posed commitments. Within a given discourse, all
participants have the same rights and obligations and
voluntarily refrain from exerting strategic influence.
With the help of communication and by reviewing
statements made, conflicts can be settled either on
the basis of a consensus or a compromise that repre-
sents a fair and practicable solution for all parties
(Renn, 1996a). The capacity for consensus depends
on three conditions (Renn, 1996b):
1. A sufficient number of solutions must exist or be

created between the extremes (yes or no).
2. The parties involved must acknowledge common

rules so that the validity of statements and claims
can be reviewed.

3. All parties to the conflict must recognize the pre-
cept of fairness. The requirements that must be
met in order to achieve consensus are of a higher
order than for compromise.
A consensus defines a solution to the problem that

all parties to the conflict voluntarily accept on the ba-
sis of their inner reason and self-imposed commit-
ment to fairness, and which they themselves may pre-
fer to their original demand.

5.3.2.2
Communicative forms of orientation

Communicative forms of orientation are geared to
instigating among the participants of the communi-
cation process certain learning processes and insights
that are then reflected in modified or adjusted behav-
ior. When an attempt is made to induce behavioral
changes through communication, it must always be
kept in mind that communication is a reciprocal pro-
cess.Those who wish to persuade should first become
familiar with the perception of the situation and the
arguments of those who are to be persuaded. In many
cases, traditional cultural conditions can prove to be
an ideal support in generating the desired patterns of
behavior. For example, if clean water is a culturally
established value, it is much easier to communicate

BOX D 5.3-3

Women and water in developing countries

In many developing countries, women are the
principal actors involved in water resource man-
agement, whether as water carriers, managers, us-
ers or health instructors. Because of their work in
the household, however, they are often the main
persons afflicted with diseases related to the use
of contaminated water. For this reason, it is impor-
tant for them to be appropriately involved in the
planning and implementation of water supply and
wastewater disposal measures.

For many questions arising in the context of
water projects, for example, women are often the
best informers, promoters and multipliers – from
the surveying of local needs to questions of loca-
tion and equipment and even with regard to ac-
ceptance and use of new water supply systems.

Their knowledge about natural and cultural con-
ditions relevant to water predestines them as ad-
visors to agencies responsible for the implementa-
tion of programs, and in this way ensures the iden-
tification of the population with the project. In
many cases it is small details that are decisive for
the success or failure of water projects, such as the
question of the visibility of body hygiene, which
plays a role in connection with the choice of loca-
tion and structural design of public sanitary facil-
ities. Voluntary or paid care, maintenance and
management of water systems are also in good
hands when performed by women because they
have a special interest in an intact system for wa-
ter supply and wastewater disposal. Thus they are
often highly motivated towards water-saving
measures. In addition, women have proven to be
the most effective instructors as far as sanitary
and health issues are concerned (UN INSTRAW,
1991).
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the need for a supply of clean drinking water than in
cases where this value is not known to the respective
culture. In small local discussion groups, the special
characteristics of the local or regional culture, the po-
tential social and cultural reinforcers as well as the
barriers to change can be identified, and joint efforts
undertaken to identify the strategies for promoting
the desired behaviors.

One of the difficult problems encountered in com-
munication on environmental issues is the marginal
significance they frequently possess for the lifestyle
of those concerned. People who must struggle to sur-
vive often have little understanding of other people’s
concern for preserving biodiversity. At the same
time, many such people are not fully aware of the di-
rect impacts that environmental problems have on
their life, e.g. in the form of damage to health. In or-
der to reach these persons, it often makes sense to as-
sociate water issues as “free riders” with other topics
within the communication process in which there is
strong interest. Elements of water-related communi-
cation can be incorporated into situations ranging
from rock concerts to the doctor’s surgery. The form
of event to be chosen here is, of course, the one that
has high prestige value in the context of the respec-
tive culture and is also suitable for putting forward
water issues.

As with discussion groups, communicative pro-
cesses in general are also a suitable vehicle for con-
sultation and education (see Section D 5.3.1). In wa-
ter-scarce regions, for example, much can be achieved
by setting up advisory centers on water consumption.
Such advice could be combined, for example, with
advice on field irrigation, on managing a household
or with health counseling, or organized in coopera-
tion with water utilities or similar facilities. Tours of
water treatment plants are further activities already
offered and implemented with success in many in-
dustrialized countries. There is no reason why such
tours should not be established as a worldwide form
of locally based communication. Many people do not
have a clear picture at all of the problems involved in
wastewater disposal. Having an opportunity to see
and comprehend the situation at local level also cre-
ates new motivation to change one’s own behavior if
necessary. Sections of the population that have al-
ready been informed can act as multipliers in this
connection

As will be discussed in more detail in Section
D 5.4, cooperative solutions are superior to state-or-
dained or private-sector solutions under certain cir-
cumstances. However, these must also be organized
and supported, for at least as long as those concerned
require such assistance. People providing develop-
ment aid (e.g. Peace Corps workers) and other ex-
perts working abroad should be trained to identify

the special prerequisites for cooperative solutions
and implement the rules and requirements associat-
ed with the practical organization and operation of
cooperatives. A number of positive examples from
South America have demonstrated that the estab-
lishment of cooperatives has made a substantial con-
tribution toward helping people to help themselves.

5.3.2.3
Implementation and application of discursive
procedures

In the context of increasing globalization of envi-
ronmental problems, the growing importance of ac-
tivities and policymaking at the local and regional
level highlights the need for more intensive media-
tion and citizen participation in developing countries
as well. The United Nations has issued the general
demand that states involve their citizens in the polit-
ical decision-making process (UNDP, 1993). Nearly
all development policy reports and declarations
deem it essential that the public be involved in the
planning and execution of development programs
(see Box D 5.3-4). Effective implementation of even
the best programs is impossible if the population re-
sists. Remnants of development policies that have ig-
nored the wishes and concerns of the population af-
fected can be found all over the world. However
much consensus may now prevail on the notion that
international assistance must provide for public par-
ticipation in matters involving water supply and
wastewater disposal, it is still unclear how this can be
achieved in each specific case. Should referenda be
organized, or should property rights be granted by
public approval? How are participative forms of de-
cision-making to be incorporated into the existing
political and social order? How can participative
forms be implemented in a country ruled by a dicta-
tor? There is no single, universally applicable answer
to these questions. The paramount goal should be to
avoid putting water supply and wastewater disposal
measures into practice against the will of those for
whom they are designed.The instruments for achiev-
ing this goal include individual discussions, neighbor-
hood meetings, round-table talks with interest
groups, coordination with legal decision makers and
the like. Despite the popularity of this demand, it is
still extensively unclear which form of participation
is appropriate, effective and efficient.A considerable
need for research still exists here.

There is a particular need for participative proce-
dures for involving affected citizens in the planning
of their environment in those cases where the politi-
cal institutions or private organizations necessary to
perform planning functions are absent. In many soci-
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BOX D 5.3-4

Experience with discursive procedures in the
environmental sector in Germany and abroad

In European and North American states as
well as Japan, discursive forms of planning and
conflict resolution are gaining in popularity – ex-
amples are round-table discussions, citizen in-
volvement, alternative procedures for settling
conflicts and the like. These participative proce-
dures should offer a guarantee that the demand
for proper and competent political planning cor-
responds with the wishes and preferences of the
affected population for an environment in which
life is worth living.These discursive procedures in-
clude: consensus conferences, political dialogues,
sectoral dialogues, mediation and moderation
procedures, planning cells as well as various com-
binations of these (Weidner, 1996a). All these
forms of participation feature direct communica-
tion. In the political administration systems gov-
erned by Anglo-Saxon law, informal procedures
of mediation and planning at local and regional
level play a major role. In certain cases, authorities
can assign decision-making authority to commis-
sions or mediation rounds in a “pre-empting” pro-
cess. In Germany the situation is different. Here,
mediation and participative procedures cannot
formulate legally binding conclusions, but can
only draw up recommendations. They represent
an instrument of voluntary self-organization and
self-coordination at the horizontal level.

In the face of mounting environmental prob-
lems and the increasing need for regulation, tradi-
tional, hierarchical forms of political management
and the associated scope for action and decision-
making have reached their limits. This means that
the basis has been established for a political ap-
proach based on cooperative discourse. Despite
many reservations regarding direct forms of citi-
zen involvement, participation procedures are
nevertheless seen by public administrators and
politicians as desirable and essential, because tra-
ditional decision-making strategies for solving en-
vironmental problems are considered to be inad-
equate (Renn et al., 1995). There are a number of
reasons why mediation procedures should be nec-
essary (Holzinger, 1994).A fundamental change is
taking place in the relationship between central
government and its citizens, a transformation that
is also reflected in the fact that environmentally
relevant decisions made by the responsible politi-
cal bodies are no longer accepted by those con-

cerned without opposition. An indication of the
dilemma of political planning in the environmen-
tal sector is that expertise has to be available to as-
sess planning projects, but expertise alone is not
enough to obtain a democratically and ethically
legitimated solution (Renn and Oppermann,
1995). On the one hand, leaving decision-making
to experts contravenes the basic principles on
which democratic systems are based. On the oth-
er hand, when decisions are left to political whims,
objective constraints tend to be ignored, with high
consequential costs the result. Mediation and par-
ticipative procedures are strategies that provide
for fairness when adopting resolutions, and at the
same time a competent solution to the problem at
hand.

Experience in Germany and abroad demon-
strates that although alternative conflict resolu-
tion procedures, such as environmental media-
tions, are still in an early stage of development and
consolidation in many countries, they still repre-
sent promising and successful approaches of di-
rect democratic participation in the political deci-
sion-making process in environmental conflicts.
Comparative studies by the Berlin Scientific Cen-
ter for Social Research (WZB) show that particu-
larly in three of eleven industrialized countries –
namely the USA, Canada and Japan – mediation
procedures play a role in quantitative terms in the
settlement of environmental conflicts (Weidner,
1996a). In Europe, mediation procedures are
more rare; in Swizerland and Austria, about ten
mediation procedures can be identified. They are
encountered more frequently in Germany, where
they are used in the many areas of environmental
policy and related policy fields (transportation
planning, urban planning, waste treatment).

The USA is to a certain extent the starting
point of mediation procedures in environmental
policy. Some were already in place in the early
1970s. By the mid-1980s,Weidner (1996b) had list-
ed over 160 major environmental conflicts in
which mediation procedures were applied, though
more recent estimates indicate that the growth
rate is rising. Various types of mediation in envi-
ronmental conflicts have been legally institution-
alized in many states as well as at federal level.
The spectrum of environmental mediation at the
various political levels ranges from specific loca-
tional decisions, planning of major installations,
infrastructural measures, legislative procedures to
political declarations of principle. In Canada,
which has taken its cue from the USA, a growing
trend toward environmental mediation has also
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eties, the institutions necessary for maintaining na-
tional water management or for establishing and
monitoring private-sector systems are either non-ex-
istent, or fail to perform their function for a variety of
reasons (tribal feuds, shortage of money, corruption,
lack of authority, etc.). In this situation, it makes
sense to deploy instruments such as round-table
talks, collective forums or other forms of cooperative
action. The GTZ has already recognized this poten-
tial and formulated appropriate procedural instruc-
tions (GTZ, 1996). Such consensus-oriented discus-
sion groups are frequently better adapted to the po-
litical culture of the respective countries than major-
ity systems or individualized market systems. Such
discussion groups often make it easier to overcome
the difficult problems faced by societies undergoing
transition (e.g. in the former communist countries).
These are typical transitional phenomena that tend
to be surmounted by more stable systems of order
based on institutional rule. However, in countries
where the government lacks authority, such sub-po-
litical decision-making forums are also meaningful as
a long-term solution if they acquire a legitimate func-
tion within the existing political framework. In par-
ticular, problems relating to water resource alloca-
tion and collective wastewater treatment, or to flood
management, can be tackled on an equitable and re-
sults-oriented basis with the help of such bodies. Al-
though the principle of consensus hinders a quick,
and sometimes also an efficient solution, it ensures
the feasibility of implementing the measures decided
on and strengthens the cohesion of the social system
and the peaceful approach to conflict settlement.

Apart from planning tasks, discursive forms of
communication can also play a role in conflict resolu-
tion. Conflicts frequently arise between different wa-
ter users. Utilization of water resources by one party
imposes limits on the use that the respective other
party can make of the same resources. The legal sys-
tem is often incapable of settling such conflicts. In
this situation, mediation can offer a way out. This, of

course, presupposes that the number of possible solu-
tions is not equal to zero and that an experienced me-
diator manages the process. The Federal Govern-
ment could not only provide mediators, but also
make an important contribution to the peaceful solu-
tion of local and regional water conflicts by training
mediators on site.

In real practice, all these discursive procedures in
the field of environmental policy must be structured
in such a way that they meet two goals: firstly, they
must ensure a proper understanding of the problem
and adequate solutions; secondly, they should grant
everyone potentially affected by the conflict the
same chance to input his or her interests and values
into the decision-making process (Renn, 1996b). The
procedure must ensure that the necessary expertise is
provided, that valid standards and laws are complied
with, that social interests and values are incorporated
in a fair and representative manner, and that objec-
tive, emotional and normative statements can be in-
cluded (Zillessen, 1993). In the German and Swiss
environment sector, for example, a three-stage pro-
cedure (Renn et al., 1993) involving a combination of
mediation of interest groups, discussions with experts
and citizens’ participation according to the planning
cell model has proven effective in practice. In the first
step, the concerns and values of interest groups are
translated into criteria with the help of the so-called
value-tree method in order to make value preferenc-
es visible. The various options of the interest groups
resulting from this are evaluated by experts in the
second step, thus creating a profile for each option
that can then be compared to the others. In the third
step, the profiles are evaluated and ranked, and the
ranking is then passed on as a recommendation to
the political decision-makers. The important feature
about multi-stage procedures is that randomly cho-
sen citizens make the decision that is recommended
in the end, and not established interest groups
(Feindt, 1996).

been noted. Similar to the USA, legal regulations
that give environmental mediation a legal founda-
tion in certain cases have been enacted there at
the provincial and federal level. Weidner (1996b),
too, comes to the conclusion here that the use of
environmental mediation will increase. The trans-
boundary waters regime between the USA and
Canada shows that mediation not only leads to
peaceful and long-term resolution of conflicts, but
is also a key, integral element of international
agreements (see Section D 4.1.2.4).

In Japan, mediation procedures also have a tra-
dition that can be attributed to the consensus-
oriented political culture. As early as the late
1960s, mediation procedures were institutional-
ized to settle environmental conflicts. At the mu-
nicipal level, mediation procedures are very wide-
spread. Weidner (1996b) assesses the different in-
stitutionalized procedures of conflict resolution
positively, and in the case of larger-scale environ-
mental conflicts they are considered to be ex-
tremely effective.
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Whatever form of discourse is considered appro-
priate, applying discursive procedures of participa-
tion to solve water problems and for joint planning
and conflict settlement is seen by the Council as a key
challenge. In addition to efforts at international lev-
el, Germany should make its practical experiences
and know-how gained from environmental media-
tions and the findings obtained from mediation re-
search available for consultation purposes in domes-
tic water conflicts in other countries; this should be
done in the form of know-how transfer through per-
sonnel support involving environmental mediators,
scientists and environmental policy experts.

5.3.3
Recommendations

The target groups for the following recommenda-
tions include all social actors that (for different rea-
sons) are interested in establishing a new, sustainable
form of water resource management on the part of
the general populace, or who are compelled to do so
(national actors: federal government, the Länder,
above all municipalities; enterprises: industry, com-
merce, craft trades; water providers; environmental
and development NGOs and consumer associations;
environment consultants and educators; develop-
ment cooperation organizations).

General
• Instrument mix: Changes in the way that people

treat water resources cannot usually be achieved
with a single strategy or measure, but require the
deployment of various instruments in a mix. Tech-
nical, economic, legal and administrative measures
must therefore be combined with behavior-orient-
ed interventions and public communication.

• Consideration of the sociocultural context: All at-
tempts to change the way water resources are
managed occur within a specific environmental
and sociocultural context. This context, which
manifests itself in various dimensions (stocks of
knowledge, collective conceptions and norms, eco-
nomic, political, legal and administrative struc-
tures, religious practices, etc.), must be taken into
account as a barrier and as a potential.

• Initiation of a public water discourse: There is little
reflection on the management of water resources,
even in regions where water is scarce. To discuss
the issues and problems related to the type, state,
origin, importance and management of local water
resources, therefore, it is necessary to initiate a
public water discourse at all levels of society, inde-
pendently of any acute water crises.

• Demand-side management: A sustainable water

policy must also be based on demand. Traditional
water policies, based in many places on a supply-
side approach, must be supplemented and extend-
ed through intensified demand-side management,
both in regions with existing and in those with po-
tential water problems.

• Encouraging the differentiated use of water: The
use of water of varying quality (drinking water, in-
dustrial water, rainwater) for different functions
must be encouraged. To promote this process, ap-
propriate “image campaigns” should be conduct-
ed and at the same time courses of action and in-
centives for behavioral changes created.

• Deployment of instruments to change behavioral
patterns: In order to effect a change in the man-
agement of water resources in a manner that is ec-
ologically effective, economically efficient and so-
cially compatible, individual and social factors in-
fluencing environmentally harmful behavior must
be identified and more intensive use made of ef-
fective intervention instruments for behavioral
change. These have to be based on:
– the perception and assessment of environmen-

tal conditions,
– knowledge and processes of data processing,
– cultural values, norms and rules,
– monetary and symbolic incentives,
– provision and creation of opportunities (infra-

structure),
– feedback on the impacts of personal behavior

and changes in behavior,
– the perception of the actions of others (refer-

ence groups, role models).
All intervention instruments are to be adapted to

the specific sociocultural contexts, lifestyles and
stakeholder groups.

Specific
• Perceptibility: Water, water problems as well as

both positive and negative patterns of water-relat-
ed behavior must be made more perceptible to the
population. This can be effected, for example, by
opening up flows and channels of information, by
providing households with feedback on water con-
sumption, basing water charges on consumption,
etc.

• Information on perception and assessment pat-
terns: To make people sufficiently aware of water
issues, the respective population should be sensi-
tized to culturally related and social patterns of
perception and valuation

• Suitable presentation of information: Information
on the management of water should be presented
in the context of other environmental and social
issues, in order to illustrate the interrelations be-
tween individual problems and related patterns of
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behavior. The “binding” principle of sustainable
development, now recognized worldwide, could
provide a framework for behavioral recommenda-
tions.

• Communicating causal relations: Causal connec-
tions between personal behavior and its conse-
quences, which often take a long time to emerge,
should be made understandable and perceptible.
This requires the development of educational and
training measures for specific target groups.

• Feedback on the impact of behavior: Feedback on
the impacts of personal behavior and the conse-
quences of a changed behavior, e.g. with the help
of technical information aids such as display
boards, can lead to effective saving effects when
linked to progressive or linear water rates.

• Effectiveness of behavioral changes: A personal
contribution to a socially desirable environmental
goal is often felt to be minimal or marginal by in-
dividual citizens. Therefore, the effectiveness of
collective behavior must be made clear, such as in
the form of publicly visible display boards on the
saving achievements of a community or by publi-
cizing local “Top Tens”.

• Symbolic rewards: The incentive effect of symbol-
ic rewards (honor, public esteem) both for individ-
uals and groups (e.g. school classes) and for mu-
nicipalities and regions (e.g. by awarding a “sus-
tainability medal”) should be used to a greater ex-
tent.

• Integrating existing knowledge and cultural rules:
In the case of measures aimed at preserving or re-
establishing water-protecting behavior, locally
available stocks of knowledge and cultural rules
(religiously motivated norms, taboos, etc.) must be
taken into consideration and actively incorporat-
ed, instead of thoughtlessly introducing Western
value systems and lifestyles.

• Establishment of suitable communication opportu-
nities: Water-related communication activities
should be designed in line with the characteristics
and interests as well as the sociocultural context of
the target groups. Examples of this include the
creation of local discussion groups (“water cir-
cles”), holding “open days” at supply and waste-
water treatment facilities, the introduction of wa-
ter consulting hours or the inclusion of water is-
sues in cultural and church meetings.

• Enabling participation: Effective implementation
of even the best programs is impossible if there is
resistance among the population. The local popu-
lation must therefore be involved in the planning
and execution of water-related measures, and var-
ious forms of participation are to be taken into ac-
count and applied according to the situation.

• Promotion of cooperative action: In societies in

which the requisite conditions for water resource
management by the state or for the establishment
of private-sector systems are (still) absent, forms
of cooperative decision-making and appropriate
action patterns should be promoted. They include
assistance in putting in place and maintaining wa-
ter management cooperatives where the prerequi-
sites for that are given or can be established.

• Negotiation-based conflict solutions: Communal
forums for conflict resolution and mediation pro-
cedures should be used for peaceful solution of
conflicts between different water users. Mediators
and moderators are to be provided and/or trained
for this purpose.

5.4 
Economic approaches to the sustainable 
management of water resources

Diversity of uses – Quality and quantity – Drink-
ing- water function – Use in agriculture – Valuation is-
sues – Market valuation – Option, bequest and exis-
tence value – Water-related risks – Market and govern-
ment failures – Allocation issues – Methods of com-
munity regulation – Water markets – Enforceable
property rights – Institutions for allocation – Cover-
age of minimum water requirements – Costs for water
supply and wastewater disposal – Efficiency aspects –
Pollutant loads – Comparison between Germany and
the USA

5.4.1 
Special characteristics of water

The management of freshwater resources exhibits
a number of important features. On the one hand, a
differentiated solution to water problems is neces-
sary due to the regional differences in supply, quality
and demand. On the other hand, it is possible to elab-
orate certain principles governing the “sound man-
agement of water resources” and which lead to cer-
tain typical ways of solving water-related problems.

Water’s most important features may be crudely
summarized in the following terms:
– the multifunctionality and diverse valuation of

water resources,
– the divergent properties of water as an economic

commodity,
– the regional nature of most water problems and
– the increasing importance of efficiency in water

supply and wastewater disposal systems.
It is essential here to realize the problems that

arise when water is analyzed in isolation from the
wider context, because the boundaries between wa-
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ter and soils as environmental media (riverbanks or
wetlands, for example) are indistinct as far as the nat-
ural supply of water is concerned. This often affects
the measuring and valuation of water’s habitat func-
tion.

5.4.1.1 
Multifunctionality and the diverse valuation of
water resources

Diversity of uses
There is hardly a single resource or category of

goods in the world – with the exception of soils per-
haps – that is characterized by such diversity of use
and valuation as water. Water has natural life-sus-
taining, habitat and regulatory functions, for exam-
ple. From an anthropocentric perspective, water is an
indispensable food (drinking-water function), serves
in the preparation of meals and beverages, is used for
cleaning, is a raw material, operates as a productive
means in the economic value creation process, per-
forms disposal functions by virtue of its self-purifica-
tion function, is used as a means of transport and per-
forms important esthetic and religious functions.

From this diversity of uses, we have picked out
those that are of great importance for developing
countries. Many of these countries
– withdraw water from nature for consumptive pur-

poses and must usually treat it prior to final use
(e.g. as drinking water or cleaning water) in more
or less costly ways (use of withdrawals with specif-
ic costs for extraction, treatment and distribution),

– allow water to enter production processes as a de-
cisive input, whereby agriculture is clearly the pre-
dominant sector of application (again, use of with-
drawals involving high costs for extraction, treat-
ment and distribution),

– use water in its natural state (rivers, lakes, ground-
water) for recreational purposes in the context of
long-distance tourism, for transporting goods or
for dumping waste (usage), often involving inter-
ference with nature in order to enhance benefits
(e.g. developing lakes infrastructurally to create
leisure areas, or making rivers navigable),

– regard water as something that generates benefits
through its very presence or outward appearance
(cultural function).
Specific functions may be mutually excluding,

while others may complement each other. From the
perspective of economics, the inherent scarcity of wa-
ter resources gives rise to the problem of allocation –
how much water should be used when, where and for
what purposes? Every country and region must find
its own solution to this economic problem, a process
that always and unavoidably requires valuations – for

example a classification into lower-value and higher-
value water uses. Multifunctionality and diversity of
valuation are therefore inseparably linked, but at the
same time can take on different guises at each level.

Solving the valuation problem
For all the heterogeneity of regional water prob-

lems, a number of basic alternatives emerge for re-
solving valuation issues. The most important of these
are the use of markets, asking experts and political
valuation. Market-based valuation, the idea of deter-
mining value according to individuals’ willingness to
pay, evidently plays a major and perhaps even the de-
cisive role. In this scheme of things, individuals oper-
ate as the key valuation authority, since they are best
able to measure the individual benefit of a specific
water use. Individuals know their preferences and
have appropriate notions concerning the “profit-
able” use of water in production processes. In the
context of markets, individuals are prepared to artic-
ulate their conceptions of value as a willingness to
pay, i.e. in the form of a demand expressed in mone-
tary terms.This type of valuation is efficient and in no
sense hypothetical.

In contrast, any form of valuation made by experts
or government authorities runs the risk of being di-
vorced from reality, i.e. of incorrect valuation and
subjectivity.Thus, even in economic systems in which
decisions on allocation are supposed to be made cen-
trally or collectively, there is a repeated tendency to-
wards the development of spontaneous markets – in
the gray economy or as informal markets – in which
individual willingness to pay can be expressed. This
underlines the fact that valuation by markets is the
best means by which the whole range of consumptive
and productive uses of water resources can be ex-
pressed.

Markets first assign a value to the key drinking-
water and sanitary function of water. This is usually
reflected in very price-inelastic demand. Other con-
sumptive uses – water for private swimming pools,
for play or for watering gardens – are also taken into
account, however. This willingness to pay for con-
sumption beyond basic needs is normally character-
ized by a higher price elasticity of demand. This, too,
is an economic variable indicative of the utility char-
acter of water.

If the focus is confined to water’s drinking-water
and sanitation function, which cannot be performed
for humans by any other resource, then water is seen
to be a resource of paramount importance, without
which human existence would be unthinkable. Low
water availability is reflected in markets by high wa-
ter prices, placing those groups in society at a disad-
vantage or indeed at risk who are least able to meet
their basic water needs for survival due to their in-
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come and property situation. Poor families living in
the illegal squatter settlements in the Pueblos Jo-
venes of Lima, for example, were paying US$ 3 per
cubic meter in the early 1990s for water of dubious
quality from mobile tankers, equivalent to about
10% of the average household income of this group
(Briscoe, 1996). The poor were therefore doubly hit:
by inadequate incomes, on the one hand, while the
pressure created by low incomes and high prices to
save water gave rise to sanitary problems and subse-
quent costs to health, on the other.

Separating the valuation issue from the
allocation issue
Occasionally, experience of this kind generates

criticism of market-based valuation and leads to
intervention – in the form of subsidies, for example.
Such criticism is unfounded, in the view of the Coun-
cil, because it confuses valuation and allocation prob-
lems. Both problems can be solved by markets, but
must be approached from different angles. The valu-
ation problem is well resolved by market mecha-
nisms, especially in connection with the notions that
people now entertain in respect of water use. Hence,
subsidizing water to ensure adequate allocation is
obviously a misguided policy in terms of valuation,
one that can actually be counter-productive in solv-
ing the problem of water scarcity because it increas-
es the demand for water and exacerbates the prob-
lem of allocation. If the problem of allocation is to be
surmounted – in order to supply the poor and desti-
tute with an adequate basic supply, for example –
then other methods need to be utilized (such as pro-
viding “water money” – see Section D 5.4.2.3), not
price subsidies.

Valuation of agricultural use
Another special aspect that markets are able to

demonstrate concerns the productive uses of water.
Water is an important element in the value creation
chain and in the development process, something
that is usually evident in a willingness to pay for wa-
ter under market conditions. The quantitative de-
mand for water resulting from this willingness to pay
is significant and in many cases amounts to more
than two thirds of the national demand for water.
From the viewpoint of farmers, the valuation of wa-
ter is based in normal cases on the production factors
in agriculture (see Box D 5.4-1), on technical
progress as well as the level and/or structure of con-
sumer demand, and can undergo constant modifica-
tion as a result of changes in incomes and methods
(such as increased efficiency of water use). This as-
sessment is likewise reflected in market prices and
thus monetizable and/or measurable with cardinal
numbers.As shown by the example of subsidized wa-

ter supplies to agriculture in many countries, govern-
ment influence on water prices can affect the level of
production in a particular industry (see Section
D 3.3) and thus operate as a selective form of struc-
tural policy. What is normally involved is an artificial
cheapening (subsidization) of water as an input vari-
able – with the result that water is consumed more in-
tensively by those sectors that depend on water. The
ulterior motives may relate to the distribution of
wealth or to security issues (support for agricultural
enterprises, or autonomy with regard to food produc-
tion). But the same principle applies: market inter-
ventions to reduce prices cannot be substantiated by
reference to the problems associated with the mar-
ket-based valuation of water.

The benefit represented by water generally ex-
ceeds the value assessed by individuals and ex-
pressed as demand, and is therefore greater than the
value attached to it in the form of market prices.This
is especially so with regard to the religious and cultu-
ral functions of water, its user, existence, bequest and
option values (see Box D 5.4-2) and hence also its ec-
ological significance (habitat function for ecosys-
tems; solidarity with other creatures).

Valuation of ecological functions
Computing the value of water consumed as drink-

ing water in private households or as a production
factor in agriculture is comparatively simple, in that
the utility function of the water dominates and the
water is thought of in terms of its usefulness for indi-
viduals. Determining the value of water’s ecological
functions, especially its habitat and regulatory func-
tions (see Section D 1.1), is a more difficult undertak-
ing. As has already been emphasized, it is no longer
possible to perform a valuation in isolation from oth-
er environmental media. On the contrary, there are
indistinct transitions between water resources and
soils that need to be considered.

Aquatic habitats are essential for a large number
of flora and fauna, and conversely for the assimila-
tion capacity of water. Usually, however, the func-
tions performed for the ecological system are upper-
most; individual benefits are generally involved in an
indirect sense only.The habitat function, for example,
has direct consequences for fisheries, which are de-
pendent on sufficient fish stocks. Indirect benefits
(see Box D 5.4-2) derive, for example, from the value
that an individual assigns to an aquatic landscape
without seeing and experiencing that value (the exis-
tence value), or the value that results from a poten-
tial utilization of genetic resources in the future (the
option value). Such assessments of value, which are
often based on intrinsic motivation, are rarely mani-
fested as observable demand. To put a figure on the
habitat function it is therefore necessary to apply dif-



289Multifunctionality and the diverse valuation of water resources D 5.4.1.1

BOX D 5.4-1 

Economic valuation of agricultural water use

Two methods in particular are used for the val-
uation of water use in the agricultural sector, each
of which can be used to determine a demand func-
tion for water (Gibbons, 1986).

Economic valuation based on a production
function. The relationship between the deployed
production factors and the goods produced – in
this case agricultural produce – can be described
mathematically on the basis of a production func-
tion. If other input factors such as fertilizer or
working hours are kept constant, it is possible to
calculate the marginal product that can be ob-
tained by increasing water input.The data for such
a production function can be acquired from ex-
periments in which other inputs remain constant
and the change in productive output induced by a
variation in the quantity of water is determined.

Economic valuation based on a budgetary anal-
ysis. Since it is usually difficult to calculate the
physical increase in production, recourse is often
made to the budgetary analysis method, which en-
ables these difficulties to be circumvented. The
starting point of budgetary analysis is the total
monetary yield that can be achieved with a certain
kind of produce.The costs for procuring all the in-
puts, with the exception of water, are deducted
from that amount. The remainder is the sum that
the farm can spend on water without making a
loss. If this sum is divided by the quantity of water
used, the result obtained is the maximum average
value of the water. This figure can be increased if
the farm tries to reach a maximum sales volume
for given input prices and capacity limits.With the

help of linear programming, the optimum volume
of water can be calculated for different water pric-
es. The relevant demand curve can then be de-
rived from these results.

An example is now given for a valuation using
a production function. Ayer and Hoyt (quoted in
Gibbons, 1986) begin their study by calculating
the physical marginal productivity of water input
in Arizona cotton farming, and then working out
the marginal product value of the water in the
case of a 10% reduction in water input.To do this,
they took the selling price for cotton in 1975 and
the higher price in 1980.The chart in Figure D 5.4-
1 shows the results they obtained.

The chart shows two clear features: firstly, the
marginal product value of water declines as water
input increases due to the decrease in marginal
productivity. Secondly, it is evident that the margi-
nal product value of water is greater when the
selling price is higher. The conclusion that can be
drawn from these results is that government sub-
sidies for farm produce, such as those provided by
the Common Agricultural Policy in the EU, influ-
ence the economic value of water and therefore
distort the allocation of the resource.The exagger-
ated value of water induces an excessive demand
for water in the cultivation of subsidized produce,
while incentives to develop water-efficient meth-
ods of cultivation are reduced accordingly.

In addition to distortions induced by manipu-
lated sales prices, there are also those caused by
water subsidies as such.There are many examples
of how governments influence water prices in an
attempt to control the level or the structure of
production in sectors that are heavily reliant on
water inputs (see Section D 3.3).The consequence
of this state-induced undervaluation of water re-
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ferent methods than for determining the value of
drinking water or of water inputs as a production fac-
tor in agriculture, where reference can be made to
market data.

Indirect methods for measuring such values in-
clude the travel expenses approach, market simula-
tions and the contingent valuation method (Pomme-
rehne and Romans, 1992; Cansier, 1996 and Ewers
and Rennings, 1996 for a discussion of these ap-
proaches). Applications of the travel expenses ap-
proach include surveying the leisure and recreation-
al benefit of local recreation areas, waterbodies or fo-
rests. The basic idea behind this approach is to draw
conclusions about an individual’s willingness to pay
from the actual expense that he or she must incur in
order to consume a particular good, an “aquatic land-
scape”, for instance.Another way to determine value
is the direct valuation method, according to which in-
dividuals are surveyed with regard to their potential
willingness to pay – e.g. to preserve an aquatic land-
scape. This approach can be used in any context, in
theory, but it acquires special significance when there
is no direct link to market variables. However, apply-
ing the approach is bound up with a number of signif-
icant problems regarding measurement, information,
generation and distribution (Schulz, 1989). Genera-
tional problems, in particular, limit the usefulness of
this valuation method. The loss of species diversity is
an irreversible loss that is unlikely to be reflected to
any adequate extent in individuals’ willingness to
pay. Reverting to expert knowledge is no alternative
in this case, because it is generally difficult to assess
the economic value that a diversity of genetic re-
sources will have in the future. Too little is known
about the potential uses of these resources, or about
the future preference for the preservation of biodi-
versity. In valuing natural resources, it is therefore
necessary to examine in each case the extent to which
the cost-benefit approach can be applied as the basis
for economic valuation. The essentiality of benefits
and the likelihood of irreversible loss of a benefit
have been specified as filter criteria in this context
(Fromm, 1997).

Similar problems are encountered with the regula-
tory functions of water as with the habitat function.
Water is a critical regulator of the Earth’s energy and
mass balance. Weather is greatly influenced by the
evaporation and condensation of water, for example.
Functions such as these are not included in econom-
ic variables either. The fact that the regulatory func-
tion of water has economic significance as well does
not become fully apparent until these functions are
impaired, or lost entirely. An example here is the
clearing of floodplain forests, which adversely affects
the regulatory function of water. In the process, the
ecological system loses its capacity to absorb dis-
charges of varying size. The value of this regulatory
function becomes apparent when floods occur, and
can then be measured directly in the form of flood
damages. The example highlights the fact that eco-
nomic valuation of water’s natural functions cannot
be confined to water alone, but must also take into
account the neighboring ecosystems and landscape
components of surface waters. A complex analysis of
this kind is essential if the role of water in the overall
ecological system is to be considered and evaluated
to any adequate extent. It is at this juncture that the
limitations of the economic valuation of ecological
functions become patently obvious. Whatever the
reservations, the complementary results obtained
with different evaluation methods can provide im-
portant data for the sustainable management of
freshwater resources.

Economists normally try to measure the value
added or the national assets in terms of monetary
variables, using systems of national accounts. There
are major imperfections in the way that the value of
water is determined, as the problems encountered in
evaluating the ecological functions of water amply il-
lustrate. It is therefore possible that Systems of Na-
tional Accounts will underestimate rather than over-
estimate the importance of water to a society.

The critique of market valuation
Valuation by the market on the basis of individual

assessment is occasionally criticized for making wa-
ter prices too low, because people underestimate the

sources is that water is consumed more heavily
than in the case of non-subsidization. This can be
summed up by saying that market valuation pro-
duces good results as long as there is no distorting
of prices for either farm produce or water as a re-
sult of market interventions.

In any economic valuation of agricultural wa-
ter use, one must realize that the latter usually has

a negative influence on the drinking-water func-
tion (deterioration in the quality of natural water
resources) and that intensive irrigation often
leads to land consumption due to salinization of
soils and to loss of property. These consequential
costs would have to be taken into account when
valuating agricultural water use.
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importance of water to a society and are restricted in
their horizons by narrow-mindedness and short-
sightedness when assessing the value of water (for
the debate on this issue, see Gawel, 1996; Endres and
Finus, 1996; von Knorring, 1996; Stroebele, 1987). In
response to such criticism, it should firstly be pointed
out that most political interventions in the valuation
process are directed against prices that are seen as
too high, not too low. However, the logical conclusion
for a critique based on market failures would be to
demand higher prices. Leaving aside cases in which
there is a lack of water-related rights, one speaks of
market failures when insurmountable barriers pre-
vent the development of markets (price-less condi-
tions), when high transaction costs make market pric-
ing more difficult and/or when major external effects
lead to low prices (Benzler et al., 1995; Karl, 1997). Of
these various types of market failure, externalities
are the only one that plays a certain role in the field
of water resource management. External effects are
mostly a product of government failures (inadequa-
cies in the legal framework) and would have to pro-
duce higher market prices to be successfully internal-
ized. The political practice of many countries is to
combat precisely these price increases by means of
subsidies or price approval regulations. Indeed, in
many developing countries the “private costs” are
not even recovered in full, let alone the additional so-
cial costs.A recent study by the World Bank comes to
the conclusion that, on average, the revenues of mu-
nicipal utilities for water supply in developing coun-
tries cover only 35% of the extraction, processing
and distribution costs, and that inadequate supplies
to the poor are attributable to precisely this lack of
cost recovery (Haarmeyer and Mody, 1997). This is

quite obviously a case of government rather than
market failure in solving the problem of valuation.

The worrying aspect is the fact that individuals –
especially in countries that have to fight for their ec-
onomic survival and/or have a low level of education
– have a shorter and narrower planning horizon than
experts or government decision makers. Such con-
cerns are often mentioned in connection with the sus-
tainability principle, which requires a long-term focus
in planning and decision making, and that thought be
given to the many side effects of (problematic) water
use. When the myopic or blinkered perspective be-
hind individual decisions is the result of poverty or
lack of education and training, the appropriate re-
sponse would be to combat poverty and disseminate
information to individuals. Moreover, there is no as-
surance that government agencies are able to value
resources more comprehensively and with a longer-
term perspective than private-sector bodies. The an-
swer to the question of who thinks more on a long-
term basis, politicians with elections on their minds
or private individuals, varies even in industrialized
countries (Gerken and Renner, 1996; Kurz et al.,
1996; Rennings et al., 1996; Klemmer et al., 1996).
Caution should therefore be exercised when criticiz-
ing the decisions taken by individuals. It quickly leads
to the legitimation of the state’s valuations, which –
as the example of many developing countries shows
– gives rise to water prices that are counter-produc-
tive from the environmental perspective.

Another concern that is voiced in connection with
valuation by markets and/or individuals is that the
failure of competition could lead to a monopolist
control of water resources and therefore to high pric-
es. There are various ways of minimizing this risk,

BOX D 5.4-2

Categories of value not normally manifested as
willingness to pay

• The user value represents the benefit that an
individual derives from the enjoyment of an
aquatic landscape and possibly from its ecolog-
ical diversity (e.g. by observing it, photograph-
ing it, etc.). The attempt is usually made to
measure it indirectly using the travel expenses
approach.

• The existence value describes the benefit ac-
cruing to people who are glad at the very fact
that a landscape or living organism exists, with-
out seeing or experiencing it (Krutilla, 1967).
This type of value is manifested indirectly, for

example in people’s financial and personal
commitment to nature conservation organiza-
tions.

• The bequest value results from the desire to be-
queath a part of nature or a particular resource
(e.g. a wetland area) to future generations on
account of its symbolic or identification value,
and to pay for same (e.g. in the form of a volun-
tary donation to an association for the conser-
vation of a certain lake).

• The option value refers to the potential benefit
obtained by preserving some form of future ac-
cess (a gene pool, or a minimum reserve in the
case of fossil groundwater stocks), the price for
which is non-utilization in the present.

Source: adapted from Hampicke, 1991



292 D 5.4 Economic approaches to the sustainable management of water resources

ranging from regulative controls on market transac-
tions to a prohibitive tax on non-usage of ownership
rights (Simpson, 1994). In addition, the specific prop-
erties of water permit a considerable degree of mar-
ket transparency that facilitates not only the identifi-
cation of power being misused, but also interventions
against market manipulations and misuse. Another
aspect is that the inefficiency of public-sector suppli-
ers normally leads to higher prices than result from
the abuse of power by private-sector suppliers.There
is nothing to stop the state from remaining the actu-
al owner of natural water stocks, however.

Summarizing what has been said so far, we can see
that the multifunctionality of water produces a con-
siderable diversity of valuation that is primarily an
expression of different individual preferences and/or
diverging assessments regarding the gainful use of
water in the production process. Since any decision
on allocation necessarily involves valuation of some
kind, economic valuations are ultimately unavoida-
ble. In this connection, the valuation of consumptive
and productive uses by the members of society is best
performed by markets. Market processes represent
non-authoritarian and depoliticized methods of valu-
ation which produce monetizable results that can be
compared over time and between regions. Prices con-
vey information in concentrated form and act as im-
personal signals. Knowledge relating to the different
uses of water and the associated benefits for individ-
uals is focused in such prices. They are a collection
point not only for past experience, but also for diver-
gent expectations about the future – something that
is often overlooked. Efforts should therefore be
made to ensure that this method of valuation applies
to all forms of regional water use.

5.4.1.2 
Divergent properties of water as an economic
commodity

Water scarcity necessitates not only a solution to
the problem of valuation, but also resolution of the
allocation issue. Who may receive how much water,
of what quality, when, where and for what purposes?
The decision as to how to solve this allocation prob-
lem depends on water’s characteristics as a commod-
ity. It should be noted here that water can have differ-
ent commodity properties in the course of its utiliza-
tion, so the recommended allocation mechanism can
vary within the “water cycle” (see Section D 5.4.2.2).
The following thoughts are therefore aimed at a bet-
ter understanding of the various methods for solving
the problem of allocation, which are examined in a
later section.

The fact that water changes its characteristics as a
commodity and that this leads to different conclu-
sions regarding the allocation problem and how to
manage it (private- or public-sector organizations,
solutions based on user associations or cooperatives,
a market or state function) means that the issue at
stake involves more than mere definitions of terms.
Different conceptual conclusions and political rec-
ommendations are inevitably produced.

Water can be an open-access resource (see Box
D 5.4-3). This refers to the way that access is regulat-
ed. Water is classed as an open-access resource if
there is free access for all. Free access generally
means the absence of vested titles, or property with-
out restrictions or controls on access. In the course of
human development, nearly all natural resources
were initially open-access resources. This was not a
problem as s long as resources were available in
abundance – relative to the number of users and lev-
el of withdrawals. Problems did not arise until open
access, combined with rivalry over utilization (the
unit of resources used by A is no longer available to
B) in connection with renewable resources (animals
and plants, as well as most water stocks), resulted in
excessive use, in the sense of non-compliance with re-
generation rates, and hence to declining stocks. The
next consequence, especially when users exhibited
little willingness or ability to cooperate, was competi-
tion over utilization with no incentives to consider
the costs of use (e.g. declining regenerative capacity)
and needs of sustainability (Fischer, 1997). Under
certain conditions, therefore, open access can lead to
loss of stock (use rates vs. regeneration rates) or to
deteriorating quality, with all the associated risks that
are all too visible in the case of water resources.

Similar problems occur when ownership rights ex-
ist – mostly with the state being the owner of major
water resources – but the owner is unable to control
or limit access to the resource. Nationalization of wa-
ter resources is no guarantee that the common prob-
lem of excessive use or declining quality (e.g. adverse
impacts on groundwater stocks due to agricultural
practices) will actually be solved.The crucial require-
ment is rather the will and the energy to prohibit
open access and to tackle the problem of surveil-
lance. Problems are also generated in the case of
transboundary resources when there is little willing-
ness to cooperate internationally and competitive
struggles over utilization in which regeneration
needs are neglected.

State assignment of limited rights, cooperation, or
the granting of private property rights can be ways of
solving the problems of open access. However, all of
these approaches involve an assignment of property
rights. In the first case, the owner is the state, in the
second the members of a certain community (com-
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mon rights) that exhibits a willingness and capacity
for cooperation, while in the latter case, the owners
are individuals or legal entities (Fischer, 1997; Ost-
mann et al., 1997).This turns water into a commodity,
an object of valuations, allocation decisions, negotia-
tions and contracts, i.e. an economic commodity. The
fact that water is scarce in most regions, indeed ex-
tremely scarce in some, and is therefore a factor that
can unleash social conflicts, makes it necessary to val-
ue water in some way, as argued in the previous sec-
tion. A “price” (weighting, prioritization) must be at-
tached to water resources in respect of its particular
functions. This is an essential characteristic of com-
modities. This price can develop through the opera-
tion of markets, or it can be set by collectives. The is-
sue is also raised here as to who may use water and
how the benefits to society, including the non-mone-
tizable types of benefit and the various notions of eq-
uity, can be increased through the assignment of
rights.

If water is private property, as in many cases (see
Section D 5.4.2.2), utilization by one user inevitably
excludes others from such use. It is then possible to
allocate private or individual rights of disposal or
withdrawal, and people can then vie over use. Such
rights are exclusive and transferable. Private willing-
ness to pay can then express itself, and a market-
based solution involving the highest bidders is pos-
sible. Private property therefore enables the exclu-
sion of others, in most cases. If an association of users
is able to exclude third parties from use, this set-up
will also permit partnerships. To that extent, local or
regional cooperation on the basis of common proper-
ty rights is quite compatible with market-based solu-
tions.

These contrast with so-called collective property.
Natural characteristics mean that such property is
non-excludable. This means in the case of most sur-
face waters and groundwater resources that when the
natural assimilation capacity is exceeded, local depo-
sition of pollutants can cause a loss of quality else-
where, and others cannot be “excluded” from such
impacts. Many natural water resources are connected
hydrogeographically, which means that the activities
of individuals, once they reach a certain intensity, can
result in external impacts spreading over a wider
area, affecting animals and plants as well. However,
the quality of many natural water resources is an “as-
set” over which rivalry cannot ensue, similar to the
quality of the air we breathe or noise protection, and
which can therefore be characterized as collective
property or public property. Sewage purification
plants, for example, are producers of the public prop-
erty referred to as “water quality”, whereas agricul-
ture is a stakeholder that adversely affects this qual-
ity in many cases.

As long as there is no consensus among the collec-
tive of users, the result can be false valuation and/or
unwise use. In theory, a private willingness to pay
may then develop (e.g. for water purification), but
due to the lack of excludability this is not usually ar-
ticulated as market demand, making it more difficult
to solve the problem of valuation and allocation of
“water property” as a good. Water users are not pre-
pared to disclose their marginal benefit or disadvan-
tage curves. Negotiated solutions in the sense of the
Coase theorem are conceivable, but the negotiation
costs rise quickly to very high levels as the number of
participants increases. Responsibility for solving the
valuation and allocation issue can then be trans-

BOX D 5.4-3

Important categories of goods

• Open-access resources, as the term suggests,
are those that are freely accessible.

• Economic goods are goods that form the sub-
ject matter of business negotiations and which
generally have a price tag.

• Private goods are goods (individual goods) that
are no longer available to others when used by
someone with a demand for those goods, so
there is rivalry for use.

• Collective property, unlike private property,
does not lose its specific benefit for others once
it has been used by somebody – “clean air can
be breathed by everybody”. The exclusiveness

principle does not operate here, which is why
existing demand is not manifested as an indi-
vidual willingness to pay. This is because it is
economically advantageous for the individual
to wait until demand by others induces produc-
tion of the goods, thus enabling one to partici-
pate in the benefit as a matter of course.

• Meritorial goods are private goods that politi-
cal decision-makers believe are not supplied to
an adequate extent.

• Commons property are goods that are charac-
terized – mostly in the local or regional context
– by open access and rivalry over use, at least in
theory.The latter two aspects do not operate in
practice, however, when a user’s association is
formed or when a collective solution limits ac-
cess.
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ferred to government, or one can look for ways that
enable a market solution after all. An example is the
introduction of tradeable emission rights in conjunc-
tion with a stipulated maximum volume of emissions.

“Common property” resources are a special case.
There is a basic rivalry over their use, to which pri-
vate rights may be allocated. However, in contrast to
individually assigned rights of disposal, there is an
identifiable “community of interdependent users”
here (Fischer, 1997) that regulates the rights (and ob-
ligations) of use within the community and which
may exclude non-members from using the resources.
This internal regulation can ensure efficient and sus-
tainable use, as well act to preserve other functions of
water.

Water can take on different forms of property, de-
pending on the context of use and the particular
stage in the water cycle. In the case of a waterbody
used to preserve a biotope it is a public good, in the
case of withdrawals from a free-flowing river an
open-access resource, in the case of cult usage it is a
meritorial good, while after treatment it can be an ec-
onomic good on a market for drinking water. Certain
water resources can also represent a good that yields
a benefit beyond the narrower monetizable value.
Such resources can acquire the character of a region-
al common good or a global common good. The de-
sire to preserve and protect a certain condition usu-
ally dominates. The state assumes responsibility for
protecting resources in most cases, which in the long
run involves the non-utilization of resources. This di-
versity of uses and the corresponding types of prop-
erty make it unlikely that only one class of measures,
whether based on economic, political-administrative,
social or cultural principles, will be sufficient to gain
control over all water problems in their manifold util-
ization contexts. Different allocation mechanisms are
available as options, depending on the specific prob-
lem and type of property in each case (see Section
D 5.4.2.2).

Variety of valuation methods
The greater the scarcity of water resources – in

terms of quantity and/or quality – the greater the
competition between different uses of water. It has
also been shown for market systems that the alloca-
tion of scarce resources and hence a separation of
these competing uses occurs through the mechanism
of price, in which individual willingness to pay is ex-
pressed. If water were merely private property, just
like bread for example (another important source of
nutrition), and not a crucial component of real eco-
logical capital, then one could leave the question of
valuation to market forces alone, whose functioning
would have to be secured, however. But given the
fact that water is also a public good, as seen in its hab-

itat function, there are additional uses at stake that
require supplementary or corrective valuations.

These, too, are economic valuations. They are sup-
posed to estimate the value of water in those cases
where individual assessments are too costly or where
specific components of use have no (market) price.
The intention here is to improve the allocation of wa-
ter, in particular the allocation of this resource to var-
ious designated purposes. This usually leads to the
demand for comprehensive benefit-cost analyses (in-
cluding all external effects). In the 1996 amended
version of the Safe Drinking Water Act in the USA,
for example, more cost-benefit analyses are required
than previously, and each year the limit values for
five pollutants are to be (re)defined with their assis-
tance (Davies, 1996). If one were to ignore the me-
thodological problems associated with such a bene-
fit-cost analysis, this would have to be endorsed as
the most comprehensive form of economic valuation.

Critics of this economic approach demand the
protection of human life and ecosystems, detached
from human notions of utility and without the assess-
ment of monetized values.As soon as water becomes
scarce, however, valuations are made as a matter of
necessity, so dispensing with this aspect would be
counter-productive from the viewpoint of environ-
mental policymaking. A total renunciation of pricing
would imply, for example, that utilization rights be al-
located by the state, initially at no cost. This would
necessarily stimulate water consumption if there
were no price tag on water, or if water prices were too
low. The inevitable result would be a substitute valu-
ation in the gray economy.The non-utilization of cer-
tain resources that would have to be ordained by the
state if it is responsible for valuation would also be
valued elsewhere instead. For example, if the state
prohibits the use of a watercourse in order to protect
a plant or animal species, this means formally spend-
ing the amounts of money that would otherwise have
been generated by present or future uses (the oppor-
tunity costs). As can be seen, it is not possible to dis-
pense with (economic) valuations. However, as will
be shown in the following, they are extremely com-
plex in nature because of the diversity of information
and valuation aspects that have to be included in the
reckoning.

The crucial issue in all valuations concerns who is
to evaluate and/or which preferences are regarded as
relevant. Are the values to be derived on the basis of
individual assessments, or on the assessments made
by environmental experts or politicians? In individu-
alistic and democratically organized social systems,
individual preferences are an important, if not the
most important source of all value assessments. If be-
havior is rational, individuals will choose the collec-
tion of goods that provides the maximum benefit.
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This is also the basic philosophy underlying the free-
market economy. Benefits cannot normally be meas-
ured by direct means, so this is done indirectly in-
stead by measuring the willingness to pay. Market-
based valuation, within the limits referred to above, is
therefore of enormous significance.

As previously mentioned, this approach based on
the free market and individual preferences is the fo-
cus of repeated criticism. It is argued, for example,
that many forms of environmental degradation, im-
plications of resource use and long-term aspects are
not directly perceived by individuals due to a certain
narrowness of perspective, bias and short-sighted-
ness, and that these aspects are not taken into ac-
count in any adequate way through the disclosure of
preferences on markets. Contamination of ground-
water cannot be experienced, for example, while rare
biotopes may be so unattractive and noxious that
people spontaneously reject them (Bonus, 1994).This
is compounded by the “human defect” referred to by
Platt, namely the tendency to give spontaneous pref-
erence to things that are directly accessible and short
term (Platt, 1973; Ostmann et al., 1997), as well as by
a certain inclination to turn a blind eye to crises (Ost-
mann et al., 1997). Reference is made again and again
to inefficient and counterproductive patterns of indi-
vidual behavior in a complex motivational context,
with the demand that valuation be made by other
agencies instead. The argument is sometimes ad-
vanced, especially from an expert or ecocentric per-
spective, that the valuation of natural resources
should not be effected via markets, but by select com-
mittees that can think long and hard on these issues
and base their assessments on preserving the func-
tional capacity of ecological systems.

The assumption made here is that experts possess
knowledge about nature’s special characteristics.The
question therefore emerges as to whether such ex-
pert committees are able to arrive at “better” valua-
tions, who selects the experts and who is recognized
as an expert in the first place. In view of the method-
ological problems involved in producing comprehen-
sive benefit-cost analyses, it is legitimate to query the
superiority of other valuation methods. Moreover,
the criticism expressed about valuation by individu-
als is often too simplified, because a low willingness
to pay for enhanced environmental quality is very of-
ten due to the fact that the individuals in question are
inadequately informed.The criticism is therefore lev-
eled more at the inadequate level of information
among individuals, rather than the economic valua-
tion method as such. Experts have the important task
here of informing the public about pollution that can-
not be perceived directly and its consequences, espe-
cially long-term and irreversible damage. The items
of information communicated are frequently contra-

dictory, so it is essential to ensure lively competition
in the development and dissemination of hypotheses,
i.e. scientific redundancy must be striven for, and the
duplication of research is worthwhile.

5.4.1.3 
The regional character of most water problems

Most water problems have a regional dimension.
This results, on the one hand, from hydrogeographi-
cal conditions. Groundwater flow leads, for example,
to local pollutant loads (e.g. from agriculture) affect-
ing the quality of groundwater over a much larger
area. Land-use changes in the catchment area of a
waterworks can affect the quality of the collected wa-
ter to be treated, and hence also the costs for treat-
ment. Nitrates in particular, as well as some pesti-
cides are deposited in groundwater – especially from
intensively cultivated or special crops such as sugar
beet, vegetables and vines (SRU, 1985 and 1987).The
type and duration of agricultural use affects the re-
gional water balance. Extending the utilization peri-
od by multiple cropping reduces runoff and infiltrate
by about 10%, while grassland needs 20% more wa-
ter on average than cropland due to the longer trans-
piration periods (SRU, 1985). This can lead to lower-
ing of the water table and thus to escalation of water
conflicts. Surface waters are also threatened. Nutri-
ent-rich drainage water and eluviated soil increase
the high nutrient loads of waterbodies still further.
This can lead to excessive weed growth, algal blooms
and to the risk of standing waters “dying” of eutroph-
ication, have unfavorable effects on other water func-
tions (recreation and bathing function) and cause
water purification costs to rise.

In many large cities, the supply of water is depen-
dent on the development of water reserves consider-
able distances away.This automatically leads to rising
costs for water extraction and water transport, some-
times also for water treatment, and in any case to in-
creased costs for water purification and wastewater
disposal, as well as disadvantages for the areas from
which the water is drawn.The construction and main-
tenance of a complex infrastructure for water supply
and wastewater disposal are necessary, whereby a
substantial proportion of these costs depends on dis-
tance. If these costs are not included in the price,
there are no checks on agglomeration processes, and
the areas needing water supply and wastewater dis-
posal services expand uncontrollably. If costs are de-
pendent on distance, the logical conclusion is to re-
gionalize water supplies or to seek a regional solution
to water problems. This leads in addition to regional
disparities in valuation, and hence to regional price
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differentials in the case of market-based valuation
and full costing.

In summary, then, water problems should be
solved within the regional context. Only on this level
is it possible to tackle conflicts over use in an suitable
manner and master the problems of freeriding. This
complies as well with the classical fiscal principle of
equivalence. If an efficient solution is to gain sway,
there should be a maximum spatial congruence be-
tween the beneficiaries of a (public) goods supply
and those paying for the service. The liability princi-
ple obtains greater force in the process, and the sub-
sidiarity principle comes to the fore.The latter aspect
needs emphasizing in light of the problems that can
arise when the state neglects to develop the infra-
structures for public supply and disposal, or for local
public transport, as exemplified by the rapidly grow-
ing Asian economies (see Section D 3.2). Disposal (of
sewage, municipal waste, etc.), especially, requires
that a specific infrastructure be created and enlarged
in a time-consuming and capital-intensive process. If
this is left out because of one-sided support for the
generation of private capital, bottlenecks can devel-
op that hamper development. This is particularly ev-
ident today in the Asian megacities. Regional gov-
ernments and state should not be allowed to escape
from their responsibility to consider these subse-
quent effects.

France, for example, has drawn the consequences
and introduced a regional system of water resource
management. The latter is organized into six major
hydrogeographical areas, combined with an appro-
priate form of national policy control (Feder and Le
Moigne, 1994). These regions correspond to the
country’s four large water catchments and the two
densely populated and industrialized areas. Each re-
gion is managed by a committee (a kind of regional
water parliament) and an implementing body, the
river basin agency. The water parliament is a forum
that brings together as many regional stakeholders in
water resources as possible, i.e. a kind of regional as-
sessment panel that ensures maximum participation.
However, water supply and wastewater disposal are
organized primarily by the private sector. A kind of
pollution charge is levied at regional level, while the
resultant revenue is also allocated within the region.
Above all, water supply and wastewater disposal as-
pects are considered simultaneously. There are many
reasons for transferring this model to developing
countries, whereby the system could be started up in
a series of “islands” (e.g. in megacities) (see Section
D 3.5).

5.4.1.4 
Growing importance of water efficiency

In economic terms, regional water problems are
becoming more and more expensive to manage. In
the early 1990s, it was assumed that investments of at
least US$ 600–700 billion would be needed in the
coming decade for the developing countries alone
(for water supply, sewage systems, etc.). Recent stud-
ies conclude that approximately US$ 60 billion a year
will be needed over the next ten years purely for
drinking water supply. The colossal investments
needed in central and eastern Europe were left out of
the reckoning here. Thus, solving regional water
problems involves the issue of cost to an ever greater
degree, whereby it is not just a question of how to fi-
nance planned projects but above all the enhance-
ment of efficiency.

It is true to say that major effects are often
achieved by small-scale measures – in an attempt to
reduce per capita water consumption, Mexico City
replaced about 350,000 toilets with smaller and more
efficient models, saving enough water to cover the
needs of 250,000 inhabitants (Feder and Le Moigne,
1994). In the majority of cases, however, it is neces-
sary to make large-scale investments and to establish
and develop a very capital-intensive infrastructure
for supply and disposal. Mounting sanitation prob-
lems require large investments in sewage systems, for
example. The trend to large-scale projects in the
growth regions of Asia, Latin America and Africa is
based on the idea of integrating the twin services of
drinking water supply and sewage disposal.The plan-
ning authority no longer invites tenders for “con-
struction of a sewage treatment plant” (for financing
reasons alone), but comprehensive “build, operate
and transfer” models (Rudolph and Gärtner, 1997).

Yet it is precisely here that efficiency acquires spe-
cial relevance. In particular, it is evident that many
economic problems (inefficiencies, excessive costs) –
this applies to Germany as well in part – result from
the fragmentation and/or the segmentation of the
various administrative tasks in water resource man-
agement, and from oversized government adminis-
trations. It is increasingly obvious that, in view of the
high costs involved, major efforts are needed to im-
prove efficiency and to exploit the potential for cut-
ting costs. The World Bank, which channels a large
proportion of its loans to water development pro-
jects, is becoming more and more active in this area
(World Bank, 1992; Ayub and Kuffner, 1994; Feder
and Le Moigne, 1994; Engelman and LeRoy, 1995;
Briscoe, 1992).

In view of the investments needed, the search is on
for incentive systems that attract more foreign capi-
tal and know-how and promise greater efficiency and
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return on investment, in cases where the lag in devel-
opment and the poverty of the population exclude
any self-financing. It can be assumed on the whole
that enough private-sector corporations in the world
are in a position to perform these tasks in a profitable
manner. French, British and North American compa-
nies are ready to take over not just the planning and
construction of water supply and wastewater dispo-
sal systems, but also the financing and operation
(temporarily, at least). What is surprising is the mini-
mal involvement of German companies in this field
of activity. This contradicts the high (technical) repu-
tation enjoyed by German water companies and is at-
tributable in large measure to the fact that the Ger-
man model is not particularly convincing for others
(Rudolph and Gärtner, 1997). The latter results to a
considerable extent from the inefficient organization
of water resource management and from the exces-
sive costs for municipal sewage disposal (Rudolph,
1990; Gellert, 1991). Entrepreneurial failure (unwill-
ingness to get involved in activities abroad) seems to
play a role here as well, however. This is regrettable,
because a convincing German model could turn into
an export hit, not only for environmental but also for
economic reasons. For example, there are innovative
ideas relating to disposal infrastructures (accessible
pipes, for example), that could prove interesting for
the rapidly growing megacities of Asia (Stein, 1997).
Support could be given to pilot projects in this area.

Various conditions need to be met before private
capital will flow into the water resources sector (so-
lution to the financing problem) and lead to greater
efficiency. Some of the most important are: permit-
ting full recovery of costs with a reasonable profit

margin, the renunciation of price subsidization poli-
cies and guarantees of calculable long-term contracts
granting certain utilization and/or property rights.As
previously mentioned, there are ways to counteract
the formation of exploitative monopolies. Competi-
tive tendering is of particular importance in this con-
text.

Various formulae are possible with regard to own-
ership (of natural water resources, for example), in-
vestments, operation, cost accounting and cost recov-
ery, which allow for a variety of water supply systems
(Table D 5.4-1). As can be seen from the analysis of
models already in operation, natural water resources
remain the property of the state in the majority of
cases; the state need only ensure that these do not be-
come open-access resources, with all the quality and
overexploitation problems that this involves. Proper-
ty rights pertaining to investments are best left in the
private sector, it would seem. Putting operations into
the hands of private-sector enterprises generates
benefits above all in the form of enhanced efficiency.
Transferring the business risk to the private sector
creates incentives for efficient management (Haar-
meyer and Mody, 1997). Full-service concessions pro-
vide the broadest scope for improvements in the
business administration and financial areas. In order
to reduce the risks for private operators, it is neces-
sary in many cases to arrange credit guarantees from
international organizations (the World Bank, for ex-
ample) or from governments, or other forms of par-
tial risk assumption.

Management Rental BOO/BOT Full-Service Sale of
contract agreement Concession Supply company shares

RIGHTS TRANSFERRED TO

Ownership: State State State State Private sector
Investment: State State Private sector Private sector Private sector
Operation: Private sector Private sector Private sector Private sector Private sector
Collecting charges: State/Private sector Private sector State Private sector Private sector

RECENT CASES

Puerto Rico Guinea Johor Buenos Aires England
Mexico Gdansk, Poland Sydney, Malaysia and
Trinidad North Boehmen, Australia Liberia Wales

and Tobago Czech Republic Izmir, Turkey Brazil
Antalya, Turkey Chihuahua, Côte d’Ivoire

Mexico Macao

Table D 5.4-1
Distribution of responsibilities in alternative approaches to water supply: evaluation of case studies.
BOO = Build-Own-Operate; BOT = Build-Operate-Transfer.
Source: Haarmeyer and Mody, 1997
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5.4.2 
Solving the allocation problem

5.4.2.1 
Basic options

Once the qualitative and quantitative problem of
scarcity has been recognized and the valuation issue
has been resolved, the uppermost question then con-
cerns who is allowed to use water resources to what
extent (for which purposes, when, where and how)
and/or who is to assign the utilization rights, i.e. how
the problem of allocation is to be managed giving
due consideration to equity and sustainability as-
pects. Economic science and social research have
identified various organizational and regulatory sys-
tems for solving the allocation problem (see Reuter,
1994 on the social scientific research and Wagner and
Lorenz, 1995 on evolutionary economics). The insti-
tutions-theoretical approach proceeds on the basis of
rational decision-making by individuals acting pri-
marily in their own self-interest, regardless of wheth-
er these are consumers, entrepreneurs, politicians or
bureaucrats (Brennan and Buchanan, 1985; William-
son, 1985). On the basis of these individual goals, the
approach analyzes decision-making and coodination
procedures to identify those that appear acceptable
to all concerned on account of the benefits they pro-
vide (on the criterion of acceptability see, inter alia,
Buchanan, 1975 and 1987; Knight, 1992). Observing
the acceptability for rational individuals maximizing
their self-interest provides for greater stability of
agreements and security of expectations for the
stakeholders involved (see Williamson, 1985; Os-
trom, 1986).

Institutions can thus be understood as generally
recognized rules. These rules can arise spontaneous-
ly, or be laid down by government. Individuals will
behave in conformity with rules if they can assume
that others will also do so, or if non-compliance with
rules leads to sanctions being imposed. In repetitive
situations, this leads to mutual expectations about be-
havior and thus to reduced complexity in decision-
making situations. Institutions are therefore able to
steer individual behavior in certain directions.

Although there is some controversy regarding the
classification of regulatory and organizational sys-
tems, the Council assumes the following types of reg-
ulatory systems:
1. Anomie, or the total failure of institutions: This

condition is characterized by the disintegration of
all institutions and principles of order, or by the
unenforceability of (traditional or state-defined)
rules. Rule-less conditions are usually temporary

in nature, often dominated by the ruthless en-
forcement of particular individual interests cou-
pled with disregard for the harm caused to others.
In a situation of this kind, where conflicts are
fought out without the constraints of rules, the
probability that arms will be used to resolve the
conflict is very high. Transboundary environmen-
tal problems and the management of transboun-
dary resources must clearly be resolved by negoti-
ations and the establishment of institutions, espe-
cially when these resources are collective proper-
ty.

2. Problem-solving options within institutional
frameworks:
a) Government solutions: In this regime, the allo-

cation of utilization rights is decided in simple
societies by a person recognized as an authority
by all (the shaman, the medicine woman or the
chieftain, for instance), while in modern soci-
eties this decision is usually the responsibility of
the state. This may take the form of quotas (a
certain amount per user), administrative prices,
or restrictions on use (e.g. the establishment of
water protection zones). A government solu-
tion presupposes that problems concerning in-
formation and evaluation have been surmount-
ed, and that there is sufficient enforceability
and monitoring authority.
It is important in this context that the allocation
targets relevant for assigning utilization rights
must normally be formulated within a decision-
making complex in which the self-interest of
politicians, as well as the aims and ideas of po-
litical competitors, voters, bureaucracies and
key interest groups all play a role (see Endres
and Finus, 1996). The result can be a markedly
short-term orientation. Current thinking is fo-
cused on the question of the best way to institu-
tionalize long-term responsibility (Rennings et
al., 1996; SRU, 1994; Maier Rigaud, 1994). The
idea of setting up Environmental Councils or
giving added weight to the subsidiarity princi-
ple are controversial. Research is needed here,
precisely with respect to water resources.

b) Market-based solutions under competitive con-
ditions: In this free-market approach, the mem-
bers of society compete with each other for
scarce goods in accordance with certain “rules
of the game”. The granting of private property
rights is constitutive for this solution. Property
and utilization rights with respect to water re-
sources provide owners with the incentive to
maintain over the long term the potential of the
resources to satisfy the needs of water custom-
ers and to manage the resource carefully and
wisely. Property rights to resources can be sold
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and acquired on the market in the same way as
land or other goods.
Here, too, it is possible that an inadequate sense
of long-term responsibility may develop. A rel-
evant issue in that case is how to instigate an en-
hanced long-term orientation in individual
planning and stimulate intrinsic motivation (es-
pecially in terms of allocation aspects) (Frey
and Oberholzer-Gee, 1996). There is still a con-
siderable need of research in this area.

c) Community or common property solutions:
The lack of national solutions based on privat-
ization for the management of natural resourc-
es is awakening interest in community or com-
mon property solutions. Such solutions are well
able to produce good results under certain cir-
cumstances. This, too, is an institutional ap-
proach, in that the members of the solidaristic
community are governed by commonly defined
rules for dealing with the common property
(Ostman et al., 1997). The commons dilemma
(Hardin, 1968) need not arise, because these are
not open-access goods and because others can
be excluded from use due to the fact that the re-
sources are the common property of the com-
munity. In this regime, collective rights to prop-
erty or utilization are granted to groups of indi-
viduals; the resources are viewed as common
pools that may be used jointly by the members
of a community according to predefined rules
(Ostrom, 1990; Fischer, 1997, Frey and Ober-
holzer-Gee, 1996; Ostmann et al., 1997). A typi-
cal form of such communities are cooperatives,
in which business operations are conducted
jointly.
Such solidaristic communities are social en-
tities, usually with a limited number of mem-
bers, clearly defined spatial boundaries, certain
joint interests, a minimum degree of interaction
among members, common cultural norms in
most cases and a separate endogenous system
of authority (Fischer, 1997).The economic ben-
efit frequently consists in the fact that the net
benefit for a community can be raised by elim-
inating externalities and adopting a long-range
orientation. The latter succeeds above all when
the time preference rate can be lowered, be-
cause, within the community, having to wait (in
the sense of non-utilization) is associated with
lower risks. In many countries with “tradition-
al” social structures and less focus on private
property, such communities can prove to be
interesting solutions to water-related problems.
More research needs to be conducted into the
basic conditions necessary for such solutions to
develop.

It is clear from the above that adhering to a funda-
mental maxim such as the more market, the better or
private property is always preferable to common
property makes neither sense nor promises success. It
depends on the circumstances in each case. If private
property exists, or privatization could occur without
major transaction costs, the obvious principle to ap-
ply is to give preference to free-market regimes, just
as it is obvious to strive for national solutions in the
case of public goods. In all mixed forms, and where
the respective regime has little chance of success, an
appropriate solution has to be developed from the
specific context.A matching solution of this kind can
be a mixture of different organizational concepts or a
change in the conditions such that a single organiza-
tional form is adequate for the desired solution.

In the past, many uses of water were regulated by
the state even when water resources were mainly pri-
vate property. However, it is becoming increasingly
clear that the costs associated with this usually ineffi-
cient solution are higher than regulation by a system
of competition and that the concerns associated with
the state regime could have been solved similarly or
even better by the market. Today’s imbalance be-
tween market and state should thus be equalized in
most cases by increasing the role of market forces.
However, it would be wrong to conclude from this
that market-based systems can be applied to all prop-
erty regimes for water resources.

Nor should one jump to the conclusion, from the
obvious failure of community ownership in most
highly developed countries, that cooperative solu-
tions or forms of community property are necessari-
ly pointless in other cultures as well. Just as many
commons solutions have proved highly stable over
the centuries in Europe, Asia and Africa, many pre-
sent-day cultures exhibit all the prerequisites to sug-
gest that, in the case of goods that are still predomi-
nantly open-access resources, common property so-
lutions will be superior to state-regulated and free-
market solutions. Ostrom (1992) showed with refer-
ence to irrigation systems that self-governing systems
based on shared use of a local or regional resource
can respond to changes in the environment (such as
drought) more flexibly, allocate water more equita-
bly and counteract the abuse and neglect of irrigation
systems.The management of common pool resources
shows that users are quite prepared under certain
conditions to agree on lasting rules for long-term, ef-
ficient use of resources. The crucial factor on which
the success of collective agreements depends is that
all users are prepared to recognize previously estab-
lished principles governing the allocation and man-
agement of water resources, and also to act according
to such principles even in the absence of state con-
trols. However, it seems necessary to have a decen-
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tralized system for monitoring compliance and sanc-
tioning those who infringe against the rules (Ostrom,
1990).

These conditions are satisfied only in social sys-
tems in which a high degree of social or cultural co-
hesion, consensus-oriented decision making and lit-
tle mobility prevail. Social systems fitting this de-
scription can be found in a number of developing
countries. As mobility increases (leading to inflows
and outflows), even successful common pool ar-
rangements will tend to break apart, because new-
comers are rarely willing to pay the “entry fee”, while
those moving away demand that part of their depos-
it be returned. That said, the common pool arrange-
ment can be the preliminary stage for a later solution
based on ownership by a private company.A gradual
transition seems especially appropriate in societies
exhibiting a high level of intrinsic motivation that
could be destroyed all too quickly if privatization is
too rapid. The effectiveness of common pool solu-
tions is greatest where cultural traditions and the
processes of social regulation encourage and reward
a sense of responsibility for the common weal. This
can occur through cultural obligations and taboos, so-
cial networks and external pressure.

5.4.2.2 
Water markets as the solution

In view of the problems associated with state man-
agement of valuation and allocation, there has been
a growing focus in recent debate in the academic lit-
erature and among key organizations (the World
Bank, for instance) on water markets as a way of
solving water problems.The Council shares this view,
whereby the issue of how to cater adequately for so-
cial concerns, such as securing minimum water re-
quirements for individuals or social groups, is dealt
with in Section D 5.4.2.3. Establishing water markets
requires a differentiated approach, however, because
when allocating enforceable property rights over wa-
ter, various stakeholders can develop, as well as mar-
kets as reference systems (Fig. D 5.4-2), whereby
many of these markets can become small-scale
monopoly markets, similar to the situation with pow-
er supply and waste management. The following
comments are therefore intended to clarify the dif-
ferent levels that are affected and where additional
activity is needed on the part of the state.

Rough distinctions can be drawn between the fol-
lowing kinds of stakeholder:
– owners of natural water resources,
– water withdrawers,
– water distributors,
– water users,

– wastewater collectors,
– wastewater recyclers.

If the natural water supply in a water region (river
basin, lake, aquifer) is no longer sufficient to meet a
growing demand for water, then scarcity and its relat-
ed problems will ensue. In the case of standing wa-
ters, every form of withdrawal from natural water
stocks is made at the expense of other withdrawals.
With running waters, withdrawals in the upper reach-
es are usually to the detriment of downstream ripar-
ians. If no limits are placed on withdrawals, natural
water resources will adopt the character of open-ac-
cess resources in contexts where property rights and
cooperative solutions are absent: although individual
users are not excluded from the resource, all users
are rivals with each other. Such a situation must lead
to overexploitation of the resource – due to open ac-
cess, renunciation of withdrawal by some individuals
will produce no pay-off if use is dictated by self-inter-
est, because everyone must assume that quantities
not withdrawn will be used by others instead. Run-
ning waters can also turn into overexploited open-ac-
cess resources if the natural supply of water is no
longer sufficient to satisfy all users along the water-
course.

The spatial distribution of negative impacts is un-
even in such cases, however. Whereas the excessive
use of a standing waterbody harms all riparians, it is
primarily the lower riparians who are affected by
overexploitation of running waters.

In both cases, it is imperative to limit withdrawals
in order to protect the waterbodies. This has two im-
plications: firstly, limits must be imposed on the total
periodic withdrawals from the water region in accor-
dance with the resource-specific renewal periods.
Secondly, it may be necessary to allocate withdrawal
rights to particular individuals (riparians of a surface
waterbody, or to landowners in respect of groundwa-
ter stocks). This makes it necessary in water regions
to specify a proprietor of the water resources who de-
fines the maximum permissible withdrawal levels,
and to create an organization that has the capacity to
enforce limits on withdrawals. The latter is a serious
problem in many developing countries, and reaches
major proportions when large areas are owned by the
state. If one considers the historical land use patterns
in water regions, which are often the result of deci-
sions made before water scarcity became a problem,
then the quantitative withdrawal rights that need to
be introduced in water regions will have to be geo-
graphically differentiated (according to the doctrine
of prior appropriation – “first in time means first in
right”; Hirshleifer et al., 1972).

Granting withdrawal rights to the riparians of sur-
face waters or the owners of land situated over
groundwater stocks is the first way to introduce wa-
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ter markets. These players are thus entitled to trade
their water withdrawal rights. Barter deals may be
made with the aim of acquiring water withdrawal
rights on a long-term basis, or they may serve merely
to cope with temporary regional shortages. The price
will also incorporate estimates about future trends.
This market can be called a market for withdrawal
rights. The issue that needs clarifying here is where
there may be limits to the market that make it neces-
sary to stipulate when rights may be traded between
regions and when not. If unrestricted interregional
trade is permitted, a scarcity of water rights may in-
duce regional adjustments on a large scale. Enor-
mous importance is therefore attached to the holders

of withdrawal rights, their responsibilities and their
goals. In order to prevent stockpiling, it would also be
conceivable to revoke water utilization rights if they
are not made use of by their owner.

Establishing this system of valuation and alloca-
tion requires the granting of property rights. If this is
done in accordance with the fiscal equivalence prin-
ciple, the subsidiarity and liability principles will also
operate. To counteract the misuse of power that is li-
able to occur when such monopolies are created,
checks and controls must be included, or additional
measures implemented (temporary invitation to ten-
der, price approval systems); water’s natural charac-
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Water markets. Explanations in the text.
Source: WBGU
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teristics allow for considerable transparency in this
regard.

This market for withdrawal rights is coupled to a
second market for distribution rights. The particular
way in which the quantities of water to which a re-
gion is entitled, on the basis of the original rights and
after barter deals, is then distributed within the re-
gion to individual users, is an issue that must be de-
cided within the region itself. Withdrawers and dis-
tributors need not be identical, however. In contrast
to the market for withdrawal rights, the total volume
of which must usually be specified for a water region
collectively or by government authority, it is neither
necessary nor appropriate to decide on the specific
uses to which water may flow by means of collective
decision-making. Beyond ensuring the minimum in-
dividual requirement for water (see Section
D 5.4.2.3), the distribution of water as private prop-
erty once it has been withdrawn from the natural
stock can occur through the market and hence be
controlled by the willingness to pay.Two markets are
relevant here: markets on which the withdrawals for
a region are traded in order to distribute them among
different sectors (distribution markets), and markets
through which the water volume is delivered to users
(utilization markets). The willingness to pay on the
part of the individual users determines the uses for
which the water is supplied. The general tendency
will be for willingness to pay to be highest where wa-
ter has or creates the highest relative values. If indi-
vidual users are faced with the full costs of using the
water, then efficient incentives will be in place to re-
duce water use. Individual distributors have the addi-
tional option of buying water from other water re-
gions. Governments can limit their involvement in
particular water regions to checks on whether future
regional water needs and the future supply of water
are being properly ascertained, and whether steps
have been taken to ensure that supply and demand
are equalized.

Users return the water they have been supplied
back to the water cycle via air (evaporation), the soil
(infiltration, runoff) and collection systems. If the
quality of the water has not changed to such an ex-
tent that subsequent uses are impaired, then scarcity
will only arise if – for sanitary reasons, for example –
the used water must be collected and disposed of lo-
cally using technical facilities (sewage pipes, pumps).
Depending on circumstances, two markets may de-
velop here: a market for single disposal facilities (of-
ten necessitated by sanitary factors), and a market on
which disposal agencies can connect small sub-sec-
tions of a region to large sewage systems. It is not nec-
essary to have special recycling rights enabling the
discharge of qualitatively unchanged water into nat-
ural water resources. In order to establish efficient in-

centives to save water, the costs for recycling water
must be charged to water users on the disposal mar-
kets.

The situation is different when the used water is of
inferior quality – as is normally the case – and subse-
quent uses are therefore limited. Scarcities appear
here due to water’s limited capacity for self-purifica-
tion. Costs no longer arise purely because scarce re-
sources must be deployed for building and operating
water collection systems, but also because contami-
nation of water by one user reduces the options avail-
able elsewhere for using the water. Water pollution
also results in restrictions on water withdrawals.
Withdrawal rights defined purely in quantitative
terms can thus become worthless if the quality of wa-
ter resources is modified so strongly by returned wa-
ter that the options for using the water – still present
in the relevant quantities – are eliminated. If the
quality of the water for which withdrawal rights exist
is to be safeguarded, there must be a way of influenc-
ing the quality of the water that is discharged to nat-
ural water resources.

If withdrawal rights are intended to ensure not
only the access to certain quantities of water, but also
to water of a certain quality, it is necessary to specify
the total permitted contamination in recycled water,
whereby the parameter can be the water quality at
certain withdrawal sites (or utilization sites). As long
as this target is not exceeded, then recycling rights as-
signed to specific players can be exchanged on mar-
kets for recycling rights. In a manner similar to with-
drawal rights, the granting of recycling rights will
have to be based at first on historically acquired util-
ization rights. In the longer term, trading of recycling
rights will lead to a regional utilization structure that
matches the qualitative scarcities and the situation
faced by the water withdrawal bodies. If scarce and
tradeable recycling rights exist, then increasing qual-
itative demands on the water supply will be reflected
in higher prices because recycling rights will have to
be purchased elsewhere.This raises the incentives for
avoiding or reducing water pollution from the outset.
Recycling rights, too, must be subject to rules specify-
ing when such rights may be traded and when not.

The manner in which scarce recycling rights are
distributed within a water region is something that
markets for large-scale and small-scale disposal ser-
vices can determine: pollution rights will tend to shift
towards those polluters for whom the cost of pre-
venting water pollution are highest. For the water re-
gion as a whole, the only important factor is that the
pollution caused to the natural water resources does
not exceed the legally approved level. It is essential,
however, that such a control system induces searches
for better solutions or for better institutional ar-
rangements.
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Water withdrawers may operate on the market for
recycling rights as well, in theory, just as recyclers
may become involved in the market for withdrawal
rights. Withdrawers can acquire recycling rights, for
example. This is of interest to them if it means that
the quality of the water they supply can be improved
and there is a corresponding willingness in the region
to pay for improved quality. This is where free rider
problems may develop: every reduction in the dis-
charges to a standing waterbody benefits all with-
drawers, while all downstream riparians will benefit
from reductions in the volume of wastewater dis-
charged upstream. On the other hand, interested re-
cyclers may acquire withdrawal rights – to the extent
that these are linked to “quality” rights – and in this
way acquire the license to pollute water more. Prob-
lems can arise in this context as well, because in-
creased water pollution can affect all withdrawers
from standing waters and all downstream riparians of
running waters. Thus, it is necessary as a rule that
both withdrawal rights and discharge rights within a
region be allocated initially by a single authorized
rightholder (usually the state). An exclusive alloca-
tion of withdrawal rights that also guarantee a certain
level of water quality would probably result – if the
number of users in a water region is relatively large –
in a system of allocating rights that is not optimal in
economic terms, and which cannot be improved by
exchange transactions either. Problems occur be-
cause an inflow of polluted water into the natural wa-
ter system is only possible if all affected withdrawers
relinquish their claims regarding the quality of their
water withdrawals. Conversely, if recycling rights
alone are issued, free rider problems will arise among
those interested in water of a qualitatively high stan-
dard, because every purchase of recycling rights by a
withdrawer would benefit other withdrawers.

Finally, there is a special problem that needs ad-
dressing.Water pollution as a result of inflows occurs
not only through channeled inflow to and channeled
disposal from various types of use, but also through
the unchanneled discharge from channeled inflows
and precipitation. In the latter case, the contamina-
tion of water resources is not due to the water being
polluted by use, but to the fact that land uses – in ag-
riculture, for example – result in the deposition of
substances in soils and that these substances are
leached by inflows of water from irrigation schemes
or precipitation before leading to water pollution.
Depending on the regulations in force, either the
land users have to acquire such rights on the market
for recycling rights – because, despite not withdraw-
ing and polluting water directly, the contamination of
water emanates from their land – or else withdrawers
must acquire recycling rights from the land users and
take them out of circulation.

5.4.2.3 
Securing minimum water requirements

A fundamental objection against water markets as
an institutional arrangement for solving water prob-
lems is often that water is an essential good for hu-
mans, that is, people are not able to survive unless
they have access to a basic minimum quantity (of a
certain quality).This minimum quantity is needed for
drinking, for the preparation of food and for sanita-
tion purposes, and is largely defined by natural deter-
minants. Water is also an essential good for produc-
tion, because certain vital production processes, food
production being the most important, are not pos-
sible without an adequate supply of water. The fol-
lowing section examines how securing such require-
ments can be linked to market-based solutions.

A person’s minimum water requirement is there-
fore shaped by two main factors:
– the essential needs, according to the laws of na-

ture, that must be met in order to maintain the vi-
tal functions of the body and

– the minimum amount of water needed to produce
essential goods, above all food.
The first type of need is inseparable from the indi-

vidual person, whereas this is not true for the second.
In principle, it is possible for essential goods requir-
ing water as an indispensable production factor to be
supplied by third parties and purchased on markets –
a system that is also practised in many countries. The
individual’s minimum water requirement rises if a
such an exchange cannot take place, because
– there are no institutional incentives to produce

goods under division of labor,
– due to institutional deficits, goods produced under

division of labor are not supplied in order to se-
cure individual minimum requirements,

– goods produced under division of labor cannot be
demanded by everyone to the extent necessary to
cover their minimum needs (mainly because in-
comes are too low).
Two issues are therefore raised in connection with

minimum water supplies: to what extent is it possible
and economically advantageous to reduce the direct,
minimum water requirement of individuals by ensur-
ing that the production of essential goods requiring
water for production is organized in a system of divi-
sion of labor, and how can the remainder of the min-
imum water requirement be secured? The accep-
tance of the division of labor system in production re-
quires that the supply of essential goods to individu-
als appears sufficiently secure that they are prepared
to dispense with producing their own goods. This, in
turn, requires institutions that enable and support an
economic system based on the division of labor. A
supply of the relevant goods must be assured, and
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there must be guarantees that people demanding
these goods will also receive at least a minimum
quantity of them.This is true for both essential goods
involving water inputs during production, as well as
the essential water needs of individuals.

Aside from communities and cooperatives, there
are various options in large societies for securing the
minimum supply of water for individuals:
– allocation of certain quantities, e.g. in the form of

coupons,
– fixing maximum prices,
– subsidizing supply,
– making transfer payments to consumers.

In small societies, it is quite possible that the deci-
sion is made on a case-by-case basis according to the
severity of need, and that quantities are allocated ac-
cordingly. This is because it is relatively easy to ac-
quire knowledge about special circumstances, needs,
services etc., and because it easy to monitor the be-
havior of individuals. In large societies, it is virtually
impossible to operate a system enabling the consid-
eration of individual circumstances. Gaps in knowl-
edge and monitoring problems compel the use of
other coordination methods for securing minimum
requirements that produce satisfactory results in the
majority of cases. All such alternatives presuppose a
more or less intact and functioning system of public
administration, because reallocation should and
must be made only for those who are unable with
their own resources to secure a minimum supply of
water.

Setting maximum prices for water supplies – a
method commonly used in developing countries for
ensuring supplies to the poor – is bound up, on the
one hand, with the problem that either costs are not
fully covered on the supply side – meaning that fi-
nancing supply must be arranged by other means as
well – or that the supply is quantitatively and qualita-
tively inadequate. On the other hand, there is a risk
(albeit limited in the case of water supplies) of black
markets developing, where water is traded at a high-
er price, thus making the situation for the poor even
worse. Moreover, those profiting from price ceilings
are not just people on low incomes, but also the rela-
tively rich members of society, which should not be
the intention of allocation policies.

A generalized subsidization of water supplies is
problematic for two reasons – no distinction is made
with regard either to the purpose for which water is
used, or to the people who have a demand for water.
The result is that water supplied too cheaply is con-
sumed to an extent far beyond the essential mini-
mum requirement. The development and use of wa-
ter-saving techniques and organizational forms pro-
duces no gains, while switching to less water-intensive
applications is prohibitively expensive. Subsidization

benefits all those with a demand for water, as long as
it is not dependent on individual income. Relatively
excessive water withdrawals can then exacerbate
scarcities and cause social costs elsewhere (due to the
increase in water-related conflicts, for example). If at
all, subsidization is appropriate only when it is pos-
sible to differentiate between different categories of
users and between different types of water use.

In contrast, the target-group approach of paying
“water money” to the needy makes it possible, in the-
ory at least, to improve the income situation of the
latter to such an extent that they have access to a
minimum water supply. Benefit of this kind can be
conditional on the particular situation of the recipi-
ent in such a way that people earning higher incomes
are excluded. If these payments cover more than the
absolutely essential minimum requirement, the indi-
viduals in question will also have an incentive to save
water, because the benefit thus acquired is then avail-
able for other goods. All that needs to be financed is
access to the minimum water requirement – defined
in terms of physical or social needs. Water then re-
mains at the price dictated by scarcity, and significant
incentives are generated for reducing water needs by
means of measures to reduce waste and reuse water
resources.At the same time, the opportunity to oper-
ate profitable water supply systems will act as an in-
centive for foreign investors to intensify their in-
volvement.

5.4.3 
Water resource management in Germany and
the USA – a comparison

5.4.3.1 
Preliminary remarks

One cannot generalize about how states should
best cope with water scarcity with respect to water
quality and water quantity (Wolff, 1996). While ab-
stract statements can be made about the economic
factors that have to be present if scarce resources are
to used efficiently, it is not possible to generalize
about the institutions (also institutions in the sense of
organizations) that are best able to bring about such
conditions. Existing institutions may already be in a
position to cope with water scarcities, or be suitable –
following appropriate adjustments – for performing
this task, to such an extent that the main problems to
be solved relate to information (e.g. on the presence
and the effects of substances, or the connection be-
tween water quality and health). In many cases, how-
ever, major institutional adjustments will be neces-
sary, sometimes requiring the creation of entirely
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new institutions. Since these adjustments and provi-
sions involve costs, in addition to the actual operating
costs of the institutions themselves, the most eco-
nomical solutions for managing water scarcities can
vary enormously from one state to the next.

The only thing that can be defined in general
terms is what has to be available, namely information
about water reserves and replenishment rates, about
substances and their effects, about sources of loads,
about different technical alternatives for water sup-
ply and wastewater disposal, about financial and real
capital, human resources, etc.

How this knowledge and capital is then deployed
for maximum benefit must be ascertained on a main-
ly country-specific basis, taking into account the legal
or traditional institutions that exist, because the use
and consideration of existing institutions produce
cost benefits – new institutions do not have to be es-
tablished, and friction between new and old institu-
tions can be minimized.

Two countries are briefly examined in the follow-
ing: firstly Germany, because the efficiency of water
resource management in one’s own country is always
of interest, and secondly the USA, where experi-
ments are being conducted there with innovative ap-
proaches in the form of water markets. This is fol-
lowed by a look at the legal set-up for water resource
management in many countries.

5.4.3.2 
Water resource management in Germany

In Germany, the quantity and quality of the water
available for and allocated to the various uses are
specified by government authorities. This means that
the delivery of essential goods (minimum supply of
drinking water, protection of important biotopes),
which must be managed by public authorities, is
largely secured from the outset. Alongside these es-
sential services, however, the state is also responsible
for those elements that can be organized through
competition.This is most evident in the case of water
consumption and water withdrawals.

At first sight, the water supply system in Germany
is organized along private-sector lines, i.e. by autono-
mous companies or joint-stock corporations. In fact,
however, governments are able to exert a substantial
degree of executive control or at least influence by
virtue of their holdings in such private-sector enter-
prises.The borderline between public-sector and pri-
vate-sector enterprises is by no means clear-cut.
Competition is virtually non-existent due to govern-
ment constraints. Above all, so-called license agree-
ments were used to establish a set of territorial mo-
nopolies in order to comply with minimal technical

standards and to prevent the duplication of infra-
structural networks.

In Germany, wastewater disposal is likewise the
responsibility of the state and, despite the collective
property argument having much less weight in this
connection, devolves entirely to local government.
Bureaucratic administrative structuress akin to pub-
lic authorities are highly prevalent (complex system
of departments, public-service employment law).

This way of organizing the water supply and
wastewater disposal systems in Germany is based on
the collective property argument and may explain
why the technical standards and reliability opera-
tional safety are relatively high by comparison and
why the German system is greatly acknowledged
worldwide. The system creates a poor impression in
terms of cost structure, however (Briscoe, 1995; Ru-
dolph and Gärtner, 1997), with the result that the
overall system of water resource management is un-
suitable as an “export”. This is particularly so in the
case of potential target countries where the legal and
administrative culture are less sophisticated. Al-
though the need for cost-effective solutions is partic-
ularly urgent in view of the low level of per capita in-
come, it is questionable whether the German model
is a viable proposition given the lack of suitable ad-
ministrative structures.

5.4.3.3 
Water resource management in the USA

Preliminary remarks
A variety of water legislation systems exist along-

side each other in the 50 federal states of the USA.
The development of competitive regimes is probably
favored to a major degree by a specific feature of
these systems, namely the fact that water rights in the
USA are private property rights that can be sold,
while at the same time they represent certain com-
munity rights. As individual rights they can be sold.
Hence, new users may buy up the additional quan-
tities of water they require, if they can out-bid users
with older utilization rights.

Initial experience with water markets
There has been a considerable amount of experi-

mentation with water markets in the western United
States.Water transfers are effected either in the form
of final transfers of waters from agricultural use to
urban use or for the conservation of nature, or in the
form of temporary transfers from one type of use to
another.

The greatest difficulties in selling water rights are
the high transaction costs that often arise when de-
termining the volume of water available for transfer,
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as well as legal barriers in the form of classical prior
appropriation rights (see next section), according to
which unused water rights may be cancelled. How-
ever, in the western states, transaction costs do not
seem to be a major obstacle in practice. A larger
study on water transfers in six states comes to the
conclusion that – with the exception of “attorney-
dominated” Colorado – the current restrictions on
transfers are justified by the benefits they produce
(McDonnell, 1990). Some states have passed laws
that credit “saved water” wholly or partially to the
saver. The real barriers are political in nature, not le-
gal. Water districts, which control a large proportion
of water resources, are hesitant to approve water
transfers because they lose political influence as a re-
sult (Thompson, 1993).

Temporary transfers are generally effected by
“leasing” or banking water rights. The leasing of wa-
ter rights increases during dry periods. The protract-
ed drought of the late 1980s and early 1990s stimulat-
ed interest in temporary transfers and the creation of
water banks. One risk resulting from the American
principle of prior appropriation is that water rights
may be forfeited under this principle if they are not
used. Water banking is an attempt to do away with
this “use it or lose it” rule by allowing rightholders to
bank water so that their water rights are not can-
celled.

Water banking was first introduced for the Snake
River in Idaho and taken up by California during the
drought in the late 1980s / early 1990s. 1991 was the
fifth year of drought in succession for California.Wa-
ter reserves shrank to 54% below average. In order
to make up the difference between supply and de-
mand, the state established the Drought Water Bank.
Emergency legislation authorized water suppliers to
sign agreements with the bank, and stipulated that
further that temporary transfers would have no con-
sequences for the water rights of suppliers. In the last
years of the drought, the bank played a major role in
reallocating water from agricultural to urban uses.
One study concludes that the bank achieved the aim
of mobilizing emergency reserves, but that valid pro-
cedural rules for the protection of third parties were
circumvented in the process (Gray, 1994).

There are numerous schemes aimed at generating
greater incentives to induce agricultural users to sell
their water rights.Water is power, and many rural ar-
eas fear that transfers could transform their land into
desert. Although the Congress of the United States
has begun to remove some of the barriers to transfers
in order to create incentives, it has not gone so far as
to establish a deregulated market for state-subsi-
dized water. The Central Valley Project Improve-
ment Act (CVPIA) of 1992 authorizes some of those
connected to make any transfers to a Californian Wa-

ter Association, to state or federal authorities, indig-
enous peoples or private non-commercial organiza-
tions. The transfers are subject to certain conditions
being met, including
– review by the Secretary of the Interior,
– the use proposed by the recipient of the transfer

must relate to a CVP project or be classified under
Californian law as producing benefits for society,

– the transfer may not run contrary to the laws of
California,

– the transfer may not restrict the ability of the Sec-
retary to grant allocate water to other CVP bene-
ficiaries.
The most interesting feature is the definition of an

upper limit. In order to protect the agricultural areas
dependent on the CVP, a maximum 20% of the water
that a district receives from the CVP may be trans-
ferred without permission of the district and the Sec-
retary of the Interior.

The concept of water markets can also be used
also to reduce water withdrawals by agriculture so
that the resources are available for ecological func-
tions. A major reallocation experiment is currently
taking place at the Truckee and Carson Rivers in
eastern Nevada. The Carson River flows into a basin
now designated a World Heritage Wildlife Refuge
and which was polluted by the runoff from a small ir-
rigation area. In 1990, Congress directed the Secre-
tary of the Interior to conserve 25,000 acres of wet-
lands in the area, partly by purchasing irrigation
rights. A total of 125,000 acre feet of water were re-
quired (US Department of the Interior, 1996).An en-
vironmental impact assessment in 1996 estimated
that an additional 75,000 acre feet would have to be
obtained by purchasing existing water rights from
farmers in the district. The procedure for such acqui-
sition is very complex, because the authorities must
establish whether the purchased water rights are
“wet”, i.e. that the proprietor acquired the rights un-
der the doctrine of prior appropriation, by channel-
ing the water for a socially useful purpose. Steps are
also necessary to ensure that the water genuinely
reaches the natural areas to which the water rights
are transferred, and that it is no longer used.

The transferability of water marketing
In the following, the pro and cons revealed by

practical experience with water markets in the USA
are described in order to arrive at tentative conclu-
sions as to whether water markets could be an effec-
tive policy instrument in other countries.

The concept of water markets in the USA is based
on the assumption that market allocation of water re-
sources results in water flowing into those uses where
it has the highest monetary value.Those stakeholders
who can achieve the greatest benefit with the water
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are also prepared to pay the highest price for it. Wa-
ter markets mean that irrigated agriculture in the
western states of the USA must be evaluated accord-
ing to economic yardsticks, because its purpose is not
to provide the population with vital food supplies
and because it is a lower-value use in monetary terms.

More generally, the question is raised as to the
transferability of water markets to other countries
facing water scarcity. The answer is “yes” – because
for many countries in arid and semi-arid regions of
the planet, the more efficient allocation of developed
water resources is an attractive option to developing
new resources. Another factor is the caution now ex-
ercised, especially by the World Bank on account of
the adverse environmental impacts, when granting
international assistance for large-scale water devel-
opment projects (see Section D 3.4). In many devel-
oping countries that strive to cover domestic food re-
quirements by promoting irrigated agriculture, state
subsidization of water prices to this sector have often
led to a relatively careless and wasteful use of water
(see Section D 3.3). Water markets could be the an-
swer to such problems.

However, it should also be considered that water
markets were established in the USA in response to
the dysfunctional effects of prior appropriation, a le-
gal principle with specific historical roots. Prior ap-
propriation may have been a useful principle when
the western states of the USA were first being set-
tled, but it leads to problems in the present. The spe-
cific legal context implies that caution be exercised
regarding the use of transferability of the water mar-
kets concept to other countries. Nor should cultural
values be ignored. For example, the high value at-
tached to water resources in Islamic countries could
generate wise responses to the problem of water
scarcity. By attaching a purely monetary value to wa-
ter resources, water markets could even be detrimen-
tal to culturally-specific and time-specific approach-
es aimed at saving water. Another aspect to consider
is that irrigated agriculture in the western United
States does not serve to meet essential food require-
ments, so parallels should not be drawn to countries
that operate irrigated agriculture as a vital source of
food unless the respective situation is subjected to
careful analysis. Nevertheless, as stated above, water
markets are possible under such conditions as well.

Water markets demonstrate much greater effi-
ciency than government-controlled systems. Maxi-
mum efforts should therefore be made to introduce
them in other countries. This applies in particular to
countries with severe water scarcity.

5.4.4 
Recommendations

A better solution to the valuation 
problem
Given the diversity of water uses, solving the valu-

ation problem is a matter of particular importance. It
has been shown, above all, that many water problems
are the result of state-induced undervaluation. Gov-
ernments have usually pursued specific objectives
with such policies, for example to support the agricul-
tural sector, or to provide lower income groups with
an inexpensive supply of water.The Council strongly
advocates strict separation of the valuation issue
from the allocation issue. At the same time, it draws
attention to the fact that when governments stipulate
maximum utilization rights in natural water resourc-
es, lay down quality standards and externalities are
largely internalized (e.g. by introducing tougher li-
ability laws), the market-based valuation produces
good results that in most cases lead to price rises.The
definition of maximum utilization rights can be based
on complementary valuation methods that ensure a
greater focus on environmental concerns.

Regional responsibility
Many water resources (lakes or aquifers) are con-

nected by surface and underground links to their sur-
rounding environment. In other words: it is possible
to demarcate hydrogeographical regions that even
behave as self-contained areas in some cases.This has
economic implications as well. Something that ap-
pears as a problem of externalities at the local level
because of functional interdependencies need not be
an externality at regional level. At the regional level,
the connection between use and pollution is more
distinct. It is easier and makes more sense, as far as
the use of natural resources is concerned, to grant
property rights at the regional level and above all to
apply the liability principle there as well. This would
also be compliant with the fiscal principle of equiv-
alence (spatial congruence between beneficiaries
and those bearing the costs, in order to strengthen the
liability principle) that is important for federal rea-
sons (subsidiarity principle).The way in which waste-
water is disposed of has a major influence on the
quality of regional water resources, so the obvious so-
lution is to combine the responsibilities for water
supply and wastewater disposal in one organization.
This would enable the negative externalities from
wastewater disposal to be internalized much better.

An integrated approach covering sanitary services
as well is urgently needed in the densely populated
areas of Asia,Africa and South America, above all in
the “megacities”, where water problems are particu-
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larly dramatic. According to a World Bank study, the
only way to solve the sanitation problems in Calcut-
ta, for example, is to place water supply, wastewater
disposal and sanitation services (emptying pit la-
trines) in the hands of one organization, and by con-
trolling the liquid, solid and gaseous emissions from
industry at regional level (Rudolph, 1990). The latest
studies by the Asian Development Bank draw similar
conclusions (ADB, 1997).

Cost aspects are another reason for taking a re-
gional approach. The development of infrastructure
for water supply and wastewater disposal tends to oc-
cur within discrete areas, almost like islands, while ex-
panding water supplies and tapping remote water re-
sources is bound up with disproportionately high
costs as a rule. If these costs are not passed on in
some adequate form, the result is an effective subsi-
dization of the agglomeration process. Country-spe-
cific problems add to the situation in many develop-
ing countries. There are limitations on the extent to
which the systems for water supply and sewage dis-
posal, many of which were built during the colonial
period, can be expanded to wider areas (e.g. sewage
collection channels relying on gravity, or branched
networks for transporting fresh water). Extending
such system involves high threshold costs that some-
times lead separate policies for supply and disposal in
the core district and the surrounding areas. This can
lead to price and quality differentials that accelerate
suburbanization as well as external effects beyond
the specific region that can then lead water conflicts
(see Section D 4.1). A regional approach is all the
more important, while interregional collaboration is
essential in the case of watercourses.

The subsidiarity principle imposes an obligation
here to take responsibility, accept regional liability
and to act accordingly. The newly industrializing
countries are a case in point. Their environmental
problems, especially those relating to sewage and
waste disposal, arise because regional interdepen-
dencies are ignored and because timely action is not
taken to develop a good infrastructure for supply and
above all disposal.This imbalance in the stock of real
capital is now avenging itself. In view of their growing
prosperity, these countries should first meet their
own obligations to solve the problems they have al-
lowed to develop. Assistance from the international
community should be provided only in those cases
where problem-solving capacities are inadequate.

Efficiency and economy
The water issue has one major implication for en-

vironmental policy. In contrast to other environmen-
tal media, the important thing is not only to protect
resources, but also to achieve certain productive out-
puts. If a quantitatively and qualitatively adequate

water supply is to be provided to cover drinking wa-
ter needs and other consumptive and productive
uses, then it is necessary to develop water resources,
to treat the water, distribute it and finally to dispose
of the resultant wastewater. This means that a com-
prehensive range of water-related services must be
delivered. This applies to sewage disposal in particu-
lar, a field that has been terribly neglected in many
developing countries. Polluted water must be collect-
ed, treated and returned to the environment in a con-
trolled manner (Karl and Klemmer, 1994). These are
value added activities requiring the management of
typical entrepreneurial tasks. Technical facilities
must be planned, financed and operated. Services of
this kind must be adjusted to meet the wishes of final
users (production to suit demand) and should be pro-
vided at minimum cost – in other words, they have to
be efficient. Innovation – the permanent search for
new technical and organizational methods – plays an
important role in this context. Experience shows that
efficiency in the innovation process can be achieved
if it takes place decentrally, in the private sector and
within a competitive environment. This explains why
efforts are increasing worldwide to organize water
supply and wastewater disposal more along private-
sector lines, with a primary focus on market forces
and competition.

The dissemination of certain solutions – “the Ger-
man model”, for instance – is mostly through private-
sector enterprises exporting methods and organiza-
tional models.This normally occurs through the prof-
itable marketing of entire service packages, or with
various forms of participation. Before this can hap-
pen, certain minimum sizes have to be present, as
well as the commitment that is mostly generated by
economic motivation. It therefore comes as no sur-
prise that the topic of marketing water and wastewa-
ter services is becoming more and more important. It
is precisely in this context that deficiencies in the
German approach are revealed. Water supply and
wastewater disposal are normally separate in Ger-
many; wastewater disposal is organized by govern-
ment agencies, thus reducing cost-effectiveness and
encouraging bureaucratism, and is the responsibility
of organizational units that in most cases are far too
small. Approximately 80% of all water supplies are
furnished by around 5,000 small enterprises and mi-
croenterprises that pump groundwater, and while
more than three quarters of the 10,000 sewage sys-
tems are designed for less than 10,000 inhabitants
(Rudolph and Gärtner, 1997). Private-sector involve-
ment is generally only found in the fields of planning
(private engineering companies), financing (private
banks), building and plant construction (building
contractors, plant fitters and electrical engineering
companies) as well as service and maintenance (Ru-
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dolph, 1987). In contrast to this set-up, about three
quarters of the country’s water supply and wastewa-
ter disposal system have been operated for decades
by three major water companies (Compagnie
Générale des Eaux, CGE; Lyonnaise des Eaux-Du-
mez, LED; Societé d’Amenagement Urbain et Rural,
SAUR). About twenty years ago, a multitude of dif-
ferent water organizations in Great Britain were
combined to form large water authorities, which were
privatized and reorganized ten years ago to form ten
public limited companies. Powerful private-sector
corporations dominate also in the United States,Aus-
tralia and Japan.All of these enterprises were able to
establish the logistical and financial structures neces-
sary to survive on the world market, with the costs of
a protracted start-up period, until contractual agree-
ment of a “Build, Operate and Transfer” model. Pub-
lic-sector enterprises and fragmented utilities as
found in Germany have no chance against these ma-
jor corporations and are therefore globally insignifi-
cant. The German water resources and wastewater
industry may enjoy a good reputation worldwide for
its technical soundness and operational reliability,
but it is also considered to be cost-ineffective and too
bureaucratic. In some respects one can even speak of
entrepreneurial failure.

The Council therefore believes that efforts are
needed to turn the German model into an exportable
product. In the supply and wastewater disposal field
especially, Germany can offer excellent technology
and efficient solutions. This applies in particular to
the disposal field and recent developments there –
such as accessible pipe systems (Stein, 1997). This re-
quires more intensive cooperation (industry as a sup-
plier of technology, the construction industry, service
providers and banks) and a more global orientation
on the part of German utility companies. The Feder-
al Government could support this global orientation
and cooperation in the form of pilot projects, where-
by it would suffice in many cases to cover the default
risks.

Adequate coverage of minimum needs
It is now obvious that ensuring adequate coverage

of the minimum human requirement for water is a
matter of great urgency. The failure to achieve this
has led in many cases to reservations against market-
based methods of valuation and allocation. In soci-
eties with small populations it is quite possible to de-
cide on a case-by-case basis, according to the severity
of need, and to allocate water supplies accordingly In
societies with large populations or with megacities
and areas of high population density, such methods
are totally inappropriate.The Council advocates pay-
ment of “water money” in such cases. Benefit of this
kind can be conditional on the particular situation of

the recipient in such a way that people earning high-
er incomes are excluded. In individual cases, consid-
eration could be given to granting an inexpensive ba-
sic supply. However, both responses presuppose a
functioning system of public administration that is
able to solve the problem of monitoring application.
A solution to the problem of measuring and invoic-
ing consumption is a prerequisite for granting an in-
expensive basic supply.

5.5
Legal principles and instruments pertaining to
water resource management

Water management legislation in Germany –
Transboundary watercourses – The “equitable utiliza-
tion” rule – Ban on activities with serious transboun-
dary environmental effect – Convention on the Pro-
tection of the Danube – The Mekong Agreement – Wa-
ter Resources Committee of the International Law As-
sociation – UN Convention on the Law of the Non-
Navigational Uses of International Watercourses - In-
tegration in the UNCED process – Inclusion of con-
fined groundwaters – Ecosystem approach essential –
Global solutions imperative – Information and moni-
toring – Consultation – Enhancement of dispute settle-
ment mechanisms – Global Plan of Action,World Wa-
ter Charter or International Framework Convention
on Freshwater Resources

5.5.1
Introduction

The institutional structures required for secure
and effective allocation of available water resources
must first be established by national and internation-
al legislation. Productive and consumptive processes
must be managed in such a way that the role of water
within the economic system is compatible with the
hydrological cycle in the ecosphere (Meissner, 1991).
The key objective must be the rational use of water
resources, especially in water-stressed countries
where water shortages are greatly exacerbated by
unwise allocation practices. The allocation of water
among the direct users takes place within a country,
whereas the purpose of international law is to con-
tain the potential conflicts that may arise between
neighboring states over the use of transboundary wa-
ter resources.

In this chapter, the German law on water resourc-
e management is presented as one example of a na-
tional allocation mechanism and evaluated with re-
spect to its transferability to other countries. Special
attention is given to the coverage of basic water
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needs.The efficient allocation of water resources also
requires technical-logistic and planning concepts for
a functioning system of water resource management.
These are dealt with elsewhere in this Report (Sec-
tion D 4.5) in connection with the exportability of
German technology for water supply and wastewater
treatment as a form of technical assistance and envi-
ronmental protection. The latter chapter also exam-
ines the water markets that have recently developed
in the USA, a further example of a national alloca-
tion mechanism (Section D 5.4.3.3).

The second section of this chapter deals with inter-
national freshwater law. The main focus is on recent
developments in this area, in particular the adoption
of the Convention on the Non-Navigational Uses of
International Watercourses by the United Nations.
The convention is aimed at demarcating the powers
of individual states in respect of transboundary wa-
ters. A second section provides an overview of pos-
sible mechanisms for settling water-related conflicts.

The final section attempts to identify forms of
international cooperation that go further in protect-
ing and conserving water resources. Thoughts in this
direction are based on the “Global Consensus” on
freshwater resources called for on behalf of the UN
organizations by the UN Secretary-General, which
should involve better international cooperation over
and above what already exists between neighboring
states.

5.5.2 
Water resource management in Germany

5.5.2.1 
Legal regulation of water utilization in 
Germany

Utilization of water resources is governed in Ger-
many by the Federal Water Act (the Water Manage-
ment Act – (WHG) as amended in 1996, in associa-
tion with the water laws at a state level that specify
the details for implementing the national framework
law.

The foundations for today’s system of waterbody
management in the Federal Republic of Germany
were laid in the 19th century, when the fragmentary
ownership of water resources under a multiplicity of
private- and public-sector water laws was replaced by
common public ownership under the law of public
property. The German water laws are thus an exam-
ple of “the deindividualization of a legal order”
(Kloepfer, 1989). Waters are subordinated to public-
law regulations on utilization that require all signifi-
cant forms of water use to be approved. This means

that the use of water is not a matter of personal
choice, but that the state has authority to manage the
country’s water resources. The Federal Constitution-
al Court has confirmed the constitutionality of the
Federal Water Act in the so-called Naßauskiesungs-
beschluß (BVerfGE 58, 300ff).

Pursuant to Section 1 WHG, surface waters,
groundwater and territorial waters are subordinated
to the public-law regime for water use. Those forms
of utilization requiring approval are listed in Sec-
tion 3 WHG.All the main categories of water use are
included – with the exception of indirect discharges
of wastewater, which for historical reasons are cov-
ered by local authority bylaws (Brockhoff and Salz-
wedel, 1978). Some insignificant water uses do not re-
quire approval. A special feature of the German sys-
tem is that there is no legal entitlement to approval
(repressive prohibition with conditional grant of per-
mission).The competent authorities are thus granted
considerable discretionary powers in approving a
specific type of water use, powers that enable them to
observe public interests in addition to the interests of
those applying for approval.

In the interest of protecting water resources, ad-
ministrative discretion to grant approval is limited by
mandatory grounds for refusal pursuant to Sections 6
and 7 WHG. The legislature has thus reserved the
right to make wastewater discharges conditional on
certain requirements being met and to prohibit those
uses that are likely to be detrimental to general pub-
lic welfare, in particular those that threaten the pub-
lic water supply.

The approval procedure distinguishes between
permission (“Erlaubnis”) and authorization (“Bewil-
ligung”).The difference between the two types of ap-
proval consists in the type of legal status that is grant-
ed (Breuer, 1997), rather than the specific water re-
sources that may be used and the volume involved.
Permission granted under Section 7 WHG is a revo-
cable licence to use a waterbody for a specified pur-
pose in a specified manner and to a specified extent.
Authorization, on the other hand, is an irrevocable
right, albeit limited in time, to use water resources in
a certain way. Authorization thus provides the user
with a higher measure of security. Pursuant to Sec-
tion 8, sub-section 2 WHG, such authorization may
only be granted if it would be unreasonable to expect
the entrepreneur to carry out his project without an
assured legal status, and the use in question serves a
specific, regular purpose. An irrevocable grant may
not be granted for wastewater discharges.

The administrative authority for water resource
management and hence the decision on approval in
specific cases is assigned to the individual federal
states, the Länder. The water authorities established
by laws at federal state level follow the general struc-
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ture of public administration and are organized into
lower, intermediate and higher water authorities.Ap-
provals are generally granted by the lower water au-
thorities, but when the scope of the project exceeds a
certain significance the decision rests with the inter-
mediate water authorities. Applications for approval
are decided on decentrally.

One could summarize by saying that the allocation
of utilization in Germany exhibits a high measure of
flexibility.This is achieved in the substantive sense by
placing water utilization under public law regula-
tions, and formally by decentralized approval proce-
dures administered by regional and local authorities.
However, the drawbacks of such a system are the
substantial costs for administration. Moreover, effi-
cient administrative structures are essential if public
law regulations on resource utilization are to func-
tion properly.This is a critical obstacle when it comes
to the transferability of Germany’s utilization regula-
tions to other countries. To quote the World Bank:
“Where there is a long-established and deeply en-
trenched tradition of sound governance (as in Bot-
swana, Korea, and Singapore), it is evident that au-
tonomous, accountable public sector agencies can
provide efficient and equitable service. For many
countries, however, such levels of governance are not
attainable in the short run (World Bank, 1992).

Despite the conceptional strengths of public-law
regulations on utilization, they are dependent to a
substantial degree on the smooth functioning of pub-
lic administration if they are to prove effective.
Where this is not the case, other ways of regulating
utilization must be considered.

5.5.2.2 
Public supply of drinking water

In Germany, people’s basic water needs are se-
cured by public authorities. The central water supply
system is traditionally the responsibility of local au-
thorities, in the context of their constitutional guar-
antee of self-government and in accordance with the
federal state’s water laws; it is understood as part of
the sovereign duty of the state to provide for its citi-
zens. About 98% of the population obtain their
drinking water from the public water supply system
(BMU, 1996a). The vital coverage of basic require-
ments is fully safeguarded by the state.

Although local authorities may join forces and
form larger utilities to ensure that water supplies are
organized in a technically and economically efficient
manner, in most cases water supplies are provided by
small organizational units: 80% of water supplies are
furnished by around 5,000 small and micro-sized en-

terprises that draw predominantly on groundwater
resources.

The specific way in which a local authority orga-
nizes water supplies may take a variety of forms: it
can set up bodies under its own direction, establish
wholly-owned utility companies, or delegate respon-
sibility to private-sector companies. The private-sec-
tor arrangement serves the purpose of covering costs
through market-oriented management, in that all the
costs of supplying drinking water must be covered by
the price charged for water. However, responsibility
under public law for performing this task remains
with the local authority (BMU, 1996a), so respon-
sibility for meeting basic requirements and for actual
provision of water supplies may be divided.

The central public water supply covers not only
the basic requirements of the population; a fifth of
the water provided by utilities is supplied to industri-
al enterprises (BMU, 1996a). These have either no
water supply of their own, or cover part of their de-
mand by resorting to the utilities, for example be-
cause they require some of their water to be of the
high quality provided by the latter. In addition, pri-
vate water consumption in Germany is “luxurious” to
a considerable extent and therefore exceeds basic re-
quirements by far.

In many countries, meeting basic water needs is
considered the responsibility of the state, so water is
obtained from a central public supply system. Na-
tionalized water supply and efficient allocation are
often incompatible, however. In Caracas and Mexico
City, an estimated 30% of all connections are not reg-
istered, which makes it impossible for utilities to cov-
er their costs. Unaccounted water consumption
amounts in most Latin American cities to approxi-
mately 40%. The resultant loss of income has been
estimated at US$ 1–1.5 billion for Latin America as a
whole. In Western Europe, the number of people em-
ployed by water supply companies per 1,000 connec-
tions is only two to three, whereas in most Latin
American utilities the figure is ten to twenty (World
Bank, 1992). Efficient operation in accordance with
the cost-coverage principle is imperative, however, if
a nationalized water supply system is to provide
more than the population’s vital basic needs.

5.5.3 
International water law

International cooperation regarding the utiliza-
tion of shared water resources has a longer tradition
than other areas of international environmental law.
For more than hundred years, states have tried to set-
tle conflicts in this area by concluding bilateral and
multilateral agreements. Back in 1978, the FAO had
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already counted over 2,000 international treaties per-
taining to the utilization of international waters
(FAO, 1978). Updated figures published in 1993 show
that this institutionalization is a continuing proces
(FAO, 1993). However, the number of treaties in
place is misleading to a certain extent, because in
many regions their actual content produces an inad-
equate level of cooperation. The commitments en-
tered by the parties go little beyond the existing rules
of customary international law.

These customary regulations constitute as it were
a “a minimum standard” of cooperation, to which
neighboring states are bound even in the absence of
treaties and other forms of agreement. Such rules de-
velop when states consistently observe certain princi-
ples over an extensive period of time, while at the
same time assuming that this practice is a legal obli-
gation (opinio iuris) and not a mere “custom”. Iden-
tification of the norms of customary international
law in this area is mainly due to the efforts of interna-
tional committees. They include the “Salzburg Reso-
lution on the Use of International Non-Maritime
Waters” of the Institut de Droit International (Insti-
tute de Droit International, 1961), the “Helsinki
Rules on the Uses of the Waters of International Riv-
ers” adopted in 1966 by the International Law Asso-
ciation (ILA) and the work of the International Law
Commission of the United Nations, which worked
from 1974–1994 on “Draft articles on the Law of the
Non-Navigational Uses of International Watercours-
es” (UNGA Official record A/49/10). Pursuant to the
UN Charter, the UN International Law Commission
shall “encourage the progressive development of
international law and its codification”. The work of
the Commission in the field of water law involved
collecting and assessing existing treaties. The idea
was that work on codification would be based on ac-
tual state practice and therefore meet with greater
acceptance on the part of states (McCaffrey, 1996). In
addition to the codification of existing rules in inter-
national customary law, the International Law Com-
mission also attempted in its draft articles to develop
rules going beyond those of customary law.

On December 9, 1994 (Res. 49/52), the UN Gener-
al Assembly decided to elaborate a Framework Con-
vention on the basis of the draft articles drawn up by
the International Law Commission. Negotiations in
the Sixth Committee of the General Assembly were
completed in April 1997, and the Convention was
adopted as Resolution 51/229 by the General Assem-
bly on May 21, 1997. With the planned convention,
the “minimum standard” of cooperation among
states will rise – in global terms – and in some regions
will extend beyond existing commitments.This could
prove a major contribution to the protection of trans-

boundary waters and to the prevention of conflicts
between riparians over the use of water resources.

In the following section, the relevant rules of cus-
tomary international law will be outlined and more
recent tendencies in international law, in particular
“the UN Convention on the Law of the Non-Naviga-
tional Uses of International Watercourses”, will be
examined.

5.5.3.1 
Rules of general international law regarding
the use of transboundary watercourses

The principle of equitable and reasonable
utilization
The principle of “equitable and reasonable utiliza-

tion” enjoys almost universal acceptance in custo-
mary international law on transboundary surface wa-
ters. However, application of the principle to ground-
water stocks connected to surface waters is a matter
of some controversy, while the principle does not ap-
ply at all to confined groundwaters because there is
no evidence of commonly accepted practice on the
part of states.

Equitable utilization correlates with the reconcili-
ation of the conflicting territorial rights of riparian
states: although states have the basic right to use re-
sources on their national territory in whatever way
they see fit, they are also under an obligation not to
interfere in the way that other states use their re-
sources. Equitable use of international waters means
here that riparians strike a balance between these
rights and duties.What equitable utilization means in
the individual case is therefore dependent on the spe-
cific circumstances. The following factors play a role:
– the geographical conditions of the waterbody,
– the “historical” use of the resource in the past,
– the economic and social needs of the riparians,
– the number of people dependent on the waters

and
– the costs that would arise if the economic and so-

cial needs of the states were covered in a different
way.
This list of factors is neither complete nor hierar-

chically organized. This may seem rather unsatisfac-
tory, in that the scope available to states remains
vague, but there is virtually no alternative method of
regulating use, because the geographical situation of
specific watercourses and the socioeconomic posi-
tions of the respective neighbors are all too divergent
from one region to the next (Heintschel von Hei-
negg, 1990).

The rule of equitable utilization of international
waters must therefore be specified by contractual
provisions for the specific watercourses and the ri-
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parians concerned. Customary law stipulates only
that parties are required to reach agreement, and
specifies a number of relevant factors without
weighting them. This does not necessarily imply that
customary law performs no function alongside con-
tractual arrangements. In practice, the principle of
equitable utilization marks the framework within
which new treaties or amendments of existing trea-
ties are negotiated. In diplomatic exchanges during
real disputes, states generally base their arguments
on the rules of customary law as elaborated by expert
bodies.

Utilization must be not only equitable but also
“reasonable”. It goes without saying that each state
has the sovereign right to determine its needs inde-
pendently of other states (provided international
laws are not violated). Other states do not have the
right to question this definition and impose their own
assessment of needs, even though negotiations on the
sharing of water resources implicitly require the mu-
tual evaluation of respective needs. The principle of
“reasonable” utilization is supposed to protect indi-
vidual riparians against exaggerated demands on the
part of other states, i.e. that a state need only accept
demands raised by another that any state in a com-
parable situation would be reasonable in making. In
practice, the same criteria must be applied as with eq-
uitable utilization (Hafner, 1993).

The third aspect to be discussed concerns the “op-
timal utilization” of a watercourse by states. How-
ever, the “Helsinki Rules”of 1966 contain no refer-
ence to this principle, which first appears in the draft
articles drawn up by the UN International Law Com-
mission (Art. 5 (1)). And yet the basic idea was dis-
cussed as far back as the 1972 Stockholm Conference
on the Human Environment, where it was adopted as
Recommendation 51 of the Plan of Action. It is self-
evident that the optimal utilization of the resource
will limit environmental damage, to the extent that
no more water than is necessary will be degraded.
However, the rule of optimal utilization is not yet es-
tablished on the basis of international treaties and
documents in this area (Hafner, 1993).

The ban on activities with significant 
adverse transboundary environmental 
effect
The prohibition of “activities with significant ad-

verse transboundary environmental effects” under
international law is the central rule governing rela-
tions between neighboring states. According to the
rule, states must ensure that they cause no “signifi-
cant harm” to human life, health or to objects used by
people in other states.

The prohibition of significant environmental harm
is based on an additional environmental concept that

protects not only the environmental media as such
but also (and primarily, from the traditional perspec-
tive) the human activities relating to those media,
such as the agricultural and industrial use of water re-
sources (Epiney, 1995). To that extent the use of the
word “environmental harm” is misleading. The ban
does not protect the ecology of a state, but its sove-
reign interests. A state has an interest not only in the
integrity of its environment but also in the manage-
ment of its environmental resources. Traditionally,
international law has not distinguished whether pro-
tected management of resources may itself cause
harm to the environment, because this is the immedi-
ate responsibility of the state. Reference to “trans-
boundary” pollution does not mean that states have
to share a frontier – any state that can be affected by
pollution emanating from another is deemed a neigh-
boring state (Epiney, 1995). As far as watercourses
are concerned, all riparians are referred to alike.

The harm caused must always be “significant”,
however.The greatest problems in applying the prin-
ciple derive from the “significance” criterion – quite
apart from proving the causal linkage between activ-
ities in one state and harm to another.When disputes
erupt, it is not the validity of the principle that is dis-
puted in practice, but the causality, the significance
and the attribution of harm (Kunig, 1992). The diffi-
culty consists in defining the indeterminant legal
term “significant”. Given the necessarily general na-
ture of customary international law, it is not possible
to derive exact limit values and fixed criteria for de-
lineation and demarcation from it. Instead, the states
concerned must rely on negotiations in order to ar-
rive at a consensual solution and to specify this either
informally or in a treaty. The prohibition of signifi-
cant harm must therefore be understood first and
foremost as a requirement to reconcile interests
through negotiation (Kunig, 1992).This explains why
the Convention on the Law of the Non-Navigational
Uses of International Watercourses, which includes
the obligation not to cause significant harm, refers
primarily to consultations and cooperation in this
context, while compensation is dealt with cautiously
as a secondary issue.

Procedural obligations
The substantive rules of equitable and reasonable

utilization, on the one hand, and the prohibition of
significant harm, on the other, amount effectively to
an obligation on the part of states to reach agree-
ment.The implication is that this obligation is supple-
mented by formal obligations to exchange informa-
tion and consult with each other. Such consultation
can only be based on information provided by the re-
spective other party. Without consultation, the basic
consensus between states that is required for the two
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principles above to operate would amount to noth-
ing.The obligation to provide prior and timely notifi-
cation and relevant information on activities that
may have a significant adverse transboundary envi-
ronmental effect was enshrined in Principle 19 of the
Rio Declaration. It can also be found in various inter-
national treaties.

In the Convention on Non-Navigational Uses of
International Watercourses, the principles of “equita-
ble utilization” and the “obligation not to cause sig-
nificant harm” are supported by the general obliga-
tion to cooperate and to exchange data and informa-
tion on a regular basis. By lending its support to the
Convention, the Federal Government could help es-
tablish as rules of international law the obligation to
exchange information and provide notification in the
case of activities that may have a significant adverse
transboundary environmental effect, and the obliga-
tion to cooperate for equitable and reasonable util-
ization.

5.5.3.2 
Recent treaties at regional level

As described above, the rules of customary law as
they pertain to freshwater resources are usually spec-
ified in treaties, the content of which may differ enor-
mously. They may range from simple promises of
consultation prior to changes in the pattern of utiliza-
tion, to the promise not to intervene in the way the
other party uses its water resources, to attempts to
share water resources and the related benefits, to
cooperative management of watercourses, culminat-
ing in the highly developed instrument of integrated
watershed management (Dellapenna, 1996). Inte-
grated watershed management should not be viewed
as a fixed concept, but as the instrument exhibiting
the highest level of integration among participant
states, based on the current state of scientific under-
standing. Existing regimes for the protection of water
resources must therefore be modified in response to
scientific advances and the specific challenges that
are posed.

New conventions in Europe
The most recent example is the Convention on

Cooperation for the Protection and Sustainable Use
of the River Danube, which replaces the Bucharest
Declaration of 1985. The Convention, which was
signed in 1994, was implemented as national law by
the German legislature on June 12, 1996 (Federal Ga-
zette 1996, Part II, p. 875ff.).The Convention is exem-
plary for the degree of regulation that can currently
be provided by an agreement on shared use of a wa-
tercourse based on the idea of sustainable manage-

ment.The geographical scope of the Convention cov-
ers the entire hydrological catchment of the Danube
and is aimed, in addition, at mitigating pollution of
the Black Sea. The aims, which include the preven-
tion of lasting damage to environmental resources
and protection of ecosystems, are supported by a set
of powerful instruments.The Convention is based on
the precautionary and the “polluter pays” principles
(Article 2 IV). It is planned to establish an “Interna-
tional Commission” as a permanent joint commis-
sion (Article 18, 19). Combating pollution under the
terms of the Convention ranges in detail from the dif-
ferentiation of specific industrial sectors and hazard-
ous substances to the definition of emission limits
that are to be developed through joint consultation
(Article 7, in association with Annex II). The Parties
are supposed to develop common or to harmonize
national targets and criteria relating to the quality of
water resources (Article 7 IV and Article 9 I). An-
other aim of the Convention is to produce an inven-
tory of diffuse and point sources. Procedural obliga-
tions ensure the close cooperation necessary for car-
rying out the planned measures. Disputes are to be
settled by means of the arbitration procedures speci-
fied in Annex V. According to Article 14 of the Con-
vention, Parties must also ensure that the public is
provided access to information about the condition
and the quality of running waters.The Convention on
the Protection of the Danube bears major similarities
to the Convention on the Protection and Use of
Transboundary Watercourses and International
Lakes adopted in Helsinki on March 17, 1992 (the
Helsinki Convention; Federal Gazette 1994, Part II:
p. 2333ff.). The same is true of the treaties on the
Maas and the Schelde agreed in 1994 by France, Bel-
gium and The Netherlands (Teclaff, 1996; ILM, 1995).
The Helsinki Convention was drafted by the UN Ec-
onomic Commission for Europe (ECE) and can be
thought of to a certain extent as “a convention for
Europe”.

The new Mekong Agreement
There are other – non-European – regions where

environmental protection has acquired greater sig-
nificance by virtue of international treaties. On April
5, 1995, the riparians of the lower Mekong – Cambo-
dia, Laos, Thailand and Vietnam – concluded an
“Agreement on the Cooperation for the Sustainable
Development of the Mekong River Basin” (ILM,
1995), which reorganizes the cooperation that has ex-
isted since 1957. The most important body for coop-
eration is the Joint Commission for the lower Me-
kong that has been in existence since 1957. The Trea-
ty is basically founded on the notion of equitable and
reasonable utilization (Article 5). However,Article 3
assigns a dominant role to protection of the environ-
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ment, natural resources, aquatic life and the balance
of nature in the Mekong as a factor to be considered.
According to Article 6, utilization by the states may
not lead to the river level falling below the minimum
acceptable monthly streamflow, except when there
are droughts or floods, and during the flooding sea-
son utilization may not lead to average daily rises ex-
ceeding normal conditions. All in all, major impor-
tance is attached in the Treaty to the goal of protect-
ing the environment. Yet it is questionable whether
these lofty aims can be achieved unless the Joint
Commission is made a powerful institution.As a rule,
states are only obliged to notify each other of water
withdrawals. Another major obstacle is the fact that
the upper Mekong riparians, China and Myanmar,
have refrained from any form of cooperation with
the lower riparians except in the technical and scien-
tific research fields. In 1993, China commissioned the
first of its planned dams on the Mekong, the Man-
Wan dam, without consulting the lower riparians
(Chomchai, 1995). The ecological consequences are
unforeseeable as yet. Worst of all, the absence of any
collaboration on the part of the upper riparians hin-
ders cooperation among the downstream states and
reduces its effectiveness.

5.5.3.3 
Progress in the work of the International Law
Association

The International Law Association (ILA) is the
oldest and largest private association of lawyers in
the world. According to Article 2 of its statutes, its
aim is “the study, eludication, and advancement of
international law, public and private, the study of
comparative law, and the furthering of international
goodwill and understanding”. The ILA compiles re-
ports in specialized committees, on the basis of which
it may then adopt resolutions. ILA reports focus on
issues of customary international law, draft articles
for treaties or conventions, the discussion of recent
trends in law and jurisdiction, and on the elaboration
of rules and principles of international law. The re-
ports of the individual committees and the drafts pro-
posed for adoption exert a major influence on the de-
velopment of international law (Stoedter, 1995). In
the field of water law, for example, the work of the
ILA played a crucial role, in the form of the so-called
Helsinki Rules, in which equitable and reasonable
utilization was recognized as a principle of customary
law.

Since 1954, three ILA committees have concerned
themselves with the law governing international wa-
ter resources.The latest to be established was the Wa-
ter Resources Committee (WRC), set up in 1990 and

consisting of 22 members. The WRC has concentrat-
ed its attention on four areas:
– estuaries,
– the transfer of water from or into an international

drainage basin,
– legal recourse,
– inter-medial pollution.

In addition, the WRC has set up a working party
for assessing the work of the International Law Com-
mission in this area. The topic of estuaries has not
been addressed by the Committee as yet. Water
transfers from or into an international drainage basin
was dropped.The working party assigned to this issue
came to the conclusion that water transfers out of or
into a drainage basin is not subjected to any special
rules, but to general principles instead (Bourne,
1996). Efforts have been more fruitful with regard to
the issues of inter-medial pollution and legal re-
course. The articles drawn up by the WRC on these
topics were adopted by the ILA in August 1996 at its
Helsinki conference.

The WRC has drafted four articles on the question
of inter-medial pollution emanating from water
drawn from an international drainage basin. One
new approach in the field of environmental law is
that pollution of a particular medium, e.g. water, is no
longer viewed in isolation, but that the impacts on
other environmental media, i.e. soil and air, are also
taken into consideration by the legal regulations.The
traditional method is to place the individual media
under the protection of specialized regimes. The nat-
ural linkages between the media are largely ignored
in the process.An approach involving the inter-medi-
al analysis of pollution therefore makes a great deal
of sense. However, apart from having to create a new
regulatory framework, there is also the problem of
weighing up the integrative approach against the ex-
isting regimes for the respective media. Within the
European Union, an important step forwards is the
Directive adopted in September 1996 on Integrated
Pollution Prevention and Control (the IPPC Direc-
tive).

The Council sees a need for research in this area.
In debate among international legal experts, consid-
erable attention has been given for some time to the
IPPC Directive, and the implementation of the direc-
tive that Member States must now ensure will cer-
tainly be followed with great interest. However, there
is a lack of research with an adequate focus on the
international legal context of inter-medial pollution.
Interdisciplinary research is therefore essential in
this respect.

The ILA also recognizes these research needs.The
articles adopted by the EU do not represent a com-
prehensive body of regulations. The ILA has modi-
fied the title to “Supplemental Rules on Pollution”.
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This is meant to suggest that the regulations in their
present form are too underdeveloped to be com-
pared with the work of the ILA as reflected in Arti-
cles IX–XI of the 1966 Helsinki Rules, the articles on
land-based marine pollution and the Montreal Rules
on Water Pollution in an International Drainage Ba-
sin (1982). The WRC came to the conclusion that a
comprehensive body of regulations is not possible,
because there are no prospects of consensus among
members on this complex legal terrain, which is still
at an early stage of development.

Nor is there a compulsory global forum at which
compensation issues concerning activities with ad-
verse transboundary impacts could be negotiated.As
a basic principle, only national governments have the
power to grant legal protection to resources. For that
reason, protecting the environment and resolving
international conflicts over natural resources are
mainly tackled with preventive approaches. Regula-
tions are agreed upon in order to avoid adverse im-
pacts from arising in the first place. This is the func-
tion performed, for example, by treaties on equitable
and reasonable utilization, or on the discharging of
substances into international watercourses. If dam-
age is caused despite such arrangements, it is essen-
tial that the issue of compensation be clarified.

The articles adopted by the ILA in 1996 do not ad-
dress the question of state responsibility, i.e. compen-
sation for damages between states. They are more
concerned with some aspects of the question pertain-
ing to the legal protection options open to a private
individual in the event of transboundary damage
(Brandt, 1995). This material is traditionally a matter
for international private law, which regulates the ju-
risdiction of courts and the applicability of procedu-
ral and material law.The ILA articles go beyond that,
however.

According to Article 3, people who suffer or must
fear harm as a result of another state using waters
from an international drainage basin are entitled to
participate in certain procedures in the latter state to
the same extent and under the same conditions as an
inhabitant of said state. Examples include: participa-
tion in environmental impact assessments, examina-
tion of the permissibility of harmful utilization, judi-
cial or administrative proceedings, as well as preven-
tive legal recourse and the right to information. For-
eign public-law corporations and private non-gov-
ernmental organizations should also be entitled to
the same procedural and participation rights as do-
mestic public-law corporations and private non-gov-
ernmental organizations when harm is caused or is
likely to be caused. Article 3 para. 2, in association
with article 1 para. 2 adds that foreign corporations
and non-governmental organizations should be enti-
tled to the same extent as their domestic equivalents

to institute action in the interest of their members or
the general public, i.e. the possibility to seek legal re-
course against environmental damage that does not
constitute a violation of the association’s own rights.

5.5.3.4 
UN Convention on the Law of the 
Non-Navigational Uses of International 
Watercourses

The Convention is the result of work carried out
by the International Law Commission over a period
of twenty years. The 1994 draft adopted by the Inter-
national Law Commission was accepted by the Sixth
Committee of the UN General Assembly as a basis
for discussion in order to elaborate a draft conven-
tion for the General Assembly. This was then adopt-
ed by the General Assembly on 21.5.1997 as Resolu-
tion 51/229. The UN Convention sets forth a global
framework of “minimum standards”, within which
states should cooperate in future by concluding more
specific watercourse agreements at regional level.
The following section examines the history of the
convention.

Consideration of the UNCED process
The draft articles drawn up by the International

Law Commission were the basis on which the con-
vention was elaborated. Much of the working time of
the International Law Commission was taken up
with the difficult economic and security policy issues
involved. On the other hand, recent documents of
major importance in international law, such as the re-
sults of the Earth Summit in Rio – in particular Chap-
ter 18 of AGENDA 21 – could no longer be considered
by the International Law Commission to any ade-
quate extent. The proposals submitted by govern-
ments in response to the draft articles of the Interna-
tional Law Commission reflected an acceptance that
more recent developments and the acknowledged
common tasks would have to be integrated into the
planned convention (e.g. UN Doc. A/51/275). How-
ever, this attitude was taken by a minority of states
only. One positive outcome was that the principle of
sustainability was included in Article 5 of the conven-
tion, which states the central principle of equitable
and reasonable utilization. Centering the convention
on an ecosystems approach, as demanded by Portu-
gal, for example, did not meet with general approval.

International watercourses
The definition of the subject matter is crucial to

successful integrated water resource management.
Leading studies agree that the river basin is general-
ly the most appropriate geographical entity for plan-
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ning the utilization and development of water re-
sources, and the land resources relating to them (e.g.
UN DESA, 1958; President’s Water Resources Coun-
cil, 1962; UN DTCD, 1991; Teclaff, 1996).

The concept of “international watercourse” devel-
oped by the International Law Commission is based
on a similar approach, and was ultimately included in
the Convention text.According to Article 2 (a), a wa-
tercourse means “a system of surface waters and
groundwaters constituting by virtue of their physical
relationship a unitary whole and normally flowing
into a common terminus”.The implication is that sci-
entific knowledge must be integrated more inten-
sively into the convention process. The definition ex-
tends the subject matter in that many regional agree-
ments restrict themselves to the management of
transboundary rivers and lakes and leave out inflows
entirely, which is not the case with the term interna-
tional watercourse. Article 3 does away with the idea
of the convention being a framework law, by stating
that the terms of the convention may be applied and
adjusted to the characteristics and uses of the respec-
tive international watercourse. As can be seen from
the commentaries of the International Law Commis-
sion, this also applies to the flexible definition of the
subject matter of any watercourse agreement to be
concluded on the basis of the Convention, be it a riv-
er basin, a watercourse, or only a part thereof (ILC
Draft Articles 1994). The Convention therefore al-
lows states to define the specific watercourse when
they enter into regional agreements.

However, the statements of position made by gov-
ernments and the history of the draft articles of the
International Law Commission are clear evidence of
the substantial resistance put up to the term “interna-
tional watercourse”, notwithstanding the flexible ar-
rangements in this regard.This also shows the impor-
tance attached to a convention in this field. Recalling
the present-day dimensions of water development
schemes, like the diversion of entire rivers (the feed-
ers to the Aral Sea and the Israeli “national water
carrier” spring to mind), then even broader concepts
such as the river basin and the international water-
course appear too small to be planning entities (Te-
claff, 1996). Keeping the term “international water-
course” must therefore be welcomed.

Confined groundwaters
The term confined groundwaters refers to those

aquifers that do not have any exchange with surface
waters. Although it is difficult to apply the principle
of equitable and reasonable utilization to groundwa-
ters to any adequate degree, there is an urgent need
of legal provisions with respect to these resources, in
that a large proportion of potable water is stored as
groundwater stocks and because of the growing con-

flict potential resulting from technological progress
and regional population growth. Reference must be
made here to the ILA Groundwater Rules, which
were adopted in Seoul in 1986, as well as the elabora-
tion of the Bellagio model agreement by an interna-
tional committee of experts (Hayton and Utton,
1989). For this reason, the International Law Com-
mission has also recommended in a special resolution
on confined groundwaters that states apply the prin-
ciples in its general articles in disputes over confined
groundwater resources as well (GAOR, 49th session,
supp. 10).

Stephen McCaffrey, former Special Rapporteur of
the UN International Law Commission in this area,
recently pointed out how unfortunate it was that the
growing importance that confined groundwaters will
have for states in the future was only addressed in a
separate resolution. He referred to this as “a hasty ef-
fort tacked onto the draft articles at the conclusion of
the Commission’s work”. He expressed the hope that
the Working Group of government representatives
convened by the UN General Assembly would cor-
rect this omission. Unfortunately, the convention text
does little to clarify this issue (McCaffrey, 1996).

Ecosystem analysis
According to Article 20 of the draft produced by

the International Law Commission, States shall pro-
tect and preserve the ecosystems of international wa-
tercourses. According to McCaffrey (1996), “Article
20 fairly cries out for further elaboration”.Within the
Sixth Committee, Portugal advocated that neighbor-
ing ecosystems should be included in the definition of
“watercourse” (UN Document A/51/275).This would
have been welcome for two reasons: incorporating
the ecosystem approach as part of the subject matter
would have had a much greater effect than parceling
it within a single article. Moreover, this would have
been a more appropriate response to the fact that not
only the ecosystem of the watercourse itself, but also
the neighboring systems exert a major influence on
the sustainable management of watercourses. The
proposals made by Portugal with respect to an
ecosystemic focus were very far-reaching, but would
have been desirable if the challenges are to be tack-
led from a forward-looking perspective. Since the
early 1990s there has been a mass of evidence to
show that the water development schemes construct-
ed in the past have caused substantial damage to eco-
systems (Teclaff, 1996). Semi-natural water resource
development is possible in many fields in Germany
today, without detriment to others, and indeed is put
into practice to an increasing extent (Binder, 1996).
One example is the restoration of canalized rivers to
the natural state. If new water resources can be devel-
oped without repeating the mistakes of the past, this
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will obviate the need for such rehabilitation meas-
ures and avoid the associated costs. Not only in Ger-
many is this the case, but also and precisely in those
regions of the world where new water resources are
being developed as an essential factor in develop-
ment.

Relationship between the “equitable and
reasonable utilization” principle and “no
significant harm”
A central controversial issue in the work of the

International Law Commission concerned the rela-
tionship between the principle of “equitable and rea-
sonable utilization” (Article 5) and the “obligation
not to cause significant harm” (Article 7) and which
norm should obtain priority in cases where the two
collide.The various statements made within the Sixth
Committee on the Commission’s draft articles pro-
vide no evidence of a consensus on this question.

It is important to realize the wide scope of the sig-
nificant harm rule, which embraces not only the envi-
ronment but also all human uses relating to water as
an environmental medium, including industrial uses.
It makes little sense from the environmental policy
perspective to prioritize the prohibition of significant
harm against the principle of equitable use. This
would effectively protect all existing uses against any
new uses having significant adverse effects on new
uses (Bourne, 1992; Brandt, 1997). This would make
it more difficult to settle present and prevent future
water conflicts. The International Law Commission
granted priority in its draft articles to the principle of
equitable and reasonable utilization. From the view-
point of environmental policy, it would have been de-
sirable to qualify this priority only in cases where the
harm caused has direct impacts on the environment.
This could have been achieved by giving precedence
to Article 21, which specifically prohibits any pollu-
tion of international watercourses that may cause sig-
nificant harm to other watercourse states or to their
environment (Brandt, 1997). Accepting such conse-
quences is hardly conducive to a long-term solution
for water-related conflicts – however equitable and
reasonable a short-term solution may be – because
future utilization options are inevitably curtailed,
which contradicts the paradigm of sustainable devel-
opment and resources management.

Summary
The Convention on the Law of the Non-Naviga-

tional Uses of International Watercourses recently
adopted by the General Assembly stems primarily
from the efforts of the International Law Commis-
sion. The Convention falls short of the level of inte-
gration that is already achieved by international
agreements in some parts of the world. Nor is this the

explicit function of the Convention. Its purpose is to
establish a global “minimum standard” for riparians
of transboundary watercourses that may already be
accepted by some states but not by others. Thus, the
Convention represents in large measure a codifica-
tion of the customary law in this area – with some as-
pects that go further than the status quo. It would
have been desirable if recent developments in state
practice had played a role in the elaboration of the
Convention, i.e. if international law had been devel-
oped and refined to a greater extent rather than just
being codified (e.g. Brunee and Toope, 1997). For ex-
ample, Part IV of the Convention (Articles 21–26)
pertains to “protection, preservation and manage-
ment”. What is really needed, however, is a greater
emphasis on environmental protection and the inte-
gration of these issues into central parts of the Con-
vention. In summary, the Convention does not con-
tain any surprise innovations with respect to environ-
mental protection, but represents a well-founded
codification of existing customary law in this field
that provides a basis for negotiating progressive re-
gional watercourse agreements in the future.

5.5.4 
Strengthening international mechanisms for
the prevention of conflicts

In addition to long-term and institutionalized
structures in international relations, it is imperative
to have direct and effective mechanisms for mediat-
ing between states in order to prevent potentially vi-
olent situations from escalating into military conflict.
Mediation is a conflict management process in which
the disputing parties or their representatives seek the
support or assistance of individuals, groups, states or
organizations to change or influence attitudes or be-
havior without the use of arms or recourse to the law
(Bercovitch, 1992; Kriesberg, 1991).

An arbitrator or mediator can be called in as an
impartial third party. Such a mediator role can be
performed by a representative of a third state or an
international organization, whereby the mediator
may not be directly involved in the conflict and must
be recognized by all parties to the conflict as impar-
tial. In the field of international relations, in which
there is neither adherence to generally valid rules nor
a central authority with power to regulate the inter-
national conduct of states, mediation offers an effec-
tive method for peacefully resolving conflicts be-
tween states (Bercovitch, 1991).

If mediation is to succeed, the adversaries may not
simply pursue their own interests in an egoistic man-
ner as if they were playing a zero-sum game in which
the losses or damages incurred by the other side sig-
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nify one’s own advantage; instead, the parties must
strive on a voluntary basis to achieve an amicable,
“out-of-court” settlement and a peaceful solution to
the dispute. Thus, the crucial components of media-
tion are voluntary participation, consensus, the
search for win-win solutions and, if necessary, the ac-
ceptance of autonomous decision-making. It is pre-
cisely these elements that enable a satisfactory result
to be attained for all concerned.

Kriesberg (1991) differentiates between four
phases of conflict de-escalation through mediation.
In the first phase, the disposition for conflict is re-
duced. Negotiations are activated in the second
phase, in which the parties are brought around the
negotiating table. The third phase involves conduct-
ing and managing the negotiation process. Finally,
joint agreements are concluded and implemented.
International mediation is not feasible unless the
conflicting parties are willing to seek and accept a
consensual solution, because imposing any heavier
obligation on the states would be an infringement of
the sovereignty principle enshrined in Article 2 par-
as. 1 and 7 of the UN Charter (Czempiel, 1994). Ac-
cordingly, the prospects of third parties being called
in to mediate in domestic conflicts are all the smaller.

If transnational or international mediation is to
function as a reliable dispute settlement mechanism
in the case of international water-related conflicts,
and as one that is not just invoked ad hoc in conflict
situations and depending on the willingness of third-
party states, then what is needed is a permanently
available institutional framework for conflict settle-
ment. Such permanent conflict settlement mecha-
nisms can be provided by international regimes,
international organizations as well as by internation-
al conventions. The two most important procedures
for peaceful settlement of disputes are mediation and
good services. In the wider United Nations context,
mediation is institutionalized as a graduated system
for conflicts management (Frei, 1990). Negotiations
and enquiries are first in this procedural sequence.

The next step is conciliation, in which a neutral
commission submits proposals for an amicable settle-
ment of the conflict. The final step is mediation by
neutral representatives of the United Nations. The
regional Organization of American States (OAS) has
an additional instrument for dispute settlement, be-
sides mediation and good services, in which a “Com-
mission of Investigation and Conciliation” is set up
(Czempiel, 1994). Here, representatives of the disput-
ing parties and a neutral chairperson convene and
must report within 6 months. A good example in Eu-
rope consists of the dispute settlement mechanisms
within the Organisation for Security and Coopera-
tion in Europe (OSCE). In addition to the Court of
Conciliation and Arbitration in Geneva, the organ-

ization has various other mechanisms for handling
conflicts using the discursive style of mediation
(Schlotter et al., 1994).

Schlotter (1994) lists the arguments for a regional
and a universal codification of these mechanisms.
The factors favoring a regional foundation for con-
flict resolution mechanisms is that the immediate
neighbors of a conflict zone are best suited for medi-
ation because they are most affected by the destabi-
lizing impacts of conflict. In many cases, direct neigh-
bours must bear the political, social and economic
consequences of military confrontation without
themselves causing it. Another aspect is that neigh-
bors can understand the dynamics of specific con-
flicts better than external third parties, and the abil-
ity to draw on personal contacts to the parties in con-
flict may benefit the mediation process (Robert,
1993). However, being an immediate neighbor does
not imply from the outset that mediation will suc-
ceed. Direct proximity to the crisis zone and implicit
involvement mean that neighbors are potentially vul-
nerable to extortion. Familiarity with the circum-
stances may generate a bias towards one side or the
other, so the impartiality needed for mediation is no
longer present.

International mediation has been applied in a
wide variety of cases, from conflicts over national
sovereignty and colonial wars of independence to
conflicts over the utilization of natural resources
(Susskind and Babbitt, 1992). According to quantita-
tive surveys carried out by Bercovitch and Regan
(1997), 981 conflicts since the Second World War
have been the subject of mediation efforts. In 38.5%
of cases, mediation succeeded in achieving a ceasefire
and/or partial or full conciliation. In almost 20% of
cases, the dispute was at least partly settled, while
more than 5% of the conflicts were fully resolved by
mediation.

In the 1994 nuclear weapons dispute with North
Korea, the former US President Carter acted as me-
diator. The Deputy UN Secretary-General, Cordo-
vez, mediated between the USSR and Afghanistan,
resulting in a withdrawal of Soviet troops since 1982.
In the Libya-Chad conflict (Amoo and Zartman,
1992), the mediating role was played by the Organ-
isation for African Unity (OAU). In Bosnia-Herzeg-
ovina, US President William Clinton conciliated be-
tween Croats, Serbs and Bosnians until signing of the
peace treaty in Dayton, Ohio.

One of the more remarkable and successful exam-
ples of international mediation are Washington’s ef-
forts over many years to mediate in the Israeli-Arab
conflict.The current peace between Israel on the one
side, and Egypt, Jordan and the PLO on the other is
largely attributable to the influence of successful US
mediation. Kissinger’s efforts to mediate between Is-
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rael and Egypt in the 1970s (Mandell and Tomlin,
1991) helped Jimmy Carter, the US President, to con-
clude the Camp David peace treaty. Although the
Middle East conflict essentially revolves around se-
curity issues and territorial claims, the question of
utilizing water resources has always played a major
role. In the ongoing peace process between Israel,
Jordan and the PLO that was initiated by the USA in
the early 1990s, water is one of the key negotiation is-
sues (Bäechler et al., 1996).

Special mention must be made of the mediator
role played by Norwegian sociologist Marianne Hei-
berg, who persuaded Israelis and Palestinians to sit
down at the negotiating table and thus instigated the
process of dialogue (Czempiel, 1994). In his study on
the water conflict in the Jordan basin, Libiszewski
(1996) documents the crucial importance of the wa-
ter issue in the peace treaty between Israel and Jor-
dan.

These examples show that mediation procedures
can be conducted successfully by third parties even
when the political issues are national security and
territoriality. In the classification of conflicts (see
Section D 4.1.1), those over security and territoriality
are classed as conflicts about values, which are based
on dissension over the normal status of an object.
Compared to conflicts over objectives and conflicts
of interest, conflicts about values are those most dif-
ficult to manage. The prospects of successful media-
tion are greatest in pure conflicts of interest. Given
that mediation can succeed even in difficult conflicts
about values, the likelihood that mediation in water
conflicts will be successful is relatively high, because
these are conflicts of interest.

Germany can help prevent the escalation of con-
flicts over freshwater resources and contribute to-
wards long-term peacekeeping by supporting inter-
national, peace-promoting mediation mechanisms. A
constant readiness to arbitrate can have direct,
peace-promoting effects in conflict situations.The es-
tablishment of institutional structures for conflict
resolution operates over the long term to secure
peace and prevent military conflicts.
• The Council recommends, firstly, that Germany

offer its services as a neutral third-party mediator
and arbitrator in international conflicts over trans-
boundary waters. Experience and know-how in
the field of environmental mediation and the reg-
ulations applying to European watercourses can
prove valuable in this context.

• Secondly, Germany should strive, within the Unit-
ed Nations system and in line with the amalgama-
tion and strengthening of environment-related in-
stitutions as recommended by the Council, for the
creation of dispute settlement mechanisms with
the functional, structural and personnel capacities

to mediate in international water conflicts at the
request of parties or as circumstances require.

5.5.5 
Intensifying international cooperation for the
protection of freshwater resources

5.5.5.1 
“Global Consensus” on freshwater resources

The threat to freshwater resources by excessive
use and pollution is a worldwide problem that is gain-
ing in severity. In the year 2025, two-thirds of human-
kind are likely to be affected by water crisis (UN
Document E/CN.17/1997/9, Section 2). In addition,
regional water crises are an acute or potential cause
of international conflicts. Local water scarcity may
induce migration from rural to urban areas and even
the abandonment of entire settlement areas, thus
triggering migration flows (Favela Syndrome). The
attempt to confine water crises by means of large-
scale projects such as dams or irrigation systems
might unleash or intensify international conflicts if
the water needs of the riparian states exceed the to-
tal amount of water available and the states are thus
compelled to share these limited water resources -
quite apart from the threats they pose to the environ-
ment (Aral Sea Syndrome). The social science litera-
ture refers in this connection to threats to the “envi-
ronmental security” of states and to “water wars”.
Egypt, Botswana, Bulgaria, Mauritania, Turkmeni-
stan, Hungary and Usbekistan, for example, each ob-
tain more than 90% of their respective surface waters
from abroad (see Section D 4.1).

The enormous importance of freshwater for re-
gions affected by water crisis, and the prevalence of
such crises indicate the need for a global solution. In
addition to the essential regulation of international
conflicts over utilization of transboundary waters as
discussed in Section D 5.5.3, the Council deems it im-
perative to bolster international cooperation on a
global scale for the protection and improved use of
freshwater resources.

This global cooperation should discharge those
functions that cannot be covered by the UN Conven-
tion on the Law of the Non-Navigational Uses of
International Watercourses. They include coordinat-
ed interregional cooperation as well as targeted and
more effective support for states suffering from a
combination of low per-capita income and severe wa-
ter scarcity. Around 1.2 billion people live in such
countries, where water scarcity can become the major
limiting factor to socioeconomic development (UN
Document E/CN.17/1997/9, 71ff., 150f.). In other
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countries as well, however, higher priority must be
given to the protection of water resources, e.g. against
pollution.

In the “Comprehensive Assessment of the Fresh-
water Resources of the World”, published in 1997
and drawn up by the special organizations of the
United Nations, the UN Secretary-General came to
the conclusion that it would be “illusory to believe
that anything short of a global commitment would
provide the means to sustainability. Because some of
the water crises could be very severe, the whole
world has a stake in averting them.” The Secretary-
General therefore considered it necessary “to reach
a Global Consensus over and above what is con-
tained in the existing principles and agreements on
freshwater resources of the world” (UN Document
E/CN.17/1997/9, 100, 177).

Such a Global Consensus is necessarily confined
to a relatively “weak” international provision, be-
cause it is not possible to apply globally binding envi-
ronmental standards, such as those under the ozone
regime, to freshwater resources, given the fact that
water problems occur in qualitatively and quantita-
tively different forms from one country to the next.
Another aspect to be considered is that a large num-
ber of international schemes have been implemented
in the field of water policy, and that regional Water
Commissions in industrialized countries and in some
developing countries have advanced towards the in-
tegrated management of watercourses.

In the view of the Council, there are four functions
that would have to be performed by a Global Con-
sensus on freshwater resources, supplementing exist-
ing cooperation at regional and sectoral level (Sec-
tion D 5.5.5.2), and three possible institutional forms
that such a Global Consensus could have (Section
D 5.5.5.3).

5.5.5.2 
Functions

A Global Consensus should fulfil four functions:
• Improved information on the status of global wa-

ter resources, including an assessment of their
“criticality” and regular monitoring of water poli-
cy at national level (in the case of Germany, this
would cause minimal extra costs due to existing
programs and capacities),

• Enhanced consultation between the states on dif-
ferent ways to solve acute water crises, including
the various technologies for rational water use and
water protection, and appropriate policy instru-
ments,

• Intensified and precautionary support, in particu-
lar through technology transfers, for states ex-

posed to the threat of water crisis or already af-
fected by acute water crisis, and

• Improved mediation between and advisory servic-
es for states that are in conflict or potentially in
conflict over the use of transboundary water re-
sources, whereby synergies are to be sought with
the Convention on the Law of the Non-Naviga-
tional Uses of International Watercourses (see
Section D 5.5.3).

Information and monitoring
Chapter 18 of AGENDA 21 contains a comprehen-

sive list of non-binding recommendations for the
protection and improved use of water resources.
These recommendations should be given added
strength by means of improved systems for reporting
on implementation. Unlike the conventions on cli-
mate, ozone, biodiversity and desertification, where
the reporting function is performed by the Confer-
ences of the Parties, or the protection of the forests
and the seas, where appropriate non-binding mecha-
nisms exist, reporting on the implementation of wa-
ter policy recommendations remains the responsibil-
ity of the UN Commission on Sustainable Develop-
ment, which is only able to support the protection of
freshwater resources as part of its general activities.
In addition, there are the obligations of states under
regional regimes to notify and consult with other
states, duties which serve cooperation between the ri-
parians of an international watercourse and which
are now extended by the new Convention on the Law
of the Non-Navigational Uses of International Wa-
tercourses (see Sections D 4.1 and D 5.5.3).All in all,
these requirements fail to match the scale and sever-
ity of the global water crisis.

Reporting is inadequate with regard not only to
national water policies, but also to the quality and
quantity of freshwater resources. In many developing
countries the ability to collect data on freshwater re-
sources and assess them accordingly has actually de-
clined in recent years, despite the various Plans of
Action (UN-SG 1997a, 6; UN Doc. E/CN.17/1997/9,
99). The social-scientific analysis of the environmen-
tal policies to date has shown that the very obligation
to report can have beneficial effects that offset the
costs incurred. An obligation on the part of states to
submit regular reports on their water policies and the
state of their water resources should therefore be a
key element in a Global Consensus on freshwater
that would have to be linked in appropriate ways to
existing, sectoral approaches (e.g. research programs
such as the Global Network for Isotopes in Precipita-
tion or the World Hydrological Cycle Observing Sys-
tem).

Regular and improved national reports can pro-
vide a basis for identifying immanent or acute local
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or regional water crises; this could enable govern-
ments to modify their national policies for water pro-
tection and water use and help international organ-
izations to deliver support more efficiently. As a ba-
sic, initial approach, the Council has developed a crit-
icality index (see Section D 3.1) that could be used in
this context as a tool for identifying local water crises.
On the basis of such a criticality index, “states affect-
ed by severe water crises” could be defined political-
ly and legally (“most vulnerable nations”/”most af-
fected nations”). The advisory, support and mediat-
ing functions of enhanced international cooperation
should then be concentrated on these states.The “full
incremental costs” of reporting could be borne by the
industrialized countries through additional funding,
as is provided for by the Montreal Protocol, the Cli-
mate Convention and the Biodiversity Convention.

Consultation
Consultation among states regarding appropriate

policy instruments for water utilization and protec-
tion should be improved further, especially in light of
the successes and failures of the activities listed in
Chapter 18 of AGENDA 21.

Where transboundary water resources are in-
volved, an important step would be the targeted inte-
gration of regional organizations into the global con-
sultation process, by which regional experiences
could be passed on and exchanged through interre-
gional consultation. Partnerships could be formed
between individual water boards, for example, as a
result of which new and improved channels for tech-
nology transfer could be created, especially in the
North-South context. The Internet could be used
here as an inexpensive and rapid means of communi-
cation.

Another possibility would be to set up a Clearing
House for water-related technologies, e.g. for irriga-
tion, sewage treatment or for preventing harmful
emissions.This Clearing House should have research
competence in the fields of social science, economics
and law, and evaluate the experience gained with var-
ious water policy instruments in different national
contexts.As is common practice in the ozone regime,
for example, the Clearing House could produce de-
tailed lists of organizations supplying the relevant
technologies and distribute this information – by in-
expensive electronic means via the Internet. Clearing
House agencies have already been established in oth-
er environmental fields, or are now in the making
(the Biodiversity Convention being one example), so
there is a wealth of experience that can be tapped.

Support
Collecting and disseminating information on re-

gional water crises and advising affected states only
makes sense if the latter have adequate resources for
implementing an efficient and effective water re-
sources policy. This is rarely the case in precisely
those developing countries where water crises are a
relatively frequent occurrence (UN-SG 1997b, 14f.).
Improved cooperation at international level should
therefore aim at providing targeted support to those
states identified as acutely or potentially affected by
water crises, but which are unable to help themselves
to the requisite degree. In the context of a Global
Consensus on water policy, this could be achieved
with a suitable multilateral financing mechanism,
supplemented by bilateral programs.

In view of the enormous significance of water cri-
ses for human health and the possible consequences
(migration pressure and international “water wars”,
for example), this support should be provided in the
form of additional funding for the countries con-
cerned; this seems an attainable goal that accords
with the increase in official development assistance
recommended by the Council (WBGU, 1994). Chap-
ter 18 of AGENDA 21 details the annual cost require-
ments for implementing programs for the sustainable
use and protection of freshwater resources (Table
D 5.5-1). This financial framework, acknowledged in
1992 by virtually all governments of the world as a le-
gally non-binding global target, does not seem to
have been implemented in the intervening period ei-
ther by donor countries or, for lack of own funds, by
developing countries.

As well as stepping up efforts to achieve the global
target laid down in AGENDA 21, the Council recom-
mends making greater use of innovative financing in-
struments that achieve major successes with compar-
atively modest outlays: consideration should be given
to supporting potentially profitable projects – e.g. im-
proving irrigation systems in agriculture – with re-
volving funds at regional and local level that could
become self-supporting after “start-up funding” has
been provided by the international community. Such
innovative financing instruments, currently under in-
tensive discussion within the UN Commission on
Sustainable Development, could promote a more ef-
ficient and more effective use of available funds.

Another option involves the Global Environment
Facility of the World Bank, UNEP and UNDP. How-
ever, its area of responsibility has been confined un-
til now to “global environmental problems”, among
which only “international watercourses” have been
numbered so far. Thus, either the sphere of respon-
sibility of the GEF would have to be expanded, or a
separate mechanism would have to be created, with-
in the framework of existing institutions, if necessary.
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Enhancing conflict resolution 
mechanisms for international water 
conflicts
The UN Convention on the Law of the Non-Nav-

igational Uses of International Watercourses is an ur-
gently needed codification of international water law
that the Council – with the criticisms expressed
above – explicitly welcomes (see Section D 5.5.3).
This Convention provides no new mechanisms that
in individual cases could promote a peaceful resolu-
tion on the basis of these principles, however. More-
over, the issue of actual distribution of scarce water
resources remains necessarily open in specific cases;
states must still agree among themselves as to what
constitutes “equitable” utilization, based on the fac-
tors specified in the Convention. And yet it is this
very utilization of scarce resources that lies at the
core of international water conflicts.

The international community can exert its influ-
ence here in order to reduce conflicts using various
conventional methods of arbitration – above all, non-
confrontational mechanisms for resolving conflicts
over transboundary water resources could be
strengthened, and institutionalized to a certain de-
gree. One option would be to offer good services and
mediation or conciliation by neutral states in a re-
gional water conflict, in order to coordinate negotia-
tions and to support the conciliation process in the
form of non-binding proposals for compromise. Ger-
many in particular – as a country that is not directly
affected by serious international conflicts over water
use – could offer itself wherever it can as a neutral
mediator between the parties to such regional water
conflicts, for example by providing the infrastructure
for negotiation on “neutral territory” (good services)
or, if so desired by the parties concerned, through

mediation and arbitration. This could include the es-
tablishment of a specialized organizational structure
in Germany, in close cooperation with the United
Nations, such as a permanent mediating body for wa-
ter conflicts to which disputing parties can turn for
help (see Section D 5.5.4).

States are also free to call the International Court
of Justice. The courts of arbitration already in exis-
tence could also be strengthened, or specialized tri-
bunals created to which states could submit their dis-
putes if necessary. Finally, in light of the UN Security
Council’s acknowledgement in 1992 that “environ-
mental problems” can constitute a potential threat to
world peace, it would be conceivable for the latter to
bring its influence to bear in certain cases (UN Doc-
ument A/47/253).

5.5.5.3 
Possible institutional arrangements

The Council considers it urgently necessary that
further efforts be made in the field of water policy
through improved international cooperation – in the
sense of the “Global Consensus” on the protection
and conservation of freshwater resources proposed
by the UN Secretary-General. This cooperation
should fulfil all four of the functions referred to
above. As far as institutional arrangements are con-
cerned, there are three main options:

“Global Plan of Action”
The international community could adopt a Glo-

bal Plan of Action containing a set of recommended
activities in the field of water policy. However, it
would be inadequate in the eyes of the Council if this

Program area Annual cost (US$ million)

International Government
community investments
“on grant or
concessional

terms”

Integrated Water Resources Development
and Management 115

Water Resources Assessment 145 210

Protection of Water Resources,
Water Quality and Aquatic Ecosystems 340 660

Drinking-Water Supply and Sanitation 7,400 12,600

Water and Sustainable Urban Development 4,500 15,500

Water for Sustainable Food Production 
and Rural Development 4,500 8,700

Impacts of Climate Change on Water Resources 40 60

Table D 5.5-1
Estimated average total
annual cost (1993–2000)
for implementing Chapter
18 of AGENDA 21.
Source: UNCED, 1992



324 D 5.5 Legal principles and instruments pertaining to water resource management

were the only instrument. Sociological research indi-
cates that plans of action have only minimal effects
on the actual behavior of states; a case in point is the
relative failure of the Mar-del-Plata Action Plan.Ac-
tion plans have been replaced in several contexts by
framework conventions containing at least the obli-
gation to report on the implementation of recom-
mendations and financing mechanisms (see the De-
sertification Convention, WBGU, 1996), or which
even specify substantive environmental standards in
the form of protocols (Montreal Protocol, Geneva
Convention on Long-Range Transboundary Air Pol-
lution) or which aim at such standards (Biodiversity
and Climate Conventions). However, negotiating
conventions is usually a very difficult and protracted
process, and rarely promises any short- or even medi-
um-term success.

World Water Charter
A further option would be the adoption of a World

Water Charter on the principles for sound manage-
ment of water resources, which would unite political
forces and enable the building of institutions, despite
being non-binding under international law. A World
Water Charter could be agreed upon relatively
quickly. Since it would not be a document of interna-
tional law, it could be signed by parties that do not
otherwise qualify as subjects of international law –
local authorities, regional parliaments, environment
and development organizations, or indeed business
enterprises. The Council considers such a World Wa-
ter Charter to be absolutely imperative.

In Section E 2 of this Report, the Council presents
an draft framework for such a Charter, in which a
number of proposals regarding institutional struc-
tures are also put forward.The substantive content of
the World Water Charter – in other words the specif-
ic norms that it should contain – could be filled in on
the basis of the detailed recommendations made by
the Council and similarly included in Section E 2.The
World Water Charter could bring together and con-
solidate the various sectoral activities of the interna-
tional community in the field of water policy; it could
become the central element of a global reporting sys-
tem on water policy and assist states in implementing
AGENDA 21 on a non-confrontational basis, whereby
recourse could be made to the experience of other
nations as communicated in reports.

The World Water Charter must be linked in appro-
priate ways to existing institutions and action plans,
in order to avoid duplication of effort and to exploit
synergies. One of the most important of these would
be a linkage to the Convention on the Non-Naviga-
tional Uses of International Watercourses. The latter
is unable to fulfil all the functions of a global water
strategy because of its priority focus on the utiliza-

tion of transboundary water resources, although this
must also include local problems such as drinking-
water supply and non-transboundary water resourc-
es; by promoting regional watercourse commissions,
however, the Convention plays an important comple-
mentary role that would have to be supported
through appropriate integration.

Another linkage should be established to marine
environment policy. The “Global Plan of Action on
Protection of the Marine Environment from Land-
based Activities” agreed in Washington in 1995 is
welcomed as a first step towards the Convention for
the Protection of the Marine Environment recom-
mended by the Council (see WBGU, 1996). Reducing
emissions from land-based discharges, as aimed at by
the Washington Plan of Action, is directly linked, via
pollutant loads to rivers, with policies for water use
and water protection on land. Accordingly, suitable
forms of cooperation would have to be sought be-
tween institutions in the fields of marine environ-
ment policy and the protection of freshwater re-
sources.

Further synergies could develop through coopera-
tion with biodiversity institutions, above all the Ram-
sar Convention, the World Heritage Convention and
the Biodiversity Convention.An appropriate linkage
should also be established with the UN Convention
to Combat Desertification. Additional connecting
lines would have to be drawn to the International Ac-
tion Programme on Water and Sustainable Agricul-
tural Development (IAP-WASAD) initiated by the
FAO in cooperation with other organizations.

International “Framework Convention on Fresh-
water Resources”

A third option would be the conclusion of a
“Framework Convention on the Protection and Con-
servation of Freshwater Resources”, with binding
force under international law. The Desertification
Convention provides an excellent model: it provides
for global cooperation in combating local or regional
problems; there is participation on the part of states
that are not themselves affected by the specific envi-
ronmental problem, and the particularly critical situ-
ations are concentrated in the developing countries.
The Desertification Convention does not place the
Parties under a material commitment to comply with
certain environmental standards, but acts primarily
to institutionalize a reporting system on the progress
achieved in national policymaking, combined with
appropriate forms of international consultation and
support for needy and severely affected developing
countries.

Compared to a Plan of Action or a World Water
Charter, a Framework Convention on Freshwater
Resources would perform the aforementioned func-
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tions of a Global Consensus on a higher level, i.e.
with
– regular Conferences of the Parties, with binding

obligations to report,
– scientific sub-committees for expert consultation,
– a Convention Secretariat and
– an improved financing mechanism.

This structure corresponds to the three “C”s that
even weakly endowed environmental conventions
can achieve, namely raising concern for the environ-
mental problem among national governments and
international organizations, enhancing the contractu-
al environment by improving international institu-
tions so that more detailed measures can be negotiat-
ed through the political process, as well as national
capacity-building with international institutions that
promote the implementation of international recom-
mendations (Haas et al., 1993).

If obligations to exchange information are laid
down in conventions with binding force under inter-
national law, the effectiveness and (depending upon
the specific convention arrangements) the quality of
such obligations are enhanced; confining a frame-
work convention to commitments to inform and con-
sult enables states that are particularly affected
(those involved in international conflicts over water
resources, for example) to join a universal regime,
and lowers the costs incurred by the potential parties.

For all the conceivable benefits, however, a bind-
ing framework convention for the protection of
freshwater resources does not seem to the Council to
be a viable proposition at this point in time. A better
and faster way to resolve the present freshwater cri-
sis (which shows every sign of worsening) would be a
World Water Charter that represents a strong politi-
cal commitment by the parties signing it, rather than
a legal obligation.

5.5.5.4
Summary

The Council wishes to emphasize that if Germany
plays a more committed role in the protection of the
world’s freshwater and makes best use of its techno-
logical and financial resources in this domain, it will
be acting not only in the interest of the international
community and the people in water-stressed regions,
but also in its own long-term interest. The syndrome
analysis developed by the Council indicates that wa-
ter supply is a central factor in the network of inter-
relations and that many other problems can be
caused or intensified by a local water crisis (self-rein-
forcing loops). Local water crisis can lead to desertifi-
cation and thus intensify the greenhouse effect and
the loss of biodiversity. Water crises can force local

populations to leave their home areas and thus gen-
erate substantial migration pressure within or be-
tween states; from a broader perspective, water crises
lead to excessive use of international watercourses
and hence to an increase in regional conflicts, which
can then escalate into “water wars”. All this shows
that even local water crises can have immense global
significance that make water a problem for the entire
international community.

To ensure that assistance is given to developing
countries facing acute or potential water crises, the
Council recommends that Germany give every sup-
port to the UN Secretary-General in his efforts to
forge a Global Consensus on freshwater resources; as
one of the largest industrialized countries, Germany
could pressurize for negotiations on a World Water
Charter focusing primarily on an improved reporting
system on national water policy, intensified consulta-
tion at international level and enhanced support to
developing countries affected by water crises. Within
the framework of such a World Water Charter, Ger-
many could deploy its technological and financial
strengths in support of a Clearing House that could
even be domiciled in Germany (Bonn).Another pos-
sibility is to create partnerships between the Europe-
an Water Commissions in which Germany is involved
and the corresponding bodies in the developing
countries.

With regard to the settlement of international wa-
ter conflicts, Germany should offer itself wherever it
can as a neutral mediator between the parties to re-
gional water conflicts, for example through good ser-
vices or, if so desired by the parties concerned,
through mediation and dispute settlement proce-
dures. This could include the establishment of a spe-
cialized institution in Germany, in close cooperation
with the United Nations, such as a mediating body for
water conflicts to which disputing parties can turn for
help.
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5.6
Instruments

Instrument mix – Designate protected status – Fi-
nancial contributions of the international community
– Guaranteed minimum supply of water for all – Pub-
lic information – Local capacity-building – Technical
measures for monitoring and control – Strengthening
of public health service – Technology and know-how
transfer – Participation – Compliance with ecological
guard rails by means of laws and agreements – Devel-
opment of free market or cooperative structures – Ex-
tension services and training – Orientation of technol-
ogy and organization to the yardstick of resilience –
Improving the legal framework – Mediation

5.6.1
Preservation of valuable biotopes (World Heri-
tage)

Protection by international 
organizations
Freshwater biotopes of special value for nature,

humankind and science that exhibit features of im-
portance beyond the regional or national context
should be given a special internationally recognized
status as protected areas. Such characteristics in-
clude: a high proportion of endemic plant and animal
species (that only occur in the habitat concerned),
special (unique) natural features and beauty of land-
scape, special scientific value, outstanding or even ex-
istential economic importance for the population of
the region or country concerned, and particular
threat due to the economic and/or political condi-
tions (instabilities) in the regions concerned. Lake
Baikal, for example, meets many of these criteria (see
Box D 1.2-1).

Financial contributions by the 
international community
An appropriate way of protecting such areas is to

include them in the UNESCO World Heritage List.
This is also a way of accessing and providing interna-
tional funds. Germany generously supports the
UNESCO World Heritage and could encourage the
nomination of other waterbodies, although this
would have to be effected by the respective govern-
ments and promoted through targeted appropriation
of funds. Candidates for special protection include
Lake Tanganyika (extremely deep tropical graben
lake, of great scientific interest and considerable eco-
nomic importance), the Three Gorges of the Yangtze
Kiang (especially beautiful landscape and impor-
tance for the Yangtze dolphin), Lake Titicaca (large

lake having the highest altitude in the world; substan-
tial economic importance, of great scientific interest),
Ochrid lake (endemism because of old geological
age, resulting in considerable scientific interest),
Lake Chad (biogeographically isolated large lake in
an arid region with high endemism, great importance
for the local population, severe threat due to very un-
stable political conditions).

Know-how transfer
Germany possesses substantial scientific experi-

ence which could be utilized both for research in the
framework of internationally coordinated or bilater-
al research projects and for designing targeted envi-
ronmental protection and rehabilitation programs.
The following are suitable instruments that would be
extremely effective but not costly:
1. Organizing courses in the respective region for lo-

cal researchers and environmentalists, as well as
for optimization of fishery management.

2. Enabling university education in Germany for
highly talented students from the countries con-
cerned and support for doctorate work in the re-
spective region using the “sandwich” approach
(special training and familiarization with the nec-
essary research methods in Germany; perfor-
mance of practical work with German financial
and equipment support locally; supported evalua-
tion, analysis and publication of the results in Ger-
many).
Both instruments are used to motivate multipliers

who take over responsibility in their home countries
for scientific research, protection work and measures
for the rehabilitation and optimization of economic
use (e.g. for the fishery industry), as well as training
of further qualified personnel. There is already a
well-developed infrastructure in Germany for the ex-
ecution of such programs in the framework of the
GTZ, the DAAD and in exceptional cases the Alex-
ander-von-Humboldt Foundation, and by numerous
private and semi-private foundations. In all programs
in which highly qualified persons are sent to Germa-
ny, steps must be taken to ensure that they do not stay
in Germany, otherwise they would no longer be able
to perform their role as multipliers.

5.6.2
Water supply and wastewater disposal

Technology transfer
Technology transfer can take place alongside the

exchange of scientific and technical information,
training, consultation and the assumption of manage-
ment functions in connection with direct investments
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and the export of equipment (e.g. wastewater engi-
neering, sewage treatment plants, pipe technology,
etc.), combined with support in the form of training
and advisory services. Forward-looking strategies for
wastewater treatment, for example, must also ad-
dress existing drainage systems as well as local, social
and cultural conditions (agglomeration or rural
area). Innovative facilities for biological wastewater
treatment can be used economically in many cases in
conjunction with relatively large sewage farms. The
health hazards posed by drinking water supplies in
many developing countries means it is essential to in-
stall simple purification systems first of all that can
then be upgraded step by step. There are now im-
proved methods for identifying and eliminating leak-
ages without having to replace entire pipe systems.
These methods, which tolerate minor leakages, are
less expensive than conventional methods involving
investments in new piping.

Creating markets for water utilization
Ownership rights relating to water supply and

wastewater treatment companies should be strength-
ened wherever conditions permit. In this way, use of
water is automatically regulated as a scarce commod-
ity by the market mechanisms of supply and demand,
thus enabling the efficient allocation of water. It is
particularly recommended that responsibility for wa-
ter supply and wastewater disposal be consolidated
within a single corporation.

Establishment of cooperatives in regions
with poor government and anomic 
conditions
If the prerequisites for private-law regulations are

not met, or if private-sector solutions are likely to fail
due to other circumstances, then solutions based on
cooperatives are suitable options. These require that
users form special-purpose alliances and develop
common rules governing the use and control of water
resources.

Minimum supply of drinking water for all
Everyone should receive a minimum supply of wa-

ter, regardless of his or her income. The World Water
Charter recommended by the Council commits the
international community to cover such minimum
needs. Implementation of this demand can be carried
out on two levels: either the state distributes the re-
spective minimum quantity to each citizen (through
certificates of entitlement, for example) or a transfer
takes place in the form of “water money (direct sub-
sidies to the poor).The effectiveness and efficiency of
these two measures cannot be determined in ad-
vance, so their success is dependent on the respective
circumstances. In the case of piped water supply sys-

tems, suitable tariff schedules (e.g. the first 20–50 li-
ters a month are free or low-priced) could perform
the function of a minimum basic supply.

Supporting educational work and 
discourse with the population
The introduction of new structures in water re-

source management makes it necessary to educate
the public about these structures. In discussions with
various groups, needs and wants can be ascertained
and integrated as a conditional framework for eco-
nomic activities into the new structures.

5.6.3
Health

Informing and educating the public
Most water-based health hazards are due to

pathogens; chemical contamination with organic pol-
lutants and heavy metals may pose problems in some
places, but it plays only a marginal role with regard to
the mortalities caused worldwide by impure water.
The epidemic dimensions of morbidity and mortality
due to contaminated water necessitate major efforts
to ameliorate the situation. First and foremost, this
involves educating the public about sanitary and pre-
ventive measures they can take. Educating the popu-
lation about the health-related impacts of their own
behavior is not very successful if well-meaning advis-
ers from rich countries try to tell people how they
should behave. Instead, it is essential to discuss water
resource management in small groups and develop
appropriate sanitation strategies for the given situa-
tion.

Local capacity-building
There is a growing awareness that complex tasks

related to health care and hygiene require collective
efforts that go beyond educating the individual. The
aims of the communication process are to overcome
a basic apathy and to develop an awareness that “to-
gether we are strong”. Supplying pure water, pre-
venting unsanitary conditions and modifying self-
hazardous behavior are prime areas where local or
community structures need to function. Fostering
this with appropriate activities could be a key task for
development practitioners at the local level. Proce-
dures requiring or enabling participation on the part
of individual community members further consoli-
date a sense of personal responsibility.

Technical measures for monitoring and
control
Apart from the usual technical measures for water

purification and wastewater disposal, it is important
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to develop simple technical aids that permit people
to distinguish between polluted and pure water, par-
ticularly in countries lacking an adequate infrastruc-
ture for water and sewage treatment. For example,
one could add a harmless coloring agent whenever
untreated industrial effluent or sewage residues are
discharged, in order to warn people downstream who
use the water for drinking, bathing or washing of the
dangers and to keep them away from the polluted
flow. It also make sense to install easy-to-operate wa-
ter filters, either in individual households or in small-
er communities.

Improving public and private health care
Health education, preventive medicine and treat-

ment are the key elements of an effective health ser-
vice. Efforts must center on mobile health advisors
and medically trained staff who can go to the villages
and districts where people live to advise and, if nec-
essary, provide medical service. However necessary it
may be to build hospitals, this can be no substitute for
mobile medical workers. As soon as patients are dis-
missed from hospital, they revert to the same behav-
ioral patterns that may have put them in hospital in
the first place. Preventive measures and health care
at local level, in contrast, provide greater chances of
acutally influencing people’s behavior. Mobile ser-
vices such as these should first be offered as part of
the public health service. As development level and
incomes rise, however, the public health services can
be gradually supplemented by private service provid-
ers, or even replaced entirely if conditions allow.

Ceterum censeo
Poor sanitation and health protection are highly

dependent on income – more so than any other re-
source. The richer a person is, the smaller the chance
of contracting an infectious disease. This is the case
the world over.To that extent, as with many other de-
velopment problems, improving productivity and en-
suring the equitable distribution of earnings within
an economy are the most effective means of prevent-
ing damage to health due to impure water. However,
there are obvious limits to the contribution that the
German Federal Government can make towards ac-
complishing these two goals.

5.6.4
Irrigation and food

Technology and know-how transfer
Many of the irrigation systems in widespread use

today are not very efficient and have unwanted side
effects. Know-how transfer is necessary for two rea-
sons: first of all, it is necessary to install irrigation sys-

tems that match local conditions (risk of salinization,
sedimentation, health hazards due to standing water,
groundwater pollution, etc.) and help to achieve the
objectives pursued with a minimum of secondary en-
vironmental impacts. In order to meet these require-
ments, traditional irrigation systems in particular
must also be included in the planning process, since
they have often been adapted to the specific condi-
tions at the respective location in the course of cultu-
ral evolution. Israel, for example, uses irrigation sys-
tems that have enabled sustainable agricultural use
in very arid regions for the last 4,000 years. Secondly,
when selecting crops or livestock, it is important to
select breeds and varieties whose water needs are in
reasonable proportion to water availability in the re-
gion. Only if both conditions are met can the negative
effects of irrigation be avoided.

Participation
All forms of technology and know-how transfer

are likely to miss their target if they fail to stimulate
interest in such innovations among the users of irri-
gation systems. However, enthusiasm for these solu-
tions cannot be ordained from above, nor are the
means of communication adequate for this purpose.
Instead, users must be forged into a local network
and provided with options for achieving the set ob-
jectives. Only when the users themselves are in a po-
sition to take an active part in planning and operat-
ing such facilities (empowerment) will they maintain
and use the facilities in a proper way.

Compliance with ecological guard rails
Large-scale irrigation systems cause major altera-

tions to the landscape. For this reason, efforts must be
made to ensure that no endangered biotopes or spe-
cies are destroyed as a result of irrigation. Legal reg-
ulations are essential for the conservation of bio-
topes meriting special protection. In the case of par-
ticularly valuable biotopes, the international commu-
nity should provide funding to conserve them (Lake
Baikal, for example). International conventions can
also play a major role here. In addition, the respective
national governments must be admonished to ensure
compliance with the key ecological guard rails.

Development of free market or 
cooperative structures
In arid areas, water for irrigation projects must be

treated as a scarce resource. At the same time, free
access to the sources of water, as is frequently the
case, makes it difficult to regulate the water market
through the private sector. In most cases, owners of
water resources have few options open to them with
which they can prevent free riders from tapping their
resources. If this problem can be solved by technical
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means or with controls, then a free market solution is
preferable to any government-controlled system of
water distribution. This deserves special emphasis,
given that states normally supply water “below cost”
and thus encourage wastage. However, if free riding
cannot be avoided, or in areas where intensive rela-
tions already exist between local users, priority
should be given to cooperative solutions. It is essen-
tial here that all users commit themselves to the
jointly negotiated rules and that they develop ways to
monitor and control the use of water. Even among
peoples with basic communitarian values, intrinsic
motivation alone does not provide a sufficient foun-
dation. Cooperative solutions tend to collapse when
the population exhibits a high level of mobility. In
such cases, a gradual conversion to private-sector
forms of organization is needed.

Extension services and training
Apart from the transfer of know-how and technol-

ogy, users of irrigation systems must be made aware
of the possible threats to soil, crops as well as their
own personal health. The same aspects must be kept
in mind as with all such educational activities. They
must match local conditions, be integrated into the
sociocultural context and promote motivation on the
basis of learning through personal insight.

5.6.5 
Disaster prevention and control

Basing technology and organization on
the criterion of resilience
In the past, many measures for the regulation of

river courses and flood protection were carried out
with the aim of greatly reducing risk with a minimum
of technical expenditure. A blind eye was turned to
the fact that such measures continuously increase the
overall disaster potential, i.e. the maximum number
of people affected by a disaster.A paradigm shift has
meanwhile occurred within international debate.
Maximization of benefit has been superceded by the
principle of resilience. The latter principle states that
even under adverse circumstances or in the case of
improbable events, the maximum scale of damage
must be within limits. This new perspective implies,
for example, that few smaller dams are built one be-
hind the other instead of one large dam, that flood
basins (floodplains) are created in addition to struc-
tural facilities, that error-tolerant installations are
preferred, and that decentralized and flexible forms
of organization are chosen rather than giant organ-
izations. However, the principle of resilience does not
mean that large-scale projects are to be assessed
more negatively than many small projects right from

the beginning and in all circumstances, but that the
failure of systems or the occurrence of unexpected
events should limit the maximum extent of the dam-
age to an acceptable magnitude.

Technology and know-how transfer
The water development schemes commonly im-

plemented nowadays are still predominantly based
on the old paradigm. In connection with transfers of
technology and know-how, greater attention must
therefore be given to compliance with resilience cri-
teria.

Participation
With flood protection measures, too, it is impera-

tive to involve the affected population in the deci-
sion-making process. Only if residents are put in a po-
sition to take an active part in the preparation and
planning of water development projects (empower-
ment) will they accept the inconvenience involved in
construction and conduct themselves appropriately
in the case of an emergency. Water development ac-
tivities that require resettlement merit special atten-
tion. Here, participation is an indispensable condi-
tion that must be fulfilled before construction can be-
gin. Not only should all those concerned be able to
have a say in the decision; representatives of the af-
fected population should also be able to plan and ex-
ecute resettlement themselves, with a reasonable
budget at their disposal.

Compliance with ecological guard rails
Large-scale water development systems cause ma-

jor alterations to the landscape. To this end, special
care must be taken to ensure that water protection
activities do not destroy endangered biotopes or spe-
cies. As with irrigation systems, legal or international
regulations are imperative in this context.

5.6.6 
Resolving conflicts at national and 
international level

International agreements and 
regulations
Institutional arrangements – such as global water

programs as well as international conventions and
international regimes for the protection of freshwa-
ter resources (e.g. under the auspices of the United
Nations, for example) – prescribe, standardize and
regulate the environmental sound and sustainable
management of water resources.These arrangements
can make a valuable contribution towards prevent-
ing conflicts from arising and settling those that do.
However, this depends to a critical extent on the spe-
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cific content of such arrangements. It is hoped that
the “Water 21” Plan of Action proposed by the Euro-
pean Union at the CSD-5 and supported by Germa-
ny will contain stringent provisions. This Report is
seen by the Council as a source of ideas and guide-
lines in this respect.

International treaties and conventions are an-
other means by which disputes are avoided and con-
flicts resolved. This function is clearly evident as far
as the substantive provisions in an agreement gov-
erning use of a waterbody are concerned (see Section
D 5.5). By contrast, the function of the arrangements
for cooperation that such an agreement may contain
is more complex. Commitments to exchange infor-
mation and coordinate activities may serve to close
certain loopholes in the substantive law. This is par-
ticularly necessary if the contracting parties are
merely prepared to stipulate abstract rules of utiliza-
tion and bans on pollution. A higher level of cooper-
ation exists if cooperation involves continuous envi-
ronmental monitoring, implementation of substan-
tive contractual standards as well as formulation of
specific bans on pollution. In general, one can say
that cooperation is a forerunner of substantive com-
mitments (Hinds, 1997). If one considers that a direct
need for cooperation exists exclusively among the ri-
parians of international watercourses, then the fol-
lowing differentiation applies: substantive obliga-
tions are specified above all in the regional agree-
ments between the riparian parties of a transboun-
dary waterbody.At the same time, global agreements
such as the pending UN Convention on the Law of
the Non-Navigational Uses of International Water-
courses do not perform the same function, but serve
rather to promote regional agreements and specify a
“minimum standard”. This can also be inferred from
the fact that nearly half of the articles in the planned
UN Convention deal with states’ obligations to coop-
erate. Even though extremely divergent regional cir-
cumstances with regard to water resources stand in
the way of uniform standards, it remains to be hoped
that generalizable standards and rules of utilization
going beyond regional agreements will be estab-
lished through the increasing contractual regulation
of the use of transboundary water resources.

Improving the legal framework for 
conflict resolution
Enhancing international mediation mechanisms

for the prevention of conflicts were dealt with in Sec-
tion D 5.5.3. Not only should these “softer” forms of
international cooperation be strengthened – so, too,
should institutionalized dispute settlement proce-
dures. For instance, not all regional agreements for
regulating international watercourses provide for in-
stitutionalized cooperation or mechanisms for the

settlement of disputes. Major differences exist be-
tween those agreements that do contain provisions
on institutionalized cooperation. River commissions,
for example, may be granted competencies of varying
scope. Moreover, the members of such commissions
should be independent or bound to directives. In
some cases, commission resolutions have to be unan-
imous, while a majority vote is sufficient in others.
The same heterogeneous picture arises on closer in-
spection of the rules for dispute settlement contained
in regional contracts.The obligation to settle disputes
may amount to nothing more than a stipulation that,
in the event of a dispute, the parties shall seek a solu-
tion in good faith. However, a non-binding procedure
for settlement of disputes can also be prescribed. A
binding mechanism, on the other hand, is very rarely
stipulated. Article 24, in association with Annex V of
the Convention for the Protection of the Danube will
be presented here as an example of a differentiated
dispute settlement procedure.As a general principle,
it is incumbent on the parties to settle any disputes
within a reasonable period through negotiation or
any other means.This period extends for a maximum
of twelve months from notification of the Danube
Commission about the dispute by one of the parties.
After that, the dispute should be submitted for a
binding decision either to the International Court of
Justice or to the ad-hoc arbitration panel provided
for under Annex V of the Convention. A distinctive
feature of the arbitration procedure in Annex V con-
cerns the provision for ending the dispute settlement
procedure if one of the parties refuses to cooperate.
What is striking here is the graduated and differen-
tiated procedure, characterized in essence by the fact
that if non-confrontational means fail to achieve an
acceptable result, binding dispute settlement bodies
are called in. Improving the legal framework for con-
flict resolution cannot be achieved with the ideal of a
central and binding decision-making body, some-
thing that has not (yet) been possible to implement in
practice, but instead by reinforcing all forms of dis-
pute settlement while providing for graduations in
their application.

Mediation
The Federal Republic of Germany can offer its

role as a neutral third party and mediator in conflict-
laden situations involving the distribution of water
resources in order to help achieve a consensual and
peaceful settlement and thus to avoid a violent esca-
lation. A conflict over the use of water resources can
emerge between social groups within a country as
well as between states that are riparians of interna-
tional waterbodies. Nonviolent ways of conducting
the conflict should be maintained and ensured on a
long-term basis through voluntary institutionaliza-
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tion of standards, regulations and guidelines for be-
havior within an (international) regime applying to
the region in question. In addition, new mediative
procedures should be developed and promoted in a
targeted manner for regional and local conflicts as
well.





Recommendations E





1Key recommendations for research on freshwater resources

1.1
Sectoral analysis of the system as a whole

International research collaboration
Precautionary strategies for averting a global wa-

ter emergency in coming decades must be based on
robust predictions of the future supply of water. Such
predictions, in turn, can only be developed on the ba-
sis of a much-improved understanding of the cycles
within the Earth System and the resilience of these
cycles to human-induced perturbations (e.g. en-
hanced CO2 concentrations in the atmosphere). In
essence, the WCRP and IGBP international research
programs are an ideal platform for research activities
aimed at acquiring a well-founded understanding of
the system as a whole, particularly with reference to
the hydrological cycle. Unfortunately, however, the
declining willingness of national institutions to pro-
vide the requisite funds is liable to deprive these pro-
grams of their current momentum. The Council has
already drawn attention to the importance of these
forms of international research collaboration
(WBGU, 1997).

And yet freshwater problems are characterized,
like no other environmental issue, by more than
purely natural-scientific aspects; as explained in the
Annual Report, they are determined to a major de-
gree by the “human dimensions” as well.An integrat-
ed research approach connecting the WCRP, IGBP
and the international social-scientific research pro-
gram IHDP is the only way to provide valid analyses
and well-founded solutions for this specific context.
Such an approach can draw, for example, on the
structural logic of the syndrome approach advocated
by the WBGU (WBGU, 1995 and 1997). Indepen-
dently of the latter, the Council strongly recommends
that the Federal Government adopt and support, as
part of the new environment research program, a
broadly based and viable approach to the integrated
analysis of freshwater problems against the back-
ground of global change.

The network research projects on “The Hydrolog-
ical Cycle and Urban-Ecological Development” and
“Ecology of the Elbe Basin” are good examples of
interdisciplinary projects addressing the issue of how
people manage water resources at all levels.

Climate and the hydrological cycle
The principal goal is to gain an understanding of

climate variability, especially at time scales of up to
100 years, in order to distinguish between anthropo-
genic and natural factors. What is needed is an im-
proved description of the coupled atmosphere-hy-
drosphere-cryosphere-biosphere system, including
the effects on that system when biological parame-
ters in climate models are changed.
• Some crucial elements in the climate models

(evapotranspiration, cloud formation, sea-ice for-
mation) have not yet been described with the pre-
cision or depth necessary for simulating the hydro-
logical cycle.

• Potential changes in regional precipitation pat-
terns are of crucial significance in many regions of
the world. In order to predict these changes, it is
essential to elaborate global and regional climate
models with high geographical resolution.

• Knowledge about the extent and renewal rate of
groundwater resources must be greatly improved
in many regions, with special reference to fossil re-
serves.

Linkages between limnetic and 
terrestrial ecosystems
Quality assessment of groundwater, running wa-

ters, wetlands and lakes makes little sense unless
their interlinkages with neighboring ecosystems and
the climate are also analyzed. There is a pressing
need for in-depth research into the impacts of land-
use changes on the interactions between riparian ar-
eas and waterbodies. In addition, it is imperative to
examine the potential responses of terrestrial and
limnetic ecosystems to natural climate variability and
to determine the stress limits in respect of climate
change, with specific reference to long-term climate
variability.
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Chemical processes in surface waters are influ-
enced in their particular environments by a diversity
of factors that are not sufficiently known. Research
issues in this field include:
• Quantifying biogeochemical processes in ground-

water that lead to pressures on surface waters (e.g.
interaction between dissolved organic carbon and
nitrogen load in groundwater; contamination by
pesticides).

• Quantifying the influence of neighboring wet-
lands on water quality (denitrification, precipita-
tion of heavy metals).

• Economic valuation of the ecological services that
wetlands, floodplains and riparian vegetation pro-
vide with respect to water quality.

Connections between water and soil 
degradation
Irrigated farming, which in future will play an even

greater role in feeding the world population, is par-
ticularly exposed to the threat of the most fertile soils
being degraded by erosion and salinization. These
soil losses are mostly offset by converting natural
ecosystems (e.g. by clearing forests to grow crops).
There is an enormous need of research in this area,
due to the limited amount of land suitable for farm-
ing and the conflicting goals of international conven-
tions on protection of the atmosphere and biodiver-
sity:
• Development of appropriate, water-saving utiliza-

tion strategies that are beneficial to soils and
based on the principle of sustainable land use.

• Research into the succession of plants and animals
on degraded land.

• Rehabilitation of degraded soils using the natural
capacities of the specific location.

Sociocultural frameworks for water 
resource management
Research on “water resource management” has

exhibited a bias towards the natural sciences and
technology, and should now be widened in scope to
embrace issues addressed by the separate disciplines
of the social and behavioral sciences as well as inter-
disciplinary and transdisciplinary issues. The key re-
search topics will be:
• Systematic exploration of the normative sociocul-

tural foundations for water resource management
by means of inter- and transdisciplinary analysis of
water culture in the past and present, in all its
manifold dimensions (science, technology, trade
and industry, law, administration, religion, symbol-
ism, esthetics, etc.).

• Historical and comparative cultural study of tradi-
tional knowledge, rules and techniques in the
management of water resources, with special ref-

erence to sustainability.

1.2
Specification and application of the guiding
principle

Ecological guard rails

Determining critical stress limits and the 
ecological services performed by aquatic
systems
Critical stress limits must be defined in relation to

the climatic boundary conditions and the properties
of the waterbody being analyzed. These limits can
serve as the basis for planners’ decisions. To define
them, it is necessary to investigate the basic charac-
teristics of standing and running waters (their mor-
phology, hydraulic properties, temperature) with re-
gard to physical and chemical loads (irrigation, drink-
ing water, discharged cooling water, shipping; inputs
of plant nutrients and pollutants).
• Studies of contaminant accumulation in aquatic

habitats through the operation of physico-chemi-
cal and biotic processes, and of the decomposition
and conversion of pollutants in waterbodies, soils
and riparian habitats (especially through microbi-
al processes).

• Research on pollutant groups inadequately stud-
ied to date (including chelating agents, volatile or-
ganic compounds, hormonal substances, artificial
fragrances, persistent organic pollutants) with re-
spect to their formation, turnover and impacts.

• Inventorizing the biodiversity of aquatic habitats
at the levels of genetic diversity, species diversity
and ecological diversity. The research goals must
involve an advance in our understanding of the
role played by biodiversity in ecosystem responses
to anthropogenic interventions.

• Investigation of the impacts of introduced species
(e.g. of fish) and the invasion of non-native species
(e.g. via the ballast water of ships) on the structure
and function of aquatic ecosystems.

Global criteria for water quality 
assessments
Standardized indicators must be developed in or-

der to improve existing monitoring systems. The key
areas should be:
• Developing assessment criteria (indicators and

combined variables) for aquatic habitats that can
be applied regardless of edaphic conditions and
biogeographical region.

• Defining water quality standards for agricultural,
industrial and other uses, taking regional factors
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and especially health aspects into consideration.

Weighing up irreconcilable ecological
and sociocultural guard rails
The separately determined sociocultural and envi-

ronmental criteria defining the “guard rails” delimit-
ing the social action space are not always commen-
surable with each other. For example, compliance
with quality standards for freshwater may necessitate
local withdrawal rates that result in irreversible dam-
age to key ecosystems. In cases like that, it is essential
to achieve a balance between conflicting norms and
interests. Pertinent research into the theory and prac-
tice of “multiobjective decision-making processes” is
becoming increasingly important in the context of
global change and therefore needs continuous sup-
port.

Monitoring
Efforts to build a global database on freshwater

ecosystems are in general need of support. Geo-
graphical and ecological parameters should be in-
cluded, as should adverse anthropogenic impacts.
The database should also provide the results of a glo-
bally coordinated waterbody monitoring program,
support the production of specialized maps and be
available via the Internet to a wide range of users.
Special research needs exist with respect to:
• Determining the status of aquatic habitats by ex-

panding waterbody monitoring in regions (e.g.
Asia, South America and Africa) and categories
(e.g. wetlands, groundwater, lakes) on which little
data has been collected hitherto, in order to pro-
vide a foundation for the global database.

• Collection of reference data from relatively un-
polluted waterbodies, and investigation of the nat-
ural variability of factors relevant to quality (e.g.
lacustrine sediments) in order to assess global and
regional changes. Extending monitoring to include
parameters that have not been adequately meas-
ured worldwide (e.g. metals, pesticides, organic
trace substances).

Institutions for ensuring compliance with
the social and ecological guard rails
An important component of integrated environ-

mental protection schemes is the inter-medial analy-
sis of pollution with a central focus on the mutual
interdependencies between air, soil and water as en-
vironmental media. Such approaches are finding
their way into national legislation and the laws of the
European Union.
• Approaches of this kind should also be studied

with reference to international environmental law.
• In the field of environmental law, the concept of

sustainability is being examined intensively. The

right to development is also gaining recognition.
The underlying purpose of the sustainability de-
bate, namely to integrate the twin issues of envi-
ronmental protection and development, needs to
be focused on much more within the field of law,
however.

• The level of cooperation in connection with trans-
boundary watercourses is very high on account of
the long traditions in this area. Research needs re-
late to the systemization and characterization of
the various mechanisms of collaboration, which
would also be useful in fostering consensus in oth-
er areas of global and regional cooperation to pro-
tect the environment.

• There is also a need for research into possible
ways of predicting international conflicts, and into
the conditions and prerequisites for resolving
them.

Role of non-governmental organizations
and the involvement of non-nationals 
Through the Rio process, non-governmental or-

ganizations have acquired a greatly enhanced role in
international negotiations. The question whether
they should be subjects of public international law
has gained actuality again.The question of their dem-
ocratic legitimation and the investigation of possible
forms and rights of participation, particularly in the
field of international environmental protection, are
interesting aspects in this regard.
• Research is needed in connection with the issue of

which participatory rights should be granted to
non-nationals in administrative procedures, and
their entitlement to take legal action in the event
that they are harmed or must fear harm in their
own country by transboundary environmental im-
pacts originating from a different state. This ques-
tion could generate some interesting work and be
of immediate practical benefit, particularly in the
context of the harmonization of laws in Europe.

Tradable emission certificates and 
international funds in the field of 
environmental law

• There is a need for research concerning the legal
assessment of tradable emission certificates, an in-
strument deployed in the USA, from the view-
point of Germany and Europe (see WBGU, 1997).
Research in the legal field should focus greater at-
tention on the international debate over joint im-
plementation and tradable emission certificates in
the context of climate protection.

• Environmental funds in the field of liability law
are already a subject of research; preventive fund-
ing models, such as the Global Environment Facil-
ity, are still relatively unresearched (WBGU, 1997).
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1.3
Specific applications of the guiding principle

Food
The cutbacks in funding for international agricul-

tural research should be counteracted with greater
commitment on the part of Germany.
• In particular, it is recommended that the BMZ

provide more funds than in the past for promoting
research on the wide variety of aspects related to
the use of water for food production in the devel-
oping countries. The strengths of international re-
search programs such as IGBP and IHDP should
be exploited to a greater extent than hitherto.

• Integrated strategies for water resource manage-
ment in connection with land-use practices must
be developed further.

• Research is also needed into the development of
methods for distributing and dosing irrigation wa-
ter in order to increase the efficiency of water use,
including the re-utilization of water resources and
new “water harvesting strategies”.

• Research into the breeding of salt- and drought-
resistant crop varieties should be intensified.

• More research attention should be focused on the
potential offered by aquaculture, the societal con-
ditions for its success, and its environmental im-
pacts on surface waters and coastal ecosystems.

Land-use optimization: agroforestry and
multiple cropping
In order to meet their basic requirements, people

need not only cereal crops, but also fodder for their
livestock, high-protein plants and firewood. In a situ-
ation of limited cultivated area and rising costs for ir-
rigated agriculture, modern agricultural methods
such as multiple cropping and agroforestry will be-
come immensely important. Enormous research ef-
forts are still needed in this area, particularly with re-
gard to:
• Increasing the acceptance and implementation of

multiple cropping systems.
• Breeding and selecting locally appropriate crops

for such cultivation systems (avoiding worldwide
cultivation of leucaena and eucalyptus).

• Optimizing complex crop rotation techniques.

“Integrated watershed management”
Effective and economical utilization of the Earth’s

water reserves is closely linked to land use. It is there-
fore essential for water resource management to be
carried out at the level of natural catchments. The
costs for limiting use (e.g. in steeply sloping source
areas) and for negative impacts (e.g. eutrophication)
in the catchment basin must be ascertained as the ba-

sis for such an integrated analysis, and compared to
the resultant benefits.There is a considerable need of
research in this area (see above):
• Quantification and evaluation of the adverse ef-

fects of different land-use forms on groundwater
and surface waters.

• Development of strategies for precautionary ac-
tion and responses against the negative impacts of
land use (e.g. by means of afforestation, prevent-
ing erosion when using slopes, preservation of
wetlands, floodplains, etc. for retaining and delay-
ing runoff).

• Identifying and quantifying the biogeochemical
conversion processes that occur in wetlands and in
groundwater.

• Economic valuation of these interactions and
measures.

Health
One person in two in the developing countries suf-

fers from a water-related disease. This situation ne-
cessitates research in the following areas:
• More intensive development of vaccines against

waterborne infections.
• Further investigation into the pathogens of water-

borne infections with regard to verification proce-
dures, ecological and epidemiological characteris-
tics, the impact of water treatment techniques, dis-
infection methods and reproductive conditions.

• Research capacities in malaria-afflicted regions
must be strengthened, in order to monitor and
identify the ecological, social and economic deter-
minants of disease.

• Establishment of European networks for epidem-
iology similar to the Centers for Disease Control
and Prevention (CDC) in the USA, featuring fast,
efficient health information systems (using GIS
technologies).

Water technology
The storage, distribution, utilization and purifica-

tion of water involves technical measures that must
be refined in future in order to provide water of high
quality, also in water-poor regions, to reduce con-
sumption, prevent pollution and to recycle polluted
water. Priority should be given to research support in
the following fields:
• Development and refinement of biological meth-

ods, membrane techniques or chemical oxidation
methods for treating water.

• Development of durable pipe systems that mini-
mize the risk of secondary colonization by micro-
organisms.

• Development of water-saving technologies for
private households, industry and agriculture.

• Optimization of cost-effective, decentralized
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wastewater treatment facilities for rural areas.
• Further development of land-based wastewater

treatment and methods for multiple use.
• Research on inexpensive, easily handled technolo-

gies for purification and sanitation, and on biolog-
ical sewage treatment plants.

Flood control
Floods are the third way, after disease transmis-

sion and droughts, in which water threatens human
life and health. Research is needed on:
• Integrated analysis and modeling of the entire

causal chain, from precipitation, formation and
concentration of runoff, the course of flood events
(also in flooded areas), to damage assessment.

• Earlier and more precise forecasts of precipitation
with the help of mathematical models. Greater use
of remote sensing techniques to predict flood
events, and refinement of techniques for direct
conversion of remote sensing data into streamflow
figures.

• Derivation of scenarios for extreme weather situ-
ations, both on a regional and local scale, on the
basis of global warming scenarios, global and re-
gional climate models and analysis of the influ-
ence of cyclonal weather patterns on precipitation
in Germany.

• Research into the social processes of perception,
communication and response in connection with
the handling of flood risks as compared to other
risks to which individuals and societies are ex-
posed. Investigation of the role of limit values in
the acceptance of risks.

• Research to develop simple flood control technol-
ogies for decentralized use.

Economics
• To what extent does market-based valuation im-

pair intrinsic motivation – e.g. for thrifty and/or
wise management of water resources? The inter-
play between intrinsic and extrinsic motivation is
an issue of increasing topicality in the field of
game theory, and should therefore be subjected to
more detailed analysis.

• How can the damages incurred through degrada-
tion of soils (salinization) and groundwater be in-
tegrated into the valuation of water resources for
agricultural purposes? These, after all, are damag-
es to assets that are often taken into account to an
inadequate extent in period-based accounting
when the assets are natural resources.

• The interactions between water and its surround-
ings (e.g. riparian zones) mean that the environ-
mental media of soil and water can be separated to
only a certain degree as far as their ecological
functions are concerned. How can this be taken

into account in the ecological valuation of water
resources?

• In many cases, water problems cannot be solved
within the regional context unless water supply
and wastewater disposal are put in the hands of a
single organization. What solutions are there to
the problem of monopolization that then ensues?
What conditions must be met by the state so that
it can discharge its responsibility for monitoring
and control to a satisfactory degree?

• The reports of the World Bank often refer to the
regional models in France as worthy of emulation.
A systematic assessment of the strengths and
weaknesses of the French approach would make
sense in this context. Do the regional water parlia-
ments guarantee a more comprehensive valuation
of the various functions that water performs?

• How can the economic weaknesses of the German
model be overcome and the model become “ex-
portable”?

• Cooperation models play an important role in
coping with many types of water problems. These
communities of interest operate as social units,
usually with a limited number of members and
clearly defined geographical boundaries. In many
countries with strong cultural traditions and less
focus on private property, such communities can
prove to be interesting solutions to water-related
problems. More research needs to be conducted
into the basic conditions necessary for such solu-
tions to develop.

• A look at the historical components of land use
shows that many decisions on water use were tak-
en when water scarcity was still not an issue. What
experience was acquired with various options for
introducing water property rights when this re-
source became scarce (e.g. according to the doc-
trine “first in time means first in right”)?

• Payment of “water money” to the needy is sup-
posed to improve their incomes in such a way that
they have access to a minimum supply of water. If
these payments cover more than the absolutely es-
sential minimum requirement, the individuals in
question will also have an incentive to save water,
because the benefit thus acquired is then available
for other types of goods. What experience has
been gained so far with such “water money”
schemes? To what extent are tariff models (involv-
ing exemption of minimum requirements) a
superior alternative?

Education and social organization
The most important feature of the Desertification

Convention is the recognition of participative strate-
gies, the greater role assigned to non-governmental
organizations and hence of bottom-up approaches as
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a precondition for implementing the national action
programs. Research needs relate primarily to identi-
fying the conditions for successful participation in
different sociopolitical and cultural contexts. Of par-
ticular importance are:
• Investigation of the options for enhancing public

awareness of water problems as a contribution to-
wards ecologically beneficial, economically effi-
cient and socially compatible water resource man-
agement, e.g. by fostering perception of the prob-
lems, information campaigns, price policies, feed-
back, etc.

• Research into and development of culturally ap-
propriate and integrative strategies for sustain-
able water resource management, addressed to
specific stakeholders and situations (“instrument
mix” comprising technical, economic, legal and
psychosocial measures) and with specific refer-
ence to the respective water culture.

1.4
Integrated system analysis

Intensifying research on water-specific
criticality indices
Worldwide, there is a basic inadequacy of data on

freshwater resources, a situation that has actually de-
teriorated in some respects. The downward trend is
partly attributable to the deterioration of scientific
organization in many developing countries.

If the local significance of the freshwater crisis is
to be analyzed in greater detail, it is essential to have
data of finer geographical resolution and of greater
topical range. The following research issues are of
particular importance in this context:
• Problem-solving capacity should not be based

solely on the economic strength of a country or re-
gion (GNP), but should also contain a regional as-
sessment of water-relevant know-how, the effi-
ciency of the relevant institutions as well as the
stability of political structures. Determining these
basic indicators could be achieved in a wider pro-
gram for analyzing the local management capacity
for responding to environmental crises, e.g. in the
framework of global vulnerability studies.

• The integration of water quality aspects is im-
mensely important when calculating the criticality
index. Human-induced contamination of natural
water resources is a serious problem throughout
the world and in some regions imposes severe lim-
its on water availability. Existing databases in this
field (e.g. GEMS/Water) must be improved. For
example, many statistical surveys for assessing wa-
ter quality use the term “safe water”, yet there are
no precise, standard definitions of the term.

• Despite having a standardized system, many na-
tional statistics cannot be compared because they
are based on different uses within the various sec-
tors (agricultural, industrial, domestic).

• Large countries such as Brazil, China, Canada or
the USA are so heterogeneous in their geography
and population distribution that different patterns
of water use have developed. Using socioeconom-
ic variables for the country as a whole is inade-
quate as an approach (e.g. equal treatment of
Alaska and the east coast of the USA); what is
needed, instead, is a certain degree of regional dif-
ferentiation.

• Harmonizing the data with respect to content, ref-
erence frame and geographical variables is more
than just a methodological research issue. It is im-
perative in order to define a standard for surveys
and projections that enable studies to be carried
out at the global scale.

Widening and deepening the syndrome
concept
Breaking down the global freshwater crisis into

the various underlying patterns of cause and effect
generates a number of additional research challeng-
es:
• The specific relevance for freshwater resources of

the syndromes identified by the Council should be
analyzed in greater detail in the framework of
interdisciplinary research networks.

• Specialized maps should be developed on the ba-
sis of syndromic webs, showing the intensities of
syndromes at high geographical resolution.

• The degree to which a region is affected by given
syndromes should be evaluated, using systemic in-
dicators, with respect to both the causes and the
impacts of the freshwater crisis, taking into ac-
count the specific relevance for freshwater re-
sources and the regional syndrome intensities.

• In developing instruments (strategies, technolo-
gies, incentives, etc.) for integrated curing of the
global water crisis, and in assessing its potential re-
percussions, it is imperative to address the syn-
drome-specific mechanisms in each case.

Research recommendations regarding the
Green Revolution Syndrome
Research concerning the relationship between

food production and freshwater scarcity is needed in
the following areas:
• Our knowledge about the trajectory of the green

revolution in this age of globalization is still frag-
mentary.The impacts of the international debt cri-
sis and subsequent structural adjustment meas-
ures have been inadequately studied with regard
to their interactions with the green revolution.
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There is a need for research in this area.
• The public participation frequently called for in

connection with regional development programs
has not been sufficiently specified. The conditions
on which successful participation depend need to
be studied in detail.

• The baseline irrigation water requirement for se-
curing nutritional subsistence must be determined
for each specific country and region.

• Exploring the opportunities and risks of biotech-
nologies in agriculture deserves further support
(biosafety aspects).

Research recommendations regarding the
Aral Sea Syndrome
A substantial and wide-ranging body of knowl-

edge now exists on the impacts of large-scale water
development projects. Translating this knowledge to
the context of individual case studies is difficult, how-
ever. Research is needed in the following areas in
particular:
• Improving methods and data for the assessment of

environmental costs and their internalization in
cost-benefit analyses.

• Renewed evaluation and longer-term monitoring
of major water development schemes erected in
the past.

• Fundamental research work for solving the tech-
nical and financial problems that arise through the
decommissioning of dams.

• Research into technical measures aimed at pre-
venting the migration of animals (e.g. fish ladder).

Research recommendations regarding the
Favela Syndrome
Infrastructural resources are often inadequate or

totally absent precisely in those urban regions that
are most densely settled. This situation gives rise to
specific research needs:
• The interplay of classical push and pull factors as

causal forces behind rural-urban migration flows
has been extensively studied. However, the grow-
ing importance of the informal sector means that
customary analyses and explanations will have to
be re-examined. There is a need for research re-
garding the extent to which the informal sector
represents a new quality as a pull factor, and the
capacity it provides for coping with urban water
problems.

• In the field of urban planning and urban develop-
ment, there are major deficits in basic knowledge
about the conditions for successful water manage-
ment at local and municipal level. There is a need
for research into appropriate ways of increasing
the competencies of urban dwellers and devolving
responsibility to them, and into the suitability of

public private partnerships as cooperative allianc-
es.

• In view of the serious risk of illness due to inade-
quate sanitation in large parts of the megacities,
especially in the developing countries, it is essen-
tial to implement simple, fast and cost-effective in-
stallation schemes. Investigations must be carried
out into ways of organizing, coordinating and im-
plementing such schemes in the short-term and
with a minimum of problems.



Key recommendations for policy action on water resources2

2.1
Elements of a global water strategy

In Section D 5.1, the Council presented its gener-
al paradigm for the efficient, equitable and sustain-
able management of freshwater resources, specified
in terms of guidelines. Given a basis consensus on
these normative principles, policymakers in the fields
of environment and development must try to ensure
that the paradigm is specified, shaped and operation-
alized.

Germany can help resolve global water problems
primarily by asserting its influence in various fields of
international policymaking. These include interna-
tional development cooperation, foreign trade, the
transfer of knowledge and technology, and support of
existing and forthcoming international regimes in the
environmental and development field. Furthermore,
by implementing a national water policy in the sense
of the guiding principles outlined by the Council,
Germany can strive for an enhanced role as a “mod-
el” of sound water resource management for other
regions to follow.

At the international level, three different plat-
forms for the organization of specific measures and
activities in this connection would be:
• A “global consensus” on the definition and adop-

tion of the paradigm, especially with regard to
specifying the sociocultural and environmental
guard rails.

• A “World Water Charter” based on the latter, in
which the members of the international commu-
nity commit themselves to respect the principles
and conditional framework of “sound manage-
ment of water resources” as defined by the para-
digm.

• A “Global Plan of Action” for detailed specifica-
tion and implementation of the agreed action to
be taken by societies within their permissible
boundaries, in accordance with the principle of
maximized efficiency.
In specifying the paradigm, it is essential to ob-

serve certain operative guidelines deriving from the

geophysical properties of water as an environmental
medium, from its specific functions as an environ-
mental and cultural asset, or from the current distri-
bution of access and rights of access to water resourc-
es. Such principles are discussed and analyzed in Sec-
tions D 5.2 to D 5.6.

2.2
Specification of the paradigm 

Sound management of water resources requires a
definition of the sociocultural and ecological “guard
rails”. It is crucially important in this context to take
an integrated view of environmental and develop-
ment standards and to elucidate in sufficient depth
the repercussions of water-related projects. Specifi-
cally, the Council recommends that:
1. minimum standards be defined for the supply of

drinking water and water-related sanitation facil-
ities to individuals,

2. the resultant country-specific and culture-specific
demand for freshwater be ascertained with re-
spect to quantity and quality, giving special consid-
eration to health aspects,

3. general safety standards be defined with respect to
natural water-related disasters,

4. the geographical and sociopolitical pattern of vul-
nerability and the resultant need for precaution-
ary action be determined in light of (3.) above,

5. internationally recognized equity principles gov-
erning access to or control over national and
transboundary freshwater resources be agreed.

6. global groundwater reserves in fossil aquifers and
the renewal and self-purification rates of recent
groundwater reservoirs be determined,

7. the global stock of ecosystems dominated or influ-
enced by freshwater and in need of protection be
identified and classified,

8. the respective stress-bearing limits of the semi-
natural systems identified under (7.) above be de-
termined in respect of water stocks, water quality
and water variability, and that

9. the methods for integrated analysis and assess-
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ment of water-relevant projects in the private or
public sector be developed further.
However, the Council has no mandate to specify

in every detail the recommended “guard rails” for the
sound management of water resources. This remains
a task for practical policymaking and the legitimated
legislative organs.

2.3
Compliance with and application of the model

A fundamental consensus between competing us-
ers, societal groups or states on the specific guard rail
criteria for sound management of freshwater re-
sources does not automatically mean that these lim-
its will be respected. This would require agreement
on institutional regulations that can be enhanced by
technical, educational and economic programs. Spe-
cifically, the Council recommends:

With regard to the further elaboration of interna-
tional law and international regime-building, to:

• Make water-relevant standards a more integral
part of international trade and credit agreements
(WTO, World Bank programs, Hermes credit
guarantees, etc.).

• Support the negotiation of a World Water Charter
and a comprehensive Global Action Program for
“Sound Management of Water Resources”.

• Continue to strive in this context for an interna-
tional regime relating to the problem of soil re-
sources (WBGU, 1995), given that soil conserva-
tion in particular is urgently needed to protect wa-
ter resources and to ensure adequate water sup-
plies.

• Ensure that sound management of water resourc-
es is taken into consideration more as a cross-cut-
ting task in sectoral regimes for the transition to
sustainable development (examples being the Cli-
mate Convention, negotiations on the protection
of forests, the Biodiversity Convention and the
Desertification Convention).

• Step up international cooperation with regard to
water-relevant aspects of the International Cove-
nant on Economic, Social and Cultural Rights and
the relevant responsibilities of the United Nations
High Commissioner for Human Rights.

• Examine the options for improving and strength-
ening the coordination of various international or-
ganizations and programs operating in the field of
“sustainable development” by integrating them
into a single “Organization for Sustainable Devel-
opment”, whereby UNEP, CSD and UNDP in par-
ticular could be integrated, while closer links
would have to be forged to the World Bank, the

International Monetary Fund and UNCTAD.
• Regarding the amendment of the United Nations

Charter, which Germany supports (German mem-
bership of the Security Council), the Federal Gov-
ernment should also examine the possibility of in-
cluding articles on sustainable development in the
Charter; in particular, consideration could be giv-
en to the inclusion of environmental protection in
Article 55b, and the goal of sustainable develop-
ment in the Preamble and in Article 1 or 2.

• Take action to ensure the broadest possible sup-
port for LOCAL AGENDA 21 initiatives worldwide,
given that species protection and soil conserva-
tion, for example, are problems that must pene-
trate public awareness at local level and which re-
quire local activities most importantly of all.

With regard to foreign trade policy and develop-
ment cooperation:

• Ensure that multilateral agreements on develop-
ment cooperation give greater consideration to se-
curing a basic supply of water for nutrition and
sanitation purposes, and to environmental aspects,
whereby agreement must be reached with the
partner countries in question.

• Acknowledge the priority of water recycling over
primary withdrawals and that fossil aquifers
should only be tapped as a last resort.

• Place a primary focus on local traditions of envi-
ronmental and waterbody protection, and to take
account of their enabling or obstructive impacts.

• Ensure participation on the part of the affected
population at the local level, as a means of guaran-
teeing the social acceptability and effectiveness of
development policies, identifying the real needs of
the designated beneficiaries and hence to enhance
the acceptance of projects.

• Make the transition to “robust” structures for the
“sound management of water resources” and to
pay special attention to variabilities (droughts,
floods, etc.); the type of system that is usually suit-
able in this context are large modular systems that
are able to compensate more easily for local or
temporal insufficiencies (e.g. in storage, purifica-
tion and retention of water) and which therefore
exhibit certain “error tolerant” characteristics.

• Support the development of national “master
plans” based on regular inventorization of water
supplies in terms of quality and quantity and com-
parison with ongoing assessments of needs.

• Strengthen integrated water resource manage-
ment, primarily with a combined analysis of quan-
tity and quality, the coupling of water supply and
wastewater disposal issues, and the designation of
catchments (as opposed to local authority and na-
tional territories) as basic planning units.
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• Give support to states affected or threatened by
water crises, above all with regard to
1. modernization of existing irrigation systems,
2. upgrading and expansion of water supply net-

works,
3. establishing or improving systems for distribut-

ing drinking water, treating and disposing of
wastewater, and for recycling water.

These activities should be carried out within the
framework of bilateral development cooperation
as well as through close collaboration with inter-
national organizations such as the FAO, the WHO,
the UNDP or the World Bank.

• Vigorously promote environmental and develop-
ment projects advancing the cause of peace in ar-
eas suffering from water crisis (the Middle East,
for example).

• Transfer technologies and expertise for the main-
tenance of sociocultural and ecological water stan-
dards more intensively, or provide financial sup-
port for such transfers,
1. especially in water-scarce regions and to pro-

tect the world’s natural heritage,
2. primarily with the help of water-saving and en-

vironmentally, culturally and locally compat-
ible methods.

• Take macroeconomic externalities (such as long-
term impairment of waterbody quality as a result
of industrial activities) into account by appropri-
ate operationalization of the liability principle,
whereby the ecological guard rails can be com-
plied with in an effective way by issuing tradable
emission certificates, for example.

• Significantly improve the conditional framework
for efficient management of scarce freshwater re-
sources, whereby special weight should be at-
tached to:
1. securing rights of tenure and disposal as far as

possible and subjecting the available water re-
sources to economic valuation,

2. deregulating water use within the permissible
action space as far as possible and imposing
limits on subsidies that reduce competition,

3. encouraging regional and international water
markets where effective competition and anti-
trust laws are in place to prevent monopolies
forming and the poor from being disadvan-
taged,

4. ensuring that a basic supply of freshwater in
water-scarce countries is secured by appropri-
ate forms of direct assistance (“water money”
rather than large-scale water resources pro-
jects).

• Advance environmental education in a culturally
appropriate manner focusing on the specific
stakeholders and situations:

1. make water, water-related problems, water-re-
lated patterns of behavior and their impacts
easier for people to perceive,

2. encourage a change in values towards sustain-
able water resource management,

3. exploit the incentives produced by material and
symbolic rewards, and 

4. create and provide opportunities for sustain-
able water resource management.

With regard to international research collabora-
tion:

• Intensify the international transfer of know-how
concerning physiological, epidemiological and
ecological interrelationships of relevance to water
resources and about all other aspects of sound wa-
ter resource management, communicating above
all
1. scientific and technical aspects (in the fields of

hydrology, hydraulic engineering, water treat-
ment or sanitation),

2. well-established rules for the organization of
institutions, and 

3. methods for the efficient management of scarce
environmental resources.

• Develop integrated and participatory mechanisms
for maintaining water-specific standards in pri-
vate- and public-sector projects (water impact as-
sessments, etc.), and disseminate the relevant in-
formation.

With regard to the financing of measures:
• Undertake greater efforts in order to increase

Germany’s financial contribution in support of
countries with insufficient resources, particularly
in light of the UN Secretary-General’s estimate of
US$ 50 billion per year to meet global drinking
water needs over the 1990–2000 period.

• Exploit every opportunity for reducing the debt
servicing burden on developing countries threat-
ened by water crisis, and examine possible links to
water policy programs (debt for water security
swaps).

• Explore the possibility of assisting financially
overburdened countries from a global Water Fund
replenished via robust international financing
mechanisms (for example, a “World Water Penny”
levied on water consumption).
The draft text in Box E 2-1 is intended by the

Council as a basis on which to negotiate a World Wa-
ter Charter that is non-binding under international
law. The text contains general clauses exemplifying
the specific arrangements that such a Charter might
contain. Placeholders have been inserted for behav-
ioral standards; if the political will exists, the Coun-
cil’s recommendations for action as listed above
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could be inserted at these positions (see also Section
D 5.5.5).

2.4
Selected key recommendations for preventing
a worldwide freshwater crisis

1. Management of water resources by private enter-
prises and stakeholders, e.g. on the basis of tempo-
rary licences for catchments or through the crea-
tion of water markets, wherever social and geo-en-
vironmental relations permit.

2. Launching of a World Water Charter, in which the
Parties commit themselves to comply with funda-
mental social and ecological guard rails (“right of
humans and nature to water resources”).

3. Safeguarding a basic supply of freshwater to all
people within a given country, for example by pro-
viding a government “water money” to those liv-
ing in poverty.Those countries with insufficient fi-
nancial resources to set up and expand water sup-
ply systems, the possibility should be explored of
providing assistance for a limited period from a
global Water Fund replenished via robust interna-
tional financing mechanisms (for example, a
“World Water Penny” levied on water consump-
tion).

4. Consolidation of the confusing and fragmented
plethora of international institutions and pro-
grams within the environment/development com-
plex by establishing an “Organization for Sustain-
able Development” within the United Nations
system.A primary task of this organization should
be the planning and management of a global Plan
of Action for the management of freshwater prob-
lems, because it is in this area that a particularly
high humanitarian benefit can be achieved for
each unit of capital invested.
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BOX E 2-1

Global Code of Conduct for Implementing the
Right to Water (“World Water Charter”)

Preamble
The undersigned States, international organ-

izations and non-governmental organizations,
IN SUPPORT of the human right to water, which

forms an integral part of the human right to food
as proclaimed in the Universal Declaration of Hu-
man Rights of 1948, the International Covenant
on Economic, Social and Cultural Rights of 1966
and numerous declarations issued by internation-
al diplomatic conferences,

AWARE of the results of the World Water Con-
ferences held in 1992 in Dublin and in 1997 in
Marrakech,

CONCERNED that international and national
Action Programmes have not been sufficient to
provide every person with adequate access to safe
water for food and sanitation,

CONCERNED that drastic water scarcity may
cause a threat to world peace in the future,

CONSCIOUS that intensified international ef-
forts on the part of states, international organiza-
tions and non-governmental organizations are ur-
gently needed in order to provide every person as
quickly as possible with adequate access to clean
water,

HAVE AGREED on this Global Code of Conduct
for implementing the right to water and recognize
this as the guiding principle for their respective
programs.

Article 1 - Scope
1. This Global Code of Conduct for implement-

ing the right to water (hereinafter: the “World
Water Charter”) is a declaration of global con-
sensus, non-binding in international law, on
principles governing the human right to water,
recognized by the undersigned States, interna-
tional organizations and non-governmental or-
ganizations as a standard of conduct.

2. All States, international organizations and non-
governmental organizations, including busi-
ness undertakings, are called on to sign the
World Water Charter and to integrate its prin-
ciples into their programs and plans of action
for implementing the human right to water.

Article 2 - Principles
1. The right to water means that every person has

physical and financial access at all times and in
sufficient amounts to water of adequate quality
in order to cover his or her basic needs for food
and sanitation.

2. Safeguarding the right to water is fundamental-
ly the responsibility of the state. Every state
must use the maximum of resources at its dis-
posal to secure the right to water pursuant to
para. 1 for all people under its jurisdiction,
without endangering other major human
rights.The state may transfer this responsibility
to non-governmental enterprises in accordance
with national legislation, provided there are
guarantees that the right of every person under
its jurisdiction to sufficient water pursuant to
para. 1 is safeguarded.

3. Support for states that are unable to guarantee
a right to water for people under their jurisdic-
tion is the responsibility of the international
community, in conformity with Article 55 of the
United Nations Charter and Article 11 para. 2
of the International Covenant on Economic,
Social and Cultural Rights.All states and inter-
national organizations are called upon to pro-
vide assistance, according to their individual
capabilities, to those countries suffering from
water crisis, in order to realize the right to wa-
ter according to para. 1.

4. Access to water may not be used as a means of
coercion in order to achieve political or mili-
tary goals.

5. The right to water includes the duty of states to
protect waterbodies under their jurisdiction so
that no harm is caused to people, and that harm
to animals and ecosystems is avoided as far as
possible.

6. Utilization of a transboundary watercourse by
a state must not impair in any way the right of
another state to sufficient clean water for food
and sanitation, to the extent that similar rights
of the utilizing state are not affected.

Article 3 - Implementation by the
States Parties

1. The undersigned States Parties shall not re-
strict the existing physical and economic access
to adequate clean water on the part of people
under their jurisdiction.

2. The undersigned States Parties acknowledge
that the implementation of the right to water is
a national task of great priority and shall en-
deavor, to the utmost of their capabilities, that
all people under their jurisdiction who do not
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yet have adequate access to clean water shall
obtain such access as soon as possible.

3. The undersigned States Parties shall comply
with the resolutions of the World Water Con-
ferences, in particular the 1992 and 1997 Con-
ferences in Dublin and Marrakech respective-
ly, when implementing this World Water Char-
ter as a minimum standard.

4. Those signatory States Parties in which a basic
supply of food and water is not secured, accept
the target of allocating at least 20% of their na-
tional budget to social security programs,
whereby special attention shall be given to pro-
viding a basic supply of water to people under
their jurisdiction.

5. If water of adequate quality is scarce, govern-
ments should consider whether, in the context
of national cultural traditions, water should not
be supplied free of charge, and that the price to
consumers be linked to the cost of supply in or-
der to foster the efficient use of water resourc-
es. States must ensure by means of economic
compensation mechanisms that all people un-
der their jurisdiction have access to water pur-
suant to Article 2 para. 1.

6. All government measures should be imple-
mented with maximum participation of the
people affected and the local and regional au-
thorities, in accordance with national laws.

7. The undersigned States Parties shall contribute
towards realization of the right to water by
means of the following activities:

(a) by ratifying the International Covenant on
Economic, Social and Cultural Rights if this
has not already occurred;

(b) by taking account of the right to water in
their national legislation;

(c) by introducing appropriate environmental
standards in order to ensure a supply of safe
drinking water and the protection of ecosys-
tems;

(d) by means of a national Plan of Action for
Water guaranteeing all people physical ac-
cess to water on the basis of goals clearly de-
fined in terms of quantities, qualities and
time scales;

(e) by introducing “water money” or similar in-
struments when responsibility for supplying
water has been transferred to profit-orient-
ed business undertakings, in order to guar-
antee economic access to water on the part
of the poor;

(f) by setting up an efficient system for moni-

toring the right to water that is suitable for
identifying vulnerable groups and develop-
ing joint solutions through participation of
the latter,
e.g. by 
(i) enabling complaints to be lodged when

the right to water is not fulfilled;
(ii) having a national Ombudsman for wa-

ter who reports to the national parlia-
ment and international organizations,
in conjunction with Article 7, on the im-
plementation of the right to water.

(...) (see Section E 2.3 of this Report con-
cerning additional specific obligations)

8. The undersigned States Parties shall report
regularly on the implementation of measures
carried out in accordance with Article 7.

Article 4 - Implementation through
international cooperation

1. The undersigned States Parties recognize the
importance of international cooperation in
safeguarding the right to water and food. All
states, according to their respective capabil-
ities, shall support other states in protecting the
right to water.

2. The undersigned States Parties commit them-
selves to the principle of equitable and optimal
utilization of transboundary watercourses.

3. The undersigned industrialized countries shall
provide additional means for safeguarding the
right to water in developing countries. They
shall allocate 20% of their official development
assistance for social programs and assign spe-
cial priority to providing a basic supply of wa-
ter and food.

4. The undersigned newly industrializing coun-
tries acknowledge that the level of debt servic-
ing in many developing countries prevents
larger programs for implementing the right to
water from being carried out to the requisite
extent. Industrialized nations and developing
countries shall intensify their joint efforts to
find suitable solutions, including the feasibility
of debt for water security swaps.

Article 5 - Implementation by interna-
tional organizations

1. The international organizations shall include
the right to water in their activities, as far as is
possible and reasonable, and shall work to-
wards guaranteeing this right to all people.

2. International organizations shall elaborate an
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internal Plan of Action and report regularly on
its implementation in accordance with Article
7.

3. In particular, international organizations shall
adopt measures aimed at

(...) (see the detailed recommendations for ac-
tion advocated by the Advisory Council in Sec-
tion E 2.3 of the Annual Report)

Article 6 - Implementation by non-gov-
ernmental organizations

1. Non-governmental organizations set up as
nonprofit-making bodies shall assign high pri-
ority in their programs to the human right to
water.

2. Non-governmental business undertakings shall
shape their policies in such a way that the hu-
man right to water is not endangered. Non-gov-
ernmental business undertakings that are par-
ticularly active in the field of water resource
management shall

(a) discriminate against no one when distribut-
ing water;

(b) endeavor in particular to promote the access
of vulnerable groups to water;

(c) ensure full participation by the local popula-
tion in all decisions pertaining to water de-
velopment infrastructures;

(...) (see the detailed recommendations for
action advocated by the Advisory Council in
Section E 2.3 of the Annual Report)

3. Non-governmental organizations, including
business undertakings, shall report to the na-
tional Ombudsman or a similar body in accor-
dance with Article 3, para. 7 f (iii) and to the
international organizations pursuant to Arti-
cle 7 with regard to the implementation of the
right to water in the work of their organization.

Article 7 - International mechanisms
1. The highest monitoring body for the World Wa-

ter Charter is the Annual Conference of the
Parties, at which the international organiza-
tions and non-governmental organizations

shall also be represented in adequate numbers,
and with the right to consultation (“World Wa-
ter Conference”).

2. The United Nations High Commissioner for
Human Rights shall be invited to coordinate
and monitor the implementation of the World
Water Charter as its Permanent Secretariat. A
separate unit dedicated to water rights should
be established within the office of the High
Commissioner.

3. The United Nations High Commissioner for
Human Rights shall report to the Human
Rights Commission of the United Nations on
progress achieved in realizing the human right
to water.This report shall contain the following
details:

(a) data on the percentage of people in each
state without access to clean drinking water;

(b) data on the percentage of people in each
state who face acute water scarcity;

(c) identification of states facing acute water
scarcity;

(d) identification of states threatened by water
scarcity;

(e) identification of states that are particularly
affected or threatened by droughts or
floods.

(...)
4. An Intergovernmental Panel on the Right to

Water shall be established to support the World
Water Charter; the Panel shall hold regular ses-
sions to discuss the implementation of the
World Water Charter, to consider further
measures, to advise the High Commissioner
with regard to his responsibilities pursuant to
para., and to put forward recommendations to
the World Water Conference.

5. This Intergovernmental Panel shall consist of
14 members, seven of whom shall be delegates
from industrialized countries and seven from
developing countries. The Panel shall so com-
prised as to ensure appropriate geographical
representation.

(...)
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AGENDA 21 is the legally non-binding Plan of Action
for sustainable development that was adopted in
1992 at the United Nations Conference on Envi-
ronment and Development (UNCED, the “Earth
Summit”). AGENDA 21 comprises 40 chapters, each
containing recommendations, expressed in politi-
cally committing language, on sectoral or cross-
sectoral issues (Chapter 18 on protection of fresh-
water resources, for example, or the sections on
“Finances”, “Youth” and “Institutions”).

Agroforestry is a form of land management involving
a combination of agriculture and forestry, in which
the cultivation of trees or shrubs is integrated with
crop production or animal husbandry.Agroforest-
ry, now being “rediscovered”, used to be a wide-
spread practice in the tropics and subtropics.

Alkalization refers to the formation of alkaline soils;
these arise primarily in arid and semi-arid cli-
mates, for example on clay substrates with poor
drainage characteristics due to inadequate irriga-
tion systems.

Aquatic classification system classifies the quality of
surface waters; in Germany, classifications are as-
signed using a system of indicator organisms, oxy-
gen concentration and bacteriological variables.
Four classes of water quality are distinguished: no
pollution or very slight pollution (oligosaprobic),
moderate pollution (beta-mesosaprobic), severe
pollution (alpha-mesosaprobic) and extremely se-
vere pollution (polysaprobic).

Aquifers are porous rocks that can feed wells and
springs. These rock layers contain ➟groundwater,
which they are able to transmit in quantities signif-
icant enough to be economically exploited.

Arid climates are those in which mean annual evap-
oration exceeds mean annual precipitation.

Aridity index is calculated as the ratio of precipita-
tion to the moisture loss of the soil; hyper-arid,
arid, semi-arid, sub-humid and humid regions are
distinguished according to the degree of their
moisture deficit.

Autotrophic organisms are living organisms that gain
their energy from sunlight or chemical reactions;
these include all green plants.

Biodiversity refers to species diversity, genetic diver-
sity and ecological diversity, i.e. the diversity of
functional groups and the linkages within and be-
tween biological communities. Biodiversity thus

embraces much more than just the variety of spe-
cies, which can be calculated as the number of spe-
cies per unit area.

Biological oxygen demand (BOD5) is a measure of
the amount of degradable organic matter in a wa-
terbody. From the oxygen remaining after five
days in an airtight container, the quantity of de-
composed organic matter can be deduced.

Chemical oxygen demand (COD) is the measure of
the quantity of poorly degradable organic matter
in a body of water, for example organochlorine
compounds, tensides or naturally occurring sub-
stances such as humic matter; it designates the
amount of oxygen required to oxidize poorly de-
gradable organic matter by means of a strong oxi-
dant.

Core problems of global change are those global
change phenomena of central importance in the
➟syndrome approach. In the syndrome approach,
they appear either as particularly dominant
➟trends of global change, such as climate change,
or consist of several interrelated trends. One such
“megatrend” is the core problem of “soil degrada-
tion”, which comprises several different trends
such as erosion, ➟salinization, contamination, etc.

Criticality index is a composite indicator of the sus-
ceptibility of a region or its inhabitants to crises,
especially environmental or development crises.
In this Annual Report, the criticality index is used
for regionally specific assessments of future fresh-
water crises.

Debt swaps, as the term suggests, refer to the “swap-
ping” of debts (usually those of developing coun-
tries) against counter-performance of some kind,
for example a certain environment policy (debt
for nature swaps) or a certain food security policy
(debt for food security swaps). The specific trans-
action involved depends on the type of debts. In
the case of debts to foreign banks, for example,
debt for nature swaps provide a means to combat
the debt crisis and protect the environment.

Degradation of ecosystems involves changes that
lead to the loss or impairment of ecosystem func-
tions.

Desertification is the degradation of land resources
in ➟arid, ➟semi-arid and dry sub-humid zones.

Disposition refers in ➟syndrome analysis of the vul-
nerability of a region to a specific syndrome. The
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“disposition space”, meaning the geographical dis-
tribution of the disposition, is determined by nat-
ural and anthropospheric conditions that can only
change over long time-scales.

Endemic species are organisms which occur within a
confined geographical space.

Endocrine system refers to the system of glands in
the body that secrete hormones regulating the ac-
tivity of cells elsewhere in the body.

Eutrophication is the process of nutrient enrichment
leading to enhanced primary production, resulting
in modifications to natural processes and coloni-
zation structures and to increased biological de-
composition.

Evaporation is the release of water vapor from wa-
terbody surfaces and soils.

Evapotranspiration refers to the sum total of evapo-
ration resulting from the release of vapor from
surface waterbodies and soils (➟evaporation) and
from plants (➟transpiration).

Exposition refers in ➟syndrome analysis of natural
and anthropogenic events and processes, mostly of
short duration (e.g. suddenly occurring natural
disasters or exchange rate movements), and which
can trigger a particular syndrome in susceptible
regions (those with a ➟disposition to the syn-
drome).

Global network of interrelations refers in syndrome
analysis of a qualitative network embracing all
➟trends of global change identified by the ➟syn-
drome concept, as well their respective interac-
tions. The global network of interrelations pro-
vides a highly aggregated description of the global
change system in terms of its specific phenomena.

Groundwater is water beneath the ground that fills
interconnected pores in the upper part of the
Earth’s crust and whose movement is exclusively
or almost exclusively determined by gravitational
and frictional forces.

Guide rails demarcate, in ➟syndrome analysis, the
domain of free action for the people-environment
system from those domains which represent unde-
sirable or even catastrophic developments and
which must be avoided at all costs. Pathways for
sustainable development run within the corridor
defined by these guard rails. In the framework of
this Report, the essential properties of water de-

fine the sociocultural and ecological framework
and the non-sustainable limits (the “guard rails”)
within which water must be used efficiently in or-
der to optimize the general welfare of humans
everywhere. The Council sees the “guard rail”
model as a useful instrument that, by setting clear
priorities, enables the dilemma between social, ec-
ological and economic goals to be resolved.

Heterotrophs are living organisms that feed on
plants, animals, micro-organisms or organic sub-
stances. All animals belong to this category.

Humid climates are those in which the total annual
precipitation is greater than the annual potential
evaporation. Precipitation that is not evaporated
flows off the surface or infiltrates into the
➟groundwater.

Interception is the proportion of precipitation that is
stored in leaves and branches and which eventual-
ly evaporates. Interception can amount to 60% or
more of precipitation.

LOCAL AGENDA 21 is the process by which cities and
local communities consider ways (with citizen in-
volvement) for developing and implementing a lo-
cal plan of action on ➟AGENDA 21, as adopted at
the Earth Summit in Rio de Janeiro.

Receiving waters are waterbodies that take up and
convey water flowing on or under the ground sur-
face.

Resilience refers to the capacity of a system to return
to a stable equilibrium or a local equilibrium after
a perturbation of some kind (syn. elasticity).

Salinization refers to the accumulation of soluble
salts in or on soils or waters. A distinction is made
between natural salinization (especially in ➟arid
and ➟semi-arid climates) and anthropogenic sa-
linization (caused, for example, by artificial irriga-
tion and land-use changes).

Semi-arid is the term used to designate climates in
which annual total precipitation is generally less
than the total annual evaporation, even though
precipitation exceeds evaporation over three to
five months of the year.

Structural adjustment is the designation for a politi-
cal program for stabilizing economies, deregulat-
ing markets and liberalizing foreign trade.The aim
is to restore or improve international competitive-
ness and creditworthiness on the basis of a bal-
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anced budget (to combat inflation), to raise the
internal rate of saving and investment, and to gen-
erate a better investment climate for foreign in-
vestors. Two institutions – the IMF and the World
Bank – are responsible for implementing this pro-
gram.

Subsistence farming refers to the production of food
to satisfy the needs of the farm household, where-
by little or no food is supplied to larger markets. It
therefore remains outside the monetary economy.
Subsistence farming is now considered part of the
informal sector, so-called.

Sustainable development is generally understood to
be an environment and development policy con-
cept, that was popularized by the 1987 Brundtland
Report ("sustainable development is develop-
ment that meets the needs of the present without
compromising the ability of future generations to
meet their own needs") and further detailed by
the 1992 Earth Summit in Rio de Janeiro.The Ger-
man Advisory Council on Global Change has cre-
ated, with its syndrome concept, an approach for
operationalizing the concept of sustainable devel-
opment.

Syndromes of global change are functional patterns
of crisis-ridden people-environment relations,
characteristic constellations of natural and
anthropogenic ➟trends of global change and their
respective interactions. Each syndrome – or “clin-
ical profile”, to use a medical analogy – represents
an anthropogenic cause-effect complex involving
specific environmental stresses, and thus forms a
specific pattern of environmental degradation.
Syndromes are transsectoral in nature, i.e. they af-
fect several sectors (such as the economy, the bio-
sphere or population) or environmental media
(soils, water, air), yet they are always related, di-
rectly or indirectly, to natural resources. Syn-
dromes can usually be identified in different forms
in many regions of the world, whereby several syn-
dromes may occur simultaneously.

Transpiration refers to the physical and physiological
process by which plants lose vapor to the atmo-
sphere, principally through the leaves.

Trends of global change are identified analytically
prior to ➟syndrome analysis, and refer to anthro-
pospheric and natural phenomena that are rele-
vant for and characterize global change.They rep-
resent changeable or processional variable factors
that can be determined qualitatively. Examples in-
clude “population growth”, “enhanced green-

house effect”, “growing environmental aware-
ness” or “advances in medicine”.

Vapor pressure deficit is the measure of the volume
of water that can still be absorbed by air until it
reaches the saturation vapor pressure (100% satu-
ration). Also referred to as the air saturation defi-
cit.

Waterbody pollution refers to pollutant, pathogen
and thermal loads, causing impairment of ecosys-
tems and of the potential utilization of freshwater
resources. The effects of pathogens on ecosystem
structure are less significant than the impacts of
pollutants. Thermal stress leads, in a manner simi-
lar to eutrophication and organic loads, to en-
hanced turnover rates of substances. For this rea-
son, “thermal pollution” is a fitting term.

Water culture refers to a given society’s sociocultural
value context, within which people grow up and
act with a certain relationship to water. It is gener-
ated by a multiplicity of interactions between en-
vironmental conditions and sociocultural spheres
such as politics, economic activity or religion.

Water supply in a given area is the net total resulting
from precipitation, water inflows from upstream
and water losses. Exploitation of the water supply
by water resource management takes water qual-
ity and ecological aspects into consideration.
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Joint Decree on the Establishment of the
German Advisory Council on Global Change
(April 8, 1992)

Article 1
In order to periodically assess global environmen-

tal change and its consequences and to help all insti-
tutions responsible for environmental policy as well
as the public to form an opinion on these issues, an
Advisory Council on “Global Environmental
Change” reporting to the Federal Government shall
be established.

Article 2
(1)
The Council shall submit a report to the Federal

Government by the first of June each year, giving an
updated description of the state of global environ-
mental change and its consequences, specifying qual-
ity, size and range of possible changes and giving an
analysis of the latest research findings. In addition,
the report should contain indications on how to avoid
or correct maldevelopments.The report shall be pub-
lished by the Council.

(2)
While preparing the reports, the Council shall pro-

vide the Federal Government with the opportunity
to state its position on central issues.

(3)
The Federal Government may ask the Council to

prepare special reports and opinions on specified
topics.

Article 3
(1)
The Council shall consist of up to twelve members

with special knowledge and experience regarding the
tasks assigned to the Council.

(2)
The members of the Council shall be jointly ap-

pointed for a period of four years by the two minis-
tries in charge, the Federal Ministry for Research and
Technology and the Federal Ministry for the Envi-
ronment, Nature Conservation and Reactor Safety,
in agreement with the departments concerned. Reap-
pointment is possible.

(3)
Members may declare their resignation from the

Council in writing at any time.
(4)
If a member resigns before the end of his or her

term of office, a new member shall be appointed for
the retired member’s term of office.

* Secretariat WBGU 
c/o Alfred-Wegener-Institute for Polar and
Marine Research
PO Box 12 01 61
D-27515 Bremerhaven
Germany

Phone: ++49-471-4831-723
Fax: ++49-471-4831-218
Email: wbgu@awi-bremerhaven.de
Internet: http://www.awi-bremerhaven.de/WBGU/
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Article 4
(1)
The Council is bound only to the brief defined by

this Decree and is otherwise independent to deter-
mine its own activities.

(2)
Members of the Council may not be members ei-

ther of the Government or a legislative body of the
Federal Republic or of a Land or of the public service
of the Federal Republic, of a Land or of any other
juristic person under public law unless he or she is a
university professor or a staff member of a scientific
institute. Furthermore, they may not be representa-
tives of an economic association or an employer’s or
employee’s organisation, or be permanently attached
to these through the performance of services and
business acquisition. They must not have held any
such position during the year preceding their ap-
pointment as member of the Council.

Article 5
(1)
The Council shall elect a Chairperson and a Vice-

Chairperson from its midst for a term of four years by
secret ballot.

(2)
The Council shall set up its own rules of proce-

dure. These must be approved by the two ministries
in charge.

(3)
If there is a differing minority with regard to indi-

vidual topics of the report then this minority opinion
can be expressed in the report.

Article 6
In the execution of its work the Council shall be

supported by a Secretariat which shall initially be lo-
cated at the Alfred Wegener Institut (AWI) in Brem-
erhaven.

Article 7
Members of the Council as well as the staff of the

Secretariat are bound to secrecy with regard to meet-
ing and conference papers considered confidential
by the Council. This obligation to secrecy is also val-
id with regard to information given to the Council
and considered confidential.

Article 8
(1)
Members of the Council shall receive all-inclusive

compensation as well as reimbursement of their trav-
el expenses. The amount of compensation shall be
fixed by the two ministries in charge in agreement
with the Federal Ministry of Finance.

(2)
The costs of the Council and its Secretariat shall

be shared equally by the two ministries in charge.

Dr. Heinz Riesenhuber
Federal Minister for Research and Technology
Prof. Klaus Töpfer
Federal Minister for Environment, Nature Conserva-
tion and Reactor Safety
May 1992

— Appendix to the Council Mandate —

Tasks to be Performed by the Advisory Council
Pursuant to Article 2, para. 1

The tasks of the Council include:
(1)
Summarising and continuous reporting on current

and acute problems in the field of global environ-
mental change and its consequences, e.g. with regard
to climate change, ozone depletion, tropical forests
and fragile terrestrial ecosystems, aquatic ecosystems
and the cryosphere, biological diversity and the soci-
oeconomic consequences of global environmental
change. Natural and anthropogenic causes (industri-
alisation, agriculture, overpopulation, urbanisation,
etc.) should be considered, and special attention
should be given to possible feedback effects (in order
to avoid undesired reactions to measures taken).

(2)
Observation and evaluation of national and inter-

national research activities in the field of global envi-
ronmental change (with special reference to moni-
toring programmes, the use and management of data,
etc.).

(3)
Identification of deficiencies in research and coor-

dination.

(4)
Recommendations regarding the avoidance and

correction of maldevelopments.

In its reporting the Council should also consider
ethical aspects of global environmental change.



Index I





385Index I

A
acid rain 47, 54, 84, 114, 133, 136, 240
aerosols 57, 59, 60, 63, 219
Africa 30, 67, 71, 77–78, 81, 93, 180, 185, 188, 195, 220, 235,

260
Agenda 21 21, 25, 32, 33, 35–37

– Local Agenda 21 (LA21) 21 36–37, 40, 42, 279
agriculture; see also irrigation 28, 30, 63, 69, 71, 78, 84, 90,

133, 135, 139, 144, 154, 163–164, 229, 230, 238, 288
– food production 69, 140, 145, 152, 158, 229, 230, 233, 340
– intensification 116, 118, 139, 140, 144, 152, 158, 170, 171,

214, 230
agroforestry; see forests
allocation 268, 279, 286, 288, 292–294, 298, 300, 303, 309,

311
animal production 47
aquaculture 47, 52, 234–235, 245, 259
aquatic habitats 46, 48, 53, 88, 95, 237, 288, 336
Aral Sea Syndrome 134, 163
Argentina 78, 169
arid regions; see also climate; climate zones 30, 53, 60, 63,

151, 238, 272
Asia 51, 69, 71, 75, 80, 84–85, 114, 147, 219, 233, 297
Asian Tigers Syndrome 135, 152, 171, 188
Ataturk dam; see dams
atmosphere 55–56, 59, 83, 169, 241

– troposphere 59
Australia 61, 63, 119, 126, 309

B
bacteria 48, 50, 147, 195, 218, 225, 259
bacterioplankton; see plankton
Bangkok 188, 194
behavior 36, 69, 96, 111–112, 190, 206, 271, 272, 274, 276,

280–282, 286, 327
– changes of 147, 204, 276, 280
– feedback 272–273, 276, 278

bilharziosis; see infectious diseases
bioaccumulation; see food chain
biodiversity 52, 54, 181, 211, 214, 238, 247, 324

– loss of 52, 133, 154, 168, 291
biological diversity; see biodiversity
biomagnification; see food chain
biosafety 163
biotechnology 26, 138, 148, 152, 155, 160–163, 255, 340
biotope 132, 220, 226, 295, 326, 328
Bombay; see Mumbai
boundary waters regime; see regime
Brazil 68, 114, 165, 169, 194, 202, 246
Buenos Aires 258

C
Canada 54, 167, 205, 212, 223, 259, 283
canalization; see sewer systems

carbon dioxide (CO2); see also greenhouse gases 48, 59,
61–62, 65–66, 123, 247
– assimilation 46, 61
– emissions 60, 65, 123, 169, 247
– equivalent 65, 67–68, 123

catchment areas; see also Integrated Watershed Manage-
ment 86, 103, 164, 180

China 68, 71, 75, 78, 131, 151, 155, 158, 163, 167, 173–174,
176, 180, 223, 231

cholera; see infectious diseases
cities 93, 100, 118, 135, 158, 184–185, 188, 192, 199–200, 222

– megacities 86, 184–186, 188, 193–194
– urbanization 135, 171, 184–186, 196, 198, 222, 258

climate; see also carbon dioxide; greenhouse gases 65, 101,
105, 223
– climate change 61, 65, 98, 100–101, 103, 105, 124, 223,

229, 335
– climate zones 51, 60, 68, 95, 131, 223
– feedback 59–60, 63
– models; see also modeling 65, 104–105, 113, 126, 335
– variability 56, 60, 65, 97, 102, 335

Climate Convention; see United Nations Framework Con-
vention on Climate Change

clouds 56, 59, 63, 83
Columbia 68, 223
Commission on Sustainable Development (CSD) 25, 264,

330
commons dilemma 278, 299
communication 188, 202, 276, 281, 327–328
Congo; see rivers
conflicts 28, 119, 131, 139, 158, 161, 170, 178, 264, 281, 284,

298, 309, 319–320, 329–330
– conflict management 28, 205, 284, 318
– conflict settlement 212, 276, 283–284, 319, 325
– international conflicts 204, 210, 320
– Middle East conflict 209, 320
– resource conflicts 118, 158, 208, 264, 284, 322, 329
– water conflicts 205, 213–214, 284, 318, 320, 323, 325

Consultative Group on International Agricultural Re-
search (CGIAR) 140, 154, 159

Contaminated Land Syndrome 137
contaminated sites 137
Convention Concerning the Protection of the World

Cultural and Natural Heritage (World Heritage Fund)
54–55, 214, 326

Convention on Biological Diversity 28, 32, 163
Convention on Cooperation for the Protection and Sus-

tainable Use of the River Danube 314
Convention on Long-Range Transboundary Air Pollution

324
Convention on Non-Navigational Uses of International

Watercourses 55, 214, 312, 314, 321, 330
Convention on Wetlands of International Importance, Es-

pecially as Waterfowl Habitat 248, 324
coral reefs 53, 85, 215
cost-benefit analyses 175, 184, 245, 290, 341
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Coupled Atmosphere-Ocean Model (ECHAM4-OPYC)
65

Coupled Global Atmosphere-Ocean Circulation Model
(GCM) 105, 123, 128

criticality 121–122, 124–126, 131, 340
– criticality index 121–122, 322

crops; see also agriculture 61, 69, 94, 144, 146–147, 150,
162–163, 235

cryosphere 60
cryptosporidiosis; see infectious diseases
cultivated areas; see agriculture
cultivated plants 63, 158, 234
cultivation 52, 61, 144, 147, 153, 159, 229, 249, 268

– multiple cropping 163, 234, 295, 338

D
dams 100, 164, 167, 169, 171, 173, 175, 183, 184, 244

– Ataturk dam 205
– dam impact indicator 177, 180
– Gabcikovo dam 210
– Three Gorges project 170–171, 173–174, 176

Danube; see rivers
databases 53, 96, 123, 337, 340
debt swaps 33, 35, 42

– debt for food security swaps 34, 154, 162
– debt for nature swaps 42
– debt for shelter swaps 33
debt for water security swaps 344, 347

deep wells 144, 158, 250
Desertification Convention; see United Nations Conven-

tion to Combat Desertification in Countries Experienc-
ing Serious Drought and/or Desertification, Particularly
in Africa (CCD)

developing countries 26, 32, 35, 41, 71, 83, 112, 123, 139,
145, 158, 167, 170, 202, 214, 216, 224, 226, 228–231, 248,
258, 260, 282, 291, 300, 321, 324–325, 338, 344, 347

development; see sustainable development
– development cooperation 41, 154, 156, 159, 264, 280,

342–343
– development problems 42, 135, 152, 156, 164

dikes 110–112, 164, 173–175, 244
disasters 96

– droughts 60, 96, 144, 315
– landslides 19, 100, 103, 110
– Sandoz disaster 242, 274

discourse 205, 276, 281, 283, 327
disparities 68, 78, 119, 145–146, 164, 192, 231, 295
drinking water; see also International Drinking Water

Supply and Sanitation Decade 47, 73, 80, 85, 90, 92, 217,
260, 267, 273, 280, 327
– extraction 114, 193, 250, 280

droughts; see disasters

E
ECHAM4-OPYC; see Coupled Atmosphere-Ocean Mod-

el
economic instruments

– funds 248, 337
– joint implementation 26, 337
– prices 144, 162, 192, 229, 277, 288, 291–292, 304
– tradable emission certificates 337, 344
– water markets 159, 286, 300, 305–307
– water prices 122, 200, 268, 288–290, 307

economic valuation 289, 290, 294
ecosystems 118, 335–336

– conversion 63, 131, 133, 168, 181
– degradation 119, 168, 237, 244
– limnic ecosystems 52
– resilience 52, 60, 163, 335

Ecuador 78
education 42, 133, 186, 216, 227, 234, 276, 291, 326–328
Egypt 71, 155, 157, 227, 319, 320
electricity; see energy production
empowerment; see women
endemism; see species diversity
energy production 163, 165, 173

– hydropower 165, 176
– power plants 165, 187

environmental degradation 131, 133–136, 139, 163, 165
environmental education 276, 344
Euphrates; see rivers
Europe 37, 45, 64, 71, 75, 84, 92, 97, 101–103, 127, 157, 218,

222, 238, 311, 314
– European Community Law 91
– European systems of water law 268
– European Union 315, 330, 337
– European Water Commissions 325

eutrophication; see also water quality 64, 84, 89, 116, 158,
193–194, 240

EU Framework Programme in the Field of Research and
Technological Development 264

evapotranspiration 62–63, 65, 118
excreta; see also infectious diseases 221, 256, 258
extreme events; see also disasters 98, 102, 105

F
Favela Syndrome 135, 151–152, 171, 184–185, 190, 195, 341
fish 49, 52–53, 85, 91, 172, 183, 240, 243
fishing 171–172, 194, 235
floods 96, 99, 100–101, 103, 110–111, 173, 223, 243, 315

– flash floods 103
– flood warning 91, 104, 107, 109
– threatened areas 89, 99, 107, 110, 112

food 30, 33–34, 139, 144, 149, 155, 159, 161, 163
food security 34, 154, 159, 161, 167, 231, 235

– malnutrition 140, 163, 215, 223, 227, 230–231
– production; see agriculture

food chain 53, 237, 243
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– biomagnification 85
forests 51, 64, 100, 168, 180

– agroforestry 159, 163, 234, 338
– deforestation 175, 180
– “Forests Convention” 30
– tropical rainforests 53, 63, 247

free rider problem 303
freshwater ecosystems; see also ecosystems 48, 52, 81, 237,

249, 337
fun culture 273, 278
funds; see economic instruments
Fund for the Protection of the World Cultural and Natural

Heritage of Outstanding Universal Value (The World
Heritage Fund) 42

G
Gabcikovo dam; see dams
game theory 206

– Prisoner’s Dilemma model 206
GATT/WTO regime 34
genetic diversity; see also biodiversity 54, 147, 152, 336
genetic engineering; see biotechnology
genetic resources; see genetic diversity
German Academic Exchange Service (Deutscher

Akademischer Austauschdienst – DAAD) 326
German Agency for Technical Cooperation (Deutsche

Gesellschaft für Technische Zusammenarbeit – GTZ)
200, 284, 326

genetic diversity 54, 147, 152, 336
genetic resources 28, 30, 147, 152, 290
Germany 21, 28, 31–33, 38, 41, 69, 72–73, 84, 87, 90, 102,

154, 175–176, 184, 227–228, 237, 241, 257, 267, 272, 283,
304, 309–310, 320, 325

glaciers 45, 60
Global Consensus 215, 262, 310, 320, 325
Global Environment Facility (GEF) 27, 214
Global Environmental Monitoring System (GEMS) 83
Global Plan of Action 323
Global Programme of Action for the Protection of the

Marine Environment from Land-based Activities 27
globalization 144, 155, 184, 190, 282
goods 204, 293, 298, 303–304

– categories 293, 339
– open-access goods 299

Great Britain 37, 91, 223, 309
Great Lakes (North America); see lakes
Green Revolution Syndrome 135, 139, 171
greenhouse effect 57, 59, 133, 147
greenhouse gases 27, 59, 65, 136

– methane (CH4) 59, 147, 169, 249, 257
– ozone (O3) 59
– water vapor 46, 55–56, 59, 61

groundwater 45, 47, 50, 61, 63, 83, 90, 92, 119, 125, 133, 138,
158, 168, 238, 241–242, 250, 254, 269
– aquifers 90, 119, 193, 241, 317, 342

– confined groundwaters 312, 317
– contamination 118, 133, 158, 269, 295
– fossil groundwaters 114, 125, 158
– levels 96, 146, 158
– quality 90
– replenishment 118, 200, 305
– resources 90, 118, 144, 187, 199, 274, 311
– salinization 193

guard rails 132, 181–182, 264
– ecological guard rails 328–329, 336–337, 344
– guard rail concept 164
– sociocultural guard rails 337, 342

guiding principles 182, 198, 262, 264, 342
guidelines for the “sound management of water re-

sources” 262–264, 343
– “hydrological imperative” 262

Günedogu Anadolu Projesi (GAP) 207

H
habitat function 46, 81, 287–288, 290, 294
Habitat II; see United Nations Conference on Human Set-

tlements
health 31, 91–92, 135, 170, 172, 195, 200, 202, 227, 327, 328

– health education 227, 327
– infant mortality 218, 227

heavy metals 85, 90, 119, 202, 327
Hermes export credit guarantees (Germany)  42, 176, 343
high-yielding varieties (HYV) 69, 146, 155
human rights 31–33, 161, 215, 346
Hungary 170, 211
hunger; see also food 140, 163, 215, 231
hydroxyl radicals 59

I
in-situ (in-stream) use 69
India 90, 99, 114, 127, 144–145, 146–147, 152, 155, 158, 180,

225, 258, 275
indicators 27, 33–34, 92, 123, 148, 176–177, 180, 195, 336,

340
industrialization 79, 83, 135, 164, 214
industrialized countries 71, 72, 78, 123, 145, 167, 223, 232,

233, 242, 244, 256, 258, 272–273, 322, 347
industry 69, 71, 73, 79, 88, 91, 123
infant mortality; see health
infectious diseases 195, 202, 216, 220, 222, 225, 254

– AIDS 224
– cholera 195, 218
– cryptosporidiosis 218, 223
– diarrheal diseases 195, 218, 223, 227
– malaria 220, 222–223, 225–226
– pathogens 195, 202, 216, 218, 222–223, 225, 327, 338
– plague 195
– poliomyelitis 220, 225
– schistosomiasis 177–178, 221, 223, 227
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– typhoid 172
– vaccinations 227–228

infiltration; see soils
inland waters; see also rivers; lakes 214, 221, 238, 243
innovations 139, 163, 259, 279, 328
integrated watershed management 180, 314, 338
Intergovernmental Panel on Climate Change (IPCC) 79,

122–123, 125
Intergovernmental Panel on Forests (IPF) 29
International Conference for Population and Develop-

ment (ICPD) 31
international conflicts; see conflicts
International Court of Justice (ICJ) 211, 214, 323, 330
International Covenant on Economic, Social and Cultural

Rights 34, 161, 215, 343, 346
International Decade for Natural Disaster Reduction (ID-

NDR) 98
International Drinking Water Supply and Sanitation

Decade 216, 264
international environmental law; see also international law

212, 311, 337
International Fund for Agricultural Development

(IFAD) 140
international law 208, 264, 309, 312, 315–318, 343
International Mediation Center for Water Conflicts 214
International Rivers Network (IRN) 170
International Tribunal on the Law of the Sea 28
International Undertaking on Plant Genetic Resources 30
Iraq 119, 207–208
irrigation 69, 71, 75, 94, 116, 123, 139, 146, 150–151, 155,

158, 167, 170–172, 202, 225, 233, 236, 256, 306, 328
– irrigated agriculture 69, 91, 118–119, 135, 137, 150, 155,

159, 210, 230, 234, 260, 307, 338
– irrigation areas 77, 146, 150, 230, 238
– irrigation systems 133, 152, 155, 158, 172, 201, 209, 234,

268, 299, 328
Israel 121, 209–210, 319, 320, 328

J
Japan 91, 116, 175, 257, 283–284, 309
joint implementation; see economic instruments
Jordan; see rivers

K
Katanga Syndrome 133

L
lakes 48, 54, 90, 93, 237–238, 240, 242–243

– Aral Sea 114, 134, 165, 171, 172, 238
– Great Lakes (Norht America) 212, 242
– Lake Baikal 48, 54, 326
– Lake Chad 326
– Lake Constance 53, 240–241

– Lake Tahoe 241
– Lake Tanganyika 326
– Lake Titicaca 268, 326
– Lake Victoria 243
– South Chilean Lakes 243

land-use 90, 118, 133, 175, 198, 234, 295, 335, 338
– land-use rights 164, 171

Länder Working Group for Water (Länderarbeitsgemein-
schaft Wasser – LAWA 2000) 87, 92

landfills 88, 90, 242, 274
landslides; see disasters
large-scale projects 132, 134, 165, 167, 176, 181, 183, 320,

329
LAWA 2000; see Länder Working Group for Water
liability 170, 296, 301, 307, 309, 337
Libya 70–71, 319
lifestyles 42, 116, 185, 190, 246, 269
Local Agenda 21 (LA21); see Agenda 21
long-term orientation 160, 298, 299

M
Madras 187
malaria; see infectious diseases
marine pollution 27, 214, 316
markets 133, 152, 235, 287–288, 291–292, 295, 302, 304

– market failure 291
– valuation of markets 287–288, 292, 294, 300

mass tourism; see tourism
Mass Tourism Syndrome 134
matter cycles 48, 53, 64

– carbon 49, 51, 247
– sulfur 56, 84, 187
– water 51, 55, 59, 61, 68, 158, 292, 294, 302

measuring technology; see monitoring
mediation; see also discourse 283, 318–320, 330

– mediation procedure 281, 283, 286, 320
megacities; see cities
Mexico 140, 155, 180
Mexico City 187, 194, 296, 311
Middle East 207, 209, 225, 256
migration 171, 184, 188, 196, 198, 219, 222, 320
mineral oil 88, 134, 254

– products 87, 90, 254
mining 88, 90, 133, 238, 247
mobility 222, 242, 300, 329
modeling 104, 113, 122–123, 206

– WaterGAP 75, 78–79
monitoring 83, 91, 96, 202, 212, 227–228, 248, 321, 327, 336
monoculture 64, 162, 172, 234, 245
moors 51, 64, 247
mosquitoes 220, 224–226
Montreal Protocol; see Protocol on Substances That De-

plete the Ozone Layer
multiple cropping; see cultivation
multiple use; see water reutilization
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Mumbai (former Bombay) 185, 188
myths 269–270

N
navigability 113, 167
network of interrelations; see also syndromes of global

change 114, 132, 155, 165, 195, 325
newly industrializing countries 134–135, 266
nitrogen; see also matter cycles 61, 64, 84, 94

– fertilization 61, 147, 157, 162
nitrogen oxides (NOx) 84
non-governmental organizations (NGO) 25, 29, 32, 42, 170,

316, 337
norms 188, 190, 272, 278, 299
North America 45, 51, 53, 68, 71, 92, 164, 212, 240
Norway 97, 240

O
oases 51, 248
Oceania 75, 81, 248
oceans 45, 59–60, 213, 235

– ocean circulation 60
opportunity costs 125, 294
option value 288, 291
organic trace substances; see also persistent organic pollu-

tants 88, 90, 92
overfishing; see fishing
oxygen demand 49, 86, 240

P
Palestine Liberation Organization (PLO) 210, 319
Pantanal; see wetlands
Paraguay 78, 165
participation 32, 37–38, 112, 154, 156, 169–170, 180, 182,

200, 213, 226, 279, 282, 286, 319, 328
particulates 85, 165, 240
pathogens; see infectious diseases
permafrost 100, 103
persistent organic pollutants 27, 204, 213
pesticides 51, 88, 116, 138, 145, 147, 153–154, 158

– dichlorodiphenyltrichlorethane (DDT) 89, 145, 225
– use of pesticides 145, 147, 154, 158

phosphate 89, 212, 240–241
photosynthesis 48–49, 61–62, 240
phytoplankton; see plankton
plague; see infectious diseases
plankton 48, 243, 254

– bacterioplankton 48
– phytoplankton 48, 52–53, 219, 241
– zooplankton 48, 243

plant genetic resources 30; see also biotechnology; genetic
diversity

plants 49, 52, 221, 235, 244

policy failure 134, 185, 190, 192, 199, 291
poliomyelitis; see infectious diseases
pollutants; see also pesticides 51, 64, 85, 88, 90, 92, 95, 136,

187, 237, 241–242, 327
– accumulation 95, 215, 242
– pollutant loads 85, 114, 116, 295

polychlorinated biphenyls (PCB) 89, 92, 241
population 71, 79, 122, 129, 184–185, 193, 195–196, 220, 233

– population growth 121, 129, 135, 140, 194, 196, 198, 224,
229, 232, 258

poverty 32, 135, 163, 198, 224, 291
precipitation 56, 60, 63–65, 83, 97–98, 100, 102, 105, 113,

121, 124, 230, 253, 256
– deficiency 187
– distribution 61, 123–124
– heavy rain 98, 103–104, 223, 256
– interception 63, 103
– patterns 65, 113, 118, 123
– variability 56, 59–60

prices; see economic instruments
primary production 48, 53, 240, 243, 247
Prisoner´s Dilemma model; see game theory
process water 47, 123, 256
Programme of Action “Water 21” 20, 330
property rights 282, 292, 297–298, 300, 305, 339
Protocol on Substances that Deplete the Ozone Layer 26,

34, 214

Q
Quantified Emission Limitation and Reduction Objec-

tives (QUELROs) 27

R
radiative balance; see also solar radiation 56, 59, 63
Ramsar Convention; see Convention on Wetlands of In-

ternational Importance, Especially as Waterfowl Habitat
rats; see also health 195, 220, 222
regime 26, 161, 204, 210, 212, 215, 298, 314–315, 319, 321,

329, 343
– boundary waters regime 284

regional development 154, 159, 234, 341
regulatory functions 46, 288, 290
research collaboration 200, 335, 344
resettlement 109, 164, 169–170, 175, 194
resistance 147, 160, 162, 222
resource management 19, 47, 191, 210, 262, 265, 269, 281,

285, 304, 336, 340, 343
Rhine; see rivers
risks 105, 106, 111–112, 137, 170, 339

– communication 106–107, 110, 112
– export credit guarantees 175, 297
– management 106–107, 112
– reduction 109

rivers 49, 51, 83, 85–86, 100, 104, 118, 238, 240, 242, 244, 258,
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267
– Congo 57
– Danube 170, 210–211, 314
– delta 101–111, 114, 168
– Euphrates 208
– impoundment 244, 249
– Jordan 209, 320
– Rhine 97, 102, 104, 238, 242, 274
– Senegal River 57
– Tigris 207–208
– Yangtze 167, 173–174, 244, 326
– Yarmuk 210

rooting depth 60–61, 65, 236
running waters; see also rivers 49, 85–86, 91, 238, 241, 300
runoff 45, 55, 57, 63, 68, 96, 100, 102, 104, 118, 123, 164, 177

– runoff coefficient 100, 110
rural exodus 186, 188, 190, 196
Rural Exodus Syndrome 133

S
Sahel 57, 60, 66
Sahel Syndrome 131, 171
salinity 94, 157, 238
salts 61, 87, 94, 155, 157, 238
sanitation 193–196, 201, 216, 218, 258, 296
sanitation education; see health
Santiago de Chile 258
São Paulo 185, 187, 195
Saudi Arabia 70, 126
schistosomiasis; see infectious diseases
sea-level rise 101
sectors; see also industry; agriculture 76, 86, 116, 302

– formal sector 195
– informal sector 190–191, 199, 341

sedimentation 64, 168, 175, 252, 257
sediment load 85, 123, 166, 176–178
self-help 190, 199, 260
self-purification 49, 50, 86, 242, 245

– of groundwater 50, 342
– of soils 49
– of waterbodies 85–86, 89, 242, 254

semi-arid regions 60, 103, 119, 170
Senegal; see rivers
services 140, 191, 196, 308, 329
sewage disposal 122, 191, 200, 216, 226, 260, 268, 290
sewage treatment 193, 226, 251, 254, 328

– sewage treatment plant 135, 193, 257
sewer systems 193, 222, 256, 267
Slovak Republic 211
slums; see also cities 135, 187, 190, 195, 198
Smokestack Syndrome 136
snowmelt 63, 99, 103
soils 49, 103, 120, 133, 137, 145, 237–238, 241, 256, 269

– degradation 30, 119, 232, 234, 336, 339
– erosion 64, 86, 118, 145, 168, 187, 247, 336

– infiltration 64, 99, 103, 236, 250
– salinization 155, 238, 290
– soil water 49, 60–61, 68, 119
– surface sealing 96, 103, 135, 194
– waterlogging 118, 151, 155, 157

solar radiation 57, 60
South America 66, 75, 78, 81, 116
species diversity; see also biodiversity 48, 52, 54, 64, 119,

147,326, 336
– endemic species 51, 54, 168, 243
– exotic species 53–54, 242
– extinction of species 51, 54, 238, 243–244

stomata 61, 62
structural adjustment measures 145, 154–155, 340
subsidiarity principle 296, 298, 308
sulfur dioxide (SO2) 84, 187
surface waters; see also water quality; water protection 46,

85, 90, 94, 96, 158, 193, 223, 238, 240, 295, 312
– acidification 84, 88, 240
– trophic level 48, 89, 237

sustainable development 36, 171, 180–181, 264, 322, 343
swamps 226, 238, 248
symbolic value of water 266, 270, 291
syndromes of global change; see also network of interrela-

tions 131
– core trends 152, 165, 198
– hydrosphere trends 116, 119, 158
– megatrends 198
– trend linkages 196

Syria 119, 207, 208, 210

T
technology transfer 139, 199, 321–322, 326
Three Gorges project; see dams
threshold values 92, 121
tide 101, 111
Tigris; see rivers
tourism 52, 54, 116, 134, 222, 238
toxicity 88, 91–92, 94
tradable emission certificates; see econmic instruments
transpiration; see also evapotranspiration 61–63, 158, 233
trends; see also syndromes of global change 65, 75, 91, 97,

114, 121, 131, 168, 188, 249, 259, 264
– development trends 195, 259
– precipitation trends 102
– trend monitoring 91
– trends in the spread of waterborne infections 222

tropical rainforests; see forests
Turkey 119, 205, 207–208, 223
typhoid; see infectious diseases

U
United Nations 98, 161, 185, 216, 282, 310, 319, 323, 345
United Nations Children´s Fund (UNICEF) 227
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United Nations Conference on Human Settlements
(Habitat II) 33, 198, 215

United Nations Conference on Population and Develop-
ment; see Habitat II

United Nations Convention to Combat Desertification in
Countries Experiencing Serious Drought and/or Deserti-
fication, Particularly in Africa (CCD) 30, 324, 339

United Nations Development Programme (UNDP) 32, 75
United Nations Educational, Scientific and Cultural Orga-

nization (UNESCO) 214, 326
United Nations Environment Programme (UNEP) 41
United Nations Food and Agriculture Organization

(FAO) 30, 34, 75, 94, 160, 230, 256
United Nations Framework Convention on Climate

Change 26–27
United Nations World Conference on Women 32
urban infrastructure 118, 136, 192, 196
urbanization; see cities
Urban Sprawl Syndrome 136, 196
USA 53, 73, 85, 90, 92, 112, 146, 159, 183, 205, 212, 218, 222,

228, 283, 294, 304, 307
USSR 51, 92, 164, 172

V
vaccination; see infectious diseases
values 47, 81, 257, 265, 272, 278, 284, 307, 320

– aesthetic value of water 47, 214, 270
vegetation 51, 60–61, 63–64, 103
Venezuela 68, 78
vulnerability 109, 177, 180

– vulnerability index 125

W
waste accumulation 135, 193, 257
Waste Dumping Syndrome 137
water availability 61, 121–123, 125, 287, 340
water balance 55, 61, 63, 118–119, 134, 168, 172, 295
water benefit 160, 267–268, 278, 288, 303–304, 314
water companies 297, 309
water conflicts; see conflicts
water consumption 72, 75, 118, 124, 202, 208–209, 230, 233,

273, 277–278, 280
– reduction 271, 276–278, 280

water cooperatives 272, 304, 327
water crisis 116, 121, 123, 125, 129, 130–131, 320, 325
water culture 47, 265, 270–271, 276, 340
water cycle; see matter cycles
water distribution 215, 249–251, 264, 302, 329
water functions 45–47, 290, 295, 306, 342
water fund 345
water management 159, 199–200, 225, 265–266, 269, 276,

309
Water Management Act (Wasserhaushaltsgesetz – WHG)

269, 310

water markets; see economic instruments
water needs 69, 184, 187, 193, 264, 304, 309, 311, 344

– increasing consumption 135, 138
– minimum requirement of water 69, 121, 233, 262, 300,

303, 309, 327, 339
water plants 49, 52, 221, 244, 235
water policy; see water resources management
water pollution 119, 187, 193, 212, 260, 271, 274, 302
water prices; see economic instruments
water projects 271, 281, 296
water protection 200, 314, 321, 324

– water protection areas 241, 272, 298
water quality 49, 55, 64, 81, 83, 87, 91, 116, 123, 137, 176,

202, 212, 233, 235, 256, 276, 336
– saprobic index 87

water resources management 265–266, 274, 276, 296,
309–310, 316, 321, 323–324, 327
– France 296
– Germany 296, 305, 310
– USA 305

water reutilization 73, 75, 260
water rights 160, 301, 305–306, 310, 315
water scarcity 49, 67, 114, 116, 119, 121, 126, 158, 210, 230,

271, 292, 307, 320
– water scarcity index 125

water shortage 187, 230, 274, 309
water strategy 324, 342
water supply and wastewater disposal 199–200, 226,

272–273, 282, 295, 305, 308, 326
– basic supply 199, 215, 309, 344
– demand-side management 277, 285
– supply-side management 277
– water purification 251, 257, 295

water technologies 80, 118, 159, 199, 202, 249, 255, 260–267
water use 73, 137, 200, 202, 216, 229, 234, 255, 268, 272, 276,

285, 309, 327, 330
– efficiency 77, 159, 162, 308

water withdrawal 69, 71, 75, 78–79, 80, 116, 122, 138, 230
– by agriculture 69, 70–71, 75, 79, 123, 233, 306
– by industry 71, 73, 79–81, 116
– for domestic use 74, 76
– global 69, 73, 78, 124

WaterGAP; see modeling
weather forecasts 104–105
Wetland Conservation Fund 248
wetlands 51, 64, 177, 226, 244–245, 247–248

– drying up 53, 118, 164, 249
– Pantanal 246

willingness to pay 268, 287–288, 290–291, 295, 302
women 31, 32, 172, 194, 198, 226, 231, 280

– empowerment 32
World Bank 75, 121, 125, 154, 160, 167, 169, 291, 296, 339
World Conference on Human Rights 33
World Food Summit 34, 160, 162
World Health Organization (WHO) 80, 92, 202, 216, 225,

227
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world heritage 173, 204, 213–214, 262, 326
World Heritage Convention; see Convention Concerning

the Protection of the World Cultural and Natural Her-
itage

World Meteorological Organization (WMO) 83
World Summit for Social Development 35, 155
World Water Charter 199, 324–325, 327, 346
World Water Penny; see also water benefit 344

Y
Yangtze; see rivers
Yarmuk; see rivers

Z
zooplankton; see plankton


