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In a climatically and geopolitically heated world, the challenges surround-
ing water are becoming substantially more acute. Uncertainty is becoming 
the norm; the limits of controllability could be exceeded. What is needed 
is a climate-resilient water-management regime with a long-term view that 
combines thinking about blue and green water and is able to react flexibly to 
changes. It must incorporate existing, self-organized structures and needs to 
be accompanied and supported by science. An International Water Strategy 
with regional platforms should be developed.

Where there is water, there is life. Water is powerful yet 
fragile – an object of conflict and, at the same time, a 
unifying medium. Continuing, accelerated changes in the 
global water cycle are to be expected in the future. The 
effects of climate change, the overexploitation of water 
resources, the unequal distribution of water, the loss of 
ecosystem services, and threats posed by water-related 
health risks will continue to intensify. The assumption of 
stationarity – i.e. the idea that natural systems exhibit 
predictable variability within a defined time window on 
the basis of empirical observations – is no longer valid in 
the face of climate change. This will increasingly lead to 
threatening situations that are beyond the spectrum of 
human experience and could escalate into regional water 
emergencies. In extreme cases, situations arise in which 
the limits of controllability are exceeded, societal struc-
tures and ecosystems are substantially destabilized, and 
there is no longer any room for manoeuvre. These are 
threatening patterns with a planetary dimension.

A water-mapping initiative consisting of a scientific 
platform and a panel of experts should be launched in-
ternationally in order to recognize crisis developments 
at an early stage and avert regional water emergencies 
with a  planetary dimension. Furthermore, there should 
be a systematic international exchange on effective ad-
aptation and resilience strategies. These challenges face 
all countries, and an International Water Strategy should 
be sought to meet these challenges as a global community. 

Climate-resilient, socially balanced water management 
worldwide, in which infrastructure and management ap-
proaches adapt to changes in local hydrological balances 
and increasing extreme events, is of key importance. This 
also includes the protection of water quality by consist-
ently implementing the zero-pollution approach and the 
guiding principle of a circular water economy, incorpo-
rating ecosystems and the active management of green 
water in the form of soil moisture.

Moreover, sustainable water policy can only succeed 
if progress is also made in other policy areas. A strin-
gent climate-change-mitigation policy, spatial planning 
for the conservation and restoration of ecosystems and 
the implementation of international biodiversity targets 
are essential to maintain room for manoeuvre. They 
must be closely linked to global social, economic and 
trade policies to make a peaceful “WaterFuture” pos-
sible. Private investment must be mobilized and public 
 revenues stabilized in order to finance the adaptation 
to a changed water supply and increasingly frequent 
extreme events. Access to funding should also be im-
proved for local actors.

Science is an important resource for enabling climate-
resilient water management. It has an obligation to sup-
plement empirical knowledge with projections of future 
changes and their uncertainties. At the same time, inno-
vative approaches for dealing with large-scale and dis-
ruptive changes in water availability and increasingly 
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frequent extreme events must be developed and scien-
tifically monitored. Decision-making processes can be 
accelerated by providing real-time data and forecasts.

A sustainable WaterFuture requires goals and re-
sponsibility to be borne not only by the state but also 
by business and society. The state must create the con-
ditions for this and lay down a political and regulatory 
framework that promotes self-organized structures and 
supports an education campaign for the responsible use 
of water. As a valuable resource, water should be priced 
consistently and in a socially balanced way in order to 
promote its efficient and sustainable use worldwide.

It is therefore of the utmost urgency to place the issue 
of water higher on the international agenda. The current 
strong momentum created by the UN Water Conferenc-
es in 2023, 2026 and 2028 should be used by govern-
ments to maintain a sufficient distance from the limits 
of controllability worldwide by taking comprehensive 
precautions. In the short term, effective strategies for 
resilient water management should be developed that 
will strengthen global cooperation in the medium term 
and lead to a water agreement supported by the inter-
national community in the long term.

International water policy must adapt to the progres-
sive and accelerated changes in the global water cycle. 
To this end, water should be considered a cross-cutting 
issue in many forums, but it also needs its own process 
and political attention. The WBGU recommends devel-
oping an International Water Strategy by 2030. The ob-
jectives and measures of the Strategy should also be in-
corporated into intergovernmental economic and trade 
relations to enable synergies between the protection of 
water resources and support for climate-neutral devel-
opment and food security. In the long term, the strategy 
should be developed into a separate international agree-
ment for water – comparable to the Rio Conventions.

Box 1 provides an overview of the WBGU’s key 
 messages.

How we use water today

On Earth, water passes through a continuous, global cy-
cle, which constantly provides fresh water in the form 
of precipitation over land. This is then available as blue 
or green water: blue water includes all water resourc-
es in rivers, lakes, reservoirs and groundwater; green 
water refers to the water held in the subsurface as soil 
moisture; through plants it can productively promote 
the formation of biomass (Rockström et al., 2023). Eco
systems and their biodiversity are an important part of 
the global water cycle. Humans now greatly influence the 
natural water cycle – both regionally and globally – by 
abstracting, using and discharging water in many ways 
which have changed and continue to change evaporation, 
precipitation, groundwater recharge, runoff behaviour, 
water quality, etc. Furthermore, the massive impact of 
climate change and ecosystem degradation can already 
be felt today.

Box 1

Core messages 

	> Keep the limits of controllability at a  
safe distance

	> Anticipate and avert regional water  
emergencies with a planetary dimension

	> Implement climate-resilient water management 
and maintain near-natural water quality

	> Integrated climate policy, biodiversity policy 
and social policy are effective water policy

	> Transformative water knowledge:  
forward-looking practice supported by science

	> With society, not against it: the proactive  
state and self-organized society take up  
responsibility

	> Take responsibility internationally –  
develop an International Water Strategy 

	> Use the national water strategy to foster the 
international discourse on water

2
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Globally, agriculture accounts for 72 % of all fresh-
water abstraction, industry for 15 % and municipalities 
and households for 13 % (AQUASTAT, 2024). Howev-
er, the amount of water abstracted for agriculture as a 
percentage of total abstraction varies considerably by 
region and income level. In high-income countries it is 
on average only 41 % of the total withdrawals, whereas 
in low- and middle-income countries water abstracted 
for agriculture accounts for 80–90 % (Ritchie and Roser, 
2017). The expansion of irrigated agriculture, the area of 
which more than doubled between 1961 and 2018 (UN-
ESCO, 2024), and the water requirements of a growing 
urban population have led to the overuse of non-renew-
able groundwater (deep groundwater), and water tables 
have been falling further and further in many regions 
and cities around the world. The Middle East, North 
Africa, India, northern China and the Southwest of the 
USA are particularly affected. In most of these regions, 
water consumption for agricultural irrigation accounted 
for an average of over 90 % of total water consumption 
between 1960 and 2010. At least around half of this 
came from non-renewable groundwater (Wada and Bi-
erkens, 2014).

About 2.2 billion people have no safe access to clean 
drinking water – low- and middle-income countries are 
particularly affected (UNESCO, 2024). The supply situa-
tion is especially difficult in rural areas, where four out of 
five people do not have safe access to clean drinking water. 
About 3.5 billion people have no access to an adequate, 
hygienic water supply. Official Development Assistence 
(ODA) to the water sector in 2022 was US$9.1 billion, 
more than 4 % below its 2018 peak (UN Water, 2024).

Between 2002 and 2021, 1.6 billion people were af-
fected by flooding and about 100,000 lost their lives. 
In the same period, 1.4 billion people suffered from 
droughts, with about 21,000 deaths (UNESCO, 2024). 
Approximately half of the world’s population currently 
suffers from severe water shortages for at least part of 
the year (IPCC, 2023).

In many regions of the world, efforts to ensure a safe 
water supply and disposal system have made significant 
progress, yet a substantial proportion of the world’s 
population still does not have adequate access to these 
services: for at least three billion people, water quality 
is uncertain because of a lack of monitoring (UN, 2022). 
The threat caused by pathogenic microorganisms in 
drinking water still affects two billion people worldwide.

In addition to local effects, there can also be tele coupling 
effects via trade in goods whose production requires wa-
ter. The water required for producing goods and the water 
contained in the goods can be tracked as virtual water 
flows across the globe. Approximately 65–90 % of global 
virtual water flows originate from trade with agricultural 
products, followed at a considerable distance by industry 

and the energy sector.  Countries exporting agricultural 
goods in particular thus indirectly export their own water.

Water is wasted, overused and unfairly distributed 
in many places. Use patterns are shaped by political 
framework conditions and the existing water infrastruc-
ture which involve considerable path dependencies that 
make course corrections and substantial changes difficult.

Exacerbated water-related challenges 
in the future 

Humanity, ecosystems and the planet are moving to-
wards a future in which the quantities and quality of 
water available to humans and nature are subject to in-
creasing change. The assumption of stationarity is no 
longer valid, particularly as a result of climate change.

Climate change and pollution
Climate change is intensifying the global water cycle: 
water is evaporating ever faster from the animal and 
plant world, as well as from soil and water surfaces, and 
the amount of water stored in the air is increasing – the 
air can store 7 % more water for every 1 °C of warming, 
making more and heavier precipitation events possible.

Progressive warming is driving global and regional 
changes in precipitation and evaporation, shifting the 
balance from frozen to liquid water, increasing the water 
content in the atmosphere and leading to an increase in 
extreme events such as floods and droughts. One billion 
people currently live near a coast and are directly affect-
ed by rising sea levels and correspondingly higher storm 
surges (IPCC, 2019). Precipitation is rising on a global 
average; every 1 °C added to global warming increas-
es average precipitation worldwide by 1–3 %, whereby 
the extent and direction of the changes – and therefore 
their effects – vary greatly from one region to anoth-
er. The amount of precipitation could increase by up to 
13 % by the end of the century compared to the period 
1995–2014. Since warming also leads to potentially higher 
evaporation, there are regional differences in the effects 
on the total amount of water available. Soil moisture and 
thus green water will decrease more and more in many 
regions. If global warming reaches 4 °C, this could mean 
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a reduction in soil moisture of up to 40 % in Amazonia, 
southern Africa and western Europe, for example – while 
continuing to increase in other regions. In response to 
climate change, groundwater abstraction, e.g. for irriga-
tion, can be expected to increase and could deplete the 
non-renewable groundwater resources worldwide. The 
combination of further rising temperatures, changing 
precipitation patterns, retreating glaciers and reduced 
snow cover means that average runoff volumes will in-
crease as global warming progresses, albeit with regional 
differences. Increasing runoff volumes are predicted in 
particular for the northern high latitudes and regions in 
Central and East Africa, while decreases in the Mediterra-
nean region and parts of Central and South America will 
lead to considerable shortages of blue water, especially 
in the summer months (Douville et al., 2021).

Water quality, too, will continue to decline in the fu-
ture if the discharge of inadequately treated waste water – 
currently about 80 % of the world’s wastewater – and 
with it pathogens, persistent chemicals, nutrients and 
solid waste continues. As a result, groundwater, many 
freshwaters, coastal zones and seas are becoming dead 
zones uninhabitable for animals and plants due to a lack 
of oxygen and toxic blooms; the self-purifying power of 
water bodies is being lost. The complexity of pollution is 
increasing as a result of modern, newly developed sub-
stances, as well as mixtures of substances and possible 
interactions, e.g. with the microorganisms present (EEA, 
2022). The long-term risks are yet unknown and are the 
subject of ongoing research. Micro- and nanoplastics, 
for example, can act as a vector for additional harmful 
contaminants with potentially serious consequences for 
the environment and health. In a future scenario without 
countermeasures, the amount of plastic – and therefore 
also microplastics and nanoplastics – released into the 
environment is expected to double globally to 44 million 
tonnes per year by 2060 (OECD, 2022). Climate change 
is further exacerbating the situation: during periods of 
drought, for example, the concentration of pollutants 
in surface waters can no longer be sufficiently diluted. 
Flooding and melting snow and ice mobilize pollutants, 
making them bioavailable. Rising water temperatures 
during heat waves influence the physical, chemical and 
biological processes in surface waters, which can affect 
the concentration and chemical properties of transport-
ed substances. Together with unabated climate change, 
this results in an extreme, barely controllable burden for 
global water resources.

The capacity for adaptation decreases continuous-
ly as climate change progresses – this affects people, 
technological and institutional systems as well as na-
ture (IPCC, 2022). In order to largely maintain ad-
aptability, there is no alternative to limiting climate 
change to 1.5 °C global warming in accordance with the 

precautionary principle and – if possible – even revers-
ing it in the long term. This requires an end to anthropo-
genic CO2 emissions and a sharp reduction in emissions 
of other greenhouse gases, as well as the removal of CO2 
from the atmosphere.

Socio-economic and geopolitical developments
In future, unless effective actions are taken, water use – 
and thus the risk of overuse – will continue to grow, de-
pending on the region. UNESCO (2023) estimates that 
the global demand for water will increase by about 1 % 
per year and thus by 20–30 % by 2050. However, the 
margin of error for this assessment is more than 50 %. A 
large proportion of the expected increase in demand will 
happen in low- and middle-income countries, especially 
in emerging economies. Increases in demand by munic-
ipalities and households are strongest in regions where 
the water supply and disposal are being expanded. In-
creases in industrial water demand generally go hand in 
hand with advancing industrialization; demand can also 
fall again if there are improvements in the efficiency of 
water use. The demand for water in agriculture is driven 
primarily by irrigation. Projections on the development 
of water demand vary considerably, depending on the 
underlying assumptions on socio-economic, technical 
and climatic developments. The IPCC estimates that the 
demand for water for irrigation could double or even 
triple by the end of the century (Caretta et al., 2022). 
Projections show that rising irrigation requirements and 
increased evaporation as a result of climate change will 
contribute to accelerating the depletion of groundwater 
resources by the end of the century.

Global geopolitical and societal developments are 
likely to exacerbate the situation. A lack of water avail-
ability and extreme events such as droughts or floods 
can hinder growth, development and poverty allevia-
tion. Multidimensional poverty and social inequalities, 
as well as autocratization and polarization processes, 
weaken societal cohesion, promote the fragmentation 
of governance systems and reduce societal resilience 
to water-related crises like droughts and floods. Water 
management is often a task that transcends political 
boundaries; like water-related multilateral negotiations 
it is therefore being made more difficult by current geo-
political tensions. Moreover, water crises are frequently 
caused not by a lack of availability but by unequal dis-
tribution. Climatically and ecologically induced resource 
availability and distribution deficits reinforce each other.

Damage to the health of species, ecosystems 
and humans
Increasing pollution, the growing climate crisis and their 
impact on hydrological processes and, not least, biodi-
versity will have direct and indirect consequences for 
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human health and that of other organisms. This has an 
impact on the functioning and species composition of 
ecosystems. Water availability is fundamental to plant 
growth – and therefore to the functioning of ecosystems 
like forests or grasslands. Conversely, healthy ecosys-
tems are essential for locally stable freshwater availa-
bility and quality. Water is therefore not only important 
for biodiversity; biodiversity is also important for water. 

The interaction of climate factors can also change 
human living conditions so unfavourably that local 
livelihoods and food supplies are no longer guaran-
teed. Changes in water quality and quantity and the 
associated lack of safe water are only part of the threat 
situation. Water scarcity, pollution and flooding affect 
people both directly and indirectly. They can lead to the 
permanent loss of health and the loss of many human 
lives. Social structures and health facilities can also be 
lost. Irregular or insufficient water supplies impair not 
only the vitality of individual people and their perfor-
mance in society but ultimately also the performance of 
society as a whole, with corresponding economic and 
socio-political consequences.

The emerging global exacerbation of challenges and 
their interaction can lead to emergencies that can hard-
ly be controlled by humans. Examples of regional water 
emergencies that can also occur in the same or similar 
ways in other regions of the world are illustrated in Box 2. 

Maintain a safe distance from the limits of 
controllability

Water emergencies can reach the limits of controllabili-
ty, beyond which societal structures and ecosystems de
stabilize: humans and ecosystems in the affected region 
are deprived of their livelihoods (Box 2). In view of the 
predicted climatic, ecological, socio-economic and geo-
political developments, such boundary conditions and 
regional water emergencies can be expected to become 
increasingly common worldwide.

In order to maintain a safe distance from the limits 
of controllability, measures are required at the global, 
regional and local level (Fig. 2):

First, it is important to limit the exacerbation of chal-
lenges which, as global drivers, have a direct impact on 
the global water balance: this requires an ambitious 
 climate policy, including compliance with the goals of 
the Paris Agreement, as this is the only way to  limit the 
changes to the global and local hydrological balance 
caused by climate change. Equally important is the 
 implementation of the Kunming-Montreal Global Bio
diversity Framework in order to protect the fundamen-
tal role of nature in the global hydrological balance. The 
earlier action is taken, the more options there are.

Second, regional water emergencies must be avoided 
as far as possible. If the exacerbated water-related chal-
lenges cannot be controlled, the likelihood of regional 
water emergencies on a planetary scale will increase. 
Transformative adaptation measures and climate-resil-
ient, socially balanced water management are needed 
as defence against such emergencies, since incremen-
tal adaptation measures will no longer be sufficient. 
This requires a willingness to radically change course, 
in particular by shaping structural change, for example 
in land-use, industrial, settlement and infrastructure 
 policy – both nationally and in the context of interna-
tional cooperation.

As it is not always possible to maintain a safe distance 
from the limits of controllability, regions at risk must 
prepare for a plan B at an early stage. If transformative 
measures no longer help, an orderly and timely with-
drawal may be the only option left. Where the limits of 
controllability are crossed, the options for action are 
acutely reduced to reactive crisis and disaster manage-
ment accompanying the retreat. Which risks are consid-
ered intolerable and which individual adaptation paths 
should be pursued is also the subject of societal nego-
tiation processes.

Establish principles of action
The WBGU recommends climate-resilient, socially 
balanced water management based on the following 
 principles:
	> Safeguard water as a common good for people and 

nature: Water must be distributed and stored as a 
global, life-giving common good according to the 
needs of all people and nature. Nature-based, tech-
nical and institutional solutions for ensuring a resil-
ient water supply with impeccable water quality 
must take into account and balance multifunctional-
ity for humans and ecosystems.

	> Increase adaptability in the face of continuous change: 
Systems for the provision and use of water should be 
kept resilient in the face of hitherto unknown fluctu-
ations and ongoing changes that cannot be precisely 
predicted; they should be re-coordinated on a scien-
tific basis. Administrations, operators and users must 
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Box 2

Regional water emergencies with a  
planetary dimension 

Droughts and extreme precipitation will increase worldwide 
due to climate change. Melting glaciers will massively change 
the availability of water in many places. Added to this is the 
degradation and destruction of ecosystems that support val-
uable water storage, e.g. as green water. Water pollution will 
also increase significantly in some regions of the world. These 
exacerbated water-related challenges can mutually reinforce 
each other and, in the medium and long term, escalate into 
regional water emergencies with a planetary dimension. The 
extent and dynamics of these water emergencies can exceed 
hitherto manageable risks. Here, the WBGU describes five 
examples of regional water emergencies whose patterns can 
also be found in other regions of the world.

Water scarcity in cities

In the last twenty years, over 80 large cities and metropolitan 
regions worldwide have been affected by severe water short-
ages (Rusca et al., 2023). The number of reports about cities 
threatening to run out of water is growing. In 2016, over 30 % 
of the urban population lived in areas where water was scarce. 
Lack of surface water, soil sealing, excessive groundwater use 
and the increase in the demand for water caused by (rapid) 

urbanization and rising per-capita demand are the main drivers 
of urban water shortages. Leaks in the water infrastructure 
and mismanagement are exacerbating the water shortage. 
The number of people living in cities facing water scarcity 
worldwide could increase from more than 933 million in 2016 
to 1.6-2.3 billion people in 2050; that is between a third and 
almost half of the global urban population (He et al., 2021). 
The megacity of São Paulo (Brazil) experienced a severe water 
shortage in 2014-2016, while in 2019, Chennai (India), one of 
the world’s wettest megacities, was affected by the worst water 
shortage in 30 years. Barcelona, Cape Town, Bogotá, Monte-
video and Mexico City are further examples of cities where 
a water emergency has had to be declared in the recent past.

Increase in droughts and flash floods in the  
MENA region 

By global comparison, the MENA region (Middle East and 
North Africa) will be one of the most severely affected by 
the negative effects of climate change (Hajat et al., 2023). 
Between 2007 and 2018, the availability of renewable fresh 
water per capita in the region fell by approximately 24 % 
(SIWI and UNICEF, 2023). Changing precipitation patterns, 
increasing aridity and droughts, heavy rainfall events and 
flash floods, and above all overuse, accompanied by major 
governance challenges in the equitable distribution of the 
few available freshwater resources are already leading to 
water shortages and unequal water availability for humans 

Figure 1 
Geographical location of the regional water emergencies with a planetary dimension covered in the report.
Source: WBGU
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and the environment in the region today. Projections indi-
cate that a significantly more extreme climate can be expect-
ed in the MENA region in the future. Heat extremes, more 
aridity, longer-lasting droughts and more heavy rainfall 
events, combined with rising pressure of use, will further 
worsen water scarcity in the region in the future, with neg-
ative consequences for people and nature. This trend repre-
sents a global pattern: in 2022–2023, a drought emergency 
was declared in 22 countries worldwide (UNCCD, 2023). 

Melting glaciers in the Hindu Kush-Karakoram-Himala-
yan mountain range: loss of large water reservoirs

After the poles, the glaciers of the Hindu Kush-Karakoram-
Himalayan mountain range are the largest frozen freshwater 
reservoirs on Earth. The region’s river basins supply almost 
two billion people with water, i.e. a quarter of the world’s 
population. Even without further warming, a loss of more than 
20 % of the ice mass and glaciated area in the mountain range 
is projected by 2100; this proportion increases to up to 65 % 
under different climate scenarios. Almost 200 million people 
in the region are already suffering from water stress (Nie et 
al., 2021) and the situation can be expected to worsen by the 
end of the century. A reduced supply of water – especially 
in river basins like the Indus which are largely fed by melt-
ing water – is combined here with an increasing demand for 
water. This development harbours considerable destabilization 
potential: for example, increased water stress for people and 
ecosystems can lead to societal and geopolitical conflicts, 
growing natural hazards can pose a threat to human life and 
infrastructure, and reduced runoff in the summer months can 
affect not only regional but also global food production. The 
region accounts for 61 % of the global rice harvest, 41 % of 
global potato production and 24 % of the global maize harvest 
(Hu and Tan, 2018). Melting glaciers also pose water-related 
dangers in other regions of the world; the southern Andes, 
western Canada, the western USA (especially Alaska) and the 
European Alps are particularly affected.

Water pollution in Sub-Saharan Africa

Globally, the number of people affected by water pollution 
from organic compounds could increase from 2.7 billion to up 
to 4.2 billion by the end of the century. Similar patterns are 
predicted for contamination by pathogenic microorganisms, 
salts and nutrients (Jones et al., 2023). This particularly affects 
Sub-Saharan Africa: by the end of the century, 25 % of all 
people – but 38 % of people worldwide affected by water 
pollution from organic compounds – are expected to be living 
in Africa. Pathogenic microorganisms pose a direct threat to 
human health; organic carbon compounds promote microbial 
growth and oxygen depletion in surface waters, leading to fish 
kills. Nutrients like nitrogen and phosphorus cause eutrophi-
cation, algal blooms and the loss of habitats and biodiversity. 
In addition to Sub-Saharan Africa, global hotspots of water 
pollution are also emerging in central and north-western Mex-
ico, northern India and eastern China.

Overexploitation of groundwater and climate change 
in the Central Valley (USA)

The risk of local water shortages has grown significantly in 
the Central Valley in recent decades due to rising demand and 
climate change. Groundwater loss has exceeded the rate of 
recharge on a multi-year average. As a result, more than 75 % 
of the wells suffered a lowering of the groundwater table by 
more than 1.5 m in 2018–2023 (CNRA, 2023). Maintaining the 
drinking water supply is becoming increasingly challenging in 
view of high consumption and more frequent dry periods. No 
alleviation of the situation is in sight. However, as a ground-
water-dependent and semi-arid region, the Central Valley 
is not the only place in the world where there are signs of 
localized depletion of renewable groundwater resources with 
far-reaching consequences for people and nature. The north-
east of China (Hai He Basin and North China Plain Aquifer), the 
north of India (Ganges-Brahmaputra Aquifer), the north-east of 
South America (São Francisco Basin), the southwest and south 
of the USA (Central and South High Plains), Eastern Europe 
(Don and Dnieper Basins) and the Middle East (Arabian Penin-
sula, Iran) are also reaching the limits of their natural carrying 
capacity as a result of years of intensive crop cultivation and 
the consequences of global warming.

2 billion 
people access their water from the region's 
river basins

200 million 
people are already suffering from increased 
water stress

20 % to 65 %
glacier loss depending on climate scenario

2.7 billion 
people are today affected by 
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is their expected number by 2100

38 %
of the world’s population affected by organic 
water pollution will live in Sub-Saharan 
Africa in 2100

25 %
of fruit and nut production in the USA 
originates from the Central Valley
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water losses are expected in the region 
by 2030
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prepare themselves for a highly dynamic situation. 
To achieve this, structures, as well as planning and 
decision-making processes, must be designed to be 
adaptable and correctable by all actors.

	> Resilience and risk prevention instead of emergency 
response: The precautionary principle must be con-
sistently applied to safeguard a climate-resilient 
water infrastructure and water quality. Risk preven-
tion and risk minimization instead of emergency 
response should be the basis of planning processes 
and decisions in the entire water sector and sectors 
influenced by it.

	> Managing blue and green water across sectors: Blue 
and green water must be considered and managed 
jointly and in all sectors in regional and local solu-
tion approaches. Both have strategic, geopolitical 
relevance: in addition to river catchment areas, 
transboundary evaporation and precipitation pat-
terns must also be taken into account. Coherence 
between policy levels and fields is a prerequisite for 
this.

	> Enable a science-based discourse on challenges and 
options for action: The WBGU recommends initiating 
a science-based discourse on strategy development 
and options for action in the face of uncertainties, 
taking the concerns of citizens and stakeholders into 

Figure 2
WBGU’s concept on the limits of controllability. Unchecked aggravations of water supply, water distribution and extreme events, 
coupled with inadequate adaptation can lead to regional water emergencies and to the limits of controllability being exceeded. 
Beyond these limits, which can vary from one region to another, the risks are intolerably high (red area). Which risks are con-
sidered intolerable and which individual adaptation paths should be pursued is also the subject of societal negotiation processes.
Left: If only minor adaptation measures are taken, the room for manoeuvre shrinks (green area). Water-related challenges 
exacerbated by increasing climate change, ecosystem degradation and pollution, as well as socio-economic and geopolitical 
developments can unleash their full force. Vulnerability and damage potential increase, and the risk of exceeding the limits of 
controllability grows over time.
Right: Transformative precautions increase resilience and reduce the impact of exacerbated water-related challenges, while at 
the same time containing the exacerbated challenges themselves. Room for manoeuvre (green area) is also maintained in the 
longer term.
Source: WBGU
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account. To this end, the severity and dynamics of 
exacerbated water-related challenges and resulting 
regional water emergencies with a planetary dimen-
sion must be identified, understood and options for 
action researched. Science should continuously 
inform policy-makers and take on an advisory role, 
e.g. by scientifically monitoring the instruments used. 
Political and societal participation, education  and 
collaboration should be promoted.

	> Value water and appreciate the value of water: Policy-
makers, public institutions, companies and financial 
markets should embrace and integrate the value of 
water and the systemic nature of water risks into 
their decisions. Economic decisions must be compat-
ible with the long-term goals of sustainable water 
management.

	> Accelerate implementation – encourage and promote 
self-organization: The regulatory framework and all 
water-management instruments must enable accel-
erated implementation and involve informal, decen-
tralized governance structures where appropriate. In 
particular, non-state, self-organized actors need to 
be involved and empowered.

Climate-resilient water management

In many places, overuse of water resources, unequal 
distribution, loss of ecosystem services, and water-re-
lated health risks are partly caused by misguided and 
ineffective water management. Management approaches 
aimed at overcoming shortcomings and deficiencies, such 
as the established Integrated Water Resources Manage-
ment (IWRM) approach, do not yet meet the challenges 
of climate change. The essential features of a climate-
resilient, socially balanced form of water management 
as outlined below, which are based on the principles of 
action described above, are intended to provide impetus 
for the further development of existing management ap-
proaches (IWRM, Water-Energy-Food-Ecosystem Nex-
us, adaptive water management) and for the more vig-
orous implementation of transformative adaptation in 
the water sector.

Making water management adaptable and resilient
The WBGU recommends establishing a new approach to 
water management that aims to live with – but also to 
minimize – uncertainty. Climate-resilient, socially bal-
anced water management established across the board 
should proactively manage local, regional and global 
water cycles with foresight, and maintain the various 
functions of water for humans and ecosystems in the 
long term. Transdisciplinary and collaborative learning 
and decision-making processes across sectors and spatial 
scales are required to make action possible in the face 
of uncertainty. This is based on empirical data, real-time 
information and future projections under various climate 
scenarios on water supply and demand, whereby a rising 
demand for water in the course of the energy-system 
transformation must also be taken into account. This re-
quires a digitalization campaign. Management methods 
must be constantly monitored on this basis and, if nec-
essary, adjusted at short notice. To achieve this, planning 
and decision-making processes in water management 
must be adjustable, and infrastructure measures must 
be designed in a more decentralized and adaptive way.

Water management should moreover be geared towards 
preserving, strengthening and restoring a climate-resilient 
landscape water balance. As some of these measures only 
take effect after a time lag, it is necessary to combine 
them with short-term measures, but without creating un-
desirable path dependencies. In line with the integrated 
landscape approach proposed by the WBGU (2020), an 
integrated landscape and water-balance approach should 
be pursued that combines the protection of the climate 
and biodiversity, the land needed for food security, and 
the strengthening of natural buffers in the water balance 
on all types of land, independent of how they are used. 
The green water stored as soil moisture must be more 
strongly integrated into water management, taking the 
effects of climate change into account.

Climate adaptation, water management and ecosys-
tem protection should be better interlinked. In order to 
enable greater use of regulating ecosystem services for 
stabilizing the water supply, a key role in water manage-
ment should be assigned to safeguarding the functions 
of water for ecosystems.

To make the local drinking-water supply more resilient, 
it is necessary to utilize various independent blue-water 
resources that are redundant and mutually complementary. 
Where necessary and technically feasible, greater use of 
alternative water resources such as desalinated seawater 
or effluents from municipal wastewater treatment plants 
is also recommended, provided that adverse effects, e.g. 
for ecosystems and human health, can be avoided. Mul-
tiple uses of water of different quality levels should be 
anticipated in the construction of the water infrastructure 
and buildings. Digital water-information systems should 
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be established across the board which record withdrawals 
by private households, public institutions and industry, 
potentially even in real-time, so that the supply can be 
adjusted by the utility. Artificial intelligence should also 
be used in the future, although there is still a need for re-
search in this area. Decentralized water storage and water 
reuse can be established for large consumers, contributing 
to more flexible water abstraction.

In order to deal in the short term with  increasingly 
frequent extreme events, a broad range of adaptive, 
fast-acting and resource-efficient measures – from 
 purely technical to more nature-based ones – should be 
used in combination with long-term effective measures 
to restore a climate-resilient landscape water balance. 
The selection and combination of measures should be 
based on the requirements outlined in Box 3.

In addition, approaches for assessment processes 
 under conditions of uncertainty should be further devel-
oped and put into practice. In regions that are particularly 
at risk from water emergencies, transdisciplinary forums 
should be created to address the challenges faced and to 
collaboratively develop adaptation options. In order to 
promote agile policy adaptation, more research projects 
should be funded that examine timely technical adap-
tation measures and policy measures, as well as their 
(water-) efficacy. Technical adaptation measures, e.g. 
planning bases for infrastructure measures such as the 
occurrence of a once-in-100-years flood event (HQ100), 
must be adapted.

Solution-space ecosystems
The restoration of wetlands such as swamps and marshes, 
river and floodplain landscapes or peatlands, as well as 
other water-relevant ecosystems such as forests, plays 
an important role in climate-resilient water management. 

Since the pre-industrial era, it is estimated that more 
than 80 % of the world’s wetlands have been lost due to 
changes in land use and drainage, and most of the remain-
ing wetlands have been degraded (UNEP, 2021). Resto-
ration measures in wetlands can improve the retention 
of water in the landscape and thus increase local water 
availability for humans and nature, stabilize supplies 
of drinking water, contribute to flood protection and 
 improve water quality and nutrient storage. Multiple 
benefits include e.g. the provision of habitats for diverse 
flora and fauna, improved soil quality and contributions 
to the livelihoods and culture of local communities. Fur-
thermore, peatland rewetting is of great importance for 
climate-change mitigation. Whether the restoration of 
a wetland is feasible also depends on the regional avail-
ability of water with the corresponding water quality. 
Unintended consequences such as the spread of invasive 
species or a change in the local hydrological cycle, which 
can have an adverse effect on agriculture, for example, 
should be taken into account and avoided.

The WBGU recommends promoting at all political 
 levels the restoration of ecosystems that are of ma-
jor importance for the water balance. This explicitly 
 includes water-related activities within the UN Dec-
ade for Eco system Restoration, the UN Water Decade, 
the 2030 Agenda for Sustainable Development, the 
Ramsar Convention, the EU Water Framework Directive, 
the EU  Nature Restoration Law and the relevant na-
tional strategies. In addition, Germany’s Federal Action 
Plan on Nature-based Solutions for Climate and Biodi-
versity, and related, relevant strategies such as the Ger-
man  Peatland Protection Strategy should be promoted 
over the long term and the measures contained therein 
promptly  implemented in the interests of climate- resilient 
water management. 

Box 3

Requirements for climate-resilient water-
management measures

The WBGU proposes four requirements that should be tak-
en into account when selecting, implementing and develop-
ing climate-resilient, socially balanced water-management 
measures:

Assess water-related efficacy on different time scales: The 
efficacy of measures should be assessed on the one hand with 
regard to specific water-related objectives and, on the other, 
with regard to their respective contribution to the restoration 
of a climate-resilient landscape water balance. Against the 
background of exacerbated water-related challenges, differ-
ent time horizons, uncertainties, impact delays and adapta-
tion limits must be taken into account.

Analyse feasibility in the respective context: The feasibility 
of measures should be assessed on a context-specific basis, 
taking into account the availability of technologies, finan-
cial resources, institutional capacities, their acceptance and 
their requirements in terms of land and resources – also with 
regard to their long-term operation and any adjustments that 
may become necessary over time.

Focus more on potential multiple benefits: Possible multiple 
benefits for climate and biodiversity protection and health, 
social and economic benefits of measures, and effects on the 
reduction of inequalities should be anticipated, evaluated and 
taken into account in the assessment of measures.

Avoid unintended consequences: In order to avoid maladap-
tation and other unintended water-related, ecological, health, 
social and economic consequences, all impacts of measures 
should be identified, evaluated and taken into account using 
a systemic and transdisciplinary approach.
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In the spirit of an integrated landscape approach 
(WBGU, 2020), it is advisable to enter into a dialogue 
with land users, residents living near areas to be restored, 
and other stakeholders at an early stage. In this way, 
conflicts can be avoided, multiple benefits increased and 
societal acceptance for restoration enhanced. The meas-
ures should be implemented with a view to the multi-
functionality of the entire ecosystem (e.g. a river and 
floodplain landscape) and take into account the mosaic 
approach in spatial planning (WBGU, 2024). This can 
result in diverse river and floodplain landscapes with 
high biodiversity which fulfil various functions such 
as water-level stabilization, water treatment, ground-
water recharge, CO2 sequestration, and the provision 
of habitats or recreation areas. Along the entire river 
catchment, its sustainable use for navigation, fishing, 
tourism and drinking-water supply, among other things, 
can be made possible and a near-natural, harmonious 
appearance restored.

The removal of barriers in river courses should be pro-
moted in order to restore their connectivity and enable 
far-reaching ecological and water-related multiple bene-
fits. The WBGU recommends entertaining the possibility 
of creating new ecosystems in restoration measures and 
spatial planning. This should lead to re-consideration of 
the legally regulated classification ‘good ecological status’ 
(EU Water Framework Directive). Under certain circum-
stances, this can even mean an addition that takes into 
account restoration aimed at increasing the resilience of 
ecosystems. Adaptive management incorporating regu-
lar monitoring using scientifically proven methods and 
robust modelling can help to anticipate the processes 
of ecosystem restoration and, if necessary, take timely 
follow-up measures.

In research, the perspective of the water supply and 
the protection and restoration of ecosystems, especial-
ly freshwater ecosystems, should be integrated or given 
greater consideration, for example in Germany’s Future 
Research and Innovation Strategy. Research on swamp 
and river landscapes should be expanded: in order to do 
justice to different usage requirements of river courses 
and landscapes, more research is needed that analyses 
their diverse ecosystem services as a function of resto-
ration measures. The findings should be incorporated 
into multifunctional spatial planning.

Long-term studies, research and monitoring projects 
have an important role to play and should be promoted: 
examples include studies on the diverse effects of dam 
removal, on comparing the initial state with the ecolog-
ical state after dam construction and after removal, or 
on water input into upland bogs. There is a need for re-
search into the typification and mapping of peatlands 
in order to effectively monitor, protect and restore peat-
lands and their contribution to climate-change mitigation 

and the conservation of specific biodiversity. Socio-eco-
logical research should also be strengthened. For exam-
ple, ecosystem services and the impacts of management 
and restoration should be comprehensively studied, and 
methods for the effective implementation of the inte-
grated landscape approach for ecosystems of major im-
portance for the water balance should be researched 
and made available.

Solution-space agriculture
On the one hand, climate-resilient water manage-
ment in agriculture means adapting crops and culti-
vation methods (and irrigating where or when neces-
sary) in order to deal with fluctuations in water sup-
ply and climate change as a whole. On the other hand, 
agricultural practices in turn also influence the water 
balance and water supply; agriculture must therefore 
contribute to a climate-resilient landscape water balance. 
Approaches to reducing water-related risks are diverse 
and locally specific, their effectiveness declines as cli-
mate change increases and is subject to uncertainties. 
Among the approaches under consideration, measures 
to maintain soil moisture and agroforestry are relative-
ly effective even if warming intensifies. Often, howev-
er, individual measures will no longer be sufficient and 
combinations will be necessary (Caretta et al., 2022). 
In its report entitled ‘Rethinking Land in the Anthro-
pocene: from separation to integration’, the WBGU 
made extensive recommendations for ecologically sus-
tainable agriculture and its incorporation into an inte-
grated landscape approach (WBGU, 2020). In addition 
to this, the following recommendations are made for 
climate-resilient, socially balanced water management 
in agriculture:

First, data and projections on water use and water 
supply should be improved and more knowledge made 
available on water-related adaptation measures in ag-
riculture. Many measures are in the individual farmer’s 
self-interest and, in principle, also within its sphere of 
influence. Advisory and training programmes or re-
gional support teams should therefore provide farmers 
with knowledge and skills for climate-resilient water 
management and involve them in its practical further 
development. For overarching planning and regulation, 
abstraction and consumption data should be collected 
in real time wherever possible, data on water supply, 
groundwater aquifers, etc. should be improved and made 
available together with corresponding projections. This 
should be part of a broader digitization campaign for 
agriculture. Capacities should be built up for improving 
publicly available local projections and scientific mon-
itoring of adaptation measures. Experience should be 
exchanged in international networks, including with 
low-income countries. In these countries, for example 
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in Sub-Saharan Africa, the potential of local knowledge 
systems should be better used in local adaptation and 
transformation strategies for agriculture. Corresponding 
advisory services and networking activities could be fur-
ther expanded internationally, for example by the GIZ, 
and in Germany by the Federal Agency for Agriculture 
and Food.

Second, agriculture should also be appreciated as 
‘green water management’ and incorporated into inte-
grated landscape and water-management approaches: 
adaptation measures that influence the water balance 
and water quality – e.g. by creating buffers, increasing 
groundwater recharge or maintaining ecosystem ser
vices – also benefit other water users or the general 
public. Land users should therefore be seen more as 
water actors, and farmers should be given more support 
in their role as ‘green water caretakers’. This should be 
reflected in the political and societal treatment of agri-
culture, in its appreciation, in education and training and 
in its integration into water-management processes – 
such as an integrated landscape and water-balance 
approach and climate-adaptation strategies – and in 
financial incentives.

Third, financial incentives for farmers are required 
and transformation efforts should be safeguarded; in 
some cases, sufficient access to resources and capital 
must first be created in low- and middle-income countries. 
Compensating mechanisms, such as water funds, should 
be established between land users and water users for 
measures affecting water. Here, water-related agricultural 
subsidies can be integrated. In the EU, this concerns the 
next cycle of the common agricultural policy, which 
should be reorganized into a ‘common ecosystem policy’ 
(WBGU, 2020). As cooperation between farmers and the 
public sector is essential when it comes to water risks, 
new scope for negotiation could arise here. This should 
be flanked by the creation of transition programmes that 
secure livelihoods and mitigate the risks of the transfor-
mation for agriculture, e.g. by means of temporary 
income support or partial protection against possible 
reduced yields when testing new cultivation methods. 
Possible regulation or pricing of actual water abstraction 
and consumption (based on improved data) should be 
facilitated by the above-mentioned supporting measures, 
also with a view to social balance.

Research should develop new guiding principles for 
agriculture. The focus here is on learning from practical 
experience with adaptation strategies. Tools and metrics 
for evaluating adaptation measures should also be fur-
ther developed. Options such as changes in behaviour or 
capacity-building measures often cannot be covered by 
current climate and impact models. Appropriately scaled 
models are needed that take into account economic, 
social, cultural and management aspects for different 

adaptation options, as well as multiple benefits and 
trade-offs for sustainable development. There are still 
knowledge gaps regarding the potential effectiveness 
of adaptation measures to reduce water-related risks, 
especially for climate scenarios predicting warming of 
2 °C and more. In particular, the potential and limits of 
irrigation as an adaptation option should be better re-
searched, since global modelling often does not suffi-
ciently take local water availability into account. Tools 
also need to be developed to improve our understanding 
of interrelationships in the water-energy-food-ecosys-
tem nexus and to project changing sectoral expectations 
in climate change.

Solution-space cities
By 2050, the global urban population will have grown 
to an estimated 6.6 billion people, with two thirds of 
humanity living in cities (UN, 2019). At the same time, 
the effects of climate change are being felt more and 
more acutely in many cities around the world. In addi-
tion to increasing pressure on natural resources, more 
frequent and longer periods of drought are leading to 
increasing water shortages, and the number of cities 
worldwide where a water emergency has already had 
to be declared is rising. More frequent and heavier ex-
treme precipitation, intensified by urban surface sealing 
and overburdened drainage systems, is causing more and 
more flood damage. Increasing heat stress, exacerbat-
ed by the urban heat-island effect, is leading to a rising 
number of heat-related deaths.

The WBGU recommends establishing climate-resilient 
urban water management across the board in accordance 
with the guiding principle of water-sensitive urban de-
velopment. Together with access to affordable, climate-
adapted housing, it is of key importance for a sustaina-
ble urban design for all in the future. In this context, the 
urban infrastructure must be designed in such a way that 
it is more resilient to the effects of extreme events and 
strengthens the local hydrological cycle, enabling it to 
act as an efficient buffer against growing water extremes. 
Urban infrastructure should be integrated into the natu-
ral landscape water balance. It is essential to take medi-
um- and long-term climate projections into account here. 
Synergies between water-sensitive urban development 
and the mitigation of the urban heat-island effect should 
be specifically targeted. In addition, the guarantee of ur-
ban quality of life and the reduction of social inequalities 
should always be considered and anticipated as essen-
tial contributions to improving urban climate resilience.

In view of the growing number of exacerbated chal-
lenges in the water sector in many places, there is an 
urgent need to accelerate adaptation to climate change 
in cities around the world. In addition to establishing 
climate-resilient water management, this includes in 
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particular the development and expansion of a climate-
resilient urban water infrastructure. It must be signifi-
cantly accelerated, especially in fast-growing cities, in 
order to keep pace with rapid, often informal growth (es-
pecially in Africa and Asia). Special consideration should 
be given to informal neigbourhoods, where decentralized 
and non-piped sewage systems can be used, for exam-
ple. The local population should be involved in planning 
and implementing these systems, informed about health 
benefits, and the capacities of previously informal ser-
vice providers should be strengthened. Financing the 
development and expansion of climate-resilient urban 
water infrastructure in low- and middle-income coun-
tries should be increasingly promoted in bilateral and 
multilateral development cooperation.

In order to prevent maladaptation and an increase in 
vulnerability and existing inequalities, care should be 
taken to avoid negative social, health and environmental 
consequences when constructing and expanding a blue-
green infrastructure in cities. Preventive measures should 
be taken to avoid displacement effects. The vegetation 
should be suitable for expected changes in the climate 
and have a low allergenic potential. Urban green spaces 
should be easy to reach, accessible and tailored to the 
needs of the local population.

The WBGU further recommends developing emer-
gency plans for urban water shortages. The number of 
cities that have declared a state of emergency due to 
water shortages is rising worldwide. If left unresolved, 
this growing global problem has considerable destabili-
zation potential and therefore deserves greater attention 
in international sustainability policy.

Furthermore, it is important to recognize the water-
related limits to urban growth. Climate change will con-
front many cities with existential challenges in connection 
with water, many of which are barely being addressed 
today. In particular, cities that will not be able to effec-
tively solve the problem of water scarcity in the medium 
and long term with infrastructure measures alone should, 
after exhausting all other means, examine options for 
limiting urban growth or, in extreme cases, options for 
an orderly retreat in good time.

In this age of urbanization, more and more cities are 
facing seasonal or permanent water shortages. There is 
a need for research on the effective implementation of 
known adaptation measures, but also on how to deal with 
the above-mentioned hydrological boundary conditions.

Given the existing urban infrastructure, innovative ap-
proaches are needed for the integration of resilience-en-
hancing solutions in existing buildings in order to im-
plement transformative adaptation measures. This raises 
the question of how new water-supply concepts can be 
realized in existing systems with as little invasiveness 
as possible and at low cost.

Especially in regions where the water supply is under 
pressure, there is a need for better temporal and spatial 
mapping of private and commercial demand, ideally in 
real time. To this end, research is needed into identifying 
the proper resolution of capturing water abstraction lo-
cations, ethical aspects of data collection, data process-
ing, data security and provision, as well as possibilities 
for using artificial intelligence.

Protection of water quality

The quality of water resources is severely impaired world-
wide by the release of pollutants and pathogens. In many 
cases, the use of water as a transport medium leads to 
considerable concentrations of pollutants in the wa-
ter. This regularly over-stresses nature’s self-purifying 
power. It is therefore essential to protect water quality 
in order to counteract the scarcity of water resources as 
a result of the exacerbated challenges described above. 
The European Green Deal already includes the goal of 
‘zero pollution’ by 2050 (European Commission, 2021). 
Zero pollution means that pollution is reduced to a lev-
el that is no longer harmful to human health and the 
health of ecosystems. The zero-pollution objective is of 
great importance and requires the implementation of a 
circular economy.

Key elements for implementing these guiding princi-
ples are (1) the rapid implementation of the EU Urban 
Wastewater Treatment Directive, (2) contemporary test-
ing procedures and methods for substance assessment 
that can better detect persistent and (water-) mobile pol-
lutants and must be given more preventative consider-
ation in the official approval process, (3) integrated ap-
proaches for recovering raw materials from wastewater, 
and (4) the flexible use of centralized and decentralized 
wastewater-disposal systems in the expansion of sani-
tary infrastructure in low- and middle-income countries.

Extend producer responsibility in the EU
The EU Urban Wastewater Treatment Directive is a sig-
nificant landmark regulation for the preservation of wa-
ter quality and should be implemented swiftly in the EU 
Member States once it has been adopted. The WBGU par-
ticularly welcomes the concept of integrated extended 
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producer responsibility, according to which producers of 
pharmaceuticals and cosmetics should bear at least 80 % 
of the costs of constructing and operating an advanced 
treatment step in wastewater treatment plants required 
to remove trace organic chemicals. It should be exam-
ined to what extent it is possible to expand extended 
producer responsibility to cover further pollutant class-
es (e.g. toxic and persistent household chemicals and 
pesticides) and substance properties (not only toxicity 
but also persistence in the aquatic environment). When 
implementing the EU Urban Wastewater Treatment Di-
rective, it is crucial to provide incentives to reduce the 
emission of environmentally hazardous substances, e.g. 
by grading the participation of companies according to 
the degree of environmental hazard of the substances 
placed on the market or produced, or by introducing ex-
emptions for rapidly degradable products.

Expand the recovery of raw materials 
from wastewater
Wastewater is a valuable resource and should be used in 
three ways to close gaps in the circular economy. First, 
in addition to being returned to surface water bodies, 
wastewater should be treated and reused as required 
and depending on its intended use, e.g. for irrigation in 
agriculture. Second, the potential for recovering energy 
from wastewater treatment processes should be made 
greater use of. This can also help to achieve the energy 
neutrality of municipal wastewater treatment plants as 
envisaged in the EU Urban Wastewater Treatment Direc-
tive. Third, wastewater often contains substances that 
are sometimes considered harmful but can be used as 
valuable secondary raw materials, e.g. biopolymers and 
metal ions such as lithium and copper. The recovery of 
phosphorus, as laid down in the German Sewage Sludge 
Ordinance, could serve as a model for dealing with these 
substances. Successful reclamation could potentially re-
duce the need for primary treatment and the associat-
ed negative environmental impacts. However, not all 
wastewater is equally suitable for recovery in terms of 
economic efficiency and technical feasibility.

The WBGU sees great potential in technologies for 
raw-material recovery. Material recovery is becoming 
increasingly important. The energy transition is also a 
material transition, which is highly relevant for water. 
Research is needed into the risks associated with these 
materials (e.g. lithium), such as their behaviour in the 
environment and their effects on health.

Avoid the discharge of harmful chemicals
Adverse effects on water quality caused by industrial 
chemicals that spread along waterways and cannot be 
recovered can be avoided if substances are tested for 
health and environmental properties before they are 

registered and put on the market. Innovative biolog-
ical high-throughput test procedures and simulations 
in substance development using artificial intelligence 
enable the manufacturing industry to carry out signif-
icantly faster and more comprehensive risk assessment 
and labelling. In this way, new substances can be put 
on the market more cost-effectively and nevertheless 
more safely; substances already on the market can be 
better characterized retrospectively. This can make a 
substantial contribution to achieving the zero-pollu-
tion objective and preventively protect water, ecosys-
tems and human health.

Make flexible use of centralized and decentralized 
wastewater systems 
The inadequate treatment of domestic wastewater in 
low- and middle-income countries is a major cause of 
the pollution of groundwater and surface waters with 
pathogenic microorganisms, organic carbon compounds, 
nutrients, and macro- and microplastics. Historically, 
the cost-intensive construction of centralized wastewa-
ter treatment with extensive sewer networks modelled 
on the high-income countries was favoured to counter 
this form of pollution. For many settlements, especially 
informal settlements in low- and middle-income coun-
tries, however, centralized wastewater treatment is not 
a suitable solution. 

By contrast, the flexible use of centralized and de-
centralized wastewater systems such as the Citywide 
Inclusive Sanitation (CWIS) concept – which focuses 
on socially balanced access to water, sanitation and hy-
giene (WASH) for all population groups and all districts 

– is very promising. CWIS sees wastewater disposal and 
treatment as a service concept and not merely as the 
provision of infrastructure; different technical solutions 
can be considered on an equal footing and used flex-
ibly. This includes the central sewage system but also 
decentralized sanitary facilities that are not connected 
to a sewage network (non-sewered sanitation) such as 
faecal sludge management. International donors (World 
Bank, Asian Development Bank) and sector associations 
(International Water Association) have already taken up 
the CWIS concept. The WBGU recommends promoting 
the provision of access to safe water and hygiene based 
on the CWIS concept instead of focusing exclusively on 
centralized wastewater treatment concepts. This requires 
a rethinking on the part of decision-makers, investors, 
planning engineering offices and universities to promote 
hygienic, decentralized, non-piped wastewater systems 
as a real alternative to centralized wastewater systems. 
Another prerequisite is the improvement and formali-
zation of informal, existing (unsafe, unhygienic) decen-
tralized, non-piped wastewater systems, the prioritiza-
tion of WASH in political agendas and the assumption of 

﻿Summary

14



leadership by national governments. As part of research, 
financing and business models for decentralized, non-
piped wastewater systems must be developed and their 
technical advancement promoted.

Development of climate-resilient 
water governance

Forward-looking water governance that is capable of 
learning and adapting is required to avoid harming hu-
mans and nature and to prevent distribution conflicts.

Take responsibility internationally – develop an 
International Water Strategy
The WBGU recommends developing an International 
Water Strategy as a new impulse for water diplomacy 
(Fig. 3). The aim here is to contribute to institutionaliz-
ing the existing processes on water as an exchange and 
coordination platform. As there are numerous interfac-
es with other policy areas, e.g. climate, biodiversity and 
sustainable land-use governance, as well as regional (e.g. 
EU) and national water strategies, capacities at the in-
terfaces should be increased. This will enable actors who 
are already working at the relevant interfaces and have 
water-specific networks and expertise to play an active 
role in negotiating and developing an International Wa-
ter Strategy in the future.

The International Water Strategy should recognize the 
protection of water as a common concern of humankind 
and also address the use of green water and its possible 
regulation under international law. It should endeav-
our to better interlink the existing water conventions 
with other international water-related treaties. When 
organizing the process, care should be taken to begin 
with the less controversial topics. These include drinking 
water, integration, education, research and cooperation. 
To improve the prospects for a consensus, the strategy 
should initially rely on non-binding instruments. In the 
long term, the International Water Strategy should lead 
to an agreement under international law – comparable 
to the Rio Conventions.

The International Water Strategy could motivate and 
encourage states to join the existing international water 
conventions – the UN Water Convention and the UNECE 

Water Convention. What these water agreements lack is 
a focus on green water alongside blue water. In the fu-
ture, their scope of application should therefore be ex-
panded to also achieve a climate-resilient way of dealing 
with green water. The complex international interactions 
and interdependencies between green and atmospheric 
water – e.g. the effects of land-use changes on evapo-
ration flows and precipitation in other countries – ur-
gently need to be researched. The International Water 
Strategy can serve as a platform for corresponding sci-
entific cooperation with a regular information exchange 
with a view to subsequent appropriate water governance. 
Governance of blue and green water could, for example, 
include information, consultation and approval obliga-
tions for projects and extensive land-use changes that 
have a significant impact on transboundary atmospher-
ic water transport.

The WBGU continues to advocate state recognition 
and codification of a general human right to water, which 
includes not only access to clean drinking water but also 
the participation of civil society in water-related deci-
sion-making processes and access to environmental in-
formation and legal protection. This recognition should 
also make it clear that the human right to water is a man-
ifestation of the human right to a healthy environment, 
which is not yet codified either (WBGU, 2023).

In order to improve the transfer of scientific findings 
on water to policy-makers, the WBGU advocates estab-
lishing a Water Mapping Initiative whose planning and 
implementation is internationally shared. It should con-
sist of two units: a science platform and an expert panel. 
The science platform aims to bring together existing sci-
entific expertise in order to identify imminent regional 
water emergencies. The expert committee governs the 
platform and feeds the results of its work into political 
processes (Fig. 4).

In order to recognize and limit water emergencies at 
an early stage and develop plans for dealing with them, 
global data and monitoring capacities need to be merged. 
This includes the IPCC and IPBES forecasts, long-term 
data series, monitoring and observation data from na-
tional monitoring organizations, and the results of re-
gional and national research projects. Furthermore, the 
platform should integrate data and experience gathered 
in past emergencies, the results of national and supra-re-
gional water research, and local data and experience of 
emergencies. This should be supplemented by high-res-
olution spatial and temporal data from observations and 
forecasting models at the local (river catchment areas), 
regional, national, international and global level. As soon 
as the Science-Policy Panel on Chemicals, Waste and 
Pollution Prevention called for by the UN Environment 
Assembly and currently under negotiation has started 
its work, its findings should also be taken into account.
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An expert committee should be set up to oversee 
and manage the platform. Once imminent regional wa-
ter emergencies with a planetary dimension have been 
identified, the committee would draw up forecasts for 
regions at risk. At the same time, it could promote the 
exchange of information between science, politics and 
stakeholders. At the international level, the expert pan-
el should inform the UN Water Conferences. Moreover, 
the committee should inform water-related dialogue 
platforms in different regions of the world and in dif-
ferent country alliances, as well as policy dialogues on 
designing an International Water Strategy and the UN 
Water Conferences in 2026 and 2028. Locally, the com-
mittee should also support water authorities in the im-
plementation of climate-resilient water management in 
the event of imminent emergencies.

In the context of global governance, further research 
is needed as a prerequisite for the work of the Water 
Mapping Initiative and for the fundamental handling of 
exacerbated water-related challenges. It is key to replac-
ing or supplementing empirical knowledge in all regions 
of the world with data from scenarios, as climate change 
is already significantly altering the hydrological cycle. 
Data should therefore be generated not only at the local 
level but also at the level of the world’s regions. There 
is therefore an urgent need for more climate-sensitive 

water research at the intermediate level. The impacts 
and interactions of global changes and local measures 
must also be available as a source of information for de-
cision-making processes.

Climate-resilient planning can only be implemented 
if capacities for data collection and modelling are built 
up locally in low-income countries.

In order to consolidate the UN Water Conferences, a 
UN Water Secretariat needs to be established which, in 
future, could be headed by a Special Envoy for Water. An 
International Water Strategy should also include regular 
meetings both at the UN level and at the level of the var-
ious regions of the world. New regional research alliances 
could inform these regional platforms. The middle-level 
scenarios described above will be highly relevant here.

Comparable governance approaches have shown that it 
increases the motivation of countries to deal with global 
risks if their representatives can regularly exchange in-
formation at the regional level on targets, target achieve-
ment and imminent dangers and risks in their region of 
the world. This can be done as part of an International 
Water Strategy by strengthening regional organizations 
such as the EU. The strengthened regional organizations 
could coordinate regional water-governance platforms 
and thus enable countries to implement global and re-
gional water targets as effectively as possible. Protection 

Figure 3
Proposal for an International Water Strategy. The International Water Strategy and national water strategies interact with local 
water management. Local water management involves the municipalities and all relevant actors, including self-organized  
structures. National water strategies should be formulated coherently with the International Water Strategy. They should initiate 
climate-resilient management measures at the local level and include emergency relief and crisis management.
Source: WBGU
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measures at the regional level could also be promoted 
by international funding or international cooperation. In 
Europe, a water strategy (‘EU Blue Deal’) could be based 
on the European Green Deal and relate to the European 
Biodiversity Strategy.

Create policy coherence internally and externally
As part of their international political actions, Germany 
and the EU should establish policy coherence between 
the various external policy fields related to water as well 
as between the external and internal fields. In the con-
text of their international relations, they pursue a wide 
range of goals that result, on the one hand, from inter-
national agreements on climate and environmental policy 
and, on the other, from economic interests or geopolitical 
strategic interests and values. Political measures to pro-
mote these goals must be checked for compatibility and 
coherence. This can affect a wide variety of water-relat-
ed areas, e.g. covering German energy demand, agricul-
tural subsidies or investment agreements. Particularly 
against the backdrop of geopolitical power shifts, the 
importance of trusting partnerships and ensuring Ger-
many’s credibility in its own political actions is increas-
ingly becoming the focus of political considerations. In 
preparation for the upcoming processes to renegotiate a 
post-2030 agenda at multilateral level, the promotion of 

European and German credibility in the eyes of strategic 
partner countries is also of key importance worldwide.

Shape trade and economic relations, hold the 
private sector responsible
International economic relations and trade policy should 
promote sustainable water use and not exacerbate water 
scarcity in regions suffering water stress. This requires 
better integration of water-related impacts and risks with-
in the framework of international trade policy, for exam-
ple within the World Trade Organization (WTO), regional 
trade agreements or investment-protection agreements. 

EU trade relations should be analysed specifically for 
water-related spillover effects. False incentives that ex-
acerbate negative spillover effects – e.g. from regulations 
in trade agreements or the long-distant effects of Eu-
ropean regulation – should be dismantled. Furthermore, 
trade relations should be used to promote the switch to 
water-saving production and cultivation methods or al-
ternative sources of income. 

The WBGU recommends that the protection of wa-
ter resources should be more firmly anchored in exist-
ing trade agreements. If possible, this should be done 
under WTO law in order to achieve coherent regulations 
for a maximum group of countries – but also in bilateral 
and multilateral agreements, since reforming WTO law 

Figure 4
WBGU proposal for a Water Mapping Initiative to prevent imminent regional water emergencies. The scientific platform aims 
to recognize imminent water emergencies as early as possible by integrating scientific principles. On this basis, the expert panel 
would inform and support international, regional and local policy processes. 
Source: WBGU
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is likely to be difficult in the short and medium term 
(Zengerling, 2020).

Companies and investors should also be held more 
accountable internationally. Based on reporting on wa-
ter use and water risks, companies and investors should 
be encouraged to take measures to avoid negative im-
pacts of their activities on water resources. Low- and 
middle-income countries should be given support with 
the introduction of reporting obligations, e.g. via capaci-
ty-building measures. Germany should also examine the 
extent to which protecting water resources and record-
ing water risks can be more closely integrated into the 
German Supply Chain Act.

The proactive state
The state should play a proactive role in the field of water 
governance. In order to do justice to the precautionary 
and polluter-pays principles, democratic processes are 
needed to negotiate, conceive and implement strategies 
and instruments for water policy. Cooperation with dif-
ferent actors is important (‘with and not against society’), 
but this must not mean that the state withdraws and re-
mains passive vis-à-vis the challenges of water govern-
ance. The WBGU recommends increasing administrative 
capacities and resources so that states can assume their 
role and responsibilities appropriately.

A future climate-resilient, socially balanced water-
management regime requires controlled and planned in-
teraction between the proactive state with all its frame-
work-giving responsibility (top-down) and  historically 
evolved self-organization (bottom-up) in water manage-
ment, which is already practised in some cases; it does 
not arise out of necessity but from the opportunity for 
improved water governance, which can accelerate the 
implementation of the goals of climate-resilient water 
management.

Promote self-organization at the regional and 
local level
Especially in regions of the world that are severely affect-
ed by exacerbated water-related challenges, the WBGU 
advocates the targeted promotion of structures that (1) 
enable self-organization at the regional and local level 
(bottom-up), (2) compensate for weaknesses in formal 
water governance, which is often designed by the state, 
and (3) also acknowledge and address deficits in informal 
systems. In the past, the promotion of self-organization, 
especially in line with IWRM principles, has proved its 
worth in expanding participatory and inclusive forms of 
decision-making. Especially in times of growing autoc-
ratization processes at the political level in the majori-
ty of countries worldwide, this promotion of inclusive 
governance approaches at the local level and in the area 
of water management is important.

International alliances for climate-resilient 
water management
When drawing up funding lines in the field of water man-
agement and water research, specific attention should 
be paid to promoting cooperative research projects with 
countries facing increasing challenges in water manage-
ment (e.g. droughts, floods), or affected by social polari-
zation and political autocratization processes – or which 
are of high strategic relevance as partners and alliances 
for Germany and Europe at the level of geopolitical ne-
gotiation processes.

When supporting confidence-building measures, es-
pecially in conflict areas, it is important to pay atten-
tion to institutional capacities and a dialogue focused 
on common goals, and not to concentrate primarily on 
technological solutions and data availability. All too of-
ten, infrastructure projects are prioritized without also 
considering local needs for their long-term maintenance 
and for embedding them in both formal and informal so-
cietal systems of governance. It is more difficult to change 
norms, thought patterns and habits. What is needed, 
therefore, are confidence-building measures in institu-
tions (e.g. on policy coherence, transparency, account-
ability), long-term partnerships and a genuine dialogue 
with partners – also in the funding of research projects. 
All too often, (research) projects are short-term and 
there is no real dialogue between donors and recipients.

The German and European science-funding land-
scape should specifically promote interdisciplinary and 
transdisciplinary projects in the field of sustainable wa-
ter management in different regions of the world where 
there are different management challenges. This includes 
scientific preparation and locally adapted innovation 
development in the field of irrigated agriculture as well 
as urban water supply and disposal, waste-water treat-
ment and hydropower generation. It is important to pay 
attention to transdisciplinary research designs in which 
the transformative co-production of water-management 
knowledge is promoted in close cooperation among sci-
entists and practitioners.

Dialogue forums with deliberative elements should be 
institutionally established and interlinked as an instru-
ment of sustainable climate-resilient governance. Par-
ticipation has a preventative effect and helps to reduce 
the potential for conflict between different actors. This 
also promotes democratic practice and can contribute to 
peacekeeping both within countries and international-
ly. Dialogue forums also offer an opportunity to involve 
diverse forms of knowledge and actors (e.g. cities, as-
sociations, religious communities and companies) in the 
search for solutions.
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Mobilize and organize funding also for 
local approaches
Safe access to drinking water and sanitary facilities, as 
agreed in the UN Sustainable Development Goals (SDG 6), 
has been improved worldwide, but even today 2.2 and 
3.5 billion people respectively still have to make do with-
out them. In 140 countries, investments would have to 
be tripled to a total of over US$100 billion per year in 
order to achieve SDGs 6.1 and 6.2 by 2030 (Hutton and 
Varughese, 2016), plus expenditure on water-resource 
protection and the reduction of water-related risks (in-
cluding those caused by climate change). However, the 
respective benefits are estimated to be two and a half 
to seven times the costs (UNESCO, 2024; GCA, 2019).

Public and private investment is needed to finance 
this. More private capital in particular must therefore be 
mobilized, especially in low-income countries, where, for 
example, only 1.4 % of the private financial resources 
leveraged with development cooperation funds in 2012–
2017 were allocated to the water and sanitation sector 
(OECD, 2019). Many strategies (e.g. of the World Bank, 
of the German Federal Ministry for Economic Cooper-
ation and Development (BMZ) as well as the German 
National Water Strategy) are already aimed at making 
investment in the water sector more attractive and rais-
ing the creditworthiness of water suppliers. Skills and 
capacities need to be built up, especially in public com-
panies and institutions for efficient planning, investment 
management and operation, as well as for supervision 
and regulation. However, because of the exacerbated wa-
ter-related challenges described above, more attention 
must also be paid to the following three fields of action.

First, water-related risks should be made transparent 
in order to mobilize private and public investment. Only 
if companies, investors and municipalities pay more at-
tention to the water-related risks and impacts of their 
activities will they invest more in mitigating them or 
participate in efforts such as the International Climate 
Adaptation Fund. The German government should work 
for a harmonization of non-financial reporting on SDG 
6, for example by supporting the International Plat-
form on Sustainable Finance, and with its own activities. 
Building on experience with EU taxonomy and the de-
sign of ‘blue’ financial instruments, Germany can play 
a pioneering role in this respect. Moreover, information 
and support services for assessing water risks should 
be improved. Better data and long-term projections on 
water availability, forms of water use and regional and 
sectoral linkages should be collected and made availa-
ble in line with demand; the skills needed for the use of 
these data and projections should be taught, and other 
countries should also be supported in this endeavour. 
Climatological, meteorological and hydrological public 
services and research institutions must be strengthened 

and networked for this purpose. The establishment of a 
digital and free European access portal (European Ac-
cess Point, ESAP) should be supported. Public support 
programmes such as the German Sustainability Code 
should be expanded and relevant experience exchanged 
with other countries.

Second, the water sector should be made more at-
tractive by ensuring stable sources of income. The us-
ers of water or specific infrastructures (e.g. flood pro-
tection) should bear more of the costs, as should those 
who cause damage. On the one hand, the pricing of 
water should be comprehensive but socially balanced 
and cover environmentally related costs. Exceptions to 
water-abstraction charges should be abolished. On the 
other hand, distributors and users of water-polluting 
substances should participate more in waterbody pro-
tection. In Germany and the EU, there are already pro-
posals of this nature within the framework of extend-
ed producer responsibility; these should be extended 
to other substance and product groups and properties. 
Germany should also advocate an EU-wide pesticide 
levy that takes environmental and health risks into ac-
count and charges more for substances with higher risks. 
The revenue can be used for waterbody protection, to 
mitigate exceptional burdens, e.g. for farmers, and for 
advice on alternative plant-protection techniques. The 
German government should support capacity building 
in low- and middle-income countries for the planning 
and implementation of price reforms as well as the in-
troduction of producer responsibility and water-related 
environmental levies.

In addition, measures with multiple benefits for the 
general public should be better remunerated. Public 
co-financing, tax relief or subsidies can create more in-
centives for private investors. The EU’s Common Agri-
cultural Policy (CAP) should be reformed as from 2028 
in such a way that it promotes the conservation of wa-
ter resources and nature-based measures with multi-
ple benefits and avoids disincentives. The eco-schemes 
provided for in the first pillar of the CAP should be ex-
panded at the expense of the existing area-based direct 
payments. Indirect water-related subsidies should also 
fulfil minimum water-related standards and could, for 
example, be screened on the basis of the do-no-signif-
icant-harm principles of EU taxonomy. In the introduc-
tion of climate-resilient water management, low- and 
middle-income countries can be supported by water-re-
lated debt swaps, provided they fulfil the necessary in-
stitutional conditions.
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Finally, revenue generation and use should be given a 
boost at the local level. However, revenue from centrally 
levied charges, e.g. on water-polluting products, should 
also flow to municipalities and cities on a pro-rata basis 
to enable them to carry out the tasks made necessary 
by these product (e.g. water treatment). This can be 
supplemented by horizontal equalization mechanisms 
if the costs and benefits of local measures are incurred 
in different municipalities. In low- and middle-income 
countries, more efficient revenue collection and use 
often requires institutional and structural reforms, a 
fight against corruption, and greater transparency and 
accountability.

Third, mediating institutions (intermediaries) and local 
cooperation platforms should be strategically strength-
ened or established: specialized banks, revolving water 
funds, NGOs or research institutions can ‘pool’ smaller 
projects or water and land actors as well as public and 
private investors, mediate between them and structure 
suitable financing. With the help of these intermedi-
aries, the EU, national and sub-national governments 
should institutionalize local exchange and cooperation 
formats between stakeholders and donors across the 
board. These can be used to create a common knowledge 
base, coordinate strategies and measures, and organize 
financing. This should be accompanied by the develop-
ment of public capacities and best-practice networks 
for implementing results-orientated blended-finance 
approaches and the planning, review and scaling of re-
muneration models for projects with environmental and 
social multiple benefits.

Research is required on (1) projections of potential 
water-related damage, adaptation costs and multiple 
benefits and on the modelling of uncertainties; (2) im-
pacts of potential water-related damage on national 
economies and the financial sector; (3) opportunities for 
more participation of institutional investors in financing 
water-related objectives; (4) hybrid financing instruments 
and new business models for nature-based approaches; 
(5) the efficient assessment of local multiple benefits of 
nature-based approaches and their systematic use; (6) 
effects of an extended reform of levies and charges, in-
cluding e.g. unintended burdens on third parties or the 
relocation of pollution-intensive economic activities.

Science and education for a sustainable 
WaterFuture
The science system has a key role to play in dealing with 
exacerbated challenges. Especially the non-stationar-
ity of hydrological regimes caused by anthropogenic 
climate change requires the continuous production of 
knowledge and data, which must be taken into account 
in innovations to ensure that the water requirements 
of humans and ecosystems are secure. Non-stationarity 

means that the assumption that a system exhibits pre-
dictable variability that can be derived from empirical 
observations is no longer tenable. Furthermore, science 
has a growing advisory and supporting role to play 
in the political process. The complexity and speed of 
changes in socio-ecological processes, exacerbated by 
climate change, simultaneously demand forward-look-
ing, reflexive and adaptive local and global water gov-
ernance. Independent, critical science is essential as a 
basis for this.

Scientific capacities in low- and middle-income coun-
tries should be strengthened. International research col-
laborations can contribute to their development. Up to 
now, the legal framework for international scientific co-
operation has stipulated that all personnel, material and 
travel funds are managed in the scientific institutions of 
the donor countries. As a way of boosting scientific ca-
pacities, the WBGU recommends creating the legal con-
ditions for direct fund management, including account-
ing and auditing in partner countries. This strengthens 
the role of the scientists conducting research there and 
generates skills in the administration of funds. Anoth-
er measure would be to create the legal conditions for 
on-lending funds, with shared liability between the part-
ner institutions involved and the donor.

Citizens can actively participate in scientific research 
projects in citizen labs. By involving the population in the 
decision-making process, citizen labs, like deliberative 
participation processes, can contribute to more resilient 
structures in municipalities; they can find customized 
solutions to local challenges – such as water shortag-
es – which are accepted thanks to transparent decision-
making. Citizen labs also improve the protection of water 
resources. The WBGU regards this form of public par-
ticipation as very important for the protection of water 
and biodiversity and advocates its further expansion.

Education is essential for the transition to a sustain-
able society in general and for the prevention of water 
crises in particular. Measures such as information pro-
vision, education, and knowledge acquisition through 
practical experience or public dialogue raise people’s 
awareness of the importance of water as a resource. 
Self-determined action and active participation in po-
litical processes are promoted by a better understand-
ing of the connections between lifestyles, the economy 
and water quality, as well as by knowledge of the new, 
climate-change-related challenges in water management 
and the complex interrelationships of global governance. 
The WBGU recommends initiating more educational pro-
grammes at national and international level and launch-
ing an international discussion on new forms of econom-
ic activity and the appreciation of ecosystem services. 
Furthermore, advisory and training programmes – also 
based on the results of knowledge exchange – should 
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be carried out at the regional level and tailored to lo-
cal conditions in order to raise awareness of local water 
problems and enable actors to rethink and take targeted 
action. Real-life lessons on the topic of water enables 
children and young people to learn more about water 
cycles, the water supply, water’s importance for people 
and nature, and the consequences of climate change. 
There is already a considerable amount of teaching ma-
terial for all ages and school types. Because the topic 
of water is of such paramount importance, the WBGU 
recommends that it becomes obligatory for curricula to 
take up the topic on an interdisciplinary basis across the 
entire school spectrum.

Outlook
The issue of ‘water in a heated world’ has gained new 
international momentum with the UN Water Confer-
ence 2023 and the establishment of the G7 Water Co-
alition in 2024. The aim must now be to capitalize on 
this. In particular, the UN Water Conferences scheduled 
for 2026 and 2028 should be used to place the global 
importance of water higher on the political agenda and 
to adopt resolutions to anchor the topic more firmly in 
international sustainability policy. This report aims to 
make a contribution to this end.
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Summer 2024: Germany has already been affected by 
three severe floods in the last six months. February and 
March were the warmest since weather records  began. 
The increasingly frequent occurrence of once-in-a-cen-
tury extreme events is becoming the new normal in the 
water sector: in 2022 and 2023, drought emergencies 
were declared in 22 countries worldwide; more and more 
cities and regions are declaring a water emergency, at 
least temporarily; other regions have been hit by excep-
tionally severe (flash) floods. The main causes of these 
developments are the drastic transformations and large-
scale destruction of natural spaces, as well as the contin-
uing global urbanization, which have led to changes in 
the landscape water balance. Furthermore, water man-
agement is often inadequate and the effects of climate 
change are becoming increasingly noticeable. The pollu-
tion of water resources has by no means been overcome 
either: although efforts to ensure a safe  water-supply 
and -disposal system have made significant progress in 
many regions of the world, a substantial proportion of the 
world’s population still does not have adequate access to 
both services. In addition, synthetic pollutants are con-
taminating ecosystems, increasingly restricting various 
forms of water use and causing health problems. New 
regional water emergencies are developing, which are 
replicated in other regions of the world, thus  becoming 
a planetary pattern – in some cases with  effects that are 
far beyond the horizons of previous  human experience. 
This is where the WBGU joins the debate and asks how 
we can keep our distance from the limits of controlla-
bility as large as possible and how the global commu-
nity can adapt to the speed and force of these changes 
in the water sector.

There are many tried and tested cooperative approach-
es and activities for implementing sustainable water use, 
which have been strengthened by the agreement on the 
2030 Agenda in 2015. In addition, there are internation-
al conventions on transboundary waterbody manage-
ment, which have been making valuable contributions 
to safeguarding natural water resources for many years. 
In the meantime, however, climate change and its con-
sequences for the global hydrological cycle have 

intensified the demands on global water policy. Interna-
tional water diplomacy is already beginning to respond: 
in 2023, a UN water conference was held for the first 
time in 46 years. The next World Water Conferences will 
take place in 2026 and 2028, as decided by the UN Gen-
eral Assembly. In 2026, the focus will be on implement-
ing the Sustainable Development Goal on clean water 
and sanitation (SDG 6); in 2028, the conference will 
concentrate on promoting implementation measures in 
the water sector and taking stock of the UN Water Dec-
ade (2018–2028).

In 2024, the G7 countries launched a water coalition 
for the first time. The effects on the Earth’s hydrologi-
cal cycle are also playing an increasingly important role 
in international climate policy. An EU Blue Deal is being 
discussed at European level, proposed by the European 
Economic and Social Committee. Germany adopted its 
first National Water Strategy in 2023.

Overall, the question arises as to whether interna-
tional water diplomacy and the strategies at different 
political levels do justice to the dimensions of the global 
water crisis today and in the future. Up to now, global 
water governance has appeared rather fragmented, 
underfunded and not very assertive. This is aggravated 
by the fact that the growing global challenges for politi
cal action need to be tackled with a multilateral system 
weakened by crises. 

What role do the proactive state and social forms of 
self-organization play in climate-resilient water manage-
ment? How can the intended political goals and meas-
ures be adequately funded and how can public and pri-
vate actors make an appropriate contribution? Can the 
objectives be realized and implemented within the re-
quired time frame? 

As humanity has already changed the global hydrolog-
ical cycle to such an extent that experience-based know
ledge is less and less adequate for solving the challenges, 
science too has a special responsibility when it comes to 
providing knowledge for action and orientation. Climate 
change will continuously alter the hydrological cycle 
and with it local water availability – it is therefore not 
a question of adapting to a new state, but of an ongoing 

1
 
Introduction

Fi
nn

is
h 

La
ke

la
nd



1  Introduction

24

adaptation process that must be constantly readjusted. 
This requires not only political but also societal advice: 
the management of water resources is often informal and 
local, based on cross-generational knowledge. This knowl-
edge can and should be proactively integrated into the 
development of locally and regionally effective solution 
approaches. In order to cope with extreme events, great-
er use will have to be made of the support  provided by 
forecasts and scientific scenarios of the  future.  Science 
is called upon to play a new, forward-looking and sup-
portive role here: where do the possible limits of con-
trollability lie in a region, and what options for precau-
tionary action are available to keep the distance from 
intolerable developments as large as possible? This also 
gives rise to new research topics.

The aim of this report is to develop proposals for 
 climate-resilient water management and internation-
al water governance that meet the challenges outlined 
above and point to new pathways for safeguarding peace-
ful cooperation. The UN Water Conferences in 2026 and 
2028 offer an outstanding opportunity for raising the 
international profile of this globally important and highly 
urgent issue and to agree on long-term, common goals.
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Humans have a massive impact on the natural water cycle. Water is polluted, 
overused and unfairly distributed in many places. The effects of climate 
change on ecosystems and people are already being felt worldwide. Billions 
of people still have no access to clean drinking water or sanitation, are 
affected by flooding or suffer from water shortages. Use patterns are shaped 
by political framework conditions and the water infrastructure, which involve 
pronounced path dependencies that make course corrections and substantial 
changes difficult.

Water is the basis of life for humans, animals and plants, 
and a stable water cycle is essential for maintaining the 
functionality of water-related ecosystems. These func-
tions are already impaired today – by the destruction of 
aquatic ecosystems, the historically evolved patterns of 
water use, changes in the global water cycle, and increas-
ingly frequent extreme events such as flash floods and 
droughts. Water is wasted, overused and unfairly dis-
tributed in many places. Growing pollution by persistent 
substances is restricting water use further, so that a supply 
of safe drinking water is no longer guaranteed in many 
cases. Use patterns are shaped by political framework 
conditions and the existing water infrastructure which 
involve pronounced path dependencies that make course 
corrections and substantial changes difficult.

Globally, agriculture accounts for 72 % of all fresh-
water withdrawal, industry for 15 %, and municipalities 
and households for 13 % (AQUASTAT, 2024). However, 
the amount of water abstracted for agriculture as a per-
centage of total abstraction varies considerably by region 
and income level. In high-income countries it accounts 
on average for only 41 % of total withdrawals, whereas 
in low- and middle-income countries water abstracted 
for agriculture accounts for 80–90 % (Ritchie and Ros-
er, 2017). The expansion of irrigation agriculture, the 
area of which more than doubled between 1961 and 
2018 ( UNESCO, 2024), and the water requirements of 
a growing urban population have led to the overuse of 
non-renewable groundwater (deep groundwater), and 

water tables have been falling increasingly in many re-
gions and cities around the world (Herbert and Döll, 
2019). The Middle East, North Africa, India, northern 
China and the southwest of the USA are particularly 
affected (Herbert and Döll, 2019; de Graaf et al., 2017; 
Wada et al., 2012). In most of these regions, water con-
sumption for agricultural irrigation accounted for an av-
erage of over 90 % of total water consumption between 
1960 and 2010, and at least half of that stemmed from 
non-renewable groundwater (Wada and Bierkens, 2014).

About 2.2 billion people have no safe access to clean 
drinking water – and above all low- and middle-income 
countries are affected (UNESCO, 2024). The supply sit-
uation is especially difficult in rural areas, where four 
fifths of people do not have safe access to clean drink-
ing water. About 3.5 billion people have no access to 
adequate sanitation. Official Development Assistance 
(ODA) to the water sector in 2022 was US$9.1 billion, 
more than 4 % below its 2018 peak (UN Water, 2024).

Between 2002 and 2021, 1.6 billion people were af-
fected by flooding and about 100,000 lost their lives. 
In the same period, 1.4 billion people suffered from 
droughts, which caused about 21,000 deaths (UNESCO, 
2024). Approximately half of the world’s population cur-
rently suffers from severe water shortages for at least 
part of the year (IPCC, 2023a).

In many regions of the world, efforts to ensure a safe 
water-supply and -disposal system have made signifi-
cant progress, yet a substantial proportion of the world’s 
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population still have no adequate access to these servic-
es: for at least three billion people, water quality is un-
certain because of a lack of monitoring (UN, 2022). The 
threat caused by pathogenic microorganisms in drinking 
water still affects two billion people worldwide.

In addition to local effects, there can also be telecou-
pling effects via the trade in goods whose production 
requires water. The water needed for producing goods 
and the water contained in the goods can be tracked as 
virtual water flows across the globe. Approx. 65 – 90 % 
of global virtual water flows originate from the trade 
with agricultural products, followed at a considerable 
distance by industry and the energy sector (d’Odorico et 
al., 2019; Hoekstra and Mekonnen, 2012). Thus, coun-
tries with high agricultural exports in particular also in-
directly export their own water.

2.1
Water: essential resource for all life and the role 
of ecosystems

Water is the “bloodstream of the biosphere” (Ripl, 2003). 
All life originated in water; it spread around the world in 
the sea, on land and in fresh water, and in all habitats 
it is dependent on the availability of enough water of 
sufficiently high quality at least some of the time. Bio-
logically active organisms consist to a considerable ex-
tent of water, and its percentage must be kept as con-
stant as possible. In an adult human, this proportion is 
just under 60 %; in some organisms it can be more than 
90 %. Water is more or less continuously absorbed by 
organisms and released again via excretions. The specific 
concentrations of minerals in water and body fluids and 
their exchange across the body’s interfaces play a key 
role in maintaining cell and tissue functions; but they 
also represent limiting conditions beyond which survival 
is no longer possible. Marine organisms live in salt con-
centrations that are too high and often life-threatening 
for terrestrial and freshwater organisms. For an organ-
ism, therefore, the availability of sufficient uncontami-
nated or only slightly contaminated (‘drinkable’)  water – 
with tolerable and, depending on the habitat, more or 
less stable concentrations of essential minerals – is a 
 prerequisite for health and survival.

The availability of water characterizes different hab-
itats, and the organisms are adapted to it. For example, 
there are life forms that have dry stages and thus pas-
sively survive periodic water shortages, while others can 
tolerate regular flooding. Especially in terrestrial habitats, 
survival is restricted by water-related extreme conditions 
such as prolonged droughts or flooding. Although hu-
mans have colonized a wide variety of habitats, they do 
not cope well with large fluctuations in water availability 

and are dependent on the regular availability of water. 
The dependencies range from individual survival and 
food security to economic and industrial activities that 
are threatened by extreme fluctuations in the water 
supply. According to Timmermann et al. (2022), in the 
history of evolution homo sapiens has prevailed over 
other human species i.a. due to its ability to cope better 
with dry conditions; even so, securing water supplies 
remains one of the existential constraints of  humanity. 
Extreme water shortages and the deterioration of water 
quality, often in connection with changes in the climate 
at the time, have repeatedly contributed to the collapse 
of civilizations such as the ancient Mayan empire or 
the ancient Arab civilization (Falkenmark et al., 2019). 
Water-related threats to vital systems, such as the col-
lapse of food systems as a result of prolonged droughts, 
have the potential to destabilize societies and trigger mi-
gration (Cissé et al., 2022). For example, four years of 
drought combined with an increase in food prices and 
malnutrition may have contributed to instability, migra-
tion and an intensification of conflicts in the context of 
the Syrian war (Gleick, 2014; Falkenmark et al., 2019; 
Cissé et al., 2022).

Ecosystems and their biodiversity are an important 
part of the global water cycle (Table 2.1-2). All ecosys-
tems require and interact with water. They provide fresh 
water by transporting, filtering and storing water. The 
naturally occurring soil- and rainwater, which is absorbed 
and evaporated by plants (‘green water’, Section 2.2.1), 
is a critical variable for the conservation of ecosystems 
(Hoekstra et al., 2011; Wang-Erlandsson et al., 2022). 
An adequate supply of water is a hallmark of healthy 
aquatic and terrestrial ecosystems. Ecosystems such as 
peatlands and forests play an important role in storing 
water and carbon. In addition to the oceans, forests also 
influence the intensity and distribution of precipitation. 
In their function as buffers, forests and freshwater eco-
systems also mitigate the effects of extreme events, e.g. 
by protecting against erosion and flooding (flood zones) 
or by regulating water runoff, for example during periods 
of drought. Ecosystems and their organisms can there-
fore provide a natural (‘green’) infrastructure that can 
help mitigate the impacts of extreme events (Smakhtin, 
2018). Other important functions are natural ground-
water recharge through infiltration and the associated 
improvement in water quality (Fig. 2.1-1), as well as the 
regulation of the local microclimate.

Water therefore has fundamental functions for the 
preservation of the biosphere. In addition to regulating 
ecosystem services, it also makes vital material eco system 
services possible such as the provision of drinking  water. 
Water is also a habitat and harbours important food 
chains that ultimately provide food for humans. Non-
material benefits include, for example, cultural-spiritual 
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Global water cycle under human influence   2.2

and identity-forming contributions (Vari et al., 2022; 
Wang-Erlandsson et al., 2022; Table 2.1-1).

Further important functions of water are non-materi-
al and cultural services provided by healthy ecosystems, 
such as the recreational value of such activities as hiking 
in water-rich environments, swimming or fishing, the 
spiritual significance and their symbolic and aesthetic 
value (Vari et al., 2022). Many of these functions are 
possible because of the biodiversity in the ecosystems. 
Despite their small proportion in relation to the earth’s 
total surface area, freshwater ecosystems and inland water 
bodies in particular are home to many plant and animal 
species (Dudgeon et al., 2006). Freshwater ecosystems 

can also provide a habitat for specialized fauna and flo-
ra, e.g. in peatlands.

2.2
Global water cycle under human influence

Water passes through a continuous, global cycle which 
constantly provides freshwater in the form of precipita-
tion over land. Its basic processes of evaporation and con-
densation are maintained by the sun, the earth’s gravity, 
the distribution of the land masses, and the large-scale 
circulation of the atmosphere. Humans now influence 

Benefits:
• Improved water quality
• Reduced droughts and floods

Evapotranspiration
Water cycles through the atmosphere
through evaporation and transpiration.
The forest canopy releases water vapor
into the air, regulating precipitation

Interception
Multiple layers of forest
canopy shelter soil from
rainfall, reducing erosion

Soil stabalization
Strong roots and the forest floor hold
back and anchor soil against erosion

Infiltration
Root systems, fallen leaves and organic
material on the forest floor slow down
water and allow it to enter porous soil,
reducing runoff and erosion and
recharging groundwater

Water

Figure 2.1-1
The influence of natural infrastructures on water security. Natural infrastructures such as wetlands or forests contribute to the 
water supply by purifying the water and replenishing groundwater reservoirs. They also regulate the flow of water and thus 
buffer the effects of floods or droughts, regulate precipitation, stabilize the soil and thus reduce erosion. 
Source: Qin and Gartner, 2016
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Creation and conservation of habitats 
Provision of spawning/breeding grounds, plant habitats, nutrient recycling, oxygen production by 
photosynthesis

Regulation of the climate 
Sequestration and storage of carbon; regional effect on the microclimate, e.g. by cooling settlements 
via blue spaces

Regulation of the available quantity of fresh water
Regulation of the quantity, location and timing of surface and groundwater runoff

Regulation of the quality of freshwater resources and coastal waters 
Natural binding, filtering or microbial removal of pollutants or excess nutrients

Regulation of risks and extreme events
Mitigating the effects of floods or droughts

Regulation of air quality 
Filtering particulate matter from the air via the vegetation, e.g. in alluvial or swamp forests 

Materials for energy generation
Supply of firewood or peat

Food and feed 
Supply of drinking water and foodstuffs such as fish, molluscs and freshwater algae

Materials 
Provision of wood, reed fibres, including the soil for their cultivation

Medical, biochemical and genetic resources
Production of veterinary, medical or pharmaceutical ingredients from freshwater organisms, use of 
genetic information for breeding plants and animals

Use of watercourses
Transport routes for inland navigation or energy generation by hydropower

Education and inspiration 
Basis of religious and spiritual experience or social cohesion through the existence of spiritual 
places. Enables personal development, e.g. through education and knowledge acquisition and the 
development of skills for well-being, information and inspiration

Physical and psychological experiences and recovery
Landscape experience, e.g. during leisure time, with the associated positive health effects

A sense of belonging 
Foundation for feelings of home, belonging and rootedness, which are conveyed, for example, by 
freshwater ecosystems, and serve as the basis for narratives, rituals and festivals
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Table 2.1-1
Ecosystem services of freshwater ecosystems. The ecosystem services of freshwater ecosystems are shown with selected 
examples, grouped according to regulating, material and non-material services.
Source: WBGU, based on Vari et al., 2022; Lynch et al., 2023; IPBES, 2019a
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this natural cycle through a variety of activities in which 
water is extracted, used and discharged or flows back; this 
in turn changes evaporation, precipitation, groundwater 
recharge, runoff behaviour, etc. Global climate change 
influences the entire water balance from the global to 
the regional level (Section 2.2.1.2). Humans also have 
a direct impact on the water cycle by altering areas of 
land. This includes changes to the landscape as a result 
of agricultural and forestry uses, industrial production 
areas, mining, land sealing in settlements, roads and 
parking areas, as well as the reshaping of water bodies, 
e.g. river straightening, dams, dykes and reservoirs. As 
a result, evaporation, precipitation and runoff are redis-
tributed both temporally and spatially (Fig. 2.2-1; UBA, 
2017; GCEW, 2023b). Changes in land use also influence 
precipitation and river flows far beyond the local level 
(Wang-Erlandsson et al., 2018).

Other anthropogenic influences include the discharge 
of substances into surface and groundwater via inade-
quately treated wastewater from households, trade and 
industry, the disposal of waste or the over-fertilization of 
agricultural land. Emissions from various sectors such as 
transport, energy generation, industry and households 
lead to the direct release of substances into the water or 
the atmosphere, which can have adverse effects on veg-
etation, soil and groundwater after deposition.

2.2.1
A comprehensive view of water –  
blue and green water

The renewable water resources in a region, which result 
from precipitation, evaporation, inflows and outflows, 
determine the water supply and thus the amount of 
groundwater and surface water that can theoretically 
be used over time (BMU and UBA, 2017). The water 
supply is distributed differently from region to region 
and season to season and can result in water shortages 
or surpluses in relation to demand (Raskin, 1997; UBA, 
2022c). Both the requirements for human use and the 
requirements for functioning ecosystems are relevant 
here (Section 2.2.2). The development of water stress 
due to scarcity therefore depends on the ratio between 
the total freshwater abstraction for all uses and the total 
renewable freshwater resources after taking into account 
the ecological water requirement (FAO and UN Water, 
2021: 9). In the context of the 2030 Agenda, the FAO 
speaks of water stress when more than 25 % of fresh-
water resources in an area have been abstracted (FAO 
and UN Water, 2021: 9).

A more comprehensive view of a region’s water re-
sources is obtained by distinguishing between blue and 
green water (Fig. 2.2-2). Blue water includes all water 
resources in rivers, lakes, reservoirs and groundwater 
(Falkenmark and Rockström, 2006; Wang-Erlandsson et 

Figure 2.2-1
The water cycle including direct human interventions: the use of green water refers to the use of soil moisture;  
blue water is used for irrigation.
Source: Caretta et al., 2022: 565 

River discharge
46±10%

Land evaporation 74±10%

Energy production

Water, Sanitation &
Hygiene (WaSH)

Water fluxes in natural and human systems. Units in thousands of km3 per year 

Cryosphere
(Snow, Glaciers, and Permafrost)

Municipal water
withdrawal 
0.4±12%

Groundwater 
recharge
13±60%

Groundwater
withdrawal
0.7±17%

Green water use 19±20%

Irrigation from
surface water 1.9±6%

Industrial water
withdrawal 0.8±11%

Ocean to land
water vapour

transport 46±10%

Agriculture

Water Quality

Groundwater
discharge to

ocean 4.5±70%

Freshwater
ecosystem

Irrigation from
ground water

0.6±17%

Land Precipitation 120±10%
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al., 2022). Green water refers to the soil moisture avail-
able to plants; when it rains over land areas, some of 
the water is absorbed and stored in the soil and is then 
available to plants for the formation of biomass. The rest 
evaporates from the soil or plant surface or flows off and 
becomes blue water; this also enables subsequent use 
by humans downstream (Fig. 2.2-2; Falkenmark and 
Rockström, 2004; for details and, in some cases, differ-
ing definitions of the concept of green water, see Ring-
ersma et al., 2003). Rockström et al. (2023b) estimate 
the proportion of precipitation over land that is available 
as blue water at 35 %. Both blue and green water make 
ecological functions and thus ecosystem goods and ser-
vices possible (Section 2.2.2); they are therefore a pre-
requisite for human survival and  societal development 
(Falkenmark and Rockström, 2006; Falkenmark and 
Rockström, 2004: 6; Rockström et al., 2023b). To regu-
late the global water cycle, a balance is needed between 
green and blue water, not only to ensure the amount of 

global precipitation or carbon fixation in soils and for-
ests and other ecosystem services, but also to guaran-
tee established water uses in different sectors (GCEW, 
2023a; Rockström et al., 2024). A distribution of wa-
ter that meets the needs of both natural areas and are-
as used intensively by humans thus contributes to the 
preservation of all life, and secures the water and food 
supply for humankind.

The need for a comprehensive view of water resourc-
es that also includes soil-bound water is also reflected in 
the supra-regional importance of the exchange of water 
between land and atmosphere. Up to 50 % of precipita-
tion over land comes from evapotranspiration from land 
areas, the rest from evaporation from the oceans. In 
many countries, precipitation therefore also depends on 
evaporation in areas outside their own territorial borders 
(Rockström et al., 2023b). Countries that receive mainly 
air masses from the direction of the ocean are less de-
pendent on water transport from surrounding countries 

Blue water flow

Rainfall

Groundwater recharge

Soil water

Groundwater

Green water

Storm runoff (blue water)

Transpiration

Evaporation

Interception

Figure 2.2-2 
Division of precipitation into green and blue water. Some precipitation is absorbed into the soil, where it is then available to 
plants (green water). Plants release absorbed water into the atmosphere by transpiration. Another part of the precipitation 
evaporates unused from the soil or from the surfaces of the plants (interception). Finally, water also runs off the surface or  
into the groundwater (blue water).
Source: modified from Geertsma et al., 2009
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for their precipitation. Landlocked countries and those 
that receive most of their air masses from over land are 
more affected by neighbouring countries’ land uses that 
alter the water cycle. For example, deforestation in the 
Congo Basin influences the amount of precipitation in 
neighbouring countries (Fig. 2.2-3). Heavy irrigation of 
crops in India leads to increased atmospheric moisture 
transport and thus influences the runoff of the Yangtze 
River in China. Even a large country like Russia, 45 % 
of whose moisture is ‘recycled’ internally, receives 20 % 
of its moisture from neighbouring countries (Rockström 
et al., 2023b). These dependencies are also factors that 
make international cooperation in the water sector im-
portant (Rockström et al., 2023b: 796).

2.2.2
Observed impacts of climate change

Climate change is intensifying the global water cycle. 
 Water and climate are inextricably linked by the ex-
change of water and heat between the atmosphere, the 
ocean and the land surface (Kundzewicz, 2008). A warm-
er atmosphere can absorb 7 % more water in a gaseous 
state for every 1 °C increase in temperature. This makes 
more and heavier precipitation possible (Douville et al., 
2021). The average annual amount of precipitation has 
already increased in many regions worldwide, especially 

in the northern high latitudes (Caretta et al., 2022). By 
contrast, a decrease in average precipitation has been 
observed in the tropics (Caretta et al., 2022); however, 
drier summers have also been observed in the Medi-
terranean region, in south-west Australia and South 
America, in South  Africa and in western North America 
(Douville et al., 2021).

Global warming also causes increased evapotranspi-
ration (the sum of transpiration and evaporation, i.e. the 
water-vapor emissions from animals and plants as well as 
from soil and water surfaces). Together with the higher 
atmospheric water absorption and increasingly variable 
precipitation patterns, this reduces the moisture near the 
Earth’s surface in many regions, and thus contributes to 
regional drought events (Douville et al., 2021; Caretta et 
al., 2022). Global soil moisture has  already fallen slightly, 
particularly in the Mediterranean region but also in parts 
of North America and Australia, and this has increased 
both the frequency and intensity of drought events in 
recent decades (Douville et al., 2021). The changing pre-
cipitation patterns and the already altered runoff from 
snowmelt and glaciers are also changing the amount of 
water in the watercourses. Flooding or low water lev-
els are the result, and the seasonal water volumes also 
change, which leads to an increasing irregularity of the 
runoffs (BAFU, 2012). The increasingly fluctuating nat-
ural runoffs are countered by a water infrastructure that 
is increasingly unable to cope with these changes.

Figure 2.2-3
Nigeria as a producing and receiving area of moisture and evaporation. Nigeria receives 64 % of its moisture for rainfall from con-
tinental areas. Of these, 42 % comes from other countries, mainly from the Congo Basin. At the same time, Nigeria generates 43 % 
of the moisture that leads to rainfall in its neighbouring countries (Cameroon, Guinea and Ghana). This example shows the vulner-
ability of all these countries, since deforestation in the Congo Basin would very likely have an impact on the amount of rainfall. 
Source: Rockström et al., 2023 

Nigeria

2. Guinea depends
on water vapour off
Nigerian land for
its rain. 

1. Central Africa
provides 64% of
Nigeria’s moisture.

Precipitationshed

[mm/year]

Evaporationshed

49015

66515

Global water cycle under human influence   2.2

33



Furthermore, there are local changes in the perma-
frost, especially in regions where the permafrost is thin 
and discontinuous, e.g. in southern Siberia, south- central 
Alaska, north-east China, or near the southern limit of 
the permafrost (Jin et al., 2022). A rising permafrost tem-
perature has been recorded in all permafrost regions in 
recent decades; this is increasingly leading to the thawing 
or deepening of the active, unfrozen layer (Fox-Kemper 
et al., 2021). This not only leads to increased ground-
water flows, but also changes  groundwater recharge 
(spatially and temporally) and runoff, with effects on 
the groundwater balance and surface waters (Jin et al., 
2022). The degradation of permafrost is also a potential 
further source of the release of substances and leads to 
changes in the landscape through erosion (Lafrenière 
and Lamoureux, 2019; Langer et al., 2023).

From a global perspective, extreme weather events 
such as prolonged heatwaves, droughts or heavy rain-
fall have also become more frequent and more severe 
(IPCC, 2019b, IPCC, 2021c), and they are also occurring 
more quickly and on shorter time scales (flash droughts, 
flash floods; Yuan et al., 2023;Yin et al., 2023). The in-
crease in agricultural but also hydrological and ecologi-
cal droughts worldwide (IPCC, 2021c; Yuan et al., 2023) 
particularly affects areas that are already suffering from 
a lack of precipitation (UNESCO, 2020).

In general, droughts have a significant impact on 
 vegetation growth and therefore on agriculture and eco-
systems (Yuan et al., 2023). They can also trigger com-
pound events with cascading effects for humans and 
nature, e.g. the increased risk of forest fires, the deple-
tion of water resources, the deterioration of air quality 
or a threat to food security (Christian et al., 2021; IPCC, 
2022b). For example, the number and size of forest fires 
has been steadily increasing for around ten years (San-
Miguel-Ayanz et al., 2022). This applies in particular 
to Australia, the USA and South America (Nolan et al., 
2022), but also to southern Europe: between 2007 and 
2016, forest fires in Portugal, Spain, France, Italy and 
Greece destroyed an average of 457,000 hectares every 
year – an area corresponding to almost twice the size of 
the Saarland (Dupuy et al., 2020). In Germany, there was 
a ‘recovery pause’ in 2021 before the fires raged all the 
more fiercely in 2022 (BMEL, 2023).

Flooding events are also becoming more intense.  River 
floods claimed over 7 million lives in the 20th century 
(Merz et al., 2021), and around 58 million people world-
wide are currently affected by river floods every year, 
more than half of them in Asia (Dottori et al., 2018). 
Due to the already increased frequency and intensi-
ty of heavy rainfall events worldwide, particularly in 
North America, Europe and Asia (Seneviratne et al., 2021, 
Caretta et al., 2022), the risk of flash floods is also in-
creasing. This is particularly true in the arid regions of 

the world, including Africa (Fig. 2.2-4; Section 4.3; Yin 
et al., 2023). Worldwide, the number of flash floods in 
dry areas in the years 2000–2022 was already 20 times 
higher than in the last century (1900–1999; Yin et al., 
2023). Flash floods can occur anywhere. Vulnerable ar-
eas are those with poor or insufficient natural and arti-
ficial drainage capacities.

On the coasts, storm surges also occur more  frequently; 
they grow ever larger due to sea-level rise and the in-
creasing intensity of storms. The sea level rose by about 
20 cm between 1901 and 2018 (IPCC, 2023a). Low-lying 
coasts and islands in particular are already being affected 
by more frequent storm surges with historically severe 
flooding (IPCC, 2019a).

The current warming of the world’s bodies of fresh-
water almost matches the warming of the atmosphere 
(Grant et al., 2021). The available habitat for freshwater 
organisms is shrinking (Kraemer et al., 2021). The warm-
ing causes a more stable stratification of the water and 
reduces vertical mixing in the water column. In combi-
nation with the higher water temperature, this causes a 
reduction in the amount of dissolved oxygen (Parmesan 
et al., 2022). The oxygen content in freshwater lakes is 
therefore falling rapidly – many times faster than in the 
oceans. In the last four decades, for example, the oxygen 
content in the deep waters of temperate lakes has fall-
en by around 18 % (Jane et al., 2021). Water quality is 
also negatively affected by the impact of higher water 
temperatures on biogeochemical processes (Capon et al., 
2021), and the salinization of freshwater also poses a 
threat to vegetation, wildlife and entire freshwater eco-
systems (Kaushal et al., 2021). Salinization reduces edi-
bility or digestibility as a result of higher concentrations 
of minerals, especially sodium and chloride ions. Salini-
zation of terrestrial and freshwater ecosystems therefore 
threatens their organisms and their functionality. Salin-
ization also threatens human supplies of drinking water, 
as well as the food security of humans and animals, if 
food plants and animals are intolerant to increased sa-
linity (Kaushal et al., 2023).

Water levels and volumes in rivers and lakes are also 
changing, and the surface area of wetlands worldwide 
has decreased. As a result of direct human influences 
(e.g. land-use changes), but increasingly also due to 
climate change, only 13 % of the wetlands that existed 
around 1700 were still present in 2000, for example; in 
more  recent years the losses have been even more pro-
nounced (approx. 0.8–1.2 % per year from 1970–2008; 
IPBES, 2019a). Also, on all continents and in all climatic 
zones, 51–60 % of watercourse stretches regularly fall 
dry, at least briefly; non-perennial rivers and streams 
are the rule rather than the exception (Messager et al., 
2021). Many of the formerly perennial rivers and streams 
(e.g. Nile, Colorado) have also become intermittent due 
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to land-use changes, water abstractions and climate 
change, and ever larger parts of the global river network 
are expected to stop flowing, at least seasonally, in the 
coming years (Messager et al., 2021). Here, too, habi-
tats are increasingly disappearing; this is affecting not 
only  nature but also a large part of the world’s (human) 
population (Caretta et al., 2022). The effects of climate 
change, combined with habitat loss, changes in the glob-
al water cycle and pollution, are already having a lasting 
impact on the functionality of freshwater ecosystems, as 
well as their flora and fauna (Capon et al., 2021). The 
changes in seasonal water temperatures in lakes and 
rivers, for example, are causing a shift in the distribu-
tion areas of freshwater species, and impairing previous 
ecosystem functionalities (Caretta et al., 2022; Parmesan 
et al., 2022). Cold-water fish species are disappearing, 
while warm-tolerant zooplankton and fish species, in-
vertebrates and aquatic plants are spreading (Parmesan 
et al., 2022). About 81 % of freshwater species popula-
tions are already in decline or threatened with extinction 
(Parmesan et al., 2022), mainly due to the increasing loss 
of habitats and the spread of invasive species and pol-
lution, extreme events such as heatwaves, but also the 
loss of glaciers (Parmesan et al., 2022). In western and 
central Europe and the western parts of Eastern Europe, 

for example, at least 37 % of freshwater fish and around 
23 % of amphibians are currently threatened with ex-
tinction (IPBES, 2018b; Sections 3.4.5, 3.4.6.2, 3.4.8).

The biodiversity of freshwaters is particularly sensitive 
to climate change, which has a particularly strong impact 
here compared to marine habitats. In inland  waters and 
freshwater ecosystems, the loss of biodiversity has al-
ready progressed much further in recent decades than in 
terrestrial or marine ecosystems as a result of the lower 
water volumes and smaller habitats, geographical frag-
mentation and greater proximity to human civilization 
(Tickner et al., 2020; Capon et al., 2021; Albert et al., 
2021; Costello et al., 2022), and many services provided 
by freshwater ecosystems (Table 2.1-1; Section 2.1) are 
already severely restricted today (Parmesan et al., 2022). 

2.2.3
Importance of land use and climate change  
for green water

More than 75 % of the Earth’s land surface has been 
 altered by humans (Kaushal et al., 2017). Agriculture is 
the predominant type of land use worldwide, covering 
almost 50 % of cultivable land (Schürings et al., 2022). 

Figure 2.2-4
Global overview of the occurrence of flash floods. In general, flash floods seem to cause more deaths in dry regions (dark red: 
1995–2022, red: 1966–1994, and pale red: 1938–1965) compared to more humid regions (dark blue: period 1995–2022, 
blue: 1966–1994 and pale blue: 1938–1965) because dry soils can absorb less water, and the people living there are often less 
prepared. The size of the circles represents the number of deaths. 
Source: Yin et al., 2023 
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Land-use changes, e.g. the conversion of fields into  urban 
settlement areas, the increasing soil compaction of in-
tensively used agricultural areas, or the logging of for-
ests and a lack of vegetation cover are changing runoff 
regimes, thus having a direct impact on the water cycle 
(IPCC, 2021c; WBGU, 2020). How water is absorbed 
into the ground, how quickly it runs off over surfaces, 
streams and rivers, to what extent the land surface is 
flooded, or how strong evaporation is, depends, among 
other things, on the surface conditions. Increasing surface 
sealing heightens the risk of excessively rapid and rising 
runoff with the consequence of extreme flooding (Caretta 
et al., 2022). Soil erosion, nutrient depletion and other 
forms of soil degradation (primarily due to agriculture) 
also affect the availability, quality and storage of water 
far beyond the respective region (IPBES, 2018a; IPCC, 
2019b). Moreover, around a third of the world’s water-
courses run through agricultural, industrial or  urbanized 
regions, with significant impacts on water quality (Section 
3.1.3) and negative effects on the health of freshwater 
species and ecosystems (Albert et al., 2021).

Prolonged dry periods and drought years over several 
years significantly change soil moisture and are direct-
ly related to changes in land use and climate (Haerdle, 
2018; Samaniego et al., 2018). Reduced soil moisture, 
exacerbated by soil degradation, not only leads directly 
to yield losses in the vegetation, but also prevents the 
infiltration of precipitation for groundwater recharge. 
Prolonged heatwaves and droughts, such as those that 
occurred in Europe in 2018 – 2023, led to higher evapora-
tion, a sustained decline in soil moisture, even in deeper 
soil layers, and significantly reduced discharges in many 
watercourses (WMO, 2023). This led to drought-stress 
damage in the vegetation and aquatic ecosystems, as well 
as significant yield losses in agriculture, but also to re-
strictions in shipping and the shutdown of power plants 
due to a lack of cooling water (Box 7.4-1).

2.2.4
Overuse of blue water

The changes in water availability are often associated 
with unsustainable water use (Section 2.2.4.1).  Seawater 
desalination is one approach to expanding the sup-
ply (Section 2.2.4.2), but like other technological ap-
proaches (Section 2.2.4.3) it involves undesirable side 
effects and risks.

2.2.4.1
Trends in water use
Global water abstractions increased by 700 % between 
1900 and 2010 (Wada et al., 2016). Irrigation for food 
production in particular has contributed to this, but 

water consumption by industry and households has also 
increased sharply since the beginning of the 20th cen-
tury, especially between 1950 and around 1990 (FAO, 
2022b), even though there have been efficiency gains 
in irrigation and innovations in water treatment and the 
operation of water-distribution infrastructures.

Globally, agriculture accounts for 72 % of all fresh-
water abstractions, industry (mining and extraction 
of raw materials, manufacturing, supplying electricity, 
gas, steam and air-conditioning plants, and construc-
tion) for 15 %, and municipalities and households for 
13 % ( AQUASTAT, 2024). Agriculture is thus the world’s 
largest consumer of freshwater. However, the amount 
of water abstracted for agriculture as a percentage of 
total abstraction varies considerably by region and in-
come level. In high-income countries it makes up only 
41 % of the total abstractions on average, whereas in 
low- and middle-income countries it accounts for be-
tween 80 and 90 % (Ritchie and Roser, 2017). Agricul-
tural water withdrawals accounted for approx. 2.2 % of 
total abstractions in Germany in 2019, since rainwater 
usually supplied enough for agriculture’s needs (UBA, 
2022a). However, data on agricultural abstractions are 
subject to a high degree of uncertainty. Furthermore, 
 Germany, too, has seen a regional increase in the need 
for irrigation in agriculture, particularly in recent years 
with prolonged dry spells (HBS, 2023). Global and re-
gional averages therefore mask regional and local dif-
ferences (UNESCO, 2023). According to the FAO, irrigat-
ed farmland accounts for only about 20 % of the total 
area but is the source of over 40 % of total produce in 
terms of value. In some regions, irrigated land contrib-
utes more than 50 % of the value of agricultural pro-
duction (FAO, 2020b: 58).

The trend towards abstracting more groundwater to 
expand agricultural irrigation in semi-arid areas is par-
ticularly problematic for securing water supplies (Bierk-
ens and Wada, 2019; Llamas and Martínez-Santos, 2005; 
Wada et al., 2010; Siebert et al., 2010; Marston et al., 
2015). Groundwater is also being abstracted at increas-
ing rates in urban areas, especially megacities, to sup-
ply the growing urban population who have no access 
to clean surface water or piped drinking water (Bierkens 
and Wada, 2019). The growing abstractions of groundwa-
ter for irrigation and urban drinking-water supply have 
led to the increased use of non-renewable groundwater 
(deep groundwater). The result is that the groundwater 
table is falling more and more (Herbert and Döll, 2019); 
this has been observed especially in countries in the 
MENA region and southern Europe, as well as in major 
aquifers in India, northern China, the Middle East, North 
Africa and the south-west of the USA (Herbert and Döll, 
2019; de Graaf et al., 2017; Wada et al., 2012; Caretta 
et al., 2022; Bierkens and Wada, 2019). In most of the 

2  Status quo in dealing with water as a resource

36



regions mentioned above, water consumption for irriga-
tion accounted for an average of over 90 % of total water 
consumption between 1960 and 2010, and around half 
of this came from non-renewable groundwater (Wada 
and Bierkens, 2014).

Analyses of local monitoring data from groundwa-
ter-abstraction points indicate that the local manage-
ment of groundwater resources can play a role in slow-
ing or even reversing the decline in groundwater levels 
(Jasechko et al., 2024; Chávez García Silva et al., 2024). 
Examples of successful groundwater management can 
be found in the La Mancha Oriental aquifer in southern 
Spain (Chávez García Silva et al., 2024), in the eastern 
Saq aquifer in Saudi Arabia and in the Bangkok Basin 
(Jasechko et al., 2024). However, groundwater levels only 
rose in 6 % of the aquifers analysed by Jasechko et al. 
at the beginning of the 21st century (at a rate of more 
than 0.1 m per year). Furthermore, groundwater levels 
often recover relatively slowly. By contrast, 36 % of the 
aquifers analysed revealed falling groundwater levels 
(of more than 0.1 m per year). In 30 % of the aquifers 
for which a comparison with the years 1980–2000 was 
possible, the decline in groundwater levels accelerated 
in the period 2000–2022. According to Jasechko et al. 
(2024), existing management practices, particularly in 
arid agricultural regions, are often inadequate, either con-
ceptually or in terms of implementation, to slow down 
or reverse a decline in groundwater levels.

2.2.4.2
Seawater desalination
Freshwater – i.e. new blue water – can be obtained 
from seawater or brackish water with the help of ener-
gy-intensive technological treatment processes such as 
seawater desalination using high-pressure membrane 
processes (reverse osmosis) or thermal distillation and 
evaporation processes, especially in coastal regions or 
island states. Over the past 20 – 30 years, desalination 
plants have become an important alternative source of 
freshwater for countries in the Middle East (e.g. Saudi 
Arabia, Israel, United Arab Emirates, Qatar), Australia, 
Spain, South Africa, the USA and, increasingly,  India 
and China (Eyl-Mazzega and Cassignol, 2022). The cu-
mulative treatment capacity of existing desalination 
plants worldwide was around 99 million m3 of fresh-
water per day in 2022 – enough to supply water for 
around 800 million people (EU Blue Economy Observa-
tory, 2024). However, the further expansion of sea water 
desalination plants is hampered by their high energy re-
quirements and negative ecological effects. Compared 
to the treatment of conventional freshwater resources 
with less than 1 kWh/m3, the energy requirement for 
seawater desalination using reverse-osmosis systems is 
three times higher at approx. 3 kWh/m3 (Drewes and 

Horstmeyer, 2016). Thermal processes require as much 
as 10 kWh/m3. The expedited expansion and use of re-
newable energies is therefore also of great importance 
for this sector (Bundschuh et al., 2021).

The abstraction of seawater also has a significant im-
pact on the aquatic environment (e.g. death of larvae, 
juvenile fish), as does the disposal of concentrated salt 
solutions (due to the large differences in density). Fur-
thermore, because the level of demineralization achieved 
is so complete, the water produced has to be chemically 
treated to make it fit for human consumption. Despite 
these measures, some long-term studies indicate adverse 
health effects that can lead to a demonstrably higher 
risk of cardiovascular disease (Shlezinger et al., 2018).

2.3
Economic and social aspects of water use

2.3.1
Virtual water

The quantities of water consumed or polluted in the pro-
duction of goods or services are sometimes referred to as 
the virtual water content of goods and services. A coun-
try’s water footprint records the virtual water content 
of the goods and services consumed there (i.e. the sum 
of direct and indirect water consumption in the coun-
try itself, and for the production of imports, minus the 
virtual water content of exports; Hoekstra and Hung, 
2002). In many regions and countries, a large proportion 
of the water footprint comes from products that are pro-
duced outside the region or country and then imported 
(Hoekstra and Hung, 2002; Hoekstra et al., 2011). For 
products and services consumed in  Germany, this share 
is around 86 % (UBA, 2022b). The quantities of water 
consumed or polluted in the production of traded goods 
and services can be tracked as virtual water flows across 
the globe (Allan, 1998). Figure 2.3-1 illustrates the com-
plexity of such flows for quantities of blue water that 
can be associated with the trade in food. Companies are 
linked to water consumption abroad via international 
supply chains. In this way, consumer and corporate de-
cisions have a fundamental impact e.g. on the availabil-
ity and quality of water resources and food security in 
exporting and importing countries; vice versa, they can 
also be affected by changing levels of water availabili-
ty abroad, for example. Whether these effects and de-
pendencies are critical depends on the situation in the 
respective countries.

Negative socio-economic and environmental impacts 
possibly connected with the production of the traded 
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goods – both through the required amounts of water or 
the overuse of water resources and through pollution, 
e.g. from chemicals in industry and pesticides in agri-
culture – occur in the exporting country and are thus 
externalized by the importing country. Pollution ‘ traded’ 
(or ‘contained’ in products) in the form of virtual wa-
ter and its effects have hardly been determined to date, 
partly due to methodological challenges (d’Odorico et 
al., 2019; UBA, 2022b). The following sections therefore 
focus on the quantitative water consumption associated 
with trade and its effects.

Over 65 – 90 % of global virtual water flows originate 
from trade with agricultural products, followed at a con-
siderable distance by industry and energy (d’Odorico et 
al., 2019; Hoekstra and Mekonnen, 2012). Accordingly, 
virtual water flows from the trade in agricultural goods 

and their impacts are particularly well documented in 
the scientific literature. The literature cited in this sec-
tion also focuses primarily on trade in agricultural goods. 
There is a need for research into the effects of non-agri-
cultural virtual water flows – e.g. in connection with the 
trade in industrial and energy products or textiles – on 
the quantity and quality of water resources. Yet stud-
ies have shown that non-agricultural virtual water flows 
should not be neglected. The traded water footprint of 
energy products increased by 35 % between 2012 and 
2018. In 2018, virtual water flows from energy prod-
ucts accounted for around 7–9 % of total global virtual 
water flows. Firewood, crude oil, biofuels and electricity 
account for the largest share. Firewood and biofuels are 
water-intensive energy sources, but the trade in them 
is generally concentrated in industrialized countries in 

Figure 2.3-1
Flows of virtual blue water via the trade in food (1996–2005). The diagram shows virtual flows of blue water between countries 
(in km3 per year) from the period 1996–2005. The colours of the connections indicate the exporting country. Data and country 
abbreviations can be found in Table 8a in Scanlon et al., 2023. Country codes according to ISO 2166 ALPHA-3.
Source: Scanlon et al., 2023
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North America and Europe (Peer and Chini, 2020). On 
the other hand, the trade in agricultural products and its 
impacts often affect low-income countries.

The opportunities and risks arising from the trade in 
virtual water for local water resources in importing and 
exporting countries and for food security in importing 
countries are outlined below.

Virtual water trading offers water-poor regions an op-
portunity to conserve scarce water resources. From a global 
perspective, it can lead to water savings if  water-intensive 
products are imported from regions where water is used 
more efficiently (Maroufpoor et al., 2021). Some scientific 
studies document water savings through trade on a global 
level, albeit in different orders of magnitude (d’Odorico et 
al., 2019). Water savings through trade, particularly as a 
result of the spread of water-saving technologies, have 
also been documented for individual countries (d’Odor-
ico et al., 2019; Dang and Konar, 2018).

However, it also happens that water-scarce regions 
are exporters of water-intensive products (Vallino et al., 
2021). Germany, for example, sources rice from Paki-
stan and nuts from southern Europe, Iran and the USA 
(Finogenova et al., 2019). The countries of origin of such 
products are often low- and middle-income countries, 
while the importers are high-income countries (Vallino 
et al., 2021). Accordingly, water savings through trade 
in virtual water are more likely to be realized in rich 
countries than in poor ones (Distefano and Kelly, 2017).

Export-orientated production in water-scarce regions 
can lead to the local ecological boundaries (based on plan-
etary boundaries according to Rockström et al., 2009b; 
Rockström et al., 2009a) being exceeded in these regions. 
The Federal Environment Agency (2022b) estimates that 
this is the case for almost 10 % of the foreign contribu-
tions to Germany’s consumption-related blue-water    usage. 
Particularly important here are Spain and countries in 
South Asia but also the USA and countries in North Af-
rica and the Middle East (UBA, 2022b).

Water stress jeopardizes food security in many regions 
around the world (Maroufpoor et al., 2021). Trade in 
virtual water can contribute to food security in regions 
where it is difficult or impossible to supply the popula-
tion from local agricultural production (d’Odorico et al., 
2019; Tamea et al., 2016). At the same time, importing 
countries that (have to) rely heavily on global trade links 
are vulnerable to localized shocks to water availability 
or food production in exporting countries (d’Odorico et 
al., 2019). The literature comes to different conclusions 
regarding the influence of trade on food security in im-
porting countries (Sartori and Schiavo, 2015; Distefano 
et al., 2018; d’Odorico et al., 2019).

Water-scarce countries with a low domestic agricul-
tural production that are highly dependent on food im-
ports, e.g. in the MENA region or the Middle East, are 

especially vulnerable (Tamea et al., 2016). As a result of 
the Russian war of aggression against Ukraine, around 
30 countries, including Eritrea, Kazakhstan and Mon-
golia, recorded a drop in direct grain imports of more 
than 50 % (Liu et al., 2023). In Lebanon and Libya, a 
net deficit in calorie intake of 13 – 28 % compared to 
regular consumption was expected in 2022 ( Bertassello 
et al., 2023). Low and middle-income countries that 
are heavily dependent on food imports suffer particu-
larly from a decline in their imports, which appears to 
be due not only to a lack of purchasing power but also 
to a lack of access to the market or insufficient market 
power (Distefano et al., 2018). Although high-income 
countries, e.g. in Europe, can also be exposed to nega-
tive import shocks (Tamea et al., 2016), they appear to 
be better able to compensate for them.

2.3.2
Water, poverty and social inequality

Despite the increase in global access to clean drinking 
water from 62 % of the world’s population in 2000 to 
74 % in 2020, there are still major differences between 
countries in different income groups (Fig. 2.3-3, 4; UN, 
2023: 12). About 1.3 billion people (19.1 % of the world’s 
population), half of whom are children, are multidimen-
sionally poor. They live with multiple deprivations in 
terms of health, education and material living standards 
(in 2021; UNDP, 2022; UNDP and OPHI, 2022; Fig. 2.3-2).

A significant proportion of all multidimensionally 
poor people (470.1 million people in 111 countries) are 
undernourished and lack access to clean drinking water, 
reliable sanitation and hygiene facilities. Their suscep-
tibility to infectious diseases is high (UNDP and OPHI, 
2022: 2; Balasubramanian et al., 2023). Furthermore, 
even in societal groups with access to drinking water, 
wastewater disposal and sanitary facilities, this access 
is often unequally distributed, or else the lack of access 
has a varying effect on life chances, depending on age 
or gender (Huinink, 2022; Calow and Mason, 2014).

For example, women and girls bear a larger burden 
from the water and sanitation crisis than men and boys, 
as they are often responsible for fetching water and thus 
have less time e.g. for education, and have to  expose 
themselves to physical dangers in the process. In the case 
of children, the lack of access to clean drinking water has 
a more serious impact on development and health status 
than in adults; in older people, on the  other hand, it has 
a different and often faster life-shortening effect than in 
young adults. For example, the gender-specific pover-
ty index ‘Global Correlation Sensitive Poverty Index’ of 
the German Institute of Development and Sustainabil-
ity shows that in 95 % of all countries, female poverty 
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Figure 2.3-2
Multidimensional Poverty Index, global 2010 – 2020.
Multidimensional poverty is defined as being deprived in a range of health, education and living-standard indicators. The Multi-
dimensional Poverty Index is a measure that reflects both the prevalence and the intensity of multidimensional poverty.
Data from: Our World in Data, 2023 

Figure 2.3-3
Share of the population with access to drinking-water facilities by region and income class (2020). Graded as follows:  
no access (surface water only), unimproved access, limited access, access to basic supply and safe access to drinking water. 
Source: Ritchie et al., 2019
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Figure 2.3-4
Proportion of surface waterbodies in Europe failing to achieve good chemical status. The assessment of the chemical status 
includes ubiquitous, persistent, bioaccumulative and toxic substances.
Source: WISE, 2021 
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is on average twice as high as male poverty. The biggest 
gender-specific differences in poverty can be found in 
the Middle East, North Africa and South Asia (Burchi 
and Malerba, 2023). These regions of the world are also 
among the most arid regions on Earth.

Disparities in the supply of clean drinking water also 
exist between urban and rural areas and between groups 
with high and low incomes (UNICEF and WHO, 2023; 
Fig. 2.3-3). However, not only low-income and vulnera-
ble population groups are disadvantaged when it comes 
to access to clean drinking water and sanitation. Water 
scarcity and increasing extreme events also hinder eco-
nomic growth and jeopardize development goals such 
as poverty reduction and education (Section 3.2.1.3).

2.3.3
Pollution as a challenge for humans  
and ecosystems

Today, the water quality of water resources, including 
groundwater, is severely impaired by many anthropo-
genic substance inputs (Fig. 2.3-4). Especially pollution 
with persistent and harmful pollutants causes permanent 
damage to aquatic ecosystems and, via drinking water 
and the food chain, also to health risks for humans. For 
at least three billion people, water quality is uncertain 
because of a lack of monitoring (UN, 2022). According 
to Tozer (2023), water sources for up to 5.5 billion peo-
ple could be contaminated by the year 2100.



2.3.3.1
Path dependencies caused by centralized  
water infrastructures
Many people today still have inadequate access to safe 
drinking water that is free from pathogens and pollut-
ants (Fig. 2.3-3). This, combined with or caused by a 
lack of or inadequate wastewater treatment, signifi-
cantly impairs the health of the people affected (WBGU, 
2023). In the course of industrialization at the beginning 
of the 19th century, the contamination of water with 
pollutants already led to a massive burden on aquatic 
ecosystems, as well as unacceptable hygienic conditions 
and a significant increase in health burdens in cities. 
The growing awareness of the link between polluted 
water and the spread of epidemics such as cholera fo-
cused the attention of city planners on the centralized 
supply of clean water and the disposal of wastewater 
(Gallardo-Albarrán, 2020). Partly for this reason, life ex-
pectancy in England rose from 40 to 70 years between 
1850 and 1950, with the biggest increase occurring at 
the beginning of the 20th century (Haines and Frum-
kin, 2021). In addition to the creation of a centralized 
drinking-water supply, the decisive factors here were 
the introduction of the waterborne sewerage system for 
the collection and orderly discharge of wastewater and 
the treatment of wastewater in central treatment plants. 
The development of these structures over several dec-
ades, particularly in high-income countries, resulted in 
a high degree of path dependency of the water infra-
structure due to high capital intensity and long amor-
tization periods as well as high fixed operational costs. 
In addition to the high investment costs, the ongoing 
maintenance of this infrastructure also required appro-
priate planning and operating expertise, financing by 
corresponding charges, and effective structures for en-
forcement, e.g. discharge bans, in order to achieve ade-
quate water quality. Although the solution approach of 
centralized water supply and disposal was also adopted 
by low- and middle-income countries, it often resulted 
in an incomplete development of these structures with 
major deficits in operation due to a lack of long-term 
financing, trained personnel or effective official mon-
itoring (Section 2.3).

Despite the existence of centralized wastewater-
disposal structures, the pollution level in a large propor-
tion of rivers and lakes is high even in Europe –  measured 
against the good chemical status required by the EU 
Water Framework Directive. This pollution is primarily 
the result of the long-term effects of industrial chem-
icals such as polycyclic aromatic hydrocarbons (PAHs) 
or tributyltin and pollution from diffuse inputs such 
as mercury (Fig. 2.3-5; EEA, 2015; Liess et al., 2023). 
Even where wastewater collection and treatment are 
well organized, pollutants from industry, households, 

healthcare facilities or agriculture can only be removed 
from wastewater at great expense (civity Management 
Consultants, 2018; Toshovski et al., 2020; Fig. 2.3-5).

2.3.3.2
Nutrients and pesticides
Especially in high-income countries, substance inputs 
from agriculture into ground and surface waters are a 
serious problem (UNESCO, 2024). Organic fertilisers can 
pollute water bodies with nitrates and pathogenic micro-
organisms, while synthetic fertilisers pollute them with 
nitrates and phosphates and lead to eutrophication (Bijay 
and Craswell, 2021). In Germany, the nitrate contami-
nation of many groundwater bodies has exceeded the 
limit value of the drinking water ordinance for years, in 
some cases by more than 700 %. The latest figures from 
the 2024 Nitrate Report show only slight improvements 
in groundwater quality (BMEL and BMUV, 2024). The 
level of anthropogenic nitrogen discharge into rivers is 
too high in many parts of the world (Mekonnen et al., 
2015; Fig. 2.3-6). The over-fertilization of water bod-
ies has far-reaching consequences for biodiversity and 
health (Section 2.3.4.3).

Conventional agriculture is also the biggest user of 
pesticides and other biocides. These can have neuronal 
and hormonal effects and influence embryonic devel-
opment (Fukuyama and Tajiki-Nishino, 2020; Gangemi 
et al., 2016; McKinlay et al., 2008; Syvrud et al., 2021). 
Insecticides are also used in forestry. In Germany, ac-
cording to a study by the Federal Environment Agency, 
over 80 % of water bodies in the agricultural landscape 
are contaminated with pesticides above the regulatory 
acceptable concentrations, and the biodiversity in these 
water bodies is therefore unacceptably threatened (Liess 
et al., 2023).

2.3.3.3
Pathogenic microorganisms
The spread of microorganisms via contaminated drink-
ing water affects two billion people worldwide. The main 
route of entry is the discharge of untreated wastewater 
contaminated with faeces into water bodies. Especially in 
low- and middle-income countries, children suffer from 
malnutrition due to recurrent diarrhoea caused by path-
ogenic microorganisms in drinking water (Sameh, 2023; 
WHO, 2023). Pathogenic microorganisms and parasites 
can also be ingested via personal hygiene and in bath-
ing water through the skin, mouth and lungs. Table 2.3-1 
shows the number of deaths due to inadequate sanita-
tion and drinking-water supply (WHO, 2023). People 
in sub-Saharan Africa and Central and South Asia are 
most affected.
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2.3.3.4
Pharmaceutical drugs
A particular risk to healthcare is posed by the formation 
of antibiotic-resistant germs when bacteria are exposed 
to antibiotic residues from households and livestock 
farming (Sections 2.3, 4.5; Sanganyado and Gwenzi, 
2019). Resistance to various antibiotics has been de-
tected along receiving waters, i.e. rivers with a high 
proportion of wastewater effluent (Hiller et al., 2019; 
Biggel et al., 2021).

Numerous studies show pharmaceutical residues in 
the inflows and outflows of wastewater-treatment plants. 
It is undisputed that the usual treatment steps in the 
 municipal treatment of wastewater are not enough to 
remove most of them (Duarte et al., 2021; Lipp and Lipp, 
2022; Oaks et al., 2004; Sharma et al., 2022; Toshovski et 
al., 2020). Studies have repeatedly shown high residues 

of painkillers (e.g. diclofenac, ibuprofen, paracetamol), 
antiepileptics, antidepressants, hormones (oestrogens) 
and antibiotics (Fig. 2.3-6; Castillo-Zacarías et al., 2021; 
Lipp and Lipp, 2022). The main sources of inputs of phar-
maceutical drugs into wastewater are healthcare facili-
ties and households. In many low- and middle-income 
countries, wastewater from settlements is discharged di-
rectly into water bodies without wastewater treatment; 
in many cases, few or no studies are carried out on this, 
and the available data is sparse (Barcellos et al., 2022; 
Kairigo et al., 2020; Waleng and Nomngongo, 2022). 
Elsewhere too, however, livestock farming on land and 
in bodies of water leads to the direct entry of antibiot-
ics and other veterinary medicinal products into water 
bodies and aquifers.
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2.3.3.5
Industrial chemicals and microplastics
A large number of industrial chemicals have been brought 
onto the market in recent decades without a full assess-
ment of the health risks to humans and the environment. 
Large quantities of these chemicals are produced in order 
to guarantee certain features of consumer goods. It is now 
scientifically proven that many of these chemicals can 

be released from the end products, enter the environ-
ment and also accumulate in the human body  Kumari and 
Pulimi, 2023). Contamination with industrial chemicals 
can be found worldwide – some substances are already 
ubiquitous. These industrial chemicals are discharged 
into wastewater e.g. via manufacturing processes, tyre, 
brake and metal abrasion, commercial or household tex-
tile cleaning and the use of cosmetics or plastic articles. 
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Figure 2.3-6
Simulation of nitrogen pollution in the world’s major river basins. The study focuses on nitrate-nitrite-nitrogen (NOx-N), the 
predominant water-soluble nitrogen compounds. (a) shows the simulated global map of average NOx-N concentrations for the 
years 1990–2013. (b) shows the spatial pattern of changes in NOx-N concentrations from the 1990s (1990–1999) to the last 
decade (2000 – 2013).
Source: Sheikholeslami and Hall, 2023

Table 2.3-1
Worldwide deaths due to inadequate sanitary conditions and drinking-water pollution 
Source: WHO, 2023

Health  
outcome

Population-attributable 
fraction

Deaths  
(thousands)

DALYs  
(thousands)

Diarrhoea 69 % 1,035 54,590

Acute respiratory infections 14 % 356 16,578

Undernutrition 10 % 8 825

Soil-transmitted helminthiases 100 % 2 1,942

Total N/A 1,401 7,3935
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Some of the industrial chemicals act as endocrine dis-
ruptors (like hormones). They affect reproductive ca-
pacity and the neuronal development of unborn babies 
or children, or increase the risk of asthma and allergies 
(Abraham and Chakraborty, 2020; Eales et al., 2022; 
Richardson et al., 2019).

More and more studies show a global contamination of 
freshwater and drinking water, as well as of the oceans, 
with microplastics (particles from 1 µm up to 5 mm; 
Koelmans et al., 2019; Mishra et al., 2023; Sharma et 
al., 2023). Microplastics are produced i.a. directly by the 
decomposition of plastic waste in bodies of water and 
are distributed over a wide area (Koelmans et al., 2019; 
Li et al., 2020;Mishra et al., 2023; Sharma et al., 2023). 
Microplastics are persistent and harbour risks for the 
environment, animals and humans. The additives con-
tained in the plastic and adsorbed contaminants such as 
polycyclic aromatic hydrocarbons (PAHs) can also have 
a toxic effect (Anik et al., 2021; Dusaucy et al., 2021; 
Sharma et al., 2023; Talbot and Chang, 2022; Zadjelovic 
et al., 2023). However, studies on their effects on health 
are hitherto insufficient. PAHs are often formed as un-
wanted by-products of production processes. Many com-
pounds in this substance group are considered carcino-
genic, mutagenic and teratogenic (DFG, 2023). While 
PAHs hardly pose a challenge for wastewater treatment 
in Germany because the levels in wastewater are relative-
ly low (Toshovski et al., 2020), in other countries they 
enter wastewater or groundwater via industrial waste-
water, especially from the oil, coal and steel industries, 
or through open fires in households, and pose a poten-
tial contamination risk to drinking water (Ambade et al., 
2021; Mojiri et al., 2019; Zhang et al., 2019).

Emissions of highly complex chemical mixtures, soot 
and microplastics from brake, metal and tyre abrasion in 
road traffic (Alves et al., 2020; Grigoratos and  Martini, 
2015) and subsequent leaching by precipitation are 
sometimes released directly into surface waters. After 
uptake by aquatic organisms, humans are bioaccumula-
tors of pollutants at the end of the food chain. Many of 
the substances are persistent and can be detected many 
years after they were banned, even in the remotest lo-
cations on Earth. In addition to microplastics, further 
examples include pesticides on the Zugspitze mountain 
(Levy et al., 2017), perfluorinated substances in the Ca-
nadian Arctic (Stock et al., 2007), and biocides and drug 
residues in the Antarctic (Duarte et al., 2021).

EU Directive 2008/105/EC (amended by 2013/39/
EU), has identified substances in the group of industrial 
chemicals (including PFAS; WBGU, 2023: 177 ff.), PAHs 
and biocides, as well as heavy metals (Section 2.3.4.6) 
and their compounds, as priority hazardous substances 
and made them subject to mandatory monitoring for the 
EU member states (Toshovski et al., 2020).

2.3.3.6
Pollution from raw-material extraction and 
industrial activities
Due to inadequate wastewater treatment, metals, so-
called heavy metals and their salts, as well as other chem-
icals used in the degradation process pose a health risk 
to billions of people in many regions of the world. The 
term “heavy metals” is used inconsistently and often 
includes elements that are also assigned to other terms, 
e.g. semi-metals such as arsenic (Duffus, 2022). Some 
of these substances are vital as trace elements, but in 
higher doses they can contaminate drinking water. When 
they accumulate in the food chain, they pose a threat to 
entire ecosystems and human health (Chowdhury et al., 
2016; Lee et al., 2023; Rehman et al., 2018). Wastewa-
ter from mining operations contains quantities of some 
toxic, soluble metal salts, e.g. lead, cadmium, copper, 
lithium or mercury compounds, which are problemat-
ic for ecosystems and human health, and are often dis-
charged directly into surface waters.

The extraction of materials such as ores, lithium salts, 
rare earths and copper is very water-intensive and re-
sults in considerable restrictions on water quality. Two 
thirds of the largest mines are located in countries with 
severe water shortages (Madaka et al., 2022; Bogardi et 
al., 2021). Figure 2.3-7 shows an example of the ‘water 
scarcity footprint’ of lithium, copper and coal mining for 
the production of lithium-ion batteries.

By-products of raw-material extraction, e.g. from 
the ores, process chemicals and the mined substanc-
es themselves, can enter water bodies through leaks or 
waste material and have a negative impact both on the 
environment and potentially on human health (Obasi 
and Akudinobi, 2020; Adeel et al., 2023; WBGU, 2023). 
One example is water pollution caused by arsenic-con-
taining waste material from cobalt mining in Morocco 
(Blum et al., 2023).

Cobalt, lithium and phosphorus are found in the pro-
cess wastewater from the recycling of lithium-ion batter-
ies. Some of these are toxic even in low concentrations, 
and no limit value has yet been set for lithium for in-
dustrial wastewater discharged into water bodies or for 
drinking water (Adeel et al., 2023; Mrozik et al., 2021; 
Wagner-Wenz et al., 2023). Lead, cadmium and copper 
compounds also enter water bodies through (agricultur-
al) livestock farming and fertilization. In other countries, 
arsenic often comes from natural sources, from industry 
and from mining, e.g. in the lithium mining described 
above; then it represents a continuous source of contam-
ination for drinking water (Srivastava, 2020).

The health effects of heavy metals and their com-
pounds range from developmental disorders, neurolog-
ical diseases and organ damage to cancer. In many low- 
and middle-income countries, contamination of drinking 
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water or surface water is practically unknown due to a 
lack of monitoring and investigations (Kumar et al., 2019; 
Wołowiec et al., 2019). Worldwide, 80 % of industrial 
wastewater is discharged untreated into bodies of water 
(GCEW, 2023a). The heavy metals and other chemicals 
they contain pose a serious health risk to ecosystems 
and, via drinking water and the food chain, to humans.

2.4
Political and legal aspects of water

This section outlines the diversity of different water-gov-
ernance approaches. It deals with the genesis of three 
approaches to water management at the interfaces of 
ecosystem-related and societal challenges that are most 
widely discussed internationally. This brief overview is 
followed by a discussion of state (formal, de jure) gov-
ernance using some examples at the regional level, and 
non-state (informal, de facto) water governance using 
examples at the local level, with a particular focus on 
the interaction between the two. In addition to formal 

(de jure), i.e. legally binding forms of water governance, 
informal institutions and rule interpretations also play 
an important role in implementation. In this context, 
institutions are understood as guidelines that structure 
 interactions, i.e. rules and norms that are institutional-
ized by organizational structures, as well as their en-
forcement and compliance (North, 1991). A distinction 
must be made here between formalized, i.e. written in-
stitutions with legal status (e.g. constitutions, laws), and 
non- formalized but real-life institutions (e.g. taboos, tra-
ditions, rules of conduct; North, 1991: 97). This binary 
classification is a simplification, i.e. ‘formal’ and ‘infor-
mal’ are not always clearly distinguishable (Greif, 2006; 
Mielke et al., 2011; Hodgson, 2006).

Not all globally relevant issues can be analysed here – 
e.g. who the water belongs to, who is allowed to use it 
and how, or who is responsible for water quality and 
availability. These questions are only briefly addressed, 
but not answered, below. That requires comparative 
 legal research (Thomashausen et al., 2018; Civic, 1998; 
Araral and Yu, 2013).
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Figure 2.3-7 
Water footprint of the mining processes of raw materials for lithium-ion batteries. The map describes the quantitative 
water-scarcity footprint WSFquan of the most relevant processes along the supply chain of lithium-ion batteries. The map is 
based on the risk definitions according to the DIN EN ISO-compliant AWARE (Available WAter REmaining) approach, which 
compares water consumption by humans and the water requirements of the environment with hydrological water availability. 
The circles represent the quantitative water-scarcity footprint (WSFquan) at the locations of the respective processes. The 
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outline the regions and countries analysed in the balance sheet; blue dots represent point coordinates. CL: Chile;  
CN: China; Cu-mining: copper mining; Li-mining: lithium mining. 
Source: Schomberg et al., 2021
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2.4.1
International guiding concepts

At the international discourse and policy level, there 
are three major trends in water governance: integrated 
 water-resource management (IWRM), the Water- Energy-
Food-Ecosystem Nexus (WEFE Nexus) and adaptive wa-
ter-resource management (Fig. 2.4-1).

These approaches overlap. They all address the man-
agement of water as a resource and the associated con-
flicts of use between different sectors – such as water, 
energy and food – taking into account ecosystems and 
the management of water pollution and water-related 
extreme weather events. When it comes to implementing 
these solutions, there are many difficulties, particularly 
of an institutional, political/administrative and finan-
cial nature. However, the approaches also differ in their 
focus, their actors and their areas of application.

2.4.1.1
Integrated water-resource management
Integrated water-resource management (IWRM) is a 
paradigm that is used worldwide (Hack et al., 2017). 
The approach aims to achieve a fair and participatory 
distribution of the scarce resource of water between 
different sectors.

Today’s understanding of IWRM as a holistic approach 
is based on both the Dublin Principles of 1992 and the 
Agenda 21 (Meran et al., 2021). The four IWRM prin-
ciples are: (1) Water is a finite and vulnerable resource. 
(2) Water development and management should be based 
on a participatory approach, involving users, planners 
and policy-makers at all levels. (3) Women play a cen-
tral part in the provision, management and safeguarding 
of water. (4) Water is a public good and has a social and 
economic value in all its competing uses (GWP, 1996).

Figure 2.4-1 
Overview of international guiding concepts for water governance. The timeline illustrates the development and growing 
importance of the concepts of IWRM, adaptive water management and the WEFE Nexus. The concepts overlap in terms of 
content, but differ in focus and origin. 
Source: WBGU
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IWRM aims to achieve a systemic system of man-
agement of water, land and related resources, and takes 
equal account of the social and ecological dimensions 
alongside the economic dimension. The inclusive par-
ticipation of a variety of actors from different sectors 
(as well as from local communities) characterizes the 
approach. IWRM is defined as a “process which pro-
motes the coordinated development and management of 
water, land and related resources, in order to maximize 
the resultant economic and social welfare in an equita-
ble manner without compromising the sustainability of 
vital ecosystems” (Agarwal et al., 2000: 22). As part of 
the 2030 Agenda, the implementation of IWRM is an 
indicator for SDG 6.5 (IWRM progress), making the con-
cept highly relevant internationally. The IWRM approach 
with its Dublin-Rio principles and instruments needs to 
be interpreted for implementation in the respective con-
texts (GWP, 1996). The Global Water Partnership (GWP) 
has developed a toolbox to support the application of 
IWRM principles in practice. The four core elements are 

an enabling environment, institutional structures, man-
agement instruments and infrastructure development. 
Figure  2.4-2 illustrates the role of IWRM in the imple-
mentation of water governance in a simplified manner.

The cycle shows the steps that a state can take to 
manage its water resources in a sustainable and inte-
grated manner. The process begins with the formulation 
of political goals (in the context of current global goals) 
and first requires empirical data collection. This is fol-
lowed by the formulation of an IWRM plan or a water 
strategy and the implementation of measures, as well 
as ongoing monitoring and evaluation of implementa-
tion (GWP, 2024b).

While IWRM has some conceptual strengths compared 
to traditional water management, there are often deficits 
in its implementation. The United Nations  Environment 
Programme has identified major differences in the glob-
al implementation of IWRM between low- and middle-
income countries on the one hand and high- income 
countries on the other (Fig. 2.4-3).

• Enabling Environment
• Institutional Structures
• Managemet Instruments
• Infrastructure Developments

Implementation

Development Objectives

National
Goals

Water Resources
Issues Assessment

Water Resources
Policy/Strategy

IWRM
Implementation

Plan

Actions of
Implementation

Monitoring and
Evaluation of

Progress

Figure 2.4-2
Policy cycle with planning 
and implementation phases of 
Integrated Water Resources 
Management (IWRM). National 
development goals, e.g. as part of 
the 2030 Agenda, give countries 
an opportunity to document their 
water resources and formulate a 
strategy for their integrated use. 
In an IWRM implementation plan, 
measures can be formulated from 
which actions can be derived. The 
implementation of the actions 
should be systematically reviewed 
and evaluated. 
Source: GWP, 2024b 
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The implementation problems are based on a consider-
able lack of institutional capacity, a lack of political will for 
cross-sectoral governance (Horlemann and Dombrowsky, 
2012; Kim and Hornidge, 2016; Pahl-Wostl, 2019), a 
lack of financial resources, rivalry between sectors (e.g. 
water for food or for energy), and their differing politi-
cal support (Houdret et al., 2014). IWRM is orientated 
towards hydrological boundaries (Kurian, 2017) and not 
political-administrative boundaries, which makes control 
across all governance levels more difficult.

The IWRM approach is also criticized for not stipulat-
ing what is to be ‘integrated’ how and by whom (Biswas, 
2004), and is described as requiring too much coordi-
nation and therefore too many resources. In addition, 
donors tend to implement blueprints, especially in low- 
and middle-income countries, instead of incorporating 
local opportunities. One example is the donor-supported, 
state-run establishment of water-user communities in 
large parts of Central Asia towards the end of the 1990s 
and in the 2000s (Kim and Hornidge, 2016).

In addition to the deficits in implementation, another 
weakness of IWRM is the lack of consideration of the 
effects of climate change and the end of stationarity. 
IWRM does not yet provide for the standardized inclu-
sion of projection data that take changes caused by cli-
mate change into account.

The BMBF-funded funding measure ‘Global Resource 
Water’ (GroW) combines global analyses with local solu-
tions. The ‘STEER’ project in particular addresses chal-
lenges in the implementation of IWRM (BMBF, 2024a).

2.4.1.2
Adaptive water-resource management
Due to increasing uncertainties and instabilities as a re-
sult of the more pronounced effects of climate change, 
new discussions on adaptive approaches have been ini-
tiated, especially in the last 15 years (Pahl-Wostl, 2007, 
2008; Pahl-Wostl et al., 2006, 2007). Unlike previous 
approaches, which aim to stabilize systems and mini-
mize natural fluctuations, adaptive water management 
does not resist changes in the water balance. Adaptive 
approaches argue in favour of social learning and flex-
ibility in order to respond quickly and appropriately to 
changing environmental conditions and their impact on 
water availability and management, but also to keep pace 
with changing environmental conditions, e.g. precipita-
tion patterns, in the longer term.

The complexity and associated uncertainty are 
 recognized and attempts are made to live with change – 
in the sense of acting in the face of uncertainty and learn-
ing from controlled experimentation – and to strengthen 
the resilience of socio-ecological systems in such a way 
that they can ‘absorb’ unforeseen events. By address-
ing problems of ecological resilience with technical solu-
tions, societal integration and the promotion of societal 
resilience (Allan et al., 2008), the approach of adaptive 
water-resource management is a response to the rather 
linear IWRM practice (Herrfahrdt-Pähle, 2010).
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Figure 2.4-3
Implementation of Integrated Water Resources Management in individual countries, measured using the SDG 6.5.1 
indicator in 2020. 
Source: UNEP, 2021b 
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2.4.1.3
Water-Energy-Food-Ecosystem Nexus
The Water-Energy-Food (WEF) Nexus was originally 
developed largely by private-sector actors and as part 
of the food, energy and financial crises of 2007 – 2008; 
it was presented at the World Economic Forum in 2008. 
In subsequent years, the concept was expanded to take 
sufficient account of ecosystems (Water-Energy-Food-
Ecosystem or WEFE Nexus). IWRM and the WEFE Nexus 
are closely related. They differ primarily in that IWRM 
begins with the water resource, while nexus approaches 
regard all elements as a coherent system from the out-
set (GWP, 2024a).

With the aim of improving policy coherence and bet-
ter understanding, and managing the interdependencies 
between the Sustainable Development Goals (Srigiri 
and Dombrowsky, 2021, 2022), the WEFE Nexus has 
emerged as a useful concept over the last ten years. In 
addition to the IWRM approach, it is being implement-
ed by the BMZ as a second important guiding principle 
of German development cooperation in the water sector 
(BMZ, 2023). However, this approach faces its own im-
plementation challenges, particularly with regard to the 
complex measurement of impact. For example, in most 
water-management contexts, it is not possible to quan-
titatively ascertain and measure conflicting objectives 
arising from the complex interrelationships  between 
the sectors due to the data situation and methodologi-
cal challenges (Albrecht et al., 2018). This also compli-
cates the further dissemination of the approach in po-
litical practice in many countries, as Dombrowsky et al. 
(2022a) describe for Jordan.

2.4.2
State water governance 

The interplay between (inter-)state governance (de jure) 
and non-state, self-organized actors and real-life prac-
tice (de facto) shapes the implementation of water gov-
ernance. The following section outlines agreements and 
guidelines relevant to water law at the global, region-
al and national level that characterize the status quo in 
dealing with water.

2.4.2.1
Binding conventions under international law
In addition to numerous bilateral treaties, two conven-
tions regulate the use of water at the international  level: 
the Convention on the Law of the Non-Navigational Uses 
of International Watercourses of 1997 (UN Water Con-
vention) and the 1992 Convention on the Protection and 
Use of Transboundary Watercourses and International 
Lakes (or UNECE Water Convention).

Both reify and extend the three main rules of inter-
national law in the area of transboundary water bodies: 
(1) equitable and reasonable utilization; (2) the no-harm 
rule, and (3) the duty to cooperate (Mbengue and Cima, 
2023). The no-harm rule restricts state sovereignty in 
such a way that the use of one’s own territory must 
not lead to a significant impairment of foreign territory. 
The principle of equitable and reasonable use entitles a 
 riparian state to a fair and reasonable share of the uses 
or benefits of the respective watercourse, thus obliging 
it to weigh up the interests of all user states (Laskowski, 
2010) and, as a cornerstone of international water law, it 
is now also part of customary law (ICJ, 1997). Further-
more, the conventions commit states to the sustainable 
use of transboundary water bodies and contain envi-
ronmental-protection regulations (McCaffrey and Sin-
jela, 1998), which, however, are not very detailed com-
pared to national regulations or the EU Water Framework 
 Directive (Directive 2000/60; Section 2.4.2.2) and have 
been criticized as inadequate (Dellapenna and Gupta, 
2009). The UN Water Convention, for example, provides 
for the obligation to preserve ecosystems and the obli-
gation to prevent pollution, whereby quality standards 
and indicators are yet to be defined by the respective 
riparian states in subsequent agreements. The aspect 
of pollution prevention is more strongly emphasized in 
the UNECE Water Convention, which also establishes an 
institutional structure with a secretariat, unlike the UN 
Water Convention. The signatory states were also able to 
agree on a supplementary protocol on water and health, 
which commits them to taking measures to prevent, con-
trol and reduce water-related diseases (UNECE, 1999).

The regional nature of water aspects is reflected in 
the character of both conventions as framework con-
ventions which also expressly allow for the possibility of 
concluding further bilateral and multilateral agreements 
that observe the principles of the conventions, but may 
deviate from them depending on the circumstances of 
the individual case. Both agreements can therefore be 
seen as platforms for the formation of intergovernmen-
tal cooperation at the regional level, and for the creation 
of programmes and strategies for water protection. Both 
conventions contain positive approaches, such as the 
guiding principle of sustainability and – for treaties with 
a potentially global scope – appropriate principles and 
instruments. However, their effectiveness is diminished 
by the fact that not many states have ratified them (UN 
Water Convention: 38; UNECE Water Convention: 52); 
large and influential countries such as the USA, China, 
India and Brazil are missing. The reason for this is the 
tension between the rules of equitable and reasonable 
use on the one hand and the no-harm rule on the other. 
There is disagreement over how far the right to use nat-
ural resources in the sense of equitable use extends, and 
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at what point a violation of the no-harm rule occurs, for 
example when building a dam. In case of doubt, upstream 
states will always emphasize the former, while down-
stream states will have a broad understanding of the no-
harm rule (Tanzi, 2020). For this reason, the minimum 
number of ratifications for the UN Water Convention 
was not achieved until 17 years   after its adoption (Mag-
er, 2015) and has stagnated; only three further ratifica-
tions have been added since it came into force in 2014. 
By contrast, the trend in the UNECE Water Convention 
is towards an increase in ratifications. After ratification 
was initially limited to European states, non-European 
states are now increasingly joining in.

2.4.2.2 
EU Water Framework Directive:  
Approaches for multi-level governance
The EU Water Framework Directive (Directive 2000/60) is 
an example of a legally binding organization of  river-basin 
management that covers not only rivers but also inland 
surface waters, transitional waters, coastal waters and 
groundwater.

The EU Water Framework Directive regulates targets, 
instruments and procedures, but requires further speci-
fication. It aims to protect inland surface waters, transi-
tional waters, coastal waters and groundwater by prevent-
ing deterioration (no-harm rule), enhancing the status of 
aquatic ecosystems (including water quality), promot-
ing sustainable water use (water quantity), enhancing 
the aquatic environment (improvement requirement), 
reducing the pollution of groundwater and mitigating 
the effects of floods and droughts (Article 1). Both the 
improvement requirement and the no-harm rule with 
regard to good water status are binding and can also be 
enforced with regard to individual project authoriza-
tions (Durner, 2019: 3). The member states are obliged 
to comply with environmental quality standards, which 
are specified in Article 4 in conjunction with Annex V 
and define what qualifies as good chemical, good eco-
logical and good quantitative status of the water. Eco-
logical status refers to the quality of the structure and 
functioning of aquatic ecosystems associated with sur-
face waters, and is measured using indicator organisms. 
The chemical status refers to the concentration of certain 
chemical pollutants. The quality standards for ecological 
status are specified by the member states and those for 
chemical status by the EU (Ginzky, 2009: 244). As an in-
strument for achieving the objectives, an official planning 
regime for water management is also introduced, which 
refers to catchment areas of river basin districts as the 
relevant geographical size (Art. 3, 11, 13 in conjunction 
with Annex VII). The management of water resources 
at river basin level aims to administer and manage hy-
drological catchment areas across political boundaries 

(Dombrowsky et al., 2014). Great importance is attached 
to the involvement of civil society actors and all groups 
directly affected by water management. Studies show 
that the type of involvement differs considerably in var-
ious parts of Europe (Rimmert et al., 2020). This may be 
the reason why interest groups from agriculture and en-
vironmental organizations are generally more involved, 
while less well-organized citizens seldom take up much 
space in the participation process.

This focus on river basin districts contrasts with the 
previously prevailing regulation of individual sources 
of pollution at local level, which did not result in an 
 effective systemic protection of water. The same applies 
to the development of a monitoring network for water 
bodies and to public participation within the EU mem-
ber states (UBA, 2021b: 4). Nevertheless, even 20 years 
after the EU Water Framework Directive came into force, 
there are still considerable deficits in achieving its tar-
gets. While almost all groundwaters (e.g. in Germany) 
have good quantitative status and around two thirds 
have good chemical status, no surface waters have good 
chemical status and only 9 % have good ecological status 
BMUV, 2022: 17). Across Europe, only three member 
states achieve 70 – 100 % of the targets for their river 
basin districts (Europäische Kommission, 2021b: 4). The 
reasons for this are implementation deficits and the lack 
of a legally coherent approach.

Although one of the aims of the EU Water Framework 
Directive is to eliminate the previous patchwork of dif-
ferent directives, a series of daughter directives to the 
EU Water Framework Directive have been issued since 
2006, each with their own regulatory approach, which 
affect different water areas (surface water, groundwater, 
bathing water, drinking water). Although the EU Water 
Framework Directive provides a framework that enables 
further differentiation in secondary legislation and the 
specification of quality standards, this framework is frag-
mented within water law and is not very coherent with 
other standards that are also relevant for water protec-
tion (Breuer and Gärditz, 2017: margin number 135). In 
other words, the objectives of the EU Water Framework 
Directive cannot be achieved through water-management 
measures alone (Durner, 2019: 11 f.) and must be better 
integrated into other policy areas such as agriculture, en-
ergy and transport (Europäische Kommission, 2021b: 1).

In addition, there are implementation deficits, main-
ly due to insufficient financial resources of the member 
state administrations (Europäische Kommission, 2021b: 
17 f.). In a review of the EU Water Framework Directive 
and several daughter directives, the EU Commission 
identified the following obstacles to achieving the ob-
jectives more effectively: many member states focused 
primarily on technical solutions for isolated sources of 
pollution, while diffuse sources were hardly addressed. 
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Furthermore, ecosystem-restoration measures are often 
required to achieve improvements in water status. The 
 complexity of the challenges was another factor hindering 
the enforceability and responsibility of the member states.

Due to its approach, which is nevertheless predom-
inantly assessed as positive, the EU Water Framework 
Directive is being taken up as a governance approach in 
other regions of the world (Zeitoun et al., 2013; Molle, 
2009; Mostert et al., 2007; Wester and Warner, 2002), 
although local adaptations are necessary (Heldt et al., 
2017). Compared to approaches outside the EU, e.g. the 
IWRM approach (Section 2.4.1.1), the EU Water Frame-
work Directive emphasizes water quality and relies on 
fairly detailed binding regulations for this purpose.

2.4.2.3
Urban Waste Water Treatment Directive
In January 2024, the EU Parliament and the Council 
agreed on a revised version of the Urban Waste Water 
Directive (91/271/EEC), which contains important new 
approaches. This agreement was also formally  adopted 
by the EU Parliament at first reading in April 2024 (Eu-
ropäisches Parlament, 2024). The Council has yet to 
adopt it and is expected to do so in autumn 2024. Four 
of these approaches should be emphasized.

First, the polluter-pays and precautionary principles 
are to be taken into account by the introduction of ex-
tended producer responsibility (Art. 9, 10; Annex III). 
Manufacturers of pharmaceuticals and cosmetics must 
contribute to the costs of a fourth purification stage, de-
pending on the quantities and toxicity of the products 
placed on the market. Mechanical wastewater treatment 
takes place in treatment stage one, biological wastewater 
treatment with the removal of nutrients such as nitro-
gen and phosphates in treatment stages two and three; 
the fourth treatment stage is intended to remove trace 
substances by means of ozonation or activated carbon 
adsorption. Levying charges not only serves the purpose 
of financing, but should also have an indirect preventive 
effect in terms of lower-emission production. The German 
Environment Agency even suggests involving all man-
ufacturers of water-polluting products, as this can lead 
to greater acceptance of the Directive (UBA, 2023d: 8).

Second, large wastewater treatment plants are to 
be obliged to be greenhouse-gas and energy-neutral 
(Art. 11): The renewable energy they generate must at 
least match their consumption by the end of 2045. How-
ever, this system-wide approach is likely to be difficult to 
implement in specific individual cases, and is potentially 
associated with higher costs, as energy consumption in-
creases with rising purification requirements, and there 
is only limited capacity to generate renewable energy.

Third, according to Article 20, the member states 
must ensure that the disposal routes of sewage-sludge 

management correspond to the waste hierarchy pursuant 
to Article 4 of the Waste Framework Directive (2008/98/
EC), which is intended to improve waste prevention,  reuse 
and the recycling of resources. Fourth, the mandatory 
introduction of the above-mentioned fourth purification 
stage, which is intended to remove micronutrients, also 
serves the implementation of the ‘Zero Pollution Action 
Plan’ (Art. 8). Together with Switzerland, which was the 
first to introduce a mandatory fourth purification stage, 
the EU would play a pioneering role worldwide.

2.4.2.4
Water Reuse Regulation
The regulation on minimum requirements for water re-
use (Regulation (EU) 2020/741, OJ L 177, 5.6.2020, 
pp. 32 – 55) aims to recycle water. It lays down mini-
mum requirements for water quality and monitoring for 
all EU member states, as well as risk-management rules 
for the safe use of treated water for agricultural irriga-
tion as part of integrated water management. It is thus 
responding to regional phases of water scarcity, which 
are becoming more acute as climate change progresses. 
The regulation has been in force since 26 June 2023. As 
part of risk management (Art. 5), the operators of treat-
ment plants are obliged to draw up risk-management 
plans for water reuse, which require authorization by 
the member state authorities. The plant operators de-
termine and assess the risks involved in reuse and de-
termine suitable precautionary measures. Although the 
Water Reuse Regulation is to be welcomed in principle, 
further specification is required in order for it to be ap-
plicable in the member states. For example, minimum 
requirements and risk management must be regulated 
in part by the member states (e.g. the drafting by the 
technical regulations DWA M-1200) and in part by the 
Commission in delegated legal acts. With regard to the 
minimum requirements, the member states have a great 
deal of room for interpretation when specifying the re-
quirements for reprocessing, monitoring and risk man-
agement. This carries the risk that the member states’ 
standards will vary widely and could ultimately lead to 
enforcement deficits (UBA, 2023a).

2.4.3
Self-organized water governance

Particularly in the context of natural resource governance 
issues, it is essential to understand both state governance 
(top-down) and practices that are actually in use at the 
local level (bottom-up), even if this binarity represents 
a simplification (Greif, 2006; Mielke et al., 2011; Hodg-
son, 2006). While state governance is usually the focus 
of political debates and social-science research, everyday 
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practices and informal structures receive comparatively 
little attention, although they play a key role in imple-
mentation. The effects of everyday practices and infor-
mality on water governance are ambivalent (Sengupta, 
1980; Bardhan, 2004; Bjornlund, 2004). While experience, 
knowledge and self-organization exist at different levels 
of water governance, depending on the context they can 
complement state governance, e.g. in  traditional, self-
organized irrigation systems, or work against or conflict 
with it, e.g. in the case of water theft (Helmke and Levitsky, 
2004). One risk of self-organized, informal governance is 
that parallel power structures can undermine state water 
management and possibly discriminate against minorities. 
In Jordan, for example, the informal norm of ‘wasta’, the 
preferential treatment of one’s own clan members, often 
makes it impossible to collect  water-abstraction charges 
(Oberhauser et al., 2023). However, informal rules can of-
ten be more effective for water use or coordination when 
setting rules than government rules (Bardhan, 2004: 27). 
For example, traditional systems can sometimes guarantee 
a more sustainable water supply than formal water man-
agement by preserving traditional cultivation techniques 

and thus also ecosystem services. One example of this is 
the cultivation of oases in North Africa (Santoro, 2023; 
Mustapha, 2016). Secondly, everyday practices can be 
applied outside the legal framework. Particularly in so-
cieties with weak or inadequate state institutions, for 
example in water management, informal, neighbourly 
or historically evolved and used institutions often take 
over water-management tasks (Bardhan, 2004: 27; Ba-
lasubramanya and Buisson, 2022). Finally, informal in-
stitutions, such as neighbourhood-based organizations, 
are repeatedly recruited and promoted by state insti-
tutions, for example in dealing with extreme weather 
events, water scarcity or other water-related challenges 
(Bjornlund, 2004).

The water mismanagement that can be observed in 
many places is based on a strict separation of state-
regulated and self-organized water management. The of-
ficial, formal policies do not work if they do not consider, 
address and integrate water-management practices that 
are already in use. As a study on an approach to partici-
patory groundwater management in Morocco shows, this 
did not lead to the desired results due to the exclusion 

Box 2.2-3

Participatory governance and intermediary 
structures in the implementation of the  
EU Water Framework Directive:  
examples from Sweden and Germany

The interplay between a proactive state and local structures is 
a key element in the implementation of the EU Water Frame-
work Directive. In addition to its environmental objectives of 
achieving good ecological and chemical status in all EU water 
bodies, it also requires member states to actively involve affected 
and interested actors (‘stakeholders’) at the local level. To this 
end, there is a formalized three-stage process, the procedures 
and criteria of which are defined for members, as well as an 
informal process, the implementation of which is characterized 
by discretionary powers with regard to the format and the 
actors involved (Art. 14). Experience to date has shown that 
participation and ‘intermediary organizations’, e.g. networks 
and partnerships, have the potential to promote local knowledge 
and understanding (Moss, 2009).

One example of such an interface in the context of the EU 
Water Framework Directive are the local water boards in Swe-
den. They have promoted dialogue within a water district, been 
involved in gathering local knowledge, and provided a forum 
for discussions about current and future water use (Söderberg, 
2016). The 125 local water authorities have incorporated the 
real-life practice and experience-based knowledge of actors, 
such as members of the Indigenous Sami people in northern 
Scandinavia, but also of established interest groups such as 
the fisheries organization and municipalities. In various case 
analyses of the EU Water Framework Directive, researchers 

found that the involvement of affected and interested actors 
led to the process being dominated by interests that were 
already well-organized. For example, the fishing organizations 
had more influence than the Sami representatives (Söderberg, 
2016). A survey of water authorities in the six largest EU 
countries (France, Germany, Italy, Poland, Spain and the UK) 
on the implementation of the EU Water Framework Directive 
and participation revealed that state authorities, agriculture 
and environmental-protection organizations were the most 
strongly represented. The influence of agriculture and industry 
was perceived as too strong, particularly in France and Germany 
(Rimmert et al., 2020). In Germany, the implementation of the 
EU Water Framework Directive has also established participation 
structures and triggered participation and learning processes. 
One example at the local level involved three interactive work-
shops motivated by the EU Water Framework Directive. State 
and non-state actors came together here to discuss the discharge 
from a dam. The study concluded that an effective participation 
process needs both a formal framework and flexibility in its 
organization to accelerate experimentation and learning. It 
should also be an integral part of management structures, so 
that the results of the process can have an influence on future 
management decisions (Moellenkamp et al., 2010).

The management and monitoring of current water quality 
and quantity is key to the implementation of the EU Water 
Framework Directive. An example from Lower Franconia shows 
that even in many places in Germany, however, no record is 
kept of how much water is abstracted each time, as abstraction 
by agriculture or private wells is often based on the principle 
of personal responsibility. This indicates that even in highly 
formalized institutional contexts, water abstractions are han-
dled with varying degrees of flexibility from case to case (Kohler 
et al., 2023).
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of informal structures and power relations (Houdret and 
Heinz, 2022). One of the factors for the difficulties in 
implementing Integrated Water Resources Management 
(IWRM) in South Africa is the lack of consideration of 
the role of traditional structures in water governance 
(Dombrowsky et al., 2022b; Stuart-Hill et al., 2020; Lukat 
et al., 2022). The example of India illustrates that the 
 implementation of the Water-Energy-Food (WEF) Nexus 
is made more difficult when sectoral policies on water, 
energy and agriculture, as well as different laws at the 
federal and state level, sometimes conflict with informal 
norms (Beisheim, 2013: 56). As an element of an ana-
lytical framework for the WEF(E) Nexus, consideration 
of both formal and informal institutions is  recommended 
(Srigiri and Dombrowsky, 2021: 56). New Delhi, for ex-
ample, has a highly fragmented water infrastructure with 
little public infrastructure reach, making unplanned, in-
formal infrastructure the norm, e.g. in water supply and 
sanitation. However, these supposed boundaries between 
state and society are not perceived as such by the peo-
ple living in informal settlements. Here,  infrastructure 
is rather the result of a hybrid form of infrastructural 
power (Truelove, 2021), i.e. there is a dynamic, every-
day interplay between state and self-organized forms of 
(discursive) water-infrastructure governance.

As an important component of adaptive water- resource 
management, social learning encompasses not only for-
mal but also informal structures in which different actors 
work together. Formal and informal institutions can be 
both effective and ineffective for adapting water- resource 
management (Pahl-Wostl et al., 2007).

As a result of strong state control and regulation of 
the public water supply, informal practices play a less 
important role in high-income countries than in coun-
tries in South Asia, Latin America and Africa. Although 
it is important to emphasize that water governance in 
middle- and low-income countries is mostly informal, 
this does not mean that there are no such practices in 
place in high-income countries.

2.4.4
Water governance at its limits

Water scarcity caused by overuse, the effects of climate 
change and water pollution are key challenges of the 21st 
century. They are already causing conflicts, migration and 
displacement, but they also offer opportunities for multi-
lateral cooperation. The political and legal response to this 
has so far mostly taken the form of national or regional 
water management, which is highly diversified in terms 
of content, and whose implementation is often charac-
terized by fragmented responsibilities. Water governance 
is becoming increasingly important at the global level, as 

the 2023, 2026 and 2028 UN Water Conferences show – 
yet the long-term development of these important pro-
cesses is still uncertain (Section 8.1). Water also plays an 
important role in related policy areas, such as climate and 
biodiversity governance. However, the growing amount 
of work involved in coordination and the need to iden-
tify synergies at the interfaces are a challenge.

The current management regime at the state level is 
aimed at controlling separate sectors such as industry, 
agriculture, households and water supply and disposal.

A transboundary, climate-resilient form of water man-
agement that takes a systemic view of all water bodies 
and simultaneously aims to improve the quality, quantity 
and equitable distribution of water is largely lacking. Al-
though good approaches exist (IWRM, EU Water Frame-
work Directive, Zero Pollution), effective implementa-
tion is lacking. Three elements are particularly promising 
for making implementation more effective in the future: 
coordination, inclusion and adaptability (GWP, 1996).

2.4.4.1
Coordination
Close coordination across sectors and governance lev-
els, as well as coordination with climate and biodiver-
sity governance, are crucial. Recent water-governance 
research shows that this is more likely to succeed if hi-
erarchical, market-based and network-based govern-
ance  approaches and coordination mechanisms are ap-
plied simultaneously, and if sufficient consideration is 
given to forms of self-organized governance in addition 
to state governance (Lukat et al., 2023). Coordination 
across control levels in vertically hierarchical and cen-
tralized systems takes a different form than in decen-
tralized, polycentric systems (Pahl-Wostl and Knieper, 
2023). Internationally coordinated governance could 
develop along supply chains (virtual water; spillover). 
Water scarcity and pollution along supply chains have 
hardly been addressed to date, if at all. Novel, selective 
instruments – such as producer responsibility and liabil-
ity, as contained in the reformed EU Urban Waste Water 
Directive – or approaches to water reuse (EU Reuse Reg-
ulation) have been partially enshrined in law, but their 
effectiveness has not yet been sufficiently researched.

2.4.4.2
Inclusion
Inclusion ranges from purely informative involvement 
to tough negotiations between the different interests 
of environmental organizations and economic actors. 
Water management is characterized to a large extent 
by an interplay between state and self-organized gov-
ernance. The latter refers to everyday, often informal, 
neighbourhood-organized water-management practices, 
for example in smallholder farming contexts. Integrated 
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water-resource management therefore always requires 
operationalization at the regional, national or local lev-
els, as well as the further development of the regulatory 
framework, in order to promote this multi-level integra-
tion (Ibisch et al., 2016a). This requires enabling institu-
tions and traditions of participatory management, tech-
nical infrastructures and water-management levels that 
allow water to be managed according to local needs and 
with a high level of trust from water users in the sys-
tem with regard to future water availability (Hornidge 
et al., 2011). The political economy of inclusion and its 
‘winners’ and ‘losers’ are decisive for the design of the 
different water-management approaches. Competing in-
terests should therefore be made transparent and com-
prehensible for all user groups in the interest of a model 
for sustainable and socially balanced water management 
that is fit for the future.

2.4.4.3
Adaptability
Finally, there is also a lack of adaptive and long-term 
management of water resources. It is therefore not sur-
prising that water emergencies (Chapter 4) have hardly 
been addressed preventively to date. The adaptability 
and agility of the systems in dealing with climate and 
environmental change-related emergencies with regard 

to (sudden) water surpluses and shortages depend on 
the quality of the technological infrastructures, per-
sonnel capacities, communication systems and aware-
ness-raising in the societies themselves. Lock-ins and 
path dependencies make adaptation more difficult, as 
they limit flexibility in planning and decision-making 
processes (Box 2.4-4). To date, there has been a lack 
of structures to scientifically inform water-governance 
processes at the global, regional and local levels and to 
continuously monitor them empirically.

Overall, current water governance is too fragmented, 
not socially balanced and not adequately prepared for 
future water emergencies due to a lack of adaptive and 
long-term management.

2.5
Investment requirements and  
financing challenges

In both high-income and low-income countries, there is a 
massive funding gap in the provision and maintenance of 
water infrastructure. Based on a wide range of cost esti-
mates for water-related infrastructure (WWC and OECD, 
2015), the World Bank estimates the global financing 
gap at US$6,700 billion by 2030 and US$22,600 billion 

Box 2.4-4

Water-related path dependencies and lock-in

The term path dependencies is used where – for various rea-
sons – stipulations, experience or events in the past influence 
today’s decisions and decision-making options. A lock-in rep-
resents an entrenchment of historical structures that slows 
down or impedes change (Goldstein et al., 2023; Helmrich et 
al., 2023; Unruh, 2000). This can have technological, infrastruc-
tural, institutional or behavioural reasons and have a positive 
or negative impact on the way water is handled and on water 
governance. Infrastructural lock-ins result, for example, from 
falling average costs due to increasing economies of scale of 
capital-intensive water infrastructure (Seto et al., 2016; Sec-
tion 2.5.1). Institutional lock-ins can arise from entrenched 
governance structures (Pierson, 2000; Seijger et al., 2017). 
An institutional lock-in at the global level results, for example, 
from the considerable fragmentation of water governance. In 
addition, there are discursive lock-ins, such as the prioritization 
of efficiency over equity in water-policy arguments (Boelens 
and Vos, 2012; GCEW, 2023b; Meehan et al., 2023).

However, behavioural path dependencies and lock-ins, 
which have their roots in social structures or norms, also have 
a considerable influence on water governance and its results 
(GCEW, 2023b; Nhim and Richter, 2022). Behavioural effects 
such as familiarization, routines and risk avoidance can lead 
to planning and governance processes being stuck in previous 

ways of thinking and failing to meet new challenges (Simoens 
et al., 2022).

However, path dependencies can also be positive. For exam-
ple, experience in dealing with water, such as that of Indigenous 
communities, can give rise to path dependencies in a positive 
sense. Many indigenous peoples, such as the Anishinaabek 
in Canada, have a spiritual relationship with water, and moral 
principles that guide their actions and are orientated towards 
the well-being of people and water (Taylor et al., 2019). How-
ever, instead of seeing the inclusion of these different forms of 
knowledge as an opportunity to reflect on and further develop 
existing behaviour, influential water-governance actors (OECD, 
UN, World Bank) often do not sufficiently understand or 
incorporate them, which reinforces inequalities and increases 
the risks of mismanagement (GCEW, 2023b). Incorporating 
this experience-based knowledge could make a significant 
contribution to improving the quality of water management 
and managing risks better in the future (GCEW, 2023b). Positive 
path dependencies can also result from collectively developed 
rules for water management (Abarzúa and Glückler, 2023; 
Ostrom and Gardner, 1993).

From the experts’ perspective, entrenched thought patterns 
that imply that solutions to water problems should be as cen-
tralized and large-scale as possible often have a negative effect 
(Gerten, 2018). Behaviour-based path dependencies also result 
from resistance to change when influential actors profit from 
established systems, defend their own interests and thus also 
prevent socially beneficial change.
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by 2050 (Khemka et al., 2023). In order to achieve the 
SDG targets in the area of WASH alone, the 140 coun-
tries analysed by the World Bank will lack an estimat-
ed US$114 billion or 0.39 % of these countries’ GDP in 
the period 2017 – 2030 (Hutton and Varughese, 2016). 

Pricing instruments can make an important contribu-
tion to financing the infrastructure for drinking-water 
supply and wastewater disposal, and to meeting local 
water needs by generating revenue and redistributing 
costs (Grafton et al., 2023). However, in many countries 
the price of water bears little relation to water’s value 
(UN Water, 2021). Water prices and consumer costs usu-
ally do not adequately reflect real scarcity conditions, 
externalized costs from environmental and ecosystem 
damage or the costs of provision (Grafton et al., 2023; 
Damania, 2020).

2.5.1
Water infrastructure investment

Investment in water infrastructure is key to ensuring 
a stable and sustainable water supply. Measures to be 
 financed affect all stages of the use cycle (supply, pro-
vision, distribution, treatment). These include measures 
for the conservation of surface waters, the construction 
and operation of storage and transport infrastructure (e.g. 
reservoirs, pipelines, canals), sanitation, wastewater col-
lection and treatment, connections to households and 
agricultural consumers, flood protection and drainage 
measures on sealed surfaces (OECD, 2022a).

The centralized drinking-water-supply and waste-
water-disposal solutions favoured for many genera-
tions have tied up considerable financial resources in 
many countries due to long planning and amortization 
periods (BMUB, 2017). Due to uncertain planning con-
ditions and maintenance work that has not yet been 
carried out, there is a considerable investment backlog 
in these sectors, which is increasingly causing technical 
failures and putting a growing burden on the environ-
ment (EIB, 2023a). However, where the boundary con-
ditions for planning are shifting because of population 
growth, demographic changes and the effects of climate 
change, there is resistance to moving away from previ-
ous problem-solving approaches, which means that re-
source-intensive infrastructure solutions continue to be 
favoured (Box 2.4-4).

To date, water-related infrastructure has mainly been 
financed from public funds or via user charges or fees, 
as well as by international financial institutions. Howev-
er, the water sector accounted for less than 2 % of  total 
public spending between 2009 and 2020. This only cov-
ers a fraction of the financing requirements in some re-
gions. In sub-Saharan Africa, for example, expenditure 

of over 4 % of GDP would be necessary between 2017 
and 2030 to achieve access to clean water and sanita-
tion for all (Khemka et al., 2023).

Private capital can help close the financing gaps in 
the water sector (Khemka et al., 2023; OECD, 2022a). 
However, greater involvement by the private sector is 
often viewed sceptically (Khemka et al., 2023). This is 
due to examples from the past in which the complete 
outsourcing of public services to the private sector had 
negative social and ecological consequences (Heller et 
al., 2023; Bayliss, 2014). With the privatization of public 
companies, especially in Anglo-Saxon countries in the 
1980s, some governments hoped to build and finance 
a reliable water infrastructure at a lower cost. However, 
experience has shown that the privatization of the water 
supply has in some cases led to high levels of debt for the 
companies concerned and high consumer costs (Thames 
Water, UK; Laville et al., 2023). Nevertheless, a World 
Bank study also cites examples of successful participa-
tion by private actors (Khemka et al., 2023: 57 ff.), e.g. 
the Guerdane irrigation project in Morocco, in which a 
consortium built irrigation infrastructure for lemon farms 
on the basis of a thirty-year concession, co-financed and 
operated it for the duration of the concession.

However, the water sector is not very attractive for 
private investors. One reason for this is low and unsta-
ble yields, partly due to the inadequate pricing of the 
value of water (Section 2.5.2) and benefits that are dif-
ficult to quantify and monetize, e.g. in connection with 
nature-based solutions (Khemka et al., 2023; OECD, 
2022a; Sections 6.1, 8.3.2). Furthermore, private com-
panies still do not take enough account of the risks of 
water shortages or water-related extreme events such as 
flooding for their own areas of business; as a result, they 
underestimate the benefits of investing themselves in 
the conservation and sustainable use of water resourc-
es (Section 8.3.1).

In addition to low and unstable yields, the incentives 
for private investment are reduced by the need for high 
initial investments, combined with long repayment peri-
ods for traditional water infrastructure, the low credit-
worthiness of its operators, and the absence of a favour-
able political, institutional and legal framework (Khemka 
et al., 2023; OECD, 2022a).

There are also other reasons why investors and pro-
jects find it difficult to come together (OECD, 2022a; 
Section 8.3.3). Many water-related projects are imple-
mented at a local level and are small and context- specific, 
while investors favour larger projects due to the lower 
transaction costs. Investors also often lack knowledge 
about the water sector and the methods and data for as-
sessing risks and evaluating projects, while actors in the 
water sector have difficulties developing projects that 
satisfy investors’ requirements.
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In addition to the funding gap for the provision and 
maintenance of water infrastructure, another problem 
in many countries is the inefficient use of existing fi-
nancial resources (Khemka et al., 2023; UNEP, 2021b). 
These do not necessarily reach the projects that offer the 
greatest benefits (Laubenstein et al., 2023). The lack of 
efficiency can have various causes, e.g. a lack of coor-
dination between actors, a lack of transparency, inad-
equate   accounting, or corruption (UNEP, 2021). As an 
example, Laubenstein et al. (2023) cite misguided subsi-
dies in the water- and wastewater-supply sector (Andres 
et al., 2019; UNESCO, 2021). Technical, institutional or 
social path dependencies can also hinder the efficient 
use of existing resources.

The underfunding of water infrastructure has neg-
ative health consequences for society because of poor 
drinking water quality, lack of access to sanitary facili-
ties and inadequate wastewater disposal (Section 2.3.4). 
Water scarcity and water-related extreme events also 
jeopardize growth and development, particularly in low- 
and middle-income countries (Section 3.2.1.3). A change 
of direction is therefore urgently required (Section 8.3).

2.5.2
Water prices and control instruments

Pricing instruments such as water-abstraction fees and 
drinking-water or wastewater charges are the backbone 
of water management in most countries around the world. 
Water prices that do not reflect the value of water or take 
externalized costs into account (e.g. due to ecosystem 
damage as a result of overuse) encourage high consump-
tion and inefficient forms of use (Das et al., 2022) and 
threaten the financing of essential infrastructure. The 
price that consumers pay for water or water-intensive 
goods is determined by several factors, including the 
costs of extracting and treating water, operating distri-
bution networks and connections, price elements such 
as taxes, fees and contributions, and the willingness of 
private actors to pay. In the EU, according to the Wa-
ter Framework Directive (Section 2.4.2.2), water tariffs 
must cover the costs of providing and  operating the 
necessary infrastructure and be sustainable with regard 
to the consideration of externalized costs (e.g. environ-
mental impacts). The aim is to create incentives for the 
efficient use of water resources. Cost coverage should 
also include environmental and resource-related costs 
(Berbel and Expósito, 2020).

In many EU countries, as well as in numerous low- and 
high-income countries worldwide, such cost coverage has 
not yet been achieved. It is particularly low for the oper-
ation of irrigation infrastructure in agriculture. Accord-
ing to the OECD (2022a), only nine out of 39 countries 

achieve full cost coverage for both the capital costs and 
the operation and maintenance of irrigation.

Obstacles to the implementation of higher prices in-
clude political and economic barriers (e.g. resistance from 
influential industries, corruption), institutional hurdles 
(e.g. allocation of water rights), administrative obstacles 
(e.g. resources of authorities, monitoring and legal en-
forcement), technical and methodological problems (e.g. 
lack of metering for abstractions, unclear recording of 
non-monetary costs and uses) or social considerations 
(e.g. burden on low-income households or businesses in 
the absence of compensation and adaptation measures).

For example, appropriate pricing of water is made 
more difficult not least by the fact that it can lead to 
unwanted price increases (e.g. for food) or to struc-
tural changes that could jeopardize the livelihoods of 
those affected, and thus have not only economic but 
also  societal consequences. It can be observed that the 
productivity of, and value added from, the use of water 
varies greatly across different economic sectors and re-
gions. According to UN Water (2021), the productivity 
of water use measured by income in 2019 was US$3 per 
m3 in low-income agricultural countries, for example, but 
over US$50 in service-based economies. If these differ-
ences are due to variations in the productivity of water 
use (e.g. due to outdated technologies), higher pricing 
can reduce the competitiveness of affected business-
es and jeopardize their existence. The discussion about 
pricing water use must therefore always be integrated 
into a discussion about mitigating the associated hard-
ships, rather than simply dispensing with water pricing 
altogether (Section 8.3.2). 

In many countries, however, there are exceptions 
or cuts in the regular tariffs for certain economic uses, 
which reduce incentives to save water. Agriculture espe-
cially should be mentioned here, which is only charged 
for water abstraction in 44 % of the countries analysed 
in a study by the OECD (2021). In Germany, energy pro-
duction, manufacturing, mining and agriculture account 
for almost 80 % of water abstraction. Nevertheless, in 
some cases low or zero charges apply to these sectors. It 
is up to the federal states to lay down the fees. Bavaria, 
Hesse and Thuringia generally do not levy any abstrac-
tion charges. Where they are levied, their level varies 
greatly (0.5 – 31 ct per m3; BUND, 2019). 

Institutional and technical requirements also pose 
challenges for enforcing higher prices, particularly in 
low- and middle-income countries. According to a World 
Bank survey, households in Uzbekistan that were not 
connected to the water mains were willing to pay twice 
the existing tariffs for a secure and good-quality water 
supply. However, such a supply can often not yet be guar-
anteed. A lack of technological equipment also makes 
a price reform difficult. For example, Uzbekistan does 
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not have a nationwide metering system for household 
water consumption (World Bank, 2016b). In Germany, 
a fact that water abstraction in agriculture is often not 
recorded is an obstacle to enforcing abstraction charges 
(Sections 6.3, 8.3). 

In addition to their financing function, water  prices 
have a steering function in many countries in order to 
promote economical behaviour by consumers, limit nega-
tive environmental impacts and finance water- protection 
measures. This applies to high-income countries, e.g. in 
the EU, but also to low-income countries, e.g. Tajikistan, 
which introduced a fee for electricity-producing compa-
nies in the hydropower sector in 2009 to tax returns from 
the use of natural resources (OECD, 2018). 

By linking production and water consumption in 
 water-intensive sectors of the economy, such as agricul-
ture and parts of the energy sector, selective incentives 
to save water charges can be undermined by measures 
to promote production, for example by subsidies in the 
energy sector. Following an increase in water-abstraction 
fees in the energy and industrial sectors of Bulgaria in 
2012, consumption fell in some sectors, but at the same 
time abstraction for thermal cooling and hydropower 
use rose as a result of subsidies for electricity produc-
tion (Sharkov, 2022). The GCEW ( 2023a) estimates the 
amount of subsidies that run counter to a reduction in 
water consumption at US$700 billion globally.

Price-effective instruments are supplemented by regu-
latory measures in the water sector, especially to maintain 
water quality. For example, most industrialized countries 
stipulate the conditions under which grey water may be 
returned to the cycle (OECD, 2021). Wastewater  charges 
on the discharged volume or pollutant load provide ad-
ditional incentives to minimize material pollution and 
enable reuse, e.g. for irrigation purposes. 

Regulatory measures are also needed to compensate 
for the limited effectiveness of price-orientated instru-
ments, for example to limit consumption or pollution 
levels. In times of severe shortages, restrictions on use 
for certain purposes have been imposed in France and 
Japan in the past in order to secure the basic needs of 
other consumers, e.g. bans on washing cars, watering 
gardens or filling private swimming pools (OECD, 2021). 

To ensure the cost-effective and sustainable use of 
water resources in the long term, some countries and re-
gions are focusing on limiting consumption locally and 
establishing water markets in which private actors such 
as farmers can trade water-abstraction rights, similar to 
European emissions trading. Experience from Australia’s 
Murray-Darling Basin shows that water markets have the 
potential to increase the efficiency of water use,  secure 
funding for the necessary infrastructure, and limit con-
sumption in line with ecosystem needs (e.g. Wheeler et 
al., 2020). In view of the high institutional, legal and 

technical requirements, however, the introduction of 
water markets is difficult for many countries (Meran et 
al., 2021b; Section 5.1.1).

2  Status quo in dealing with water as a resource

58



59



60



Advancing climate change is causing extreme events of an intensity and fre-
quency that have never been experienced before. Warming, droughts and rising 
pollution result in reduced water availability and poorer water quality. Along with 
increased water use this leads to societies and ecosystems reaching the limits 
of adaptability. In addition, poverty, social inequalities, geopolitical tensions 
and autocratization are weakening the resilience of societies. This reflects the 
limits of controllability and the urgency of climate-resilient water management.

Today there is already either too much or too little water, 
or it is too polluted; inequalities in the distribution of 
water are also on the increase (Chapter 2). Humankind, 
ecosystems and the planet are moving towards a future 
in which the quantities and quality of water available 
to humans and nature are subject to increasing change. 
This chapter is devoted to the exacerbated challenges of 
the global water situation that humans and nature will 
have to reckon with in the future.

The WBGU uses the term ‘exacerbated challenges’ to 
describe regional or global developments in water availa-
bility and distribution, extreme events and water quality 
that significantly worsen water-related problems. Driv-
ers of the exacerbated challenges can be, for example, 
climate change, land-use changes and ecosystem deg-
radation, pollution and increasing pressure on water re-
sources from human use, or imbalances that are difficult 
to control due to geopolitical destabilization. Depending 
on regional contexts, exacerbated challenges can lead 
to water emergencies, which are becoming increasingly 
common worldwide (planetary dimension; Chapter 4), 
and even to situations in which the limits of controlla-
bility are exceeded (Chapter 5). In this sense, water is 
the common ‘currency’ of many global developments 
and the mutually reinforcing environmental and health 
crises (Fig. 3-1; Section 3.4).

Progressive warming is driving global and region-
al changes in precipitation and evaporation, shifting 
the balance from frozen to liquid water, increasing the 
water content in the atmosphere and leading to an in-
crease in extreme events such as floods and droughts 

(Section 3.1.1). Infrastructures are not prepared for these 
changes (Section 3.1.2). Water quality, too, will continue 
to decline in the future if the discharge of  inadequately 
treated wastewater – currently about 80 % of the world’s 
wastewater – and with it pathogens, persistent chem-
icals, nutrients and solid waste continues. As a result, 
groundwater, many bodies of freshwater, coastal zones 
and seas are becoming dead zones uninhabitable for ani-
mals and plants due to toxic blooms and a lack of oxygen; 
the self-purifying power of the waters is being lost (Sec-
tion 3.1.3). In future, unless effective actions are taken, 
water use – and thus the risk of overuse – will contin-
ue to rise, depending on the region. Global geopolitical 
and societal developments are likely to exacerbate the 
situation (Section 3.2). These interacting exacerbated 
challenges cause direct strains on the health of nature 
and humans (Section 3.3).

3.1
Exacerbated challenges as a result of  
climate change and pollution

Climate change and water pollution will continue to in-
crease in the future and, without effective countermeas-
ures, will significantly jeopardize an adequate supply of 
drinkable water for nature and humans.

Exacerbated water-related 
challenges in the future 3
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3.1.1
Advancing impacts of climate change on the 
global hydrological cycle

Climate change has already been leading to changes in 
the global hydrological cycle since the middle of the 
20th century (Section 2.2). Depending on whether and 
to what extent the global community succeeds in im-
plementing the goals to limit climate change agreed in 
Paris in 2015, these changes will continue to intensify 
and manifest themselves in every region (IPCC, 2023b).

3.1.1.1
Changing precipitation patterns and quantities
Global average precipitation is rising; every 1 °C added 
to global warming increases average precipitation world-
wide by 1–3 %, whereby the extent and direction of 
the changes – and therefore their effects – vary greatly 
from one region to another. The amount of precipitation 
could increase by up to 13 % by the end of the century 
compared to the period 1995–2014 (IPCC, 2021a: 19). 
Projections of regional changes in precipitation quan-
tities depend on the extent of future global warming 
(Figs. 3.1-1, 3.1-2) and vary as a result of uncertain-
ties that can be considerable (Caretta et al., 2022: 598).

In its Sixth Assessment Report, the Intergovernmental 
Panel on Climate Change states that an increase in the 

average amount of precipitation per year is to be expect-
ed, particularly for the Ethiopian highlands, East, South 
and North Asia, southeastern South America, northern 
Europe, parts of North America and the polar regions 
(Douville et al., 2021: 1110; IPCC, 2023b). By way of 
contrast, a decline can be expected for southern Afri-
ca, West Africa, Amazonia, southwest Australia, Central 
America, parts of South America and the Mediterranean 
region. In the Arctic, snowfall will decrease further in 
the future and be increasingly replaced by rain (Douville 
et al., 2021: 1110). The changing precipitation patterns 
and quantities will continue to lead to more frequent and 
more intense extreme events such as heavy rainfall or 
droughts in the future (Section 3.1.1.5; IPCC, 2019b: 9 f.).

3.1.1.2
Decreasing soil moisture in many regions
For the future, forecasts expect a further increase in 
mean global evaporation over large parts of the ocean 
and an increase in global atmospheric water uptake, 
combined with potentially increased evaporation and 
loss of water from the Earth’s surface. This will result in 
an increase in evapotranspiration, i.e. the sum of direct 
evaporation from soil and water surfaces (evaporation) 
and water release by plants and animals (transpiration), 
in most land areas – except in those regions that are al-
ready very dry (Douville et al., 2021: 1058, 1117). Due 

Figure 3-1
Causes and mechanisms of exacerbated water-related challenges. Climate change is altering the global hydrological cycle, 
resulting in an increase in extreme events such as droughts and floods. Some regions of the world are increasingly affected 
by pollution. Both can influence the water availability. At the same time, water abstraction is increasing worldwide due to the 
growing demand from agriculture, industry and households. As a result, the pressure on the availability of drinkable water 
is growing. Water-related problems are being exacerbated, for example through damage to human health and its socio-eco-
nomic impacts, competition for land use or increasing damage caused by extreme weather events, such as the destruction of 
settlements and infrastructure, crop failures or biodiversity losses due to adverse health effects on species and ecosystems. 
The resulting loss of ecosystem services can in turn have a negative impact on the water supply.
Source: WBGU
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Figure 3.1-1
Changes in temperature on the hottest 
day of the year. The diagram shows the 
projected changes in the annual daily 
maximum temperature if global warm-
ing reaches 1.5 °C, 2 °C, 3 °C or 4 °C 
compared to 1850–1900.
Source: modified according to IPCC, 
2023a

to additional falls in precipitation, soil moisture in re-
gions such as the Mediterranean, South Africa and the 
Amazon basin, as well as in parts of North and South 
America and Australia, will most likely decrease further, 
while it will increase in other regions (Fig. 3.1-3; Dou-
ville et al., 2021: 1121 f.; IPCC, 2023b).

The change in soil moisture will increase with every 
degree of warming. Global warming of 4 °C could reduce 
soil moisture by up to 40 % in some regions such as the 
Amazon, southern Africa and western Europe (Caretta et 
al., 2022: 601). Together with the significant influences 
of land-use changes on hydrological processes such as 
evapotranspiration and soil moisture (Zhang and Schilling, 
2006), this will have an impact on precipitation, ground-
water recharge, ecosystem properties and functions, as 

well as on agriculture and forestry via the decrease in 
green water (Section 3.2). In other regions, however, an 
increase in soil moisture is also expected (Fig. 3.1-3).

3.1.1.3
Fall in global freshwater reservoirs:  
groundwater and cryosphere
The amount of freshwater stored as groundwater has al-
ready decreased globally, largely due to irrigation meas-
ures (Section 2.2.3.1; Caretta et al., 2022). Our under-
standing of the effects of advancing climate change on 
groundwater is still limited due to restrictions in data col-
lection (Caretta et al., 2022). However, groundwater ab-
straction, e.g. for irrigation, will increase as a result of cli-
mate change and is expected to deplete the non-renewable 
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groundwater resources worldwide (Caretta et al., 2022: 
611). Aquifers in the tropics and semi-arid regions will 
be episodically replenished by the expected increase in 
(intense) precipitation in the future, which could boost 
their resilience. In semi-arid regions, however, there is 
a risk that replenishment will be cancelled out by exces-
sive abstraction (Caretta et al., 2022: 611). An increasing 
loss of groundwater can intensify hydrological droughts, 
cause groundwater salinization and damage groundwa-
ter-dependent ecosystems such as forests (Section 4.6; 
Caretta et al., 2022). Other consequences include wells 
running dry, a loss of vegetation, reduced biodiversity 
and the infiltration of wastewater into aquifers (Liu et al., 
2022; Huggins et al., 2022). However, one of the most 
serious impacts of permanent groundwater abstraction 

is a lowering of the land surface (ground subsidence). In-
creasingly vulnerable are areas in which human interven-
tion, natural runoff and low recharge over a long period 
of time lead to water-storage losses and a compaction of 
vulnerable aquifer systems. Potential subsidence areas 
include densely populated and irrigated areas with high 
groundwater stress i.a. in Asia (e.g. in the North China 
Plain) and North America (e.g. in the coastal plain of the 
Gulf of Mexico), in coastal and river delta areas (e.g. in 
Vietnam, Egypt or the Netherlands) and in inland sed-
iment basins, e.g. in Mexico, Iran and Mediterranean 
countries (Herrera-Garcia et al., 2021). Ground subsid-
ence leads to earth cracks, which can cause extensive, 
direct damage to buildings and infrastructure in urban 
and densely populated regions, and can also increase 

Figure 3.1-2
Changes in precipitation on the rainiest 
day of the year. The diagram shows 
projected changes in annual maximum 
daily precipitation if global warming 
reaches 1.5 °C, 2 °C, 3 °C or 4 °C com-
pared to 1850–1900.
Source: modified according to IPCC, 
2023a
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the risk of flooding from watercourses or precipitation 
in inland areas (Herrera-Garcia et al., 2021). According 
to Herrera-Garcia et al. (2021), approx. 2.2 million km2 

or 1.6 % of the world’s land area, around 19 % of the 
world’s population and about 12 % of global GDP are 
affected by potential subsidence worldwide. While the 
largest share of economic losses is borne by high-income 
countries, the majority of the exposed population is to 
be found in low-income countries.

The melting of the cryosphere – ice sheets, glaciers 
and snow cover – due to global warming will continue. 
In the course of the 21st century, an increasing loss of 
global glacier mass is to be expected, accompanied by 
a declining area and mass of snow cover (IPCC, 2021c: 
134). The global declines in glacier mass for the period 

between 2015 and 2100 are projected to be between 
22 % and 44 % (RCP2.6) and between 37 % and 57 % 
(RCP8.5; Hock et al., 2019), although these changes as 
a result of climate change vary greatly from region to 
region. Increased glacier melting and changes in the ex-
tent, quantity and seasonality of snow cover will lead, 
at least temporarily, to changes in the associated snow- 
and glacier-fed rivers, including river flooding (IPCC, 
2019a: 134; Caretta et al., 2022: 556). While the total 
runoff volumes will initially increase as a result of gla-
cial melting, the proportion of glacier meltwater will 
decrease after reaching the so-called ‘peak water’ (i.e. 
the time of maximum total annual runoff of a glacier) 
until the glacier has completely melted. Particularly in 
warm and dry phases, this development can increasingly 

Figure 3.1-3
Changes in annual mean soil moisture. 
The diagram shows projected changes 
in the annually averaged soil moisture 
over the entire soil column if global 
warming reaches 1.5 °C, 2 °C, 3 °C or 
4 °C compared to 1850–1900.
Source: modified according to IPCC, 
2023a
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contribute to water shortages in glacier-fed river basins 
(Fig. 3.1-4). Globally, the timing of peak water varies, 
depending on the region and the size of the glaciers, 
but is expected by the middle or end of the 21st centu-
ry at the latest (Hock et al., 2019). These changes will 
have far-reaching direct and indirect consequences for 
the ecological and human communities served by these 
river systems. However, the expected effects of glacier 
melt on the total runoff in the catchment area are high-
ly (regionally) variable and influenced by precipitation 
runoff, groundwater runoff and snowmelt, among other 
things (Nie et al., 2021; Section 3.1.1.4). Added to this 
is the progressive loss of ice cover on lakes and rivers 
and a reduced duration of ice cover, leading to an in-
creasing number of years in which year-round or sea-
sonal ice cover is completely absent. Globally, the ice 
cover of rivers has already fallen by 25 % (1984–2018; 
Parmesan et al., 2022).

Global warming will also lead to further losses in the 
volume and extent of permafrost: for every 1 °C of global 
air temperature change, the volume in the upper three 
metres will decrease by around 25 %. In the alpine re-
gions in particular, the permafrost will increasingly thaw 
and degrade over the course of the century (Fox-Kemper 
et al., 2021: 1216). In addition to hydrological changes 
(Section 2.2.1), this will also lead to the release of CO2 
and methane (Canadell et al., 2021: 677), although the 
projections on the repercussions on climate change are 
not yet fully clear (Jin et al., 2022). Overall, less and less 
meltwater will be available from long-term frozen storage, 
and this will impact on the seasonal supply of freshwa-
ter, both at peak and minimum levels (Section 3.1.1.4).

3.1.1.4
Changed runoff regimes
Further-rising temperatures, changing precipitation pat-
terns (Section 3.1.1.1), retreating glaciers and a reduced 
snow cover (Section 3.1.1.3) will continue to have a strong 
impact on the runoff regimes (land surface and rivers) 
and their variability, both on an annual average and sea-
sonally. Average runoff volumes will increase worldwide 
as global warming continues, albeit with regional differ-
ences (Fig. 3.1-5; Douville et al., 2021: 1119). Increas-
ing runoff volumes are predicted in particular for the 
northern high latitudes and regions in Central and East 
Africa, while decreases in the Mediterranean region and 
parts of Central and South America will lead to consid-
erable shortages of blue water, especially in the summer 
months (Douville et al., 2021: 1119).

At the same time, the seasonal fluctuations in runoff 
volumes will increase regionally (Douville et al., 2021: 
1058). The runoff peaks associated with the snowmelt 
in spring will also occur earlier in the year, and the run-
off caused by the snowmelt will decrease as the snow 

recedes. Overall, once the maximum runoff volumes 
have been exceeded, including from glacier melt (Sec-
tion 3.1.1.3), the average annual runoff in one third of 
the glaciated catchment areas will decrease by at least 
10 % under the RCP4.5 scenario by 2100. The sharp-
est declines are expected in Central Asia and the Andes 
(Caretta et al., 2022: 556; Huss and Hock, 2018). Gla-
cial melting can have a negative effect on the supply of 
drinking water (Section 4.4).

3.1.1.5
Increase in combined extreme water events
The frequency and severity of floods and droughts will 
continue to increase (IPCC, 2019a). Agricultural and 
hydrological droughts are “expected to become more 
frequent, longer and more severe in a warmer future” 
(Yuan et al., 2023). Regions such as the Mediterrane-
an area, South Africa, Central America and the Ama-
zon basin, as well as parts of North and South America 
and Australia, are expected to become drier, due both 
to lower precipitation and to an increase in evaporation 
(Fig. 3.1-6). Droughts will therefore become more pro-
nounced and last longer, depending on the emission sce-
nario for greenhouse gases (wCaretta et al., 2022: 610). 
Lightning droughts will also occur more frequently and 
more intensively, as dry conditions are more frequently 
accompanied by higher temperatures, and relative humid-
ity continues to fall in many regions (Yuan et al., 2023).

Flooding will also occur more frequently in many re-
gions, e.g. in Asia, Central Africa, Western Europe, Cen-
tral and South America, parts of North and South Amer-
ica, the Mediterranean and Eastern Europe. Depending 
on the region and type of flooding, they represent a 
growing socio-economic risk (Caretta et al., 2022: 608). 
A larger proportion of land areas is also likely to be af-
fected by river flooding in the future, although the re-
gional projections vary greatly due to human influences 
such as water management or changes in land cover, e.g. 
as a result of development or agriculture (Caretta et al., 
2022: 605 f.; Seneviratne et al., 2021).

The modelled effects increase with accelerating warm-
ing, although the variability of the results also increas-
es at the same time (Dottori et al., 2018). The effects of 
future floods are also unevenly distributed regionally, 
with the greatest losses expected on the Asian and Af-
rican continents (Dottori et al., 2018; Merz et al., 2021). 
More frequent and heavier heavy rainfall – together 
with other factors such as increasing urbanization – will 
also lead to an increased and more intense occurrence of 
flash floods (Fowler et al., 2021; Yin et al., 2023). For 
dry regions, this means a simultaneous increase in ex-
treme precipitation, even though there will be a decline 
in overall precipitation (Tabari, 2020).
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3.1.1.6
Sea-level rise, variable salinities and weakening 
ocean currents
Sea-level rise is caused by warming and the associated 
expansion of seawater, as well as by melting glaciers and 
ice shelves. The resulting successive desalinization of the 
ocean’s surface layers slows the formation of deep water 
off Greenland and with it the driving force behind the 
large-scale ocean currents that stabilize the Earth’s heat 
balance and supply the deep sea with oxygen. The Gulf 

Stream, which shapes Europe’s mild climate and precipita-
tion and balances out seasonal extremes, is also affected. 
However, as climate change advances, the Gulf Stream 
will progressively decline, so that, according to recent 
findings, at least a partial collapse is possible before the 
end of this century (Ditlevsen and Ditlevsen, 2023; van 
Westen et al., 2024). In Europe, this would trigger se-
vere cooling (with average temperatures 5°–15 °C lower 
than today in many European cities), the effects of which 
are hardly predictable to date (van Westen et al., 2024).

Figure 3.1-4
Effects of glacier melt. The diagram shows a simplified overview of the relative amounts of water from different sources when 
glaciers shrink in a river catchment with large glacier cover (e.g. >50 %) that lead to changes in runoff. The sources are glaciers, 
snow (outside the glacier), rain and groundwater.
Source: Hock et al., 2019
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One billion people currently live near a coast and are 
increasingly directly affected by rising sea levels and 
correspondingly higher storm surges (IPCC, 2019a). The 
Intergovernmental Panel on Climate Change’s Special 
Report on the Oceans and Cryosphere (IPCC, 2019a) 
assumed that future rises in the sea level could perhaps 
be stabilized below one metre for a long period if global 
warming were limited to 1.5 °C. If warming is stronger, 
however, the oceans can rise further by 2100 and even-
tually reach several metres (IPCC, 2019a, 2021c). Cor-
rectly estimating the stability of the (West) Antarctic and 

Greenland ice shelves is a major uncertainty factor – the 
total amount of water currently stored in the Antarctic 
and Greenland glaciers corresponds to a sea-level rise of 
65 metres (Fox-Kemper et al., 2021: 1316).

In late October 2023, British polar researchers pub-
lished a study according to which, over the next 80 years, 
the glaciers of the West Antarctic Ice Sheet will inexorably 
slide into the sea faster than previously assumed – even 
if the world succeeds in limiting global warming to 1.5 °C 
(Naughten et al., 2023). Another aspect is the accelerat-
ed melting of Greenland’s ice masses (IPCC, 2019a). This 

Figure 3.1-5
Future changes in runoffs. The diagram shows projected long-term relative changes in the seasonal mean runoffs in the period 
from 2081–2100 compared to 1995–2014. The global maps show the projected relative (%) changes in seasonal mean run-
off for December, January, February (DJF; left-hand side) and June, July, August (JJA; right-hand side), averaged over the 
available CMIP6 models (which is indicated by the number on the top right in each panel) SSP1.2-6 (a, b), SSP2-4.5 (c, d) and 
SSP5-8.5 (e, f).
Source: Douville et al. 2021: 1118
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means that, according to the latest findings, rising glacier 
runoffs into the warming ocean by the year 2300 can no 
longer be prevented even at 1.5 °C global warming, with a 
projected rise in the sea level of up to 3 m (IPCC, 2021c). 
Taking into account the uncertainties and the latest find-
ings, a sea-level rise of even as much as seven metres in 
the same period seems possible – a rise similar to that 
experienced by the Earth in the last interglacial around 
125,000 years ago at a comparable average temperature 
(Rohling et al., 2019).  Population genetic data of Antarctic 
octopods indicate that this sea-level rise was probably ac-
companied by the collapse of the West Antarctic Ice Sheet. 
This conclusion is supported by gene exchange between 
populations otherwise separated by ice (Lau et al., 2023). 
Even beyond the 7 m level, sea-level rise will continue 
for centuries, depending on the extent of climate change. 
This challenge would be beyond the capacity of current 
coastal defences on low-lying coasts (Oppenheimer et 
al., 2019). Climate change has thus long-since triggered 
processes that can no longer be stopped or reversed in 
the short term, signalling a loss of control for humanity. 
Low-lying coasts and small islands are particularly at risk 
of flooding in the future. Steric effects (the expansion of 
water masses due to changes in density caused by chang-
es in salinity or water temperature), ocean currents, land 
uplift and subsidence, and changes in fields of gravity 
due to the melting of the large ice masses in Greenland 
and Antarctica or as a result of vertical land movements, 
cause sea levels to rise by different amounts in different 
regions. Locally, the sinking of the seabed as a result of 
groundwater extraction and the production of oil and 
gas are also factors.

As the sea level rises, ever higher and more intense 
storm surges will occur (IPCC, 2019a), which may pen-
etrate far inland and reach the freshwater systems there. 
Freshwater reserves will also become salinized via the 
groundwater on many coasts or small islands as sea levels 
rise. For example, rising seawater penetrates the fresh-
water lenses of islands and leads to an increase in salini-
ty (Cantelon et al., 2022; Mazhar et al., 2022). However, 
the salinization of freshwater reserves and soils will also 
increase in arid regions. As aridity increases or agriculture 
expands, irrigation will increase (Section 3.2.1.1), evap-
oration will lead to a progressive concentration of the 
minerals dissolved in the water and thus to salinization.

3.1.1.7
Conclusions
Deteriorating living conditions caused by increasing cli-
mate change are already putting the adaptability of na-
ture and humans to the test. Human adaptation to the 
current extent of change is already necessary. Nature, 
too, is already undergoing large-scale changes that can 
be understood as adaptations or evasive reactions (IPCC, 
2022a). As climate change progresses, the capacity of 
both humans and nature to adapt is continuously de-
creasing (IPCC, 2022a). In order to maintain as much 
adaptability as possible and considering the precau-
tionary principle, there is no alternative to limiting cli-
mate change to 1.5 °C of global warming and, if possible, 
even reversing it in the long term. This requires an end 
to anthropogenic CO2 emissions and a sharp reduction 
in emissions of other greenhouse gases, as well as the 
removal of CO2 from the atmosphere.

Figure 3.1-6
Changes in extreme droughts. The diagram shows the change in the number of months with extreme drought per year (in the 
period 2013–22 compared to 1951 – 60). Regions with an increase in droughts are shown in red; regions with a decrease in the 
annual number of months with extreme drought are shown in blue. Regions without changes are highlighted in white.
Source: Romanello et al., 2023
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The findings on rising sea levels alone show that the 
limits of adaptability could be exceeded. The risks to 
humans and nature are becoming increasingly uncon-
trollable in many regions, particularly in view of the ev-
er-more-frequent and intense extreme events such as 
heatwaves, floods and droughts (Chapter 4).

3.1.2
Extreme events challenge and overwhelm  
the infrastructure

The more frequent occurrence of extreme weather events 
has an impact on the flood-protection infrastructure and 
the provision of a safe supply of drinking water. These 
burdens will increase in the future.

Engineering structures such as dykes, dams and sew-
erage networks are dimensioned for a maximum load case, 
i.e. a maximum flow rate that the structure can discharge 
without damage. In Germany, for example, a flood with a 
statistical probability of recurrence of 100 years (HQ100) 
is used as the basis for calculation in dyke construction; 
for dams it is 1,000 or 10,000 years, depending on their 
size (DIN 19 700). In addition, areas in which a 100-year 
flood event is to be expected are designated as flood-
plains in accordance with the Federal Water Act (WHG 
section 76). The designation of building areas and the 
authorization of building projects is generally prohibited 
in these areas, and permitted only in exceptional cases. 
The hydraulic dimensioning of sewer networks in set-
tlements is also based on historical precipitation data in 
order to minimize the frequency of flooding, i.e. a con-
dition in which untreated wastewater unintentionally es-
capes to the surface (DIN EN 752). With climate change, 
however, these calculation bases for how much stress 
the infrastructure is expected to withstand are shifting, 
with regard both to the  frequency of flood events and 
to the need for floodplains and sewer network capacities.

The increase in the frequency and intensity of ex-
treme precipitation is now leading to higher peak dis-
charge values and higher probabilities of recurrence 
worldwide. The currently customary dimensioning of 
water-management installations and the designation of 
areas at risk of flooding based on historical data series 
is therefore no longer appropriate for minimizing the 
increasing risks to human health and economic flood 
damage. In other words, the risk of infrastructure fail-
ure – as was last observed during the flood disaster in 
Libya in 2023, when two dams burst following an ex-
treme rainfall event (Henson and Masters, 2023) – will 
continue to increase. In Germany, the water industry 
has accordingly moved away from talking about flood 
protection. Instead, it has adopted a form of risk char-
acterization in which increased risks of extreme events 

can be reduced by various measures, but can no longer 
be completely or largely excluded.

The same applies to the hydraulic design of water-man-
agement systems to ensure a reliable water supply in the 
face of increasing droughts and heatwaves. Major heat-
waves lead to higher daily peak consumption levels for 
which neither the capacity of the treatment plants nor 
the distribution grids are designed. There may therefore 
be temporary supply bottlenecks and restrictions on use. 
Prolonged periods of drought change the soil-moisture re-
gime and lead to the drying up of near-surface spring-wa-
ter deposits and to a widespread drop in groundwater 
levels and surface-water levels. This jeopardizes the ad-
equate supply of drinking water.

A lack of runoff in watercourses during long periods of 
drought can lead to a further deterioration in raw-water 
quality due to increased contamination with pathogens 
and organic trace substances (Section 3.1.3; Karakurt et 
al., 2019), so that existing treatment processes are no 
longer able to guarantee perfect drinking-water quality. 
An additional challenge is that drinking-water-supply 
systems are often not redundant; rather, a settlement 
area is often supplied by only one water resource (e.g. 
groundwater, surface water, bank filtration). Loss of this 
water resource due to drought or heat, which cannot be 
compensated for by diversifying the supply via other 
water sources, can therefore pose an existential threat. 
In addition to food production (through agricultural irri-
gation) and drinking-water supply, human health would 
also be directly affected by the lack of water supply for 
wastewater disposal and hygiene. The water crisis in 
Cape Town from 2015 to 2018 came very close to such 
a failure of the drinking-water supply (Section 4.2.). As 
a result of the extreme drought in western South Africa 
from 2015, the levels of the reservoirs used to supply 
Cape Town with drinking water fell (Burls et al., 2019; 
Section 4.2). As a cost-saving measure, water consump-
tion was temporarily limited to 50 litres per person per 
day. However, a shutdown of the drinking-water supply 
and the rationed supply of the population via water-dis-
tribution points was averted due to the onset of rainfall 
(Burls et al., 2019). A modelling study shows that the 
risk of another multi-year drought in western South Af-
rica could increase by up to 80 % by 2100, depending 
on the greenhouse-gas emission pathway (Pascale et al., 
2020). Similar challenges for the drinking-water supply 
of cities can be observed worldwide, most recently in 
Montevideo in 2022–2023 (Section 4.2).
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3.1.3
Impacts of droughts and extreme weather events 
on food security

For humans, the exacerbated challenges under discussion 
culminate in increasing insecurity regarding their way of 
life, particularly as a result of increasing droughts and poor 
water quality. Droughts also have a wide range of health 
impacts caused by reduced food security and associated 
malnutrition (Fig. 3.1-7; Section 3.3.2). In view of the 
significance of droughts for agriculture and thus for glob-
al nutrition and the multiple impacts of droughts on the 
economy and society (Fig. 3.1-7), trends that are already 
foreseeable or observable today – and their impacts – will 
continue to intensify. Accordingly, the near-global drought 
in 2022 had an impact on water supply and water security, 
food security, access to electricity and economic activities 
due to low water levels in rivers (Romanello et al., 2023).

The IPCC identifies droughts and the interplay be-
tween different aridity types and their culminative effects 

as the most cost-intensive natural disasters (Fig. 3.1-7; 
Mirzabaev et al., 2019) and points out that they have 
significant effects not only in rural regions but also in 
cities. The Food and Agriculture Organization (FAO) em-
phasizes that one in five cities with at least a million in-
habitants is located in an area with a high to very high 
drought-risk rating. So far, this affects a total of 370 mil-
lion people worldwide (FAO, 2019).

Droughts and prolonged, repeated or particularly hot 
periods during droughts have a direct impact on the pro-
ductivity of food systems (crop cultivation, livestock 
farming, aquaculture and fisheries), leading to yield 
losses and, potentially, to the complete loss of an agri-
cultural cycle (Brás et al., 2021; Zampieri et al., 2017). 
At the same time, they lead to greater fluctuations in the 
production and availability of food throughout the year. 
In times of food shortages – caused, for example, by the 
COVID-19 pandemic, the war of aggression on Ukraine 
or crop failures due to droughts or heavy rainfall – food 
prices have recently been rising sharply or fluctuating 
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again worldwide since 2021. These developments are 
recorded by the FAO’s Food Price Index (FFPI), a meas-
ure of the monthly change in the international prices of 
a basket of food products. Brás et al. (2021) point out 
that crop failures in Europe have already tripled in the 
last five decades due to droughts and heatwaves. Various 
factors come together here that will lead to even more 
unfavourable developments as climate change intensifies.

Inappropriate land management is characterized by 
monocultures, over-fertilization, salinization and soil 
compaction. This can lead to a reduction in soil quali-
ty and a loss of habitat for the natural vegetation. This 
greatly increases the risk of destructive floods, which of-
ten follow longer periods of drought. The overexploited 
and dried-out soils cannot absorb the suddenly available 
water quickly enough and torrents form, eroding the soil 

and jeopardizing agricultural land, livestock farms and 
human settlements with their destructive force (Hornidge 
and Scholtes, 2009; Section 4.3). The United Nations 
Convention to Combat Desertification (UNCCD) draws 
attention to these negative chain effects, which give 
rise to exacerbated challenges in the WBGU sense, but 
also emphasizes the positive, potentially mutually rein-
forcing effects of resilient land management (Fig. 3.1-8; 
Reichhuber et al., 2022).

The agricultural yields that do not materialize in re-
gions that are repeatedly hit by droughts, heatwaves 
and floods are lacking on local and regional markets, and 
this has a negative impact on food security (Reichhu-
ber et al., 2022). Poverty is thus reinforced in multiple 
dimensions, which also makes it more difficult to main-
tain local options for the future. The danger of mutually 
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sustainable land-management methods, but only in the case of successful climate-change mitigation.
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3  Exacerbated water-related challenges in the future

72



reinforcing risks is particularly high in regions that are 
especially badly affected and are confronted with the 
additional challenges of climate change and species ex-
tinction, high poverty rates, low levels of social cohe-
sion for ethnic, religious or other reasons, and unstable 
political regimes – up to and including armed unrest or 
forced changes of government through armed coups, such 
as those that were increasingly observed in the Sahel 
region last year (Bergmann, 2022; Unfried et al., 2022).

Climate change is exacerbating humanitarian crises 
because of the water factor. This can currently be ob-
served in Sub-Saharan African countries such as Mali 
and Burkina Faso, but also in Ethiopia and Sudan, as 
well as in countries of the Middle East, including Gaza, 
where war-related water shortages are exacerbated by 
persistent drought. Particularly affected are population 
groups whose income security is characterized by a high 
dependency on nature and thus a high vulnerability to 
water shortages. In some of these regions, this leads to 
an increase in seasonal or longer-term labour migration, 
with small island states being disproportionately affect-
ed by migratory pressure (IPCC, 2022a).

3.1.4
Exacerbated challenges due to  
environmental pollution

At least three billion people are dependent on water of 
uncertain quality due to a lack of monitoring (UN, 2022). 
How water quality develops in the future will not de-
pend solely on contamination with pollutants. Changes 
in water abstraction and local hydrological conditions, 
which are driven by both climate change and socio-eco-
nomic developments, also play a role (Jones et al., 2023).

3.1.4.1
Trends in water pollution
Water pollution is characterized by a constant increase 
in concentrations and by changes in the composition of 
the substances involved. Substance inputs from agricul-
ture and industry play a key role here. The processes 
involved in creating new materials, new infrastructure 
and innovative technologies are energy-, resource- and 
water-intensive. The complexity of pollution is increased 
by modern, newly developed substances and by mix-
tures of substances and possible interactions, for exam-
ple with microorganisms (Persson et al., 2022; Posthu-
ma et al., 2019; Gomes et al., 2020; EEA, 2022). Most 
of the long-term risks are unknown and are the subject 
of ongoing research.

The following trends in water pollution are emerging 
worldwide (Jones et al., 2023): pollution from organic 
pollutants – measured in terms of biochemical oxygen 
demand (BOD) – and pathogenic pollutants – measured 
as the concentration of coliform bacteria (faecal coli-
forms, FC) – will decline in some regions of the world, 
especially in Europe and parts of North America and 
Asia, irrespective of the future scenario. On the oth-
er hand, pollution will increase sharply elsewhere, es-
pecially in Sub-Saharan Africa. The reason for this is 
high population growth coupled with weak economic 
growth and the associated increase in water abstrac-
tion and pollutant emissions into water bodies (Jones 
et al., 2023).

Another indicator of water pollution is inorganic pol-
lution, which consists mainly of salts. It is measured as 
the amount of solids dissolved in water (total dissolved 
solids, TDS) and will increase in many regions by 2100, 
especially in the future scenario SSP3-RCP7.0 ‘region-
al rivalry’ (Section 4.5; Jones et al., 2023). Fig. 3.1-9 
shows the projected global changes in water pollution 
up to the year 2100.

Figure 3.1-9
Water pollution. The diagram shows changes in surface-water quality under climatic and socio-economic changes in the 
SSP3-RCP7.0 scenario with high greenhouse-gas emissions (red: increase, blue: decrease in the concentration of pollutants). 
The changes in the pollutant concentrations of dissolved solids (TDS, left), biochemical oxygen demand (BOD, centre) and coli-
form bacteria (FC, right) are shown as indicators of salinization and the accumulation of organic and pathogenic pollutants.
Source: Jones et al., 2023
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3.1.4.2
Influence of climate change on water pollution
Climate change exacerbates the existing situation via 
changes in precipitation patterns (Konapala et al., 2020), 
snowmelt-runoff regimes (Kraaijenbrink et al., 2021) 
and in the frequency and intensity of extreme events 
such as droughts or floods (Caretta et al., 2022; Sec-
tions 3.1.1, 3.1.2). During periods of drought, the con-
centration of pollutants in surface waters can no longer 
be sufficiently diluted (Karakurt et al., 2019). Flooding 
and melting snow and ice mobilize pollutants, making 
them bioavailable (van Vliet et al., 2023). In addition, 
rising water temperatures during heatwaves influence 
the physical, chemical and biological processes in surface 
waters, which can affect the concentration and chem-
ical properties of transported substances (Jones et al., 
2023; Bosmans et al., 2022; Bonet et al., 2023; Capon 
et al., 2021). Warming lowers the concentration of dis-
solved oxygen, which can lead inter alia to fish mortality, 
particularly if there is additional oxygen depletion due to 
the heavy organic pollution of water bodies (van Vliet et 
al., 2023). Furthermore, higher temperatures and reduced 
or absent precipitation can lead to the concentration of 
pollutants through evaporation and accelerate chemical 
weathering (Kaushal et al., 2021). Together with uncon-
trolled climate change, the overall result is an extreme, 
barely controllable stress situation for water resources 
and thus for humans and nature. This shows how insuf-
ficiently contained climate change intensifies the effects 
of further environmental pollution and vice versa.

3.1.4.3
Water pollution by microplastics
Microplastics are an example of substance inputs into wa-
ter bodies and possible interactions between substances 
and organisms. Micro- and nanoplastics act as a vector 
for additional harmful contaminants with potentially se-
rious consequences for the environment and health. For 
example, there are already indications of an increased 
mortality rate in zebrafish and respiratory diseases in hu-
mans (Section 2.3.4.4; Barreto et al., 2023; Kumar et al., 
2023b). Exposure to micro- and nanoplastics is likely to 
increase: in a future scenario without countermeasures, 
the amount of plastic – and therefore also micro- and 
nanoplastics – released into the environment is expect-
ed to double globally to 44 million tonnes per year by 
2060 (OECD, 2022b).

3.1.4.4
Chemical pollution due to increasing demand  
for raw materials
The rising demand for materials for technologies and re-
newable energies is leading to a growing extraction of 
raw materials such as copper and lithium (Europäische 

Kommission, 2020b; Bogardi et al., 2021; Raabe, 2023). 
Mining of raw materials has a negative impact on local 
water bodies, e.g. through the input of process chem-
icals and hydrological changes that have consequenc-
es for humans and the environment (Section 2.3.4.6; 
WBGU, 2023). In Chile, for example, around 80 % of 
copper-production sites are located in areas that are ex-
posed to extremely high water stress. By 2040, 100 % of 
production facilities are expected to be located in such 
areas (Delevingne et al., 2020). The water problem in 
regions which, in some cases, are already water-scarce is 
exacerbated by the increase in mining and, as described 
above, by the consequences of climate change (Bogardi 
et al., 2021; see also Chapter 7 on the consequences of 
the extraction and use of fossil fuels and raw materials 
for the energy transition). The negative consequences 
of raw-materials mining can be reduced by recovering 
metals and other substances from industrial wastewater 
and end-of-life products using circular, water- conserving 
processes (Chapter 7).

3.1.4.5
Nutrients and harmful algal blooms
The eutrophication of water bodies due to excessive con-
centrations of nitrogen and phosphorus compounds is 
already at a critical level (Rockström et al., 2023a). Be-
cause of pollution from nitrogen compounds, primarily 
from agriculture, the shortage of freshwater in rivers 
could triple worldwide by 2050 and lead to a shortage of 
drinking water for the population. This is shown by a sce-
nario which, in addition to water quantity, also considers 
quality in relation to water scarcity (Wang et al., 2024).

Emissions of nitrogen compounds will continue to rise, 
largely due to the expected increase in the use of ferti-
lizers in agriculture (Glibert, 2020; Wang et al., 2024). 
This could exacerbate the water problems caused by 
harmful algal blooms, which produce toxins and con-
sume the oxygen in the water that is important for other 
organisms (Griffith and Gobler, 2020; CDC, 2024). If an 
algal bloom becomes too dense, it prevents phytoplank-
ton from absorbing solar radiation (CDC, 2024), which 
is essential for their survival. Harmful algal blooms will 
become more frequent because of rising phosphorus 
and nitrogen concentrations or changes in their ratios 
to each other; it will also be increased by rising temper-
atures and long periods of heat. This is particularly likely 
in Southeast Asia and some countries in South America 
and Africa (Glibert, 2020). Due to the algal bloom and 
its harmful consequences for freshwater ecosystems, the 
water can only be processed for drinking water at con-
siderable expense (CDC, 2024; Glibert, 2020; Cressey, 
2017). Projects such as the installation of over-canal so-
larphotovoltaic arrays and similar concepts for lakes can 
reduce algae growth and evaporation by creating shade.
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3.2
Exacerbated challenges caused by  
socio-economic and geopolitical developments

While the water supply will become more variable and 
scarcer in many places in the future as a result of the 
effects of climate change and increasing pollution (Sec-
tion 3.1), studies also indicate that the overall global 
demand for water will increase and contribute to an in-
crease in water stress in many regions (Section 3.2.1). A 
lack of water supply can be a limiting factor for growth, 
development and poverty reduction (Section 3.2.1). 
Multidimensional poverty and social inequalities, as 
well as autocratization and polarization processes and 
geopolitical interests, weaken societal cohesion, pro-
mote the fragmentation of governance systems and 
reduce societal resilience to water-related crises like 
droughts and floods (Section 3.2.2). In this way, they 
further encourage the development of water-related 
emergencies (Chapter 4).

3.2.1
Overexploitation of water resources and the 
impact of exacerbated water-related challenges 
on economic development

Exacerbated challenges arise particularly in those regions 
of the world where rising demand for water for economic 
or societal purposes comes up against a declining or great-
ly fluctuating supply of water. This drastically reduces 
the scope for action to achieve goals such as access to 
safe drinking water, sanitation for all and food security. 
Advancing climate change will lead to increased fluctu-
ations and, in some regions, to a reduction in the water 
supply (Graham et al., 2020a; Koutroulis et al., 2019; 
Section 3.1.1). Unless action is taken, increasing pollu-
tion will further restrict the water supply (Section 3.1.4).

The other side of the equation is the development of 
the demand for water. Forecasting future trends in de-
mand is difficult and fraught with uncertainty, as it de-
pends on the development of technological, socio-eco-
nomic and ecological conditions in the countries and re-
gions under consideration. Humans also influence these 
framework conditions and thus the development of de-
mand, both directly and indirectly via climate change. 
Which scenarios come closest to reality will depend on 
our actions and how the natural systems react. Studies 
on the development of demand for water indicate that 
it will increase globally and contribute to an increase in 
water stress in many regions (Section 3.2.1.1).

Trading in virtual water can contribute to increasing 
water stress (Section 3.2.1.2). A lack of water supply, 

increasing variability and extreme events influence the 
potential for economic development (Section 3.2.1.3) and 
thus also affect social inequalities and geopolitical devel-
opments (Section 3.2.2) as well as the health of humans 
and ecosystems (Section 3.3). Only consistent action by 
politicians, business and society can keep enough room 
for manoeuvre open, reduce negative impacts and give 
humans and ecosystems an opportunity to adapt to the 
limited availability of natural resources. However, there 
are also natural limits to such action (Chapter 5).

3.2.1.1
Rising water demand and consumption
UNESCO (2023) estimates that the global demand for 
water will increase by about 1 % per year and thus by 
20–30 % by 2050 (see also Caretta et al., 2022). Howev-
er, the margin of error for this assessment is more than 
50 % (UNESCO, 2023). There can also be significant re-
gional differences in the development of water demand. 
A large proportion of the expected increase in demand 
will happen in low- and middle-income countries, espe-
cially in emerging economies. Regional differences in the 
development of water demand reflect changing use pat-
terns in the three areas of municipalities, industry and 
agriculture (UNESCO, 2023).

In many regions, increases in demand from munici-
palities are only made possible by an expansion of the 
water supply and, to a lesser extent, water disposal. They 
are therefore more prevalent in regions where water sup-
ply and disposal are being expanded (UNESCO, 2023).

Industrial demand for water comes primarily from wa-
ter-intensive processes, e.g. in production or energy gen-
eration. Increases in industrial demand for water there-
fore generally go hand in hand with advancing industri-
alization. Improved efficiency in water use can, in turn, 
reduce the demand for water over time (UNESCO, 2023).

The demand for water in agriculture is primarily driv-
en by irrigation and depends on various factors, e.g. the 
nature of the soil, the effects of climate change, the 
crops grown and the cultivation methods used ( UNESCO, 
2023; Caretta et al., 2022). Competing uses, restrictions 
on water supplies, food consumption patterns and trade 
also play a role (UNESCO, 2023), as does the growing 
demand for biomass for energy production (Caretta et 
al., 2022). Projections on the development of water de-
mand vary considerably, depending on the underlying 
assumptions, e.g. on the socio-economic, technical and 
climatic development.

The IPCC estimates that the demand for water for ir-
rigation could double or even triple by the end of the 
century (Caretta et al., 2022). The Food and Agriculture 
Organization (FAO) assumes that, taking climate change 
into account, the water requirement for irrigating arable 
crops will increase by at least 30 % by 2050 compared 
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to 2012 (FAO, 2022b). In addition to higher evapotran-
spiration as a result of climate change, according to pro-
jections rising irrigation requirements will contribute to 
the increasing depletion of groundwater resources by the 
end of the century (Caretta et al., 2022; Section 3.1.1.3).

According to studies, increasing water demand and, 
as a result, increasing water abstraction and consump-
tion will be a major cause of growing water stress glob-
ally, especially in the first half of the 21st century, and 
this can significantly exacerbate water-related problems 
(Graham et al., 2020a; Wada and Bierkens, 2014; Diste-
fano and Kelly, 2017; Fig. 3.2-1). Particularly in urban 
areas, the increasing demand for water due to industri-
alization processes and demographic and income devel-
opment (and the associated expansion in water supply 
and disposal) will contribute to increasing water stress 
and increasing water scarcity (Caretta et al., 2022; He 
et al., 2021; World Bank, 2016a). India and Northeast 
China will be particularly affected (Section 4.2), as will 
be many low- and middle-income countries, especially 
in Africa, parts of Asia and Central and South America 
(Graham et al., 2020a; Wada and Bierkens, 2014).

Despite major uncertainties regarding regional climate 
change, a reduction in the water supply is also likely in 

many river catchment areas. This may be the case even 
if the average forecast for the river basin indicates an in-
crease in the water supply as a result of climate change. 
The decreasing water supply exacerbates the effect of 
rising water demand (Caretta et al., 2022).

In order to prevent existing imbalances between wa-
ter demand and supply from escalating further, it is not 
enough to rely solely on technological change. Most 
of the Shared Socioeconomic Pathways (SSPs) assume 
growth rates that many countries will only achieve with-
out exhausting their water resources and without com-
plete dependence on water imports if they drive tech-
nological progress at a historically unprecedented and 
possibly unrealistic speed (Distefano and Kelly, 2017). 
A transformation of global water management through 
precautionary and forward-looking adaptation measures 
is therefore necessary (Chapter 5).

3.2.1.2
Future trade in water-intensive goods (virtual 
water): the example of agricultural goods
In view of the increasing demand for water and the si-
multaneously decreasing supply of water in many places, 
the trade in virtual water can be expected to intensify. 
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Figure 3.2-1
Spatial and temporal visualization of the factors influencing changing water scarcity. (a) Temporal changes in the proportion of 
the land area that shows the simultaneous effects of human and climatic systems on changes in water scarcity by component 
and sign of change, for different Shared Socioeconomic Pathways (SSPs). Water scarcity is measured by the Water Scarcity 
Index, i.e. the ratio of water abstraction from all sources (renewable surface runoff, non-renewable groundwater, desalination) 
to the total accessible surface runoff determined by the General Circulation Model (GCM). The ‘All’ scenario represents the 
totality of all land areas across all 75 scenario combinations of SSP, Representative Concentration Pathway (RCP) and GCM 
that are considered. (b) Water scarcity category in 2050 (left) and 2100 (right). (+) stands for rising water scarcity, either due 
to human influence (H) or climate change (C), and (–) for decreasing water scarcity (e.g. H+ C+: human influence and climate 
change both lead to an increase in water scarcity in a particular catchment area). The robustness of the results is indicated by 
the degree of shading: a darker colour indicates more than, a lighter colour less than 95 % agreement across all 75 SSP-RCP-
GCM scenarios. Catchments where negligible changes in water scarcity have been observed are shaded as such if at least 95 % 
of the scenarios for that particular basin match. All basins in which this is not the case are shaded according to their scarcity 
category in the non-negligible scenarios.
Source: Graham et al., 2020a
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However, there are only a few projections, such as Gra-
ham et al. (2020a), that comprehensively map develop-
ments at the global, regional and river-basin levels – for 
blue and green water, surface water, groundwater and 
non-renewable groundwater, taking climate change and 
socio-economic development into account.

Graham et al. (2020b), like much of the literature on 
virtual water flows (Section 2.3.1), analyse trade in ag-
ricultural products. Assuming a business-as-usual sce-
nario (Shared Socioeconomic Pathway 2, combined with 
Representative Concentration Pathway (RCP) 6.0), they 
show that exports of green and blue water contained in 
agricultural products could triple globally by 2100 com-
pared to 2010 (from 905 billion m3 and 56 billion m3 to 
3,200 billion m3 and 170 billion m3). While Graham et al. 
attribute this primarily to rising demand as a result of pop-
ulation growth, it would be necessary to consider further 
socio-economic and climate scenarios in order to make 
robust statements on the influence of socio-economic 
development and climate change on future exports of 
virtual water. The authors expect a shift in virtual water 
flows that will follow a shift in global food production: 
in regions with significant agricultural production, the 
projections by Graham et al. (2020b) show a significant 
intensification of blue and green water exports between 
2050 and 2100. There is no assessment of the potential 
environmental impacts of this expected intensification 
and shift in the virtual water trade, since Graham et al. 
only record virtual water flows volumetrically.

Many countries already increasingly meet their irriga-
tion needs from groundwater, some of which is non-re-
newable (Section 2.2.3.1). As the supply of surface water 
is becoming more variable and, in many places, scarc-
er, this trend is expected to continue unless counter-
measures are taken, or unless increasing water shortag-
es limit further groundwater abstraction (Bierkens and 
Wada, 2019; Section 3.1.1.3). According to Graham et 
al. (2020b), trade in non-renewable groundwater (sum 
of imports and exports) could increase fivefold by the 
middle of the century. The main exporting regions are 
the USA, Mexico, South America and North Africa as 
well as, on the river-basin level, the Nile, the Rio de la 
Plata and the Murray-Darling Basin (Fig. 3.2-2 e and f). 
Non-renewable groundwater is used, for example, along 
the above-mentioned river courses for agricultural irri-
gation to produce staple foods such as rice and maize 
for export (Graham et al., 2020b). According to the pro-
jection by Graham et al. (2020b), trade in virtual water 
is expected to decline in the second half of the centu-
ry following the increase in the first half, since exports 
from water-scarce regions will decline as their resources 
become increasingly depleted.

Countries whose imports largely originate from coun-
tries and regions that do not use their water resources 

sustainably run the risk of being indirectly affected by 
increasing water stress in the exporting regions (Sartori 
et al., 2017). Particularly countries that are dependent on 
food imports are potentially vulnerable (Section 2.2.3), 
as increasingly variable and diminishing water resourc-
es in exporting countries can jeopardize food security in 
importing countries and put them in an emergency situ-
ation. According to Graham et al., by the end of the cen-
tury East and West Africa and India in particular will be 
unable to meet their food requirements from their own 
production and will import agricultural products and the 
(predominantly green) water they contain. India – to-
gether with Pakistan and the Middle East – could also 
become one of the largest net importers of blue water 
and non-renewable groundwater (Graham et al., 2020b).

On the other hand, simulations by Gouel and Laborde 
(2021) show that trade can help mitigate welfare loss-
es from climate-change-induced changes in agricultural 
yields by enabling countries whose productivity declines 
as a result of climate change to import more agricultur-
al products and to switch their production to more pro-
ductive alternatives.

3.2.1.3
Impact of exacerbated water-related challenges on 
economic development and poverty reduction
Growth and development are impaired by a lack of – or 
increasingly variable – water supply, as well as by ex-
treme events such as droughts, heavy rainfall and floods. 
Losses caused by inadequate water supplies and sanita-
tion systems, flooding in urban areas and insecurity in 
the irrigation sector already amount to around US$470 
billion per year (Khemka et al., 2023). According to the 
World Bank (2016a), water-related impacts of climate 
change could reduce global gross domestic product by 
between 0.37 % (assuming a sustainable development 
pathway, SSP1) and 0.49 % (in a scenario without adap-
tation and assuming resurgent nationalism and regional 
rivalries, SSP3) by 2050. Regional losses could be much 
greater, for example in the Middle East (–14 %), the 
Sahel (–12 %), Central Asia (–11 %), and East Asia and 
Central Africa (–7 %). However, the amount of damage 
expected varies greatly from one projection to anoth-
er, depending on the sectors included, types of damage, 
scenario and modelling assumptions (Caretta et al., 2022; 
Takakura et al., 2019).

The effects of water on economic development arise 
on the one hand because water is an important produc-
tion factor, and water scarcity therefore hinders econom-
ic activity. Particularly against the backdrop of climate 
change, water as a locally and seasonally limited resource 
is a potential obstacle to growth and development – in 
low- and middle-income countries (LMIC), but also in 
high-income countries (HIC; Distefano and Kelly, 2017). 
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Regions that are already suffering from water stress, such 
as the Middle East, the Sahel and Central and East Asia 
(World Bank, 2016a), are particularly affected.

On the other hand, extreme events such as floods de-
stroy human lives and assets. Studies show that gross 
domestic products fall after water-related disasters and 
do not recover in the 20 subsequent years. This applies 
equally to low- and high-income countries (World Bank, 
2016a). Damage caused by heavy rain or flooding leads 
to a partial or complete loss of existing assets. The con-
sequences are high costs for citizens and companies that 
rely on the infrastructure, as well as for private and pub-
lic investors and capital providers with a financial stake 
in the infrastructure.

According to the European Environment  Agency (EEA, 
2023), extreme weather and climate-related events caused 
economic losses totalling an estimated €560 billion in the 
EU Member States between 1980 and 2021, including 
€56.6 billion in 2021. If the trend remains unchanged, 
the annual damage caused by flooding in Europe alone 
could double by 2080 compared to around US$7 billion 
per year between 1960 and 1990 (World Bank, 2016a). It 

is estimated that the Dutch financial sector’s investment 
portfolios contain a total risk of €83 billion in potential 
losses from water-related natural disasters. Such risks 
jeopardize the stability of financial institutions and thus, 
in addition, urgently needed investments in the water 
sector (Schellekens and van Toor, 2019).

Multidimensionally poor households are dispropor-
tionately affected by the impact of water-related disas-
ters. They are already disadvantaged in the distribution 
of water resources (Section 2.3.2). Their homes and 
assets are more vulnerable and are often located in re-
gions with a higher risk of water-related disasters. This 
reduces incentives to invest in physical assets such as 
infrastructure, which could be destroyed.

Exposure to extreme events and increasing water 
scarcity and variability, especially in the womb and in 
early childhood, can also result in water-related dis-
eases (Section 3.3.2), loss of income and malnutrition 
(Cooper et al., 2019; Shively, 2017). These can lead to 
less investment in people’s skills, especially in the skills 
of children, and negatively impact growth in the long 
term (World Bank, 2016a).
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Figure 3.2-2
Forecast of virtual water exports at the 
river-basin level in 2050 and 2100. 
Virtual exports of green water in (a) 
2050 and (b) 2100, virtual exports of 
blue water in (c) 2050 and (d) 2100, 
and virtual exports of non-renewable 
groundwater in (e) 2050 and (f) 2100, 
each in billions of cubic metres. The 
figures show the average of five model 
runs for the combination of Shared 
Socioeconomic Pathway 2 (SSP2) and 
Representative Concentration Pathway 
(RCP) 6.0. All the figures only include 
exports of agricultural crops. Addition-
al, possibly necessary virtual water 
imports are not included.
Source: based on Graham et al., 2020b

3  Exacerbated water-related challenges in the future

78



Studies have shown that water-related shocks and 
extreme events such as droughts or floods can have a 
negative impact on the health, education and income of 
affected groups of people even decades later,  particularly 
for populations dependent on agriculture, especially rain-
fed agriculture, e.g. in rural Vietnam, India, Indonesia or 
Mexico, but also for people in urban areas, e.g. in Latin 
American countries (World Bank, 2016a; Caruso, 2017; 
Randell and Gray, 2019).

Socio-economic trends such as rising food require-
ments resulting from population growth or geopolitical 
developments can further aggravate the impact of ex-
acerbated water-related challenges on growth and de-
velopment, especially for vulnerable population groups, 
increase the risk of water-related and humanitarian 
emergencies and jeopardize the achievement of SDG 1 
‘no poverty’. By contrast, other factors such as better in-
stitutions and infrastructure, access to markets and great-
er openness to trade and international capital flows can 
mitigate the impact of extreme events and variability in 
water supply (World Bank, 2016a; Shively, 2017; Cooper 
et al., 2019). This impact can be explained, among oth-
er things, by the following reasons: because emergency 
aid is provided more quickly and  effectively, because the 
necessary funds for the reconstruction of destroyed in-
frastructure can be made available more quickly, or be-
cause shortfalls in food production can be cushioned by 
markets and imports.

And finally, there is evidence, e.g. from Sub-Saha-
ran Africa, Brazil and India, that water-related extreme 
events fuel conflicts within a country and thus inhibit 
growth and development (World Bank, 2016a). How-
ever, water is rarely the sole cause of disputes between 
countries, although it can exacerbate them (World Bank, 
2016a). The Pacific Institute (2023) estimates that water 
has been a cause, weapon or victim of conflict world-
wide in almost 1,300 conflicts. Section 4.3.2.2 illustrates 
the connection between water and conflicts using the 
MENA region as an example.

World Bank estimates show that the expected loss-
es can be drastically reduced, possibly even avoided, if 
governments respond to water scarcity by improving 
efficiency and redistributing water to where it has the 
most benefits. However, in regions with very severe wa-
ter scarcity, such as Central and East Asia, losses of more 
than 5 % of gross domestic product can be expected even 
with better water management. In these regions, more 
far-reaching political measures and reforms are need-
ed to counter the projected effects of climate change 
(World Bank, 2016a).

3.2.2
Social inequalities and geopolitical power shifts

Water supply and quality also depend on forms of use, 
settlement structures and distribution infrastructures. 
The management of the resource, embedded in a larger 
governance framework for political and social control, 
determines its sustainable use; at the same time, how-
ever, it is dependent on the climatic, geological and top-
ographical conditions (Huggins et al., 2022).

Social polarization processes weaken social cohesion, 
promote the fragmentation of governance systems – in 
the area of water management, particularly with regard 
to formal and informal, non-state water governance – 
and weaken social resilience: on the one hand to sudden 
disasters such as floods, and on the other to ‘creeping 
disasters’ such as prolonged periods of drought or the 
gradual collapse of irrigation infrastructures (Fig.  3.2-3; 
Huggins et al., 2022; Section 2.3.2).

The following sections take a closer look at the social 
dimensions of the worsening water crisis, in particular 
at the escalating effects of autocratization and polariza-
tion processes, geopolitical interests, multidimensional 
poverty and social inequalities.

3.2.2.1
Geopolitical exacerbated challenges

Polarization and autocratization make international 
cooperation on water more difficult
Since water circulates in cycles, the management of water 
and biological resources is often a task that transcends 
political boundaries (Huitema and Meijerink, 2017). This 
is particularly relevant in times of increasing geo- and 
security-political tensions. An increase in social polariza-
tion processes has been observed for years in countries 
on all continents and in all income groups (low-, middle- 
and high-income countries). In many countries, these are 
also accompanied by political autocratization processes 
(Nord et al., 2024; Nowack and Leininger, 2022). At the 
level of multilateral policy-making, this also leads to an 
autocratization of international negotiations, for exam-
ple within the UN Security Council or the UN General 
Assembly (Kloke-Lesch and Hornidge, 2023; Lührmann 
and Lindberg, 2019; Emmons, 2020). Current examples 
include the disputes surrounding Israel’s war in Gaza 
following the terrorist attacks by Hamas on 7 October 
2023, or the Russian war of aggression against Ukraine.

In the areas of transboundary water management or 
water-related multilateral negotiations, the increasing ge-
opolitical tensions represent an additional exacerbation 
of the situation. Examples can be found in cross-border 
water management along the borders of China and India 
or in parts of Central Asia, as well as in the Middle East 
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or along the border between the USA and Mexico. At 
the level of multilateral water governance, the fact that 
some countries, such as South Africa or Mongolia, re-
gard the agreement of global standards and rules for a 
common water policy as an unacceptable infringement of 
their national sovereignty makes it more difficult to de-
velop such a policy further (Dombrowsky et al., 2022b).

This prevents the development of common global or 
even regional approaches and solutions to eliminate wa-
ter scarcity and pollution, which are necessary in view 
of the impact of global environmental changes on the 
local and regional dimension of these problems.

An increase in political autocratization can make it 
more difficult to implement participatory approaches 
to water management that are geared towards balancing 
interests and distributive justice, as well as sustainable 
resource management. The competition for groundwater 

between farmers and the central government in Azraq, 
Jordan, is an example of unsustainable resource manage-
ment by a moderately autocratic regime, and points to 
possible limits of autocratic systems for a socio-ecological 
transformation (Dombrowsky et al., 2022a; Hornidge et 
al., 2013). Similarly, a strongly hierarchical water-man-
agement system does not appear conducive to sustain-
able water use in many cases, as it makes it difficult to 
coordinate different sectors and actors (Lukat et al., 2023; 
Hornidge et al., 2013).
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3.2.2.2
Social inequalities, poverty and power  
imbalances exacerbate the unequal distribution 
and overexploitation of water
Clean water is not only a scarce and sought-after com-
modity but also a very unequally distributed one. Con-
sequently, water governance is characterized by very 
different constellations of actors and interests between 
different social contexts, countries, regions and differ-
ent levels of governance. Especially in some subtropical 
countries and areas with high water scarcity, unequal 
water distribution often exacerbates water emergencies.

Calow and Mason (2014) point out that water crises 
are often caused not by a lack of supply but rather by 
unequal distribution. In addition to inequality, poverty 
and a highly unequal distribution of political and eco-
nomic power are also seen as key factors in the glob-
al water crisis (Calow and Mason, 2014). The unequal 
distribution of water and the overexploitation of wa-
ter resources can be seen, among other things, in the 
higher water consumption of higher-income population 
groups in urban areas. In Cape Town, for example, the 
richest 14 % of residents consume 51 % of the city’s wa-
ter, while low-income households and those in informal 
settlements, which make up 62 % of the urban popu-
lation, consume only 27 % of water (Fig. 3.2-4; Savelli 
et al., 2023). At the same time, it is the socially disad-
vantaged groups and informal settlements that often do 
not have the infrastructure needed to collect or drain 
heavy rainfall, for example, or to ensure access to water 
over longer dry periods. As a result, the impact of the 
increasing interdependence of climate change and so-
cio-political circumstances is steadily growing. Groups 
that are already vulnerable and characterized by ine-
qualities, such as girls and women, multidimensionally 
poor people (multidimensional poverty goes beyond the 
measurement of income and includes education, health 
and standard of living; see Chapter 2) and children, are 
further disadvantaged by the unequal distribution of wa-
ter, and existing water problems are increasing (Schleifer 
and Otto, 2019). Climatically and ecologically induced 
problems with the water supply and distribution defi-
cits reinforce each other.

3.3
Consequences and challenges caused by damage 
to the health of species, ecosystems and humans

The increasing climate crisis and pollution, and the 
associated effects on hydrological processes, envi-
ronmental conditions and, not least, on biodiversity 
will have direct and indirect consequences for human 
health (Section 3.3.2), also impacting on the health of 

other organisms and – associated with this – on the 
functionality and species composition of ecosystems 
(Section 3.3.1). The threat ranges from restrictions 
on the performance of individuals, including humans, 
due to physiological effects and infections, to the loss 
of habitats and negative impacts on the cohesion and 
functioning of ecosystems and societies, and on the 
stabilization of the water balance used (Capon et al., 
2021; Caretta et al., 2022; Scherer et al., 2023; Albert 
et al., 2021).

3.3.1
Impacts on freshwater ecosystems, organisms 
and biodiversity

Freshwater ecosystems worldwide are already severely 
and irreversibly damaged and increasingly restricted in 
their functionality and provision of ecosystem servic-
es (WBGU, 2023; IPCC, 2022, 2023a; Section 2.2.1). A 
number of these ecosystems have already been largely 
lost because of drainage; the remaining systems are still 
at risk due to the combination of the various exacerbated 
challenges (Sections 3.1, 3.2). These negative changes – 
such as the restrictions on the water supply and quali-
ty, reductions in the resilience of aquatic ecosystems or 
even their complete loss – will continue without effec-
tive countermeasures (Fig. 3.3-1).

All ecosystems, both aquatic and terrestrial, contribute 
to the global hydrological cycle (Section 2.1). Freshwater 
ecosystems in particular are increasingly under threat; 
they are already becoming degraded, and this process 
will continue faster than that of terrestrial ecosystems 
in the future unless the trend is reversed (Fig. 3.3-1; Al-
bert et al., 2021; Vari et al., 2022). Bodies of fresh water 
around the world are particularly affected by rising glob-
al temperatures, as both water quality and water quan-
tity are greatly influenced by atmospheric temperature 
conditions. This is further exacerbated by the dispro-
portionately high degree of alteration and destruction 
compared to other ecosystem types, including drainage 
by humans. Human intervention increases the vulnera-
bility of freshwater ecosystems to the effects of climate 
change and limits their adaptability (Capon et al., 2013; 
Reid et al., 2019; Capon et al., 2021). As global warming 
continues, the increasing intensity and duration of heat-
waves, and the reduced mixing of the water column due 
to the formation and separation of water layers based on 
their different temperatures (Section 2.2.1.2), will also 
aggravate oxygen depletion; this will be exacerbated by 
the growing release and accumulation of CO2 (Woolway 
et al., 2021; Polazzo et al., 2022, Parmesan et al., 2022: 
200; Capon et al., 2021). This further impairs the wa-
ter quality for organisms and their communities, while 
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at the same time increasing demand for oxygen (Capon 
et al., 2021), e.g. in rivers in the Mediterranean region 
(da Silva et al., 2023).

Climate change is also altering the water levels in 
lakes and the seasonal water volumes of rivers (Sec-
tion 3.1.1.3). This influences connectivity, i.e. the in-
terconnectedness of the water bodies (Parmesan et al., 
2022: 200), or leads to changes in nutrient content and 
water quality with corresponding consequences, e.g. for 
the food web (Caretta et al., 2022: 618). At the same 
time, the (seasonal) ice cover of lakes and rivers will de-
crease (Parmesan et al., 2022). In extreme cases, more 
frequent and more intense extreme events can lead to 
the loss of the entire freshwater ecosystem. The negative 
effects of droughts in particular are also occurring more 

frequently in our latitudes, as was the case in large ar-
eas of Europe in the summers of 2018, 2019, 2020 and 
2022 (Buras et al., 2020; Blauhut et al., 2022). The in-
creasing (seasonal) variability and extreme fluctuations 
in the water supply, together with increasing physical 
and chemical changes, can have drastic consequences 
for all freshwater and terrestrial ecosystems worldwide.

The stressors described lead to ongoing changes in 
species composition and to the disruption of interac-
tions between species, e.g. changes in predator-prey or 
dominance relationships, and new types of biological 
communities are formed. This leads to changes, often 
simplifications of ecological processes and functions in-
volving a reduction in their resilience (Pecl et al., 2017; 
Caretta et al., 2022; Parmesan et al., 2022; Seebacher 
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et al., 2023). At the same time, the distribution areas of 
freshwater species are increasingly shifting polewards 
and to higher altitudes as a result of temperature changes. 
Although these changes are smaller in scale, their mech-
anisms are comparable to those already observed in the 
ocean (or in some cases on land) and are predicted to 
have increasingly drastic effects in the future (Pörtner 
et al., 2014). Changes in the time indicators (‘zeitgebers’, 
i.e. external influences that affect the internal clock of 
an organism, e.g. light or temperature) on land and in 
water – e.g. a temporal change in the ambient temper-
ature in spring – lead to an ever earlier onset of spring 
flowering, spawning or to an extension of the growing 
season (Parmesan et al., 2022: 200). Similar phenom-
ena are effective on land and also lead to earlier water 
consumption by the vegetation (Parmesan et al., 2022: 
225). As a result, the temporal consistency of different 
ecological processes is lost. The time windows for ac-
tivities and growth between and within species and life 
stages no longer overlap, which will affect their custom-
ary interactions in the future, for example in food intake, 

competition or reproduction. These processes not only 
change and threaten existing ecosystems (Section 2.2.1), 
but also create new ones with unforeseeable composi-
tions and unknown properties. For example, the increas-
ing melting of glaciers is creating post-glacial ecosystems 
whose future ecological conditions and characteristics 
may vary from region to region and are generally still 
poorly researched (Bosson et al., 2023).

Specialist (especially cold-dependent) species and spe-
cies that are found only on glaciers or in glacier-dominated 
habitats (endemics) will lose their habitats (Bosson et al., 
2023: 566). Individual refugia may persist (Wilkes et al., 
2023), but the spread of different post-glacial ecosystems 
will “locally enlarge the habitats, ecological connectiv-
ity and adaptability of generalist species” and lead to a 
homogenization of habitats (Bosson et al., 2023: 566).

Seasonal changes in the water volumes of rivers, for 
example, as well as droughts and floods, are leading to an 
increasingly limited supply of water for flora and fauna. 
Terrestrial animals have adapted to fluctuations in water 
supply in different ways. Some mammals, such as camels 
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Figure 3.3-1
Conceptualization of global threats to freshwater ecosystems. The entire planetary action space is shown by the ellipse of cli-
mate change (pink). The individual freshwater bodies can be positioned within this action area according to the combination 
of threat categories to which they are exposed. Overexploitation occupies the centre of the space because it is the earliest and 
sometimes only threat to freshwater biodiversity in remote or sparsely populated areas. Most bodies of freshwater are located 
in areas where three or more threat categories overlap.
Source: Dudgeon, 2019
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and some rodents, can use water extremely economically 
and even manage with the water gained from the oxidation 
of dry food; accordingly, they will also be more resilient 
to fluctuations in the water supply in the future. Others, 
not least humans (Section 2.1; Section 3.2.2), react very 
quickly to a lack of water with health problems, especial-
ly if they are exposed to heat. In combination with heat, 
increasing water scarcity and droughts will lead more 
and more to mass extinctions of wildlife in terrestrial 
and freshwater ecosystems as well as the marine coastal 
zone (intertidal zone, shallow lagoons and rock pools). In 
addition, the composition of the vegetation will change 
(Parmesan et al., 2022; WBGU, 2023).

For example, the vegetation’s water requirement in-
creases with rising temperatures and will eventually no 
longer be met as soil moisture decreases, even if precipi-
tation remains constant or even increases. The result will 
be vegetation shifts and transitions towards dry forests, 
steppe formation and, finally, desertification, if the plants 
dry out or the lethal heat-tolerance limit is exceeded and 
the vegetation dies off. Due to rising temperatures, increas-
ing drought and falling groundwater levels, the percentage 
of native trees that are damaged will also rise from year 
to year, the productivity of the vegetation will fall and 
the adaptation limits of some species will be exceeded 
(Teskey et al., 2015; Hammond et al., 2022). Especially in 
monocultures, pests like the bark beetle can then spread 
more easily. Increasing pest infestations and the subse-
quent use of biocides in forestry could also damage water 
quality. In particular, the application of pesticides close 
to the ground to damaged wood stored in the forest (i.e. 
trees damaged by storms, ice or insect pests, for exam-
ple) can lead to leaching from the adjacent soil surfaces 
into surface waters and deeper soil layers and possibly 
entry into the groundwater (Kahle and Nöh, 2009; Rive-
ra-Dávila et al., 2021). Due to the poor biodegradability 
and the disruptive effect on the hormone balance (en-
docrine disruptors), this can be associated with negative 
effects for insects, aquatic organisms and, not least, for 
humans (Section 3.3.2; UBA, 2017; UBA and BMU, 2017; 
Tang et al., 2021). Examples of toxic substances include 
cypermethrin products, which have only been banned in 
the EU since 2021, and lambda cyhalothrin in forestry. 
Both substances are now characterized by the EU as en-
vironmentally harmful biocides (new priority or priority 
hazardous substances under Directive 2013/39/EU of 
the European Parliament and the Council).

The increasing dryness of forests due to water short-
ages and a lack of precipitation also increases the risk of 
forest and steppe fires worldwide (IPCC, 2021b). Increas-
ing flooding outside the normal regime (Section 3.1.1) is 
also detrimental to the productivity and health of eco-
systems and their inhabitants, fuelling disease and the 
death of wildlife, not least through drowning but also 

through habitat destruction (WBGU, 2023). The increas-
ing salinization of freshwater is also a threat to vegetation, 
wildlife and entire freshwater ecosystems (Grieger et al., 
2020; Jeppesen et al., 2023). Not only will the supply of 
drinkable water continue to decrease in the future but 
also biodiversity in brackish water. This is confirmed 
by the observation that freshwater and marine ecosys-
tems achieve a higher biodiversity than brackish-water 
ecosystems at stably different salinities. Excessive pre-
cipitation will also lead to increasing salinization (Sec-
tion 3.1.1) on coasts or in lagoons and put pressure on 
marine organisms and communities. This also applies 
especially in the extensive intertidal zones (mudflats) 
of shallow seas such as the North Sea.

Rising pollution (Section 3.1.3) also further restricts 
organismic performance when concentrations that are 
hazardous to health are reached. Climate change, bio-
diversity loss and pollution can also harm the purifying 
microorganisms in the groundwater and thus further 
reduce water quality. Pollutants, increasing heat stress 
due to climate change, and possibly also increasing ge-
othermal use interact and endanger the purifying micro-
organisms (Blum et al., 2021). Overall, a further decline 
in water quality is predicted worldwide, and there are 
also fears for Germany that water quality in ecosystems 
will come under further pressure in the future due to 
the pollutants introduced (UBA, 2018b)

In total, a loss of habitat or habitat quality is becoming 
apparent, especially for terrestrial and freshwater ecosys-
tems – a loss which is determined not only by tempera-
ture extremes but also by the supply of freshwater. The 
supply of water is fundamental to plant growth – and 
therefore to the functioning of ecosystems like forests 
or grasslands. Conversely, healthy ecosystems such as 
forests are essential for locally stable freshwater avail-
ability. Water is therefore not only important for biodi-
versity; biodiversity is also important for water. Howev-
er, biodiversity will continue to decline in the future as 
warming progresses and precipitation patterns change, 
except in the scenario with the lowest greenhouse-gas 
emissions (IPBES, 2019: XLI; Caretta et al., 2022: 617).

This is exacerbated in many aquatic and terrestri-
al ecosystems by declining water quality, for example 
due to the input of nutrients and the resulting increase 
in eutrophication and deoxygenation (IPBES, 2019a: 
349, 61). In a scenario by Albert et al. (2021), the pro-
jected changes up to 2050 are shown as extrapolations 
of the changes since 1970 (Fig. 3.3-2). As long as no 
tipping points are crossed, such a development presup-
poses that human behaviour does not change (‘busi-
ness as usual’, BAU) and that no transformative action 
is taken. It is becoming clear that this is not an option 
for a sustainable future. The projected increased loss of 
biodiversity due to intensification and the associated 
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loss of ecological functions within freshwater and oth-
er ecosystems is increasingly jeopardizing the services 
provided by nature, which also support human life on 
planet Earth (Lynch et al., 2023).

3.3.2
Increasing impact on human health

Human living conditions can also change so unfavoura-
bly that local livelihoods and food supplies are no longer 
guaranteed. Changes in water quality and quantity and 
the associated lack of safe water are only part of the 
threat scenario. Water scarcity, pollution and flooding 
affect people both directly and indirectly. They can re-
sult in the permanent loss of health, healthcare and hy-
giene facilities, social structures, and even a large number 
of human lives. Irregular or insufficient water supplies 
compromise not only the vitality of individual people 
and their performance in society but ultimately also the 
performance of society as a whole, with corresponding 
economic and socio-political consequences. This affects 
not only the ability to prepare for repeated loss events 
and limit risks through adaptation, but also to maintain 
economic performance in the event of increasingly in-
tense loss events (IPCC, 2022a, 2023b).

3.3.2.1
Supply and quality of drinking water
Like other organisms, humans need a stable supply of 
water in sufficient quantities and of sufficient quality 
(Section 2.1). Rising ambient temperatures increase the 
daily basic requirement (Jequier and Constant, 2010), so 
that the supply of sufficient drinking water is an existen-
tial prerequisite for successful heat-protection measures 
in the climate crisis. In the context of increasing heat-
waves, heat-protection measures serve to prevent health 

problems, in particular to protect vulnerable groups such 
as people with pre-existing conditions, the elderly, chil-
dren and pregnant women.

Water shortages could cause drinking-water wells to 
dry up or become contaminated. There are already exam-
ples of this today, and they will become more frequent 
in the future. The situation has worsened in particular 
in the Middle East, North Africa, southern Africa, the 
west coast of Latin America, Central Asia and Indonesia. 
But Australia, parts of the USA and the Mediterranean 
region are also facing major challenges (IPCC, 2022a). 
In low-income countries especially, this could lead to 
people having to cover even longer distances to obtain 
drinking water. This task is still performed almost ex-
clusively by women. Differences between rich and poor 
and between the sexes threaten to become more pro-
nounced, with drastic physical health consequences for 
disadvantaged individuals (Romanello et al., 2023). Wa-
ter is not only needed for drinking, but is also irreplace-
able for hygiene and sanitation (WASH, clean water and 
sanitation). Here, the United Nations’ successes in the 
battle for SDG 6 could be cancelled out by advancing 
climate change (UN, 2018). In addition to drought and 
drought-related water scarcity, higher water temperatures 
and more frequent flood events increase the pressure 
on the continued existence and further development of 
safe WASH conditions, especially in countries with in-
adequate wastewater treatment (Mora et al., 2022; UN 
Water, 2023; Section 3.1.3).

While floods can flush faeces and contaminated soil 
into surface waters and drinking-water-supply systems, 
droughts and high temperatures lead to a decrease in wa-
ter volumes and a concentration of pollutants and germs, 
creating a preferred breeding ground for vectors of in-
fectious diseases and parasites. The number of associated 
diseases could rise again worldwide (Mora et al., 2022).

Furthermore, the quality of medical care also depends 

Figure 3.3-2
Trends in global biodiversity from a 1970 baseline. Living 
Planet Index (biodiversity indicator) for freshwater vertebrate 
populations (blue), terrestrial vertebrate populations (green) 
and global wetland loss (grey). The model of global wetland 
loss was adjusted to the data from 1700 to 2000 and plotted 
for compatibility with the Living Planet Index datasets from 
1970 to 2050. Historical estimates as solid curves with 95 % 
prediction intervals. Data as cumulative proportions of  
global totals.
Source: Albert et al., 2021
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significantly on the quality of the water supply (e.g. pa-
tient care including intravenous fluids or dialysis) or has 
an influence on it through its own environmental im-
pacts (e.g. hazardous medical waste and chemicals), i.e. 
it can itself contribute to exacerbation (Sugg et al., 2020; 
WBGU, 2023). The dangers posed by medical waste such 
as X-ray contrast media, antiepileptics, antihypertensives, 
antibiotics and hormonal contraceptives are explained in 
detail in the WBGU report ‘Healthy living on a healthy 
planet’ (WBGU, 2023: 182 ff.). While the increasing use 
of pharmaceutical products in the EU is being counteract-
ed, e.g. with the fourth purification stage in wastewater 
treatment plants (Section 7.1), there could be increasing 
contamination of water bodies in some regions world-
wide with residues and metabolized trace substances 
from municipal wastewater, medical facilities and phar-
maceuticals production – with an increased likelihood of 
exposure and associated health risks for the people in the 
affected regions if wastewater treatment is inadequate. 
The increasing relocation of production to low-income 
countries and the associated water pollution due to a 
lack of, or less stringent, environmental regulations is a 
growing problem for the health of aquatic systems and 
local human health (Ranjan et al., 2022).

The same applies to the administration of growth-pro-
moting hormones in livestock farming, which is banned 
in the EU but is practised in countries outside the EU. 
As meat consumption rises, an increase in hormones in 
water and drinking water is to be expected (Cheng et al., 
2020; Yazdan et al., 2022). In the EU states, as in other 
countries, the use of hormones in livestock farming is 
regulated but not completely prohibited. The development 
in targeted animal reproduction is extremely worrying. 
In pig fattening in particular, hormone preparations are 
increasingly being used to trigger superovulation (mul-
tiple ovulations) in sows, or to achieve mass synchroni-
zation and accelerated menstrual cycles. These measures 
are designed to maximize production yield and minimize 
costs. In addition to the extremely questionable method 
of hormone production in horses (pregnant mare serum 
gonadotropin, PMSG; Manteca Vilanova et al., 2019), the 
general public may be faced with high costs, as there has 
been little research into the mass use of PMSG and more 
expensive, synthetic alternatives and their release into 
the environment and thus into the water bodies. Yet ef-
fects on the endocrine system and the development of 
aquatic organisms are highly probable.

Another health threat is the uncontrolled release of 
antibiotics into the water bodies (Larsson and Flach, 
2022). Bacteria living in water or hosts can develop an-
tibiotic resistance and, if transmitted to humans, can no 
longer be combated with reserve antibiotics, or only to a 
very limited extent. One reason for this is the excessive 
and inappropriate use of antibiotics in humans and in 

agriculture (WBGU, 2023). Like the WHO, the WBGU 
sees this as one of the greatest current threats to global 
public health (WHO, 2022b).

3.3.2.2
Physical and psychological dangers of  
increasing extreme events
Floods have direct impacts on people’s health, both 
physically (injuries, possibly fatal) and psychologically 
(anxiety, depression and post-traumatic stress disorder), 
as well as through the loss of medical care (staff and 
infrastructure) or access to it. While, according to the 
Lancet Countdown Report 2023, the risks of flooding 
in high-income countries have decreased due to infra-
structural flood-protection measures, additional efforts 
must be made to improve the prediction and assessment 
of the exacerbating challenges from flood disasters (Ro-
manello et al., 2023).

Floods have both short-term and long-term health con-
sequences (WBGU, 2023). Long-term exposure to water 
is life-threatening for humans as land-living organisms. 
In addition to the risk of drowning as a result of (flash) 
floods, or burial in landslides, there is a growing risk of 
psychological stress for people who experience evacua-
tion or the loss of their homes or even their entire home 
regions. “The main causes of morbidity among affected 
residents and relief workers immediately after floods are 
injuries and wound infections, inflammatory reactions 
of the skin, conjunctiva and respiratory tract, as well 
as a worsening of pre-existing chronic diseases”(WB-
GU, 2023). Flooding of sewage-treatment plants, agri-
cultural land, industrial areas or contaminated soil can 
release toxic chemicals. Pathogens can also be flushed 
from these sources into surface water or groundwater 
(WBGU, 2023). The rising frequency of flooding will 
therefore increasingly restrict quality of life and eco-
nomic success in the future. If the future global tem-
perature were to increase by 1.5 °C, human losses due 
to flooding would increase worldwide by 70 – 83 % and 
direct flood damage by 160–240 % – depending on so-
cio-economic development – compared to the reference 
period 1976–2005 (Dottori et al., 2018).

Progressive climate change will lead to an expansion 
of the world’s arid regions, in which an estimated 30 % 
of the world’s population already live today (WBGU, 
2023). The percentage of land areas affected by (extreme) 
drought each year has already risen from 18 % in the 
period 1951–1960 to currently 47 % (2013–2022) and 
will continue to rise (Romanello et al., 2023). The number 
and duration of droughts has increased by almost 29 % 
since 2000, with the highest number of drought-related 
deaths occurring in Africa (UN Water, 2023). A further 
intensification of these trends is forecast, as already ex-
plained in Section 3.1.3. Areas of the world that already 
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suffer from a lack of precipitation will be particularly af-
fected by extreme droughts (Section 4.3; UNESCO, 2020). 
This also makes a balanced diet increasingly difficult and 
can have a corresponding adverse effect on health. The 
WHO has estimated that 74,000 children under the age 
of five died from malnutrition in 2019, all of them in 
low-income countries (WHO, 2023). These children’s 
protein or energy requirements could not be adequately 
met. The consequences are underweight, underdevelop-
ment, short stature and diarrhoea. In 2019, 148 million 
children worldwide were underdeveloped and 45 mil-
lion suffered from malnutrition. Exacerbated challenges 
due to climate change could reverse the current trend 
of globally declining malnutrition, with unfavourable 
prospects for the future.

Further health risks for humans result from unfavour-
able changes in natural processes. Rising temperatures 
and periods of drought increase evaporation and reduce 
the amount of green water. Increasing forest dieback due 
to a lack of resilience to heat and drought, caused in part 
by the misguided forestry practices of recent decades, is 
leading to the loss of forests as living water reservoirs, 
and thus also increasing the risk of forest fires (Sec-
tions 2.2.1, 3.1.1; Romanello et al., 2023).

For humans, forest fires pose risks to life and limb, both 
through direct fatalities from wildfires and through the 
associated air pollution all over the world. Soot particles 
and, in some cases, highly carcinogenic compounds from 
fires will further reduce the quality of life by worsening 
air quality in the coming years. Successes in air-pollution 
control could be reversed. Respirable particulate matter 
(PM) also reduces life expectancy by between several 
months and several years due, in particular, to diseases 
of the respiratory and cardiovascular systems (Kirrane 
et al., 2019; Maximilian et al., 2023). Compared to the 
period 1995–2014, the number of days on which peo-
ple are exposed to a (very) high risk of forest fires on a 
global average is expected to increase by around nine 
additional days by the middle of the century, which cor-
responds to an increase of 11 % (Romanello et al., 2023).

3.3.2.3
Increasing spread of infectious diseases
The changed climatic conditions, combined with water 
shortages, pollution and extreme events such as more 
flooding favour the spread of infectious diseases. There 
will be an increase in e.g. gastrointestinal and respiratory 
diseases, as well as parasite infestations (IPCC, 2022b) – 
with dynamics that favour the uncontrolled spread of dis-
eases. The global rise in temperature favours the spread 
of vector-borne infectious diseases, since vectors such 
as the Aedes mosquito can spread further and further 
into previously temperate climate zones. At the same 
time, increasingly frequent flooding is leading to the 

spread of water-borne and vector-borne diseases such 
as cholera, diarrhoea, dengue, hepatitis A and E, lepto-
spirosis, parasitic diseases, rotavirus, shigellosis (bacterial 
dysentery) and typhoid. The Lancet Countdown Report 
2023 predicts that the transmission potential of dengue 
will increase by 36 – 37 % by the middle of the century. 
In a 2 °C global warming scenario, malaria could in fu-
ture spread to 23 % of hitherto malaria-free land areas 
(Romanello et al., 2023).

3.4
From global exacerbated challenges to regional 
water emergencies with a planetary dimension

Enormous efforts are already required in order to over-
come the challenges involved in dealing with water in 
systems influenced by humans – as outlined in Chap-
ter 2. Chapter 3 has outlined the emerging global in-
tensification of their influencing factors: these include 
climate change and pollution, socio-economic and ge-
opolitical developments, and damage to the health of 
species, ecosystems and humans. They could cause re-
gional emergencies with a planetary dimension that are 
almost impossible for humans to control. These exacer-
bated challenges do not exist in isolation, but can pro-
duce far more drastic effects in combination with others. 
These ‘compound impacts’ demonstrate the urgency of 
the transformation to sustainability (by changing funda-
mental system properties) in society, industry, transport, 
energy, infrastructure, land and space use, and in deal-
ing with natural ecosystems in order to avoid adverse 
developments and strengthen the resilience of affected 
systems. Chapter 4 uses five regions as examples (urban 
agglomerations, MENA region, Hindu Kush, Sub-Saha-
ran Africa, Central Valley) to illustrate where, why and 
how regional water emergencies have occurred beyond 
the spectrum of human experience. The emergencies 
discussed are of the kind that will not remain regionally 
limited, but will occur worldwide as recurring patterns, 
i.e. they will develop a global dimension.
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In particularly vulnerable regions, extreme water emergencies can develop that 
are beyond the scope of human experience. These crises destabilize societies 
and ecosystems. Examples include water scarcity in cities, droughts and flash 
floods in the MENA region, melting glaciers in the Hindu Kush-Karakoram-
Himalayan mountain range, water pollution in Sub-Saharan Africa or ground-
water overexploitation in the Central Valley. These water emergencies can 
overburden societies regionally and also harbour global risks. Similar patterns 
occur in many other parts of the world.

The exacerbated water-related challenges described in 
Chapter 3 can lead to regional water emergencies with 
a planetary dimension.

4.1
The new scale of regional water emergencies

In recent years, changes have occurred in natural wa-
ter availability and water supply that are outside the 
range of variability experienced to date in many re-
gions around the world. This applies to the extent of 
the changes (from regional to planetary), the frequen-
cy and duration of droughts, the scarcity of water re-
sources, and the more frequent occurrence of extreme 
precipitation and flooding (IPCC, 2022b; Reichhuber et 
al., 2022;  UNESCO, 2023). The WBGU uses the term 
‘exacerbated water-related challenges’ to describe the 
consequences of climate change for the hydrological 
cycle, water availability, water quality and the increas-
ing human pressure on water resources (such as rising 
per-capita water consumption; Chapter 3). Geopolitical 
upheavals, too, can make sustainable water management 
and cooperation in transboundary water use more diffi-
cult (Kloke-Lesch and Hornidge, 2023).

4.1.1
Changes beyond the scope of human experience

Depending on regional conditions, exacerbated water-
related challenges can escalate into regional water emer-
gencies, the extent of which can go beyond the scope 
of human experience. These water emergencies result 
from a mutual intensification of the water-related chal-
lenges outlined above. These are therefore generally not 
isolated phenomena but complex cascades of effects or 
‘compound risks’ associated with, among other things, 
considerable health risks or even death (IPCC, 2022b). 
The WBGU defines regional water emergencies with a 
planetary dimension as crises that arise from the inter-
play of exacerbated water-related challenges (Chap-
ter 3). Water emergencies can be observed worldwide 
as recurring, typical patterns; they are characterized by 
a large number of affected people and can damage large 
natural areas and their biodiversity. The extent and dy-
namics of these water emergencies can exceed hitherto 
manageable risks. The increasing changes in the natural 
hydrological cycle – from melting glaciers in the Hima-
layas (Section 4.4) to overexploited groundwater in the 
USA (Section 4.6) – can develop into regional hotspots 
with their own dynamics. Regional water emergencies 
can compound existing problems, e.g. in the water, san-
itation and hygiene (WASH) sector, and contribute to 
further societal polarization. They cause humanitarian 
emergencies either directly or with a time lag. These are 

Regional water emergencies with a 
planetary dimension 4
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MENA region

São Paulo

Chennai

Hindu Kush-Karakoram-
Himalaya

Central Valley

Sub-Saharan Africa 

characterized by a significant loss of quality of life – the 
loss of living space and health – and even premature death. 
Water emergencies can have far-reaching, even transre-
gional consequences and lead humanity into increasingly 
uncertain spheres of action and a diminishing capacity 
to act. In their dynamics and interactions with exacer-
bated water-related challenges, regional water emergen-
cies can cause a planetary emergency (e.g. food crisis).

4.1.2
Examples of regional water emergencies: 
overview

This section presents examples of regional water emer-
gencies with a planetary dimension which, as patterns 
occurring worldwide (Table 4.1-1), could become a global 
challenge in the medium to long term. They have hardly 
been recognized by the public to date and present risks 
with a high probability of occurrence and a potentially 
high level of damage. They should therefore urgently 
be given greater political attention. Five regional water 
emergencies are highlighted below which could repeat 
themselves in a similar way – or are already occurring – 
in many regions of the world (Fig. 4.1-1):

	> water scarcity in cities, e.g. Chennai, India, and São 
Paulo, Brazil (Section 4.2),

	> the increase in droughts and flash floods in the Mid-
dle East/North Africa region (MENA; Section 4.3),

	> melting glaciers in the Hindu Kush-Karakoram-Him-
alayan mountain range with risks for the major river 
basins (Section 4.4),

	> increasing water pollution in many places: the exam-
ple of Sub-Saharan Africa (Section 4.5),

	> the depletion of groundwater that can be observed 
worldwide due to overexploitation and climate change, 
illustrated here by the example of the Central Valley 
in the US state of California (Section 4.6).

The examples given outline, among other things, ways of 
dealing with these emergencies; at the same time, they 
also address limits of adaptation, health risks and possi-
ble limits of controllability (Chapter 5; Fig. 5.1-1). These 
(regional) limits were almost exceeded, for example, dur-
ing the Cape Town water crisis in 2015–2018 (Schleifer 
and Otto, 2019). This water crisis brought Cape Town 
and its approximately 4.6 million people to the brink 
of Day Zero, the day when the metropolis would have 
had no more water (Hill-Lewis, 2023). The local water 
emergency was just averted (Schleifer and Otto, 2019; 
Hill-Lewis, 2023; Simpson et al., 2023). Cape Town’s wa-
ter crisis was the result of mismanagement and drought. 

Figure 4.1-1
Geographical location of the examined regional water emergencies with a planetary dimension. Icons mark the cities and  
regions analysed in this section: the Central Valley in the USA, São Paulo in Brazil, Sub-Saharan Africa, the Middle East and 
North Africa (MENA) region, the Hindu Kush-Karakoram-Himalayan region and Chennai in India.
Source: WBGU
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The likelihood of lower rainfall and droughts in southern 
Africa has increased five to sixfold as a result of climate 
change (Pascale et al., 2020). In June 2023, a water 
emergency was also declared in Montevideo (Uruguay). 
In addition to cities, larger regions can also be affected: 
the regional government of Catalonia (Spain) declared a 
water emergency and restricted water use from February 
to the beginning of May 2024 due to water shortages.

Another example is the melting of glaciers in the Hindu 
Kush-Karakoram-Himalayan mountain range. Depend-
ing on the climate scenario, the ice mass and glacierized 
area in this region is expected to decrease by 20–65 % 
by the end of the century (Yao et al., 2022). The gla-
ciers are important sources for some river basins in the 
greater region, e.g. the upper Indus Basin, where 40 % 
of total runoff comes from glacier melt water (Lutz et al., 
2014). The Hindu Kush-Karakoram-Himalayan region 
is a granary of global importance: 61 % of rice produc-
tion, 35 % of wheat production and 24 % of maize pro-
duction come from the region (Hu and Tan, 2018; Sec-
tion 4.4.2.1). In the lowland plains of the region, e.g. in 

the Indus Basin lowlands, agriculture is predominantly 
irrigated (Scott et al., 2019).

Fundamental changes to water regimes are becom-
ing increasingly likely due to insufficient efforts in 
 climate-change mitigation. This makes it all the more 
important to act early when it comes to adaptation, even 
if the crisis scenario is still decades away. Otherwise, 
there is a risk of increasing societal destabilization with 
growing potential for conflict over ever scarcer water re-
sources and corresponding security-policy consequences.

Mitigating progressive climate change and biodiversity 
loss, as well as critical changes in water availability, qual-
ity and supply, must therefore be given top priority in 
order to maintain human societies’ ability to act. If efforts 
remain below the required level, humanity will leave its 
safe sphere of action. The progressive narrowing of the 
room for manoeuvre in dealing with climate-change-re-
lated adversities or intolerable developments means that, 
at a certain point, the limits of adaptation (depending on 
resilience) and thus the limits of controllability will be 
reached (Chapter 5). In extreme cases, the result will be 

Table 4.1-1
Selection of regional water emergencies occurring worldwide. The table provides examples of other regions and cities affected 
by the five crisis patterns shown.
Sources: He et al., 2021; Hugonnet et al., 2021; Hock et al., 2019; UNCCD, 2023; Chaplin-Kramer et al., 2019; Jones et al., 
2023; Wen et al., 2017; Scanlon et al., 2023

Crisis patterns Examples of affected regions and cities

Water scarcity in cities Megacities affected all year round (2016):
	> Bangalore, Beijing, Jakarta, Lahore, Lima, Los Angeles, Mexico City,

Moscow, New Delhi,

Droughts and flash floods A drought emergency was declared in 22 countries worldwide in 2022–2023:
	> South and North America: Canada, Uruguay, USA
	> Europe: Germany, Greece, Great Britain, Italy, Portugal, Romania, Serbia, Spain
	> Africa: Djibouti, Mauritania, Niger
	> Asia: China, India, Indonesia, Kazakhstan, Sri Lanka,
	> Oceania: Kiribati, Marshall Islands, Tuvalu

Melting glaciers and loss of water 
reservoirs

	> Alaska
	> Alps
	> Hindu Kush-Karakoram-Himalaya
	> Southern Andes
	> Western Canada and Western USA

Water pollution 	> North India
	> East China
	> Sub-Saharan Africa
	> Central and Northwest Mexico

Overexploitation of groundwater 	> Arabian Peninsula, Iran (Middle East)
	> Central Valley (USA)
	> Central and Southern High Plains (USA)
	> Don and Dnieper basins (Eastern Europe)
	> Ganges-Brahmaputra Aquifer (India)
	> Hai He River Basin and Aquifer of the North China Plain (China)
	> São Francisco Basin (South America)
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an inability to act, with negative consequences for the 
well-being and health of humans and nature. The transi-
tion from controllability to uncontrollability depends on 
the respective general adaptive capacities and the ability 
and willingness of societies to build or restore resilience, 
for example through the application of capital, technol-
ogies and lifestyle changes and the willingness to make 
corresponding efforts.

4.2
Water scarcity in cities and urban agglomerations

In the last 20 years, over 80 large cities and metropol-
itan regions worldwide have been affected by severe 
water shortages (Rusca et al., 2023). The number of 
reports about cities at risk of running out of water is 
growing (Cremades et al., 2021; He et al., 2021; Rusca 
et al., 2023). Montevideo declared a water emergency in 
June 2023, Barcelona and the Catalonia region in Febru-
ary 2024. Many cities are already overwhelmed by the 
challenge of adapting their infrastructure to the speed 
and dynamics of urban growth, especially in low- and 
middle-income countries. This problem constellation can 
also be found globally. More frequent or more intense 
extreme weather events also make undesirable develop-
ments in urban development more noticeable, especially 
the lack of unsealed surfaces and green spaces that can 
(help) regulate the urban water balance. The following 
section shows the dimensions of this pattern of urban 
water scarcity, which occurs repeatedly around the world, 
illustrated by two examples (Boxes 4.2-1, 4.2-2) and 
outlines the associated challenges.

4.2.1
Impact patterns, extent and projections

The growth of cities and their populations, the increasing 
pressure on water resources, exacerbated by the impact 
of climate change, are the driving co-factors of increas-
ing water scarcity in urban agglomerations worldwide.

4.2.1.1
Impact patterns
In 2016, over 30 % of the urban population lived in are-
as where water was scarce (He et al., 2021). Lack of sur-
face water, soil sealing, overexploitation of groundwater 
(abstraction exceeding regeneration) and the increase in 
the demand for water caused by urbanization and rising 
per-capita water demand are the main drivers of urban 
water shortages (He et al., 2021; Flörke et al., 2018; Mc-
Donald et al., 2014). Leaks in the water infrastructure 
are exacerbating the water shortages. Due to the rap-
id urbanization, two thirds of humanity, i.e. 6.6 billion 
people, will live in cities by the middle of the century, 
which means an increase of 2.5 billion people; this will 
raise the pressure on urban water resources (UN, 2019; 
WBGU, 2016). 90 % of this growth will take place in 
Asia and Africa, with the strongest growth expected in 
cities with a population of up to 1 million people (IPCC, 
2022c: 65 f.). According to calculations, urban demand 
for freshwater is expected to rise by up to 80 % by 2050 
(He et al., 2021). Urban regions in Asia and Africa are 
considered high-risk locations because of the projected 
climate change (Chapter 3) combined with unplanned, 
rapid urbanization (IPCC, 2022c). If global warming con-
tinues unabated, the contribution of climate change to 
the worldwide increase in urban water scarcity will rise 
significantly in the future (IPCC, 2022b). The situation 
is exacerbated by the competition for use between the 
water requirements of the growing cities and the agri-
culture of the surrounding regions, as well as by the in-
fluence of climate change (Box 4.2-2).

4.2.1.2
Current extent and projections
The number of people living in cities who are confronted 
with water scarcity will increase from 933 million people, 
i.e. one third of the global urban population, in 2016 to 
1.6 to 2.4 billion people, i.e. one third to almost half of 
the global urban population, in 2050 (Fig.   4.2-1; He et 
al., 2021; UNESCO, 2023). Depending on the scenario, 
the number of major cities affected by water scarcity will 
increase from 193 to up to 284, including 10–20 meg a
cities (Box 4.2-1). More and more cities will be depend-
ent on imported water sources, transfers between water 
catchment areas and freshwater from desalination plants 
(Sahu and Debsarma, 2023).

According to United Nations data, 42 % of the world’s 
urban population live in cities or urban agglomerations 
with a total population of fewer than 300,000 people 
(the UN defines medium-sized cities as those with a 
population of 1–5 million; WBGU, 2016: 42 f.). As the 
future global urbanization dynamic will primarily af-
fect small and medium-sized cities, it is not enough to 
assess global urban water scarcity solely by evaluating 

> 933 million 
urban dwellers today are affected 
by water shortages

30–50 %
of the world’s population will be affected 
by 2050

approx. 80 %
growth in urban demand for water 
expected by 2050
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the exposure of major cities. Yet studies on global urban 
water scarcity often focus on large cities. Calculations on 
the urban population affected by water scarcity that take 
into account all categories of city size and not just major 
cities are correspondingly higher than the calculations 
of other studies (He et al., 2021; Fig. 4.2-1). While He 
et al. (2021) come to the conclusion that the number of 
people affected by water scarcity will rise from 933 mil-
lion in 2016 to 1.7–2.3 billion in 2050, the figures from 
older studies are 150–810 million for the year 2000, 
320–650 million for 2010 and 0.5–1.4 billion for 2050 
(Flörke et al., 2018; McDonald et al., 2014).

A study of the water situation in the world’s 482 
largest cities (736 million people or 26 % of the world’s 
population) revealed that 27 % of the cities analysed, 
i.e. 233 million people, will have a future water demand 
that exceeds the volume of available surface water. This 
poses a considerable risk to urban water security, since 

around 80 % of the world’s cities meet their water needs 
primarily from surface water (Flörke et al., 2018). Ris-
ing urban water demand also increases the pressure on 
groundwater resources. In 238 of the cities analysed, 
groundwater abstraction exceeded recharge, with an 
upward trend until 2050. 61 cities were completely de-
pendent on groundwater use.

A study by McDonald et al. (2014) looks at urban ag-
glomerations with populations of more than 750,000 peo-
ple; globally, there are 150 such urban regions with a 
total of 1.5 billion inhabitants. The study shows that 
despite the use of water canals or the transport of wa-
ter by lorries and trains, a quarter of the cities studied 
were affected by water shortages because the technical 
measures taken to date could not fully compensate for 
the lack of water (McDonald et al., 2014). The study 
also explicitly considers the possibilities of urban water 
infrastructures in dealing with water stress (Box 4.2-1).

Figure 4.2-1
Global overview of water scarcity in cities. The map shows cities affected by water scarcity worldwide in 2016 according to 
city-size category, population and geographical location. In a global comparison, cities in India and China are most affected by 
seasonal and year-round water shortages. Around 20 % of the world’s urban population suffers from seasonal water shortages, 
while about 12 % are exposed to this problem all year round.
Source: He et al., 2021
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4.2.2
Unequal living conditions and water (in)security

How water scarcity affects the urban population is es-
sentially shaped by the different living conditions and 
vulnerabilities. This applies in particular to low- and mid-
dle-income countries, where a considerable proportion 
of the urban population lives in informal settlements. 
Informal settlements and urban neighbourhoods are 
particularly affected by unsafe water supplies and a lack 
of wastewater disposal, and the people living there are 
often subject to risks to their livelihoods and health in 

the event of a crisis (Simpson et al., 2023). About a bil-
lion people currently living in informal settlements are 
considered especially vulnerable – and the trend is ris-
ing (UN-Habitat, 2022). Securing the urban water sup-
ply for the entire urban population will be one of the 
major challenges of the coming decades.

The planning authorities are often particularly hesi-
tant when it comes to building infrastructure in informal 
settlements to avoid their subsequent legalization. While 
urban elites in cities with water shortages can often af-
ford a high level of water consumption – e.g. by drill-
ing their own wells, maintaining green spaces, owning 

Box 4.2-1

Water crisis in São Paulo,  
Brazil, 2014–2016: implementation deficits  
of urban water legislation

Between 2012 and 2016, Brazil experienced one of the worst 
droughts in its history, culminating in a serious water crisis in 
the growing metropolitan region of São Paulo in 2014–2016. 
Around 20 million people live in this metropolitan region, about 
a third of them in favelas (informal settlements) or in slum-like 
conditions (Daniels, 2021). At the beginning of 2015, the water 
level in the Cantareira system (network of reservoirs supplying 
the city with water) fell to around 5 % of the total volume 
(Slater, 2019), triggering the worst water crisis in 80 years 
(Ozment and Feltran-Barbieri, 2018). The situation improved 
again in March 2016 after sufficient rainfall. The 2014–2016 
drought crisis in São Paulo was caused in particular by man-
agement and planning failures, corruption, deficiencies in the 
maintenance of water-supply infrastructure and the effects of 
climate change (Slater, 2019).

Management and planning failures: although São Paulo 
has water regulations, they are often ignored or only imple-
mented in a fragmentary manner (Slater, 2019). In Brazil, 
the financing of infrastructure projects is also lengthy and 
prone to corruption (Slater, 2019). In addition, the author-
ities oriented their water policy towards scenarios based on 
long-term average precipitation, even though the effects of 
climate change altering water availability had already been 
scientifically proven (Soriano et al., 2016). Political failure also 
played an indirect role. In September 2012, when the drought 
was already taking its course, the Brazilian government cut 
electricity prices by 20 % (“the population can consume all 
the electricity it wants because it is cheap and abundant”, 
Slater, 2019: 14), leading to an increase in electricity con-
sumption. Since about half of Brazil’s electricity is generated 
by hydropower, the pressure on water resources increased 
further due to the increased storage volume required by the 
dams of the country’s hydropower plants.

Increasing weather extremes: the frequency of droughts in 
south-east Brazil has increased significantly in recent years 
(Fearnside, 2021). The first half of 2018 saw another extreme 
drought, causing winter water levels in the reservoir of the state 

of São Paulo to fall to their lowest level in 17 years (Gozzo et 
al., 2022). 2020 and 2021 again saw unusually low rainfall. 
Deforestation of the Amazon rainforest is regarded as one of 
the main drivers of increasing droughts in Brazil. The Ama-
zon rainforest transports large amounts of moisture into the 
atmosphere, which rains down again as precipitation, also in the 
south and central Brazil – a phenomenon described as ‘flying 
rivers’ (Getirana et al., 2021; Fearnside, 2021). In addition to 
climate change, the El Niño period between 2012–2015 also 
exacerbated the crises.

Government measures: in anticipation of an acute water 
crisis, an emergency plan was developed to supply the 500 
most important buildings, e.g. hospitals, administration, prisons 
and police, but this was not made public for fear of unrest. 
The majority of the water supply would then have had to be 
provided via distribution points in public places (Watts, 2017). 
Thanks to timely precipitation, this did not occur.

In 2014, the state of São Paulo introduced financial incen-
tives for more efficient water use with information campaigns 
and a bonus programme for saving water; this reduced con-
sumption by 17 %. After the crisis was considered to be over 
in March 2016, this bonus programme was terminated again, 
a decision that was criticized as short-sighted (Slater, 2019). 
Reductions in consumption and losses caused by leaking pipes 
were to be achieved by lowering the water pressure in the 
pipe systems, which led to a temporary interruption of the 
water supply and was associated with an increased risk of 
water pollution (Watts, 2017; Soriano et al., 2016). In the 
end, the efforts to compensate for the water deficit were 
unsuccessful, and water availability in São Paulo plummeted 
by 74 % over the course of 2014. This resulted in protests 
(Slater, 2019).

The measures taken by the government of the state of São 
Paulo were often criticized as being too expensive and poorly 
timed (Soriano et al., 2016; Slater, 2019). The major infrastruc-
ture projects decided on at the time, such as the construction 
of canals and reservoirs or the procurement of water from 
other federal states, could not be realized ad hoc, and were 
unsuitable as short-term solutions. Improving the water-stor-
age capacity in the catchment area of the Cantareira system 
using nature-based solutions has hardly been discussed to 
date, but offers great potential as an ‘invisible reservoir’.
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swimming pools and having water delivered by tank-
er – poor groups have difficulties securing their basic 
supply of clean drinking and sanitary water (Rusca et 
al., 2023). For this reason, average values for the water 
situation in cities often do not show the whole picture. 
A more differentiated overview is provided by data on 
access to water and water consumption that is broken 
down by socio-economic groups and urban neighbour-
hoods (Savelli et al., 2023). Even political decisions on 
the urban water supply do not always provide for basic 
needs or follow justice-based criteria, for example when 
water from ultra-modern desalination plants is used for 

industrial purposes instead of ensuring a basic supply 
for the population. In the event of a crisis, the potential 
for conflict and protest arises in particular when deci-
sions on prioritizing supplies or rationing are made in a 
non-transparent manner and are inadequately or belat-
edly communicated. In many cases, this is a policy fail-
ure on the part of the public sector.

Box 4.2-2

2019 water crisis in Chennai,  
India: water shortage in one of the world’s  
rainiest megacities

In June 2019, India’s fourth-largest city Chennai (11 million 
people live in the metropolitan region) was affected by the 
most severe water crisis in 30 years; like the water crisis in 
Cape Town, it was also referred to as the Day Zero Crisis. Just 
a few years earlier (2015), the city had experienced the worst 
flooding in 100 years. Although Chennai’s annual rainfall of 
1,400 mm is above the Indian average, the city has the lowest 
per-capita water availability of India’s megacities (Kalia, 2020). 
The groundwater level has been falling for years. After all four 
of the city’s large water reservoirs fell below 1 % of capacity 
due to insufficient monsoon rainfall (90 % of rainfall occurs 
during the north-east monsoon in November and December) 
and thus practically dried up, the city’s water supply fell into 
crisis. The four reservoirs normally provide 60 % of the city’s 
water supply; during the dry season, the water supply is secured 
by using groundwater, the rest is delivered by tanker lorries. 
Groundwater supplies were also exhausted in June 2019. The 
city’s groundwater is overexploited and the groundwater level 
has been sinking for years (Kalia, 2020). During this crisis, the 
city’s water supply could only be guaranteed by procuring 
additional drinking water by lorry and train, and the price of 
bottled water quadrupled (Mukherjee, 2022). Droughts also 
change the dynamics of groundwater contamination, leading 
to increased health risks when these sources are used for the 
urban water supply (IPCC, 2022b: 926). For example, periods 
of drought can lead to an increased accumulation of pollutants 
in the groundwater. Similarly, the natural runoff into surface 
waters decreases during prolonged dry periods, so that the 
proportion of sewage water (sewage treatment plant effluent) 
and the substances and germs it contains increases accordingly; 
this has a direct impact on aquatic ecosystems and an indirect 
impact on drinking-water production (via bank filtrate) (Kara-
kurt et al., 2019). In Chennai, the forced use of less safe water 
resources and the resulting reduction in personal hygiene led to 
an increased outbreak of water-borne diseases such as typhoid, 
cholera and worm infections (Mukherjee, 2022).

The crisis was triggered by insufficient monsoon rainfalls 
between 2016 and 2018. The 2018 monsoon season was the 

driest since measurements began, with precipitation reaching 
only around 60 % of the average level (Mukherjee, 2022). The 
heatwave from May to June 2019 then led to an acute supply 
crisis. The deeper historical causes lie in the extensive draining 
and filling (often with waste) of water bodies in and around 
the city to make room for the construction of buildings and 
infrastructure in the rapidly growing metropolis. Traditionally, 
Chennai had a centuries-old network of rivers, lakes, wetlands, 
irrigation and drainage systems that formed the basis of irrigated 
agriculture and provided an important buffer for the dry season. 
Massive sealing in the course of rapid urbanization drastically 
reduced the city’s water-storage capacity and greatly increased 
the risk of flooding during heavy rainfall. In addition, the 
rising number of private wells being drilled deeper and deeper 
caused the groundwater level to drop sharply; in some cases, 
saltwater also penetrated the groundwater in Chennai’s now 
densely built-up coastal zone (Mukherjee, 2022). Between 
1893 and 2017, the area of surface water in the city fell from 
12.6 km2 to 3.2 km2 (Bhalla, 2021). Between 2010 and 2020 
alone, fast-growing Chennai lost 33 % of its wetlands and 
24 % of its agricultural land (Mukherjee, 2022). In future, 
the climate in the south of India will become drier and hotter, 
reinforcing this trend.

India has had a National Water Policy since 1987 to guide the 
planning and development of its water resources (Mukherjee, 
2022). The southern Indian state of Tamil Nadu aligned its own 
water policy with this in 1994, but has not yet adapted it to 
the updated National Water Policy of 2012, in which, among 
other things, adaptation to climate change and ecological aspects 
of the water balance are prominently anchored. Since 2003, 
all buildings have had to have rainwater-collection systems 
installed and in 2010, India’s largest desalination plant (reverse 
osmosis) was built in Chennai (UNICEF, 2021).

Government measures: as a short-term measure during the 
crisis, drinking water was transported over long distances by 
lorry and train and distributed at public distribution points. 
As a long-term measure, for example, more desalination plants 
are planned to improve the water infrastructure. In addition, 
monitoring of water resources is to be improved, the pipeline 
infrastructure upgraded and water use made more efficient. 
The ‘City of 100 Tanks’ initiative aims to rebuild the water 
reservoirs that used to exist around temples. Green spaces are 
to be created to improve the water-storage capacity.
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4.2.3
Challenges

The following challenges, among others, arise when over-
coming water scarcity in cities (Section 6.4):
1.	 Identifying suitable measures and speeding up their 

implementation: In many low- and middle-income 
countries, the development and expansion of in-
frastructure for safe and reliable water supply and 
wastewater disposal is lagging behind rapid urbani-
zation (Flörke et al., 2018).

2.	 Taking the potential and limitations of the entire wa-
ter catchment area into account: In order to develop 
suitable measures, cities affected by water scarci-
ty need an inventory of the current water availabil-
ity that can be used sustainably in a region. Under 
the conditions of advancing climate change, this is 
also essential as a basis for developing early-warn-
ing systems. In addition to identifying suitable tech-
nical solutions, an assessment of the nature-based 
potential – i.e. the contributions of nature such as 
an urban region’s water-storage capacity (green and 
blue water) – can provide orientation for the maxi-
mum sustainable size of a city threatened by water 
scarcity. The services and potential of nature for the 
urban water balance have often been overlooked in 
the past and can also play an important role in adapt-
ing cities to climate change.

3.	 Upgrading the infrastructure of informal settlements 
and informal urban neighbourhoods: Informal settle-
ments, which expect strong growth rates in the fu-
ture, are particularly affected by an insecure water 
supply and wastewater-disposal system and often at 
existential risk in the event of a crisis. It is precise-
ly there that planning authorities are often reluctant 
to build the necessary infrastructure.

4.	 Improving data quality on access to water and wa-
ter consumption: Average figures on the water situ-
ation in cities often do not show the whole picture 
because access to water and water consumption of-
ten vary greatly between neighbourhoods and so-
cial groups. Urban data collection should therefore 
be more spatially and socially differentiated.

5.	 Ensuring monitoring of the implementation of regula-
tions and a clear allocation of responsibilities: In cit-
ies or neighbourhoods where a formal water supply 
has been established and suitable legal regulations 
on the sustainable use of water are in place, the im-
plementation of these requirements should be mon-
itored. In many cases, the relevant disciplines are 
also insufficiently integrated. The water levels of 
the municipal water resources must be continuous-
ly monitored. Emergency plans must be drawn up 
for the event of an acute water crisis (e.g. if a water 

emergency is declared) – some cities have already 
started doing this.

6.	 Securing funding for adaptation measures: The need 
for financing to build sustainable water infrastructures 
is a constant challenge in view of the high urbani-
zation dynamic and the changing conditions caused 
by climate change. Improving the efficiency of wa-
ter use and other measures require better-adapted 
solutions, combined with a different prioritization of 
investments and available funds in the given finan-
cial room for manoeuvre.

7.	 Taking the limits of urban growth into account in plan-
ning scenarios: Finally, there are also some cities that 
will not be able to effectively solve the problem of 
water scarcity with infrastructure measures alone 
(e.g. New Delhi, Lahore, Cape Town or Lima). Such 
cities often continue to grow rapidly. Here, changing 
course towards sustainable water use is made difficult 
by the overexploitation and pollution of ground and 
surface water, inefficient urban water management 
(e.g. water losses due to leakages, high water con-
sumption by industry and households, inadequate 
forward-looking planning, or corruption), the degra-
dation of natural areas, a lack of financial resources 
and the increasing pressure from diminishing water 
availability. This can put limitations on adaptation at 
an early stage and lead to an insufficient water sup-
ply. In places where the necessary amounts of water 
are no longer available, the energy required to extract 
water is too great and the long-distance transport of 
water is too costly, further urban growth stands in the 
way of sustainable development. The high water re-
quirements of thermal power plants in urban centres 
often exacerbate the situation. This raises the ques-
tion of the local limits to growth in cities (Cremades 
et al., 2021; He et al., 2021). If all available means 
have been exhausted and in-migration restrictions 
have not been sufficient, a timely organized, order-
ly withdrawal of parts of the population may be the 
only sensible option in the event of a foreseeable 
existential threat to the water supply.

8.	 Taking precautions for an emergency and creating re-
silient healthcare structures: In the event of an urban 
water crisis, there may be an increased incidence of 
water-borne diseases. Healthcare systems can quick-
ly reach their limits or be overwhelmed by extreme 
events such as flooding. In low- and middle-income 
countries, informal urban neighbourhoods are par-
ticularly affected. The contamination of water with 
pathogens as a result of inadequate wastewater sys-
tems and after flooding, as well as the increased use 
of contaminated water during water shortages, fa-
vours the spread of infectious diseases (e.g. diarrhoe-
al diseases), accompanied by the risk of epidemics. 
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In particular, fleeing to other urban neighbourhoods 
or regions can contribute to the spread. Emergency 
plans that pay particular attention to vulnerable and 
informal neighbourhoods and resilient structures in 
healthcare facilities can effectively curb these dy-
namics and prevent – or at least contain – the spread 
of epidemics (Grimm et al., 2022; Kruk et al., 2017; 
Truppa et al., 2024). Examples include the creation 
of reserves of drinking water, disinfection facilities 
and emergency reserves of hygiene products, med-
icines and medical supplies in safe locations. Ap-
propriate measures must be adapted to local condi-
tions with the involvement of local authorities and 
organizations – where necessary, with the support 
of the United Nations and non-governmental aid 
organizations.

The intensifying water scarcity in cities and urban ag-
glomerations is a growing global problem that could af-
fect many people; if left unresolved, it holds considera-
ble potential for destabilization. This problem therefore 
deserves greater attention in international sustainability 
politics, as well as in bilateral and multilateral cooperation, 
and requires committed, forward-looking action. Trans-
formation research for sustainable urban development 
is making important contributions here (BMBF, 2023).

4.3
Increase in the number of droughts and  
flash floods in the MENA region

As a semi-arid or arid region, the MENA region (Middle 
East and North Africa) has always been characterized by 
scarce water resources (Fragaszy et al., 2020; Ozturk et al., 
2021). The region is currently home to almost 6 % of the 
world’s population, but only around 1 % of the world’s 
renewable freshwater is located in the MENA countries 
(Fragaszy et al., 2020; Namdar et al., 2021). Between 
2007 and 2018, the per-capita availability of renewa-
ble freshwater in the region decreased by an average of 
24 % (SIWI and UNICEF, 2023). Changing precipitation 
patterns, increasing aridity and droughts, heavy rainfall 
events and flash floods, and above all overexploitation, 
accompanied by major governance challenges in the 
equitable distribution of the few available freshwater 

resources are already leading to water shortages and un-
equal water availability for both humans and the envi-
ronment in the region today. Today’s challenges are pri-
marily political in nature, but in the future water scarcity 
in the region is likely to increase further due to projected 
climate change and increasing pressure of use, exacer-
bating the situation for humans and nature (Chapter 3).

4.3.1
Impact patterns, extent and projections

The last few decades have been among the driest of the 
last millennium in the MENA region, accompanied by 
increasing periods of drought (Fragaszy et al., 2020). 
In addition to the increasingly noticeable impacts of 
climate change, particular problems are the years of se-
vere overexploitation of surface waters and, above all, 
aquifers, the insufficient quality of water reuse and the 
lack of regulation of water abstraction and pollution 
due to inadequate governance (Hall, 2024; Oberhauser 
et al., 2023). At the same time, the region has experi-
enced a shift in precipitation patterns over the last two 
decades (Loudyi and Kantoush, 2020). Heavy rainfall 
events and flash floods are a growing threat in some of 
the world’s driest regions (Yin et al., 2023). A current 
example for the MENA region is the heavy rainfall and 
flooding caused by Storm Daniel in autumn 2023. The 
floods in Libya, caused by the bursting of the Mansour 
and Derna dams, claimed more than 4,000 lives; more than 
8,000 people are still missing and more than 40,000 have 
become internally displaced (OCHA, 2023). The MENA 
region is not ‘accustomed’ to heavy rainfall events. The 
soils, some of which are overused and have been desic-
cated by drought, cannot absorb the water volumes in 
the short term (Yin et al., 2023), and the infrastructure 
and drainage systems are often inadequate or non-ex-
istent (Loudyi and Kantoush, 2020). In addition, most 
settlements are located near rivers or in floodplains (Yin 
et al., 2023). The risk of flooding and drought contin-
ues to increase and is likely to disproportionately affect 
socially disadvantaged and poor population groups in 
particular (World Bank, 2018).

The MENA region will simultaneously be one of the 
areas hardest hit by the negative effects of climate change, 
with many MENA countries likely to experience signif-
icantly hotter and drier conditions (Lange, 2019; Nam-
dar et al., 2021; Hajat et al., 2023). In addition to more 
aridity and longer-lasting droughts, more heavy rainfall 
events, floods and flash floods are also forecast (Senev-
iratne et al., 2021; Ozturk et al., 2021; Yin et al., 2023; 
Section 3.1.1). Heat extremes will become more intense 
and more frequent and exceed tolerable conditions for 
humans, leading, among other things, to higher mortality 

6 % 
of the world’s population live in the 
MENA region

only 1 %
of global freshwater resources is 
available there

24 %
decline in per-capita renewable freshwater 
availability between 2007 and 2018
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(IPCC, 2021, 2022a; Hajat et al., 2023). At the same 
time, the risk of flooding and salinization in coastal re-
gions and low-lying deltas is increasing due to rising sea 
levels. A large proportion of the population lives on the 
coasts, particularly in the North African countries of the 
MENA region (Lange, 2019; World Bank, 2018). Many 
capital cities and administrative centres are located in 
coastal regions; their infrastructures are therefore highly 
vulnerable. Many cities in the region also do not have 
the appropriate infrastructure to deal with flash floods 
like those of recent years (Loudyi and Kantoush, 2020).

4.3.2
Increasing water scarcity: negative consequences 
for humans and nature

As climate change progresses, water scarcity in the MENA 
region will continue to increase (Namdar et al., 2021). The 
more frequent and more intense droughts will lead to con-
siderable water shortages and negative socio-economic 
consequences. The simultaneous increase in pressure from 
human use will further exacerbate this situation. From 
a global perspective, the region expects the worst eco-
nomic losses as a result of climate-related  water scarcity 
(6–14 % of gross domestic product by 2050; World Bank, 
2018). Droughts are among the most ‘costly’ natural haz-
ards in economic and social terms (Fragaszy et al., 2020). 
They have a considerable impact on national budgets, 
export earnings and import bills in the region, and they 
contribute to social inequality, rural flight and political 
unrest (Fragaszy et al., 2020) and also have a negative 
impact on health (Section 3.3.2). Dust and sandstorms, 
which are intensified by droughts and degraded land, 
also lead to losses in prosperity in the region amounting 
to around US$150 billion per year (Keynoush, 2022). At 
the same time, the likelihood of increased flooding and 
flash floods in this region is growing, with correspond-
ing effects on human health. In addition, the effects of 
progressive sea-level rise increase the number of fatali-
ties, the economic damage, further costs and the risk of 
having to retreat (Lange, 2019; Sections 3.1.1.6, 3.3.2).

4.3.2.1
Dwindling water resources due to 
unsustainable use
Increasing water scarcity is a major challenge for food 
security in the MENA region – both now and in the 
future (Keulertz, 2019; Tull, 2020). This is influenced, 
among other things, by the way in which the remaining 
water resources are used. In the MENA region, more 
than half of water consumption (mainly from ground-
water use) is unsustainable, i.e. more water is consumed 
than is available on a renewable basis (Global Blue Water 

Sustainability Index for Surface and Ground Water; World 
Bank, 2018: 12 f.). It is therefore a “global hotspot of 
unsustainable water use” (World Bank, 2018: 38). Un-
sustainable water use and water pollution also threaten 
freshwater and marine ecosystems in the region. Accord-
ing to estimates, 17 % of freshwater species are current-
ly threatened with extinction in the Arabian Peninsula 
alone (World Bank, 2018).

A large proportion of regional water consumption is 
attributable to agriculture. This also includes losses in 
agriculture, in processing, distribution and consumption 
(World Bank, 2018). Agricultural irrigation practices in 
particular pose an enormous threat to many aquifers in 
the region (Fig. 4.3-1; Gaub and Lienard, 2021). Fluctu-
ations in the surface-water availability are balanced out 
by using groundwater to secure the water supply and 
income for agriculture (World Bank, 2018). However, 
these groundwater resources are finite. Increasing water 
pollution from wastewater and saltwater intrusion are 
also affecting the availability of water for agricultural 
irrigation. The pollution of freshwater and marine water 
bodies results in damage to health due to water-borne 
diseases and even the loss of ecosystem services, e.g. 
the supply of food from fishing (World Bank, 2018).

Over the past decades, policies in the MENA region 
have not promoted a sustainable demand for water, and 
water wastage has not been reduced. Irrigated agricul-
ture expanded from the 1950s; governments built hun-
dreds of dams, the population grew and their standard 
of living rose (1950–2000: the population quadrupled 
to approx. 380 million people; Hall, 2024). As early as 
the 1980s and 1990s, groundwater in Syria, Jordan and 
Yemen was no longer being used sustainably. Many states 
subsidized diesel, which meant, among other things, 
that farmers were able to pump groundwater from ever 
greater depths. The combination of population growth 
and an unsustainable, ‘ambitious’ agricultural policy has 
led to the loss of freshwater resources. Oases and water-
ways such as the Tigris, Euphrates and Jordan are now 
no more than trickles due to agricultural policies and 
the construction of dams. In addition to other untreated 
wastewater, agricultural runoff also pollutes freshwater 
resources and further depletes them. The irreversible 
nature of the condition of non-renewable and overex-
ploited freshwater resources, especially finite ground-
water resources, is now inevitably having an impact on 
policies. The Iraqi government used to subsidize diesel, 
water, seeds, fertilizers and pesticides, for example, or 
provide them free of charge. In 2022, the Iraqi Ministry 
of Agriculture cut irrigation for agriculture by 50 %. The 
Autonomous Administration of North and East Syria has 
rationed water for agriculture (Hall, 2024).



Increase in the number of droughts and flash floods in the MENA region   4.3

99

Irrigated
Highland mixed
Rainfed mixed

Dryland mixed
Pastoral
Sparse,
non-arable land

Farming System

Areas irrigated
with less than 50 %
of groundwater

Areas irrigated
with 50 % or more

of groundwater

Rain by 2040–2059 under RCP 8.5

70
50
30

10

0
[mm/year] Less

reain
More
rain

Water  use

Figure 4.3-1
Projected precipitation changes and agricultural water consumption in the MENA region. The upper map shows projected 
precipitation changes in the MENA region from 2040–2059 under the RCP8.5 scenario. The changes vary among regions. Areas 
where surface water and rainwater are the main sources of irrigation will be most affected by reduced precipitation. The lower 
map shows groundwater as a proportion of total water consumption by agriculture, which is the main consumer in the region 
at 85 %. In many parts of the region, groundwater accounts for more than half of the water used for agricultural irrigation. 
Groundwater supply is expected to decrease by a third by 2050.
Source: Gaub and Lienard, 2021: 15
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The population of this arid and semi-arid region 
is  dependent on the few river systems, wetlands and 
groundwater-fed oases, but the effects of climate change 
and continuing overexploitation are causing lasting dam-
age to these ecosystems. Degraded ecosystems are re-
inforcing regional megatrends such as migration, while 
abandoned land in turn accelerates soil degradation in 
rural areas (Houdret and von Lossow, 2023; Hall, 2024). 
Due to the increasing loss of soil moisture, changes in 
precipitation patterns and quantities, and extreme tem-
perature conditions, this negative trend will continue to 
increase in the future (IPCC, 2023).

The agricultural sector already consumes more fresh-
water in the region today (85 %; Fig. 4.3-1; IWMI, 2024) 
than the global average (~70 %), and consumption could 
be even higher in drought years in the future (World 
Bank, 2023). Many nations in the region are depend-
ent on agriculture as their source of employment and 
income; in Morocco, for example, the figure is almost 
30 % (World Bank, 2023). However, the foundations 
for maintaining this sector are increasingly dwindling, 
as can already be observed in northern Syria, south-
ern Iraq and Jordan (Houdret and von Lossow, 2023). 
Groundwater levels are expected to have fallen by a third 
by 2050. Areas whose agriculture depends on surface 
water and rain will be most affected by the decline in 
precipitation (Fig.  4.3-1). Water-intensive agricultural 
exports, too, currently consume a lot of water in some 
countries in the region. 

As individual access to groundwater depends on finan-
cial, technical and social resources, water resources are 
available in disproportionately large amounts to locally 
influential groups or companies (e.g. large agricultural 
companies). The majority of the population then have 
less water available for their production and life-support 
systems (Houdret and Amichi, 2022; Oberhauser et al., 
2023; Hall, 2024).

The region is a net importer of virtual water. The largest 
share of virtual water flows is attributable to the import 
of food products, with grain and high-quality food being 
the most important agricultural products associated with 
the import of virtual water (Antonelli et al., 2017). For 
example, the world’s nine largest wheat importers are 
MENA countries (Abouelnaga, 2019). The MENA region 
imports virtual water from every region of the world. 
The USA is the largest single exporter, followed by Ar-
gentina, Australia and Brazil (Fig. 4.3-2). This involves a 
high degree of vulnerability to price fluctuations on the 
global market, particularly for socially disadvantaged or 
low-income population groups.

4.3.2.2
Effects on political and societal stability  
and conflicts
In general, the MENA region is characterized by a high 
degree of political instability and has been suffering 
from conflicts for decades (Namdar et al., 2021). Some 
of these tensions have grown historically and are mo-
tivated by religious and ethnic differences or those be-
tween social classes, but they are also fuelled by geopo-
litical powers. At the same time, the effects of climate 
change are leading to further polarization and societal 
tensions (Section 3.2.2; Gleick, 2014; Falkenmark et al., 
2019; Abouelnaga, 2019). Climate change can therefore 
increase the risk that transboundary water competition 
between states and countries in the MENA region will 
lead to direct or proxy conflicts. On the other hand, some 
analyses show that this can provide an opportunity for 
bilateral cooperation and diplomacy (Wehrey and Faw-
al, 2022), because it gives an impetus for less political-
ly sensitive starting points for regional cooperation in 
the water sector (Houdret and von Lossow, 2023). Two 
thirds of freshwater resources in the Middle East comes 
from transnational sources. The dams in Turkey provide 
an example; they have contributed to a 30 % decline in 
the volume of water in the Iraqi part of the Euphrates-Ti-
gris Basin over the last four decades (Houdret and von 
Lossow, 2023). Political stability in the region can also 
be weakened by internal (civil) conflicts, which can arise, 
for example, as a result of reduced water availability and 
the associated higher food prices or migration caused 
by drought or flooding (World Bank, 2016a). Depend-
ing on the extent and severity of future developments 
and the available resources, there is therefore likely to 
be more internal migration in the MENA region in the 
future, particularly from rural areas to cities (Tull, 2020; 
Wehrey and Fawal, 2022). This will in turn exacerbate 
the challenges relating to water security and stability in 
the region (World Bank, 2018; Section 4.2).

4.3.3
Key challenges as starting points for 
political action

High levels of water consumption and climate change 
can lead to increased tensions and a heightened poten-
tial for conflict in the region (Houdret and von Lossow, 
2023). As water is a key factor in the social contract, i.e. 
the agreements between societal groups and the state 
on mutual rights and obligations (Loewe et al., 2021), 
from the perspective of the nation state it has the po-
tential to spark anti-government protests and conflicts 
between users. In Lebanon, for example, an inadequate 
water supply has had a negative impact both on trust 
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in state institutions and on tensions between individual 
groups (Houdret and von Lossow, 2023). A reliable wa-
ter supply, protection against e.g. floods and droughts 
or participation in water-resource management (e.g. 
distribution, access, pricing) not only play an impor-
tant role for state legitimacy but also for the legitimacy 
of non-state actors. One example are efforts of the so-
called  Islamic State (IS) to improve the water supply in 
the areas it occupies (Houdret and von Lossow, 2023). 
Based on the developments and dynamics in the MENA 
region described above, two key future challenges are 
emerging: efficient water management is made more dif-
ficult by structural challenges in politics, society and the 
economy, and transboundary cooperation in the water 
sector is becoming increasingly difficult.

4.3.3.1
Difficult water management as a result of 
structural challenges
Despite different country-specific challenges in terms of 
economic development, poverty reduction and societal 
cohesion, there are structural challenges in the MENA 
region that reduce water-related adaptive  capacity to 
climate change. In addition to the lack of capacities 
among public institutions, these challenges include the 
high debt ratio, fragility and subsidies that are not com-
patible with the incentive structure for promoting cli-
mate-adaptation measures. 

Further problems in many countries in the MENA 
region make water management even more difficult: 

armed conflicts make regions partially inaccessible, or 
collected water-related data are not shared sufficient-
ly, hindering cooperation between sectors and states. 
Furthermore, fluctuations in the volume and quality of 
groundwater are invisible and are therefore often ne-
glected (Houdret and von Lossow, 2023). In the worst 
case, overexploitation can lead to it drying up. The dec-
ades-long overexploitation of groundwater resources 
(World Bank, 2018) has also been linked to a lack of 
control of illegal wells. For example, politically or eco-
nomically influential groups (e.g. informal neo-patrimo-
nial networks) often play an important role, using their 
influence in their own interests. They secure access to 
water resources, but undermine initiatives to limit water 
abstraction, which would be urgently needed, for exam-
ple to protect the environment (Oberhauser et al., 2023; 
Hall, 2024; Faysse, 2015; Houdret, 2012). Negative im-
pacts on sectors that are relevant for them (e.g. export 
agriculture) are averted, or implementation of the ini-
tiatives is prevented. In addition, water charges are not 
levied consistently, e.g. for water-intensive consumption 
by companies (Faysse, 2015).

It is becoming clear that the current overexploitation 
of groundwater resources in the MENA region is pri-
marily a political problem (Zeitoun et al., 2013; Sowers, 
2012). However, this is not just about political stability; 
it also raises the question of whether the way in which 
current policy-making is dealing with water scarcity in 
the region contributes to further societal fragmentation, 
thus creating, for example, exacerbated challenges that 

Figure 4.3-2
Virtual water trading in the MENA region in 2015. The map shows the (net) virtual water trade in the MENA region in 2015. 
The thickness of the arrows represents the relative amounts of imported water. The three most important import sources are 
North America (26 % of imported water), South America (20 %) and Asia (17 %).
Source: World Bank, 2018
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can lead to regional water emergencies with a planetary 
dimension. The case study of Jordan and groundwater 
use in Azraq showed that, despite interventions at the 
operational level aimed at technical aspects such as ir-
rigation efficiency or improvements to the water infra-
structure, only small efficiency gains were achieved and 
general patterns of overuse cannot be changed in this 
way. Interventions at the constitutional level, e.g. the 
allocation of groundwater, have the potential, at least 
in theory, to act as a lever to limit the unquestioned ac-
cess of influential sections of society to groundwater 
(Oberhauser et al., 2023).

4.3.3.2
Increasingly difficult transboundary cooperation
Some of the reasons why transboundary cooperation is 
becoming increasingly difficult include geostrategic con-
siderations such as the use of water for one’s own inter-
ests and water-shortage-related tensions, e.g.  between 
Iran, Saudi Arabia, Russia, Turkey and the USA as well 
as Kurdish regions (Houdret and von Lossow, 2023). 
Furthermore, conflicts can also exacerbate water risks, 
for example when water infrastructure is attacked dur-
ing conflicts (Borgomeo et al., 2021). Despite numer-
ous initiatives, water diplomacy has largely come to a 
standstill. Sweden, in co-operation with the United Na-
tions Economic and Social Commission for Western Asia 
(UN-ESCWA) and the United Nations Economic Commis-
sion for Europe (UNECE), has supported transbounda-
ry water management in preparation for the adoption 
of the UNECE Water Convention (Convention on the 
Protection and Use of Transboundary Watercourses and 
International Lakes). However, there are still very few 
agreements regulating regionally sustainable water man-
agement in the MENA region (Houdret and von Lossow, 
2023). They include, for example, the Water Convention, 
which was used to prepare an assessment of the North 
Western Sahara Aquifer System (NWSAS), thus enabling 
Algeria, Libya and Tunisia to develop joint solution strat-
egies (UNECE, 2024). The ‘Blue Peace’ initiative pursues 
transboundary and multi-sectoral investment plans and 
is thus committed to building trust in the field of water 
management in the Middle East.

The challenges described here underline the fact that, 
in view of the different vulnerabilities of the countries 
in the MENA region (Namdar et al., 2021), it will be im-
portant to identify the expected future developments of 
droughts and flash floods – and the associated poten-
tial ecological and socio-economic consequences – on 
a region-specific basis. This is a prerequisite for effec-
tively designing solutions and specific areas of trans-
formation and recognizing the limits of controllability 
at an early stage.

4.4
Melting glaciers in the Hindu Kush-Karakoram-
Himalayan mountain range: loss of natural  
water storage

The cryosphere fulfils an important buffer function: up 
to now, changes in runoff regimes due to climate change 
and atmospheric circulation patterns have been cush-
ioned by the annually recurring meltwater from the huge 
reservoirs of water in glaciers, especially during warm, 
dry periods. However, this buffer function is in danger 
of being lost worldwide, with far-reaching consequences 
for ecosystems and humans (Sections 3.1.1.3, 3.1.1.4).

Apart from the poles, the glaciers of the Hindu 
Kush-Karakoram-Himalayan mountain range (HKH 
mountain range) are the largest frozen freshwater res-
ervoirs on earth, which is why they are sometimes re-
ferred to as the ‘Third Pole’. They feed ten large river 
basins whose courses originate in eight countries (Af-
ghanistan, Bangladesh, Bhutan, China, India, Myan-
mar, Nepal and Pakistan) and flow through eight other 
countries. The ten river basins supply almost two bil-
lion people with water, i.e. a quarter of the world’s pop-
ulation (Fig. 4.4-1; Yao et al., 2022; Nie et al., 2021). 
However, these ‘Asian Water Towers’ are among the gla-
cier-based water systems most threatened by climate 
change and human (over-)use worldwide (Fig. 4.4-2; 
Immerzeel et al., 2020).

The consequences of climate change, especially melt-
ing glaciers, changing precipitation patterns and thaw-
ing permafrost, are changing the availability and quality 
of water for ecosystems and people in the HKH region, 
above all at high altitudes – but also in the lowlands. In 
addition, pressure of human use and the demand for 
water are increasing as a result of demographic change, 
socio-economic development and infrastructure devel-
opment in the vicinity of glaciers and rivers (e.g. for 
industry or hydropower). Hydropolitical conflicts and 
governance challenges make socially balanced and sus-
tainable water management more difficult. This com-
plex interplay makes the river basins in the HKH region 
particularly susceptible to water stress. The situation is 
particularly critical in the Indus Basin, where already 

2 billion 
people access their water from the region's 
river basins

200 million 
people are already suffering from increased 
water stress

20 % to 65 %
glacier loss depending on climate scenario
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more than 260 million people live, and the population 
is expected to grow by about 50 % by 2050 (Fig. 4.4.2; 
Scott et al., 2019; Immerzeel et al., 2020).

4.4.1
Impact patterns, extent and projections

The causes of the loss of glaciers and their buffer func-
tion in the Hindu Kush-Karakoram-Himalayan moun-
tains are outlined below. It is shown that rising water 
requirements will exacerbate the resulting water scar-
city in some regions.

4.4.1.1
Climate-change-induced glacier retreat and 
changes in runoff volumes
Like glaciers worldwide, the glaciers of the HKH moun-
tain range are also experiencing a steady decline due to 
climate change, which will continue in the future (Hock 
et al., 2019; Yao et al., 2022). Even without further 
warming, a loss of more than 20 % of the ice mass and 
glaciated area in the HKH mountain range is projected 

by 2100; this proportion will increase to a third (RCP2.6), 
a half (RCP4.5) or up to 65 % (RCP8.5), depending on 
the scenario (Yao et al., 2022; Jackson et al., 2023). The 
projections differ for the northern and southern basins 
of the HKH region.

Vulnerability to the consequences of melting gla-
ciers and the associated changes in runoff volumes also 
depends on the extent to which river basins are fed by 
glacial meltwater (compared to rainwater).  Cryospheric 
components such as meltwater and permafrost play an 
important role in supporting baseflows, especially in 
the late summer months (Fig. 3.1-4; Section 3.1.1.3). 
In the region, the runoffs from the Indus Basin is par-
ticularly dependent on glacier meltwater, which contrib-
utes around 40 % of the total runoff in the upper Indus 
Basin (Lutz et al., 2014; Azam et al., 2021). However, 
this proportion will decrease with increasing warming 
(Fig. 4.4-3; Lutz et al., 2014; Scott et al., 2019; Cui et 
al., 2023). In the upper course of the Indus Basin, ‘peak 
water’ – i.e. the time of maximum total annual runoff 
(Section 3.1.1.3) – will be reached by 2045 (± 17 years; 
RCP 4.5) or 2064 (± 19 years; RCP 8.5), in most other 
river basins of the HKH region probably by the middle 

Brahmaputra (68)

Ganges (580)

Indus (268)

Tarim (11)

Irrawaddy (43)

Mekong (77)

Hindu Kush Himalaya

Major river basins

10 million people

Basin name
(population in millions)

Amu Darya (30)

Salween (18)

Yellow (198)

Yangtze (605)

Figure 4.4-1
The river basins and population of the Hindu Kush-Karakoram-Himalayan region. The map shows the number of people 
living in the region’s ten river basins (as of 2019). The most populous areas are the Yangtze Basin (605 million people), 
the Ganges Basin (580 million people) and the Indus Basin (268 million people). The Tarim Basin is the least populated 
with 11 million people.
Source: Scott et al., 2019
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of the century (Nie et al., 2021; Nepal et al., 2023). The 
problem is that the decline in total runoff volumes after 
peak water in the Indus and Tarim basins cannot be fully 
offset by an increase in precipitation (Nie et al., 2021). 
In addition, meltwater makes a decisive contribution to 
groundwater recharge at high altitudes; in the upper 
reaches of the Indus Basin, for example, meltwater ac-
counts for 83 % of annual groundwater recharge (44 % 
from glaciers, 39 % from snow; Lone et al., 2021). In the 
meltwater-fed river basins of the HKH region, the water 
supply for humans and ecosystems is therefore particu-
larly at risk in warmer and drier phases (June–October), 
when the snow cover has melted and precipitation does 
not contribute significantly to runoff. In precisely these 
phases, up to now glaciers have acted as important buff-
ers for the water supply (Fig. 3.1-4; Kraaijenbrink et al., 
2021; Hock et al., 2019).

Not only the quantity but also the quality of the 
available water is affected: the melting of glaciers and 
changes in the dynamics of snowmelt, precipitation and 

evaporation also lead to changing sediment and pollut-
ant loads, e.g. with POPs, PCBs, DDT, arsenic and heavy 
metals such as mercury, with considerable health conse-
quences for nature and humans (Hock et al., 2019; Ne-
pal et al., 2023; Rasul and Molden, 2019).

Retreating glaciers also have an impact on biodiver-
sity and ecosystems. The HKH mountain range is one 
of the mountain systems with the highest biodiversity, 
also due to its topographical and climatic diversity. Four 
global biodiversity hotspots are located wholly or partly 
in this region and provide many ecosystem services in 
the river catchment areas (Xu et al., 2019). Depending 
on the species and region, changes in water quantity 
and water quality associated with the melting of glaciers 
lead i.a. to altered and new habitats, shifts in distribu-
tion range, and changes in behaviour, phenology and 
primary production – with impacts on the functioning 
and ecosystem services of glacier and mountain eco-
systems and their biodiversity (Section 3.3.1; Jacobsen 
et al., 2012; Cauvy-Fraunie and Dangles, 2019; Rasul 

Figure 4.4-2
Vulnerability, importance for the water supply and projected changes in the main cryospheric water towers and associated river 
basins of each continent. The darker the colour of the polygons, the greater their importance for the water supply of ecosystems 
and society. The larger the polygon, the higher the vulnerability (decreasing from top to bottom), which was measured using 
changes in the following indicators: baseline water stress and government effectiveness in the basin; hydropolitical tensions; 
and projected changes in GDP, population (according to SSP2), precipitation and temperature between 2000 and 2050 (accord-
ing to CMIP5 RCP4.5). It is evident that the Asian water towers and the river basins connected to them, particularly the Indus 
Basin, are not only especially vulnerable but also of great importance for the water supply of humans and ecosystems.
Source: modified according to Immerzeel et al., 2020
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and Molden, 2019). The main ‘losers’ are high mountain 
species and those that are dependent on glacial condi-
tions (specialists). Species that can live in a wide range 
of environmental conditions (generalists) and colonize 
from downstream will be among the ‘winners’ because 
they do not inhabit such a specialized niche. The HKH 
region has a high proportion of endemic species, i.e. 
species that only occur here (Xu et al., 2019). These are 
found particularly in the biodiversity hotspots and are 
threatened by changes to their habitat, both as a result 
of climate change and direct human intervention such as 
infrastructure development, urbanization or agriculture. 
The Indian Himalaya is expected to lose a quarter of its 
endemic species by 2100 (Xu et al., 2019). Changes in 
vegetation and its productivity can in turn influence the 
timing, quality and quantity of water supply in the region.

4.4.1.2
Increasing water scarcity due to rising water 
demand and infrastructure projects
The reduced future water availability after peak water 
is reached is accompanied by an increasing demand for 
water for agriculture, industry and households through-
out the region, which is already becoming apparent. It 
is being driven primarily by demographic change and 
socio-economic development (Fig. 4.4-4; Maharjan et 
al., 2023). In some cases there are some major regional 
differences: in a study from 2022, the highest current 
demand for water in the region was recorded in the In-
dus Basin (~299 Gt per year, compared to ~5.1 Gt per 
year in the Salween Basin; Yao et al., 2022). For the HKH 
region as a whole, water demand is expected to increase 
by 11 % up to 2050 and by 18 % by 2090, compared to 
the 2006–2015 average, with high regional variability 
(Fig. 4.4-4; Yao et al., 2022).

Irrigated agriculture contributes to the increasing de-
mand for water in some parts of the larger HKH region, 
e.g. in the Indus Basin (Yao et al., 2022; Fig.  4.4-4). Inef-
ficient irrigation techniques and unsustainable water-use 

Figure 4.4-3
Relative changes in mean annual runoff in the river basins of the Hindu Kush-Karakoram-Himalayan region under varying 
degrees of warming. The bar charts show changes in precipitation (green), snowmelt (yellow) and glacier runoff (blue) when 
warming reaches 1.5 °C, 2.0 °C and 3.0 °C (left, centre and right bars). The changes differ between the river basins, with the 
share of precipitation in total runoff increasing in most river basins and the shares of snow and glacier melt decreasing. The 
decline in glacier meltwater is particularly pronounced in the Indus Basin.
Source: Cui et al., 2023
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strategies are exacerbating the situation (Rasul and Mold-
en, 2019). Furthermore, overexploitation of groundwa-
ter contributes to water stress, particularly in the Indus 
and Ganges basins (Nie et al., 2021). Increasing pressure 
on ecosystems is being exerted by energy-supply sys-
tems, especially hydropower, as well as by infrastructure 
projects and mining, which are in turn affected by cry-
ospheric changes (Section 4.4.2). Hydroelectric power 
plants, for example, are being built ever closer to glacial 
lakes; mining destabilizes soils and leads to pollution, 
and water-related infrastructure interferes with natural 
river courses (Scott et al., 2019; Hock et al., 2019). In 
the Indus Basin, these interventions have in some cas-
es resulted in reduced sediment transport downstream 
(Laghari et al., 2015).

The situation in the HKH region at the end of the cen-
tury is threatening: a reduced water availability will be 

accompanied by a rising demand for water, which will 
only increase the water stress that is already being ob-
served in some regions. In the long term, the Asian wa-
ter towers of the HKH mountain range will no longer be 
able to maintain their current share of the water supply 
(Immerzeel et al., 2020). The loss of the glaciers’ buff-
er function can be expected to increase water stress for 
humans and ecosystems in the region in the future. This 
could contribute to a destabilization of the region un-
less suitable and comprehensive adaptation measures 
are taken. In the HKH region, a variety of innovative 
measures are already being used to guarantee the water 
supply, e.g. rationing, constructing so-called ice stupas 
(artificial glaciers) or installing water tanks. Adaptation 
can also be observed in individual sectors such as agri-
culture (e.g. diversification of seeds, changes in sowing 
times; Maharjan et al., 2023). However, it is still unclear 
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Future changes in human demand for water in the Hindu Kush-Karakoram-Himalayan region. The map shows projections on 
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to what extent measures already in use can do justice 
to the medium to long-term changes – there is a need 
for research here.

4.4.2
Destabilization potential: water scarcity,  
natural hazards and geopolitical conflicts

The loss of the glaciers’ buffer function, quantitative and 
seasonal changes in runoff regimes, and increased nat-
ural hazards as a result of cryospheric changes involve 
considerable destabilization potential. There are already 
signs of impacts on the lifestyles and food security of 
people both in the high mountains and in the lowlands 
of the HKH region; these will intensify with increasing 
climate change, higher water demand and human over-
exploitation as well as possible political tensions (Chap-
ter 3). Three major sources of destabilization potential 
are outlined below as examples.

4.4.2.1
Increasing water scarcity: consequences for food 
and energy security
Agriculture, households, industry and the energy sector 
in the HKH region are dependent on an adequate water 
supply; however, for some river basins increased water 
stress is already becoming apparent. According to a report 
by China Water Risk, four of the eight countries in the 
HKH region are already affected by moderate to severe 
water stress: Afghanistan, China, India and Pakistan (Hu 
and Tan, 2018). In addition, four countries (Afghanistan, 
Bangladesh, Myanmar and Nepal) fall into the category 

of least developed countries (UNCTAD, 2024), and mul-
tidimensional poverty remains high, particularly in the 
mountainous regions of the HKH mountain range (Ger-
litz et al., 2015; Hunzai et al., 2011). Food security also 
remains a key issue (Maharjan et al., 2023). The melting 
of glaciers – particularly in the river basins fed to a large 
extent by glaciers, such as the Indus Basin (from which 
Afghanistan and Pakistan obtain around a quarter of 
their water resources) – will lead to increased conflicts 
of use, which will entail risks for food and energy secu-
rity and thus also for societal development.

Reduced runoffs in the summer months due to melt-
ing glaciers can lead to reduced agricultural yields and 
lower productivity, with devastating consequences for 
food security. Meltwater is essential for agricultural ir-
rigation and soil moisture – especially at high altitudes, 
although the effects can also be felt in the lowlands. The 
Indus Basin is particularly affected; here, more than 90 % 
of crops are irrigated and up to 60 % of irrigation out-
side the monsoon season depends on meltwater (Mold-
en et al., 2022; Biemans et al., 2019). In Ladakh, India, 
irrigation is completely dependent on meltwater (Nepal 
et al., 2023). Livelihoods depending on livestock farm-
ing are also under threat, e.g. due to changes in pasture 
landscapes (Maharjan et al., 2023). The livelihoods of 
129 million farmers in the Ganges and Indus river basins 
depend on meltwater (Biemans et al., 2019). Meltwater 
also plays an important role in the drinking-water supply 
at many high altitudes in the HKH region (Molden et al., 
2022). The effects will also be felt beyond the borders 
of the region, which acts as an important granary for 
Asia and is also pivotal to global food production: the 
eight countries of the HKH region are responsible for 

Figure 4.4-5
Food produced in the larger Hindu Kush-
Karakoram-Himalayan region as a percentage of 
global food production. The eight countries of the 
HKH region, in which the river courses originate 
(HKH 8: Afghanistan, Bangladesh, Bhutan, China, 
India, Myanmar, Nepal, Pakistan), for exam-
ple, account for 61 % of global rice production, 
41 % of global potato production and 24 % of 
global maize production. The rivers flow through 
eight other countries (Downstream 8: Cambodia, 
Kyrgyzstan, Laos, Tajikistan, Thailand, Turkmeni-
stan, Uzbekistan, Vietnam).
Source: Hu and Tan, 2018
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60 % of global rice production (Fig. 4.4-5), a very wa-
ter-intensive grain that is also an important staple food 
(Hu and Tan, 2018).

The energy sector will also be affected by the changes 
in the cryosphere. Hydropower plays a central role in the 
region’s electricity supply: in Bhutan, almost 100 % and 
in Nepal almost 93 % of the electricity supply comes from 
hydropower (Rasul and Molden, 2019). Hydropower is 
directly affected by changes in flow regimes (seasonal-
ity, discharge, sediment load) caused by glacial melting 
(Hock et al., 2019; Nepal et al., 2023). At the same time, 
it influences water regimes in uplands and lowlands, for 
example through river diversions, major construction pro-
jects, water storage and evaporation (Boxes 7.4-1, 7.4-2), 
with consequences for people and ecosystems (Scott et 
al., 2019; Pandit and Grumbine, 2012). The importance 
of hydropower in the region will continue to increase: 
installed hydropower capacity in the HKH region already 
accounts for a third of the world’s installed capacity, and 
there are initiatives to further increase production capac-
ity in all the countries of the region (Harlan and Hennig, 
2022; Hu and Tan, 2018).

The melting of the glaciers in the HKH mountain range 
is therefore very likely to reduce water availability in 
the long term for those countries and local communities 
that are already affected by moderate to severe water 
stress. Possible consequences are conflicts, (internal) mi-
gration and hunger (Molden et al., 2022). Agriculture 
and the energy sector are both affected by this water 
emergency and are drivers of the increased pressure 
of use on glaciers, river basins and ecosystems. Added 
to this, increasing urbanization also raises the pressure 
on available water resources and brings with it further 
challenges for water management (Rasul and Molden, 
2019; Section 4.2). Habitat changes, especially in the 
high mountain regions, mean that traditional and local 
knowledge can no longer be applied; this jeopardizes tra-
ditional agricultural practices in the highland communi-
ties, which have a high societal value (Hock et al., 2019; 
Namgay et al., 2014; Molden et al., 2022).

4.4.2.2
Increasing natural hazards: threat to human life 
and infrastructure
Natural hazards caused by glacial melting, combined with 
more frequent extreme weather events, are increasing-
ly threatening human settlements and infrastructure. 
Changes in the permafrost can heighten these risks, al-
though these have not yet been sufficiently researched 
(Rasul and Molden, 2019; Maharjan et al., 2023). Natural 
hazards associated with changes in the cryosphere in-
clude glacial lake outbursts, glacier collapses, ice and snow 
 avalanches and landslides. Not only might the frequen-
cy of such hazards increase in the future, vulnerability 

to these hazards will also rise, and individual events 
will increasingly develop into hazard cascades (Rusk et 
al., 2022; Nepal et al., 2023). Glacial lake outbursts are 
among the most serious natural hazards, and people in 
the HKH region are particularly vulnerable: almost a 
million people live less than 10 kilometres from glacial 
lakes (Taylor et al., 2023; Zhang et al., 2024). Glacial 
lake outbursts are not only a direct threat to human life, 
they can also have devastating consequences for agricul-
ture, (energy) infrastructure, mining and tourism (Zhang 
et al., 2023; Nie et al., 2023). The cryospheric changes 
in the region are making it possible to develop areas in 
the mountains that were previously inaccessible to hu-
mans. This will further increase vulnerability to natural 
hazards, especially if no adequate risk management or 
early-warning systems exist. The increasing degrada-
tion of permafrost soils exacerbates these dangers and 
can lead to the further destabilization of the slopes and 
promote landslides (Bolch et al., 2019; ICIMOD, 2023). 
Increasing sediment loads in rivers as a result of melting 
glaciers also pose a threat to humans and ecosystems as 
slow-onset hazards. The possible medium- to long-term 
consequences include impairment of hydropower plants 
and their water- storage function (e.g. due to reservoir 
sedimentation) or a decline in water quality, with conse-
quences for aquatic ecosystems and human health, since 
sediment particles are vectors for the transport of heavy 
metals and other harmful substances (Zhang et al., 2022; 
Herman et al., 2021; Nepal et al., 2023).

4.4.2.3
Societal and geopolitical conflicts
The projected changes in the cryosphere can lead to major 
conflicts over use, both at the national level and across 
national borders. Within the region, for some countries 
there is a high degree of dependence on renewable wa-
ter resources that originate outside the respective coun-
try’s own borders (dependencies between upstream and 
downstream reaches; Maharjan et al., 2023). For Bangla-
desh and Pakistan, for example, this applies to 91 % and 
78 % of water resources respectively, while for China it is 
only around 1 % (Hu and Tan, 2018). This creates une-
qual power and dependency structures. There are already 
transboundary water conflicts in the region – particularly 
in the Indus Basin and the Ganges- Brahmaputra Basin – 
which could intensify due to regional and seasonal shifts 
in water availability and increasing water stress in the 
region (Maharjan et al., 2023).

These dependencies complicate water management. 
In the Indus Basin, for example, changes in runoff vol-
umes and rising conflicts over use could affect already 
established agreements on water distribution between 
countries and subnational entities, such as the Indus 
Water Treaty (Maharjan et al., 2023), which has been 
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successful to date. As recently as 2023 Pakistan took 
India’s interpretation of the treaty on the subject of hy-
dropower to the Permanent Court of Arbitration in The 
Hague (PCA, 2023). In order to prevent water-related 
conflicts, solutions must be developed that enable the 
equitable distribution of water amid reduced availabili-
ty, including across national borders.

4.4.3
Key challenges

This regional water emergency with a planetary dimen-
sion gives rise to key challenges that require solutions 
at the local, regional and global level:
1.	 The changes in seasonal and regional water availabil-

ity and the loss of the glaciers as natural water res-
ervoirs have far-reaching consequences for ecosys-
tems and humans. This concerns, among other things, 
changes in habitats and traditional ways of life, food 
security, poverty reduction, energy supply, and soci-
etal and political stability. Solutions for dealing with 
these consequences are still lacking. There is a high 
degree of planning uncertainty.

2.	 Rising demand for water from households, industry 
and agriculture and inefficient water use are exac-
erbating the pressure of human water use.

3.	 There are large gaps in data and monitoring. Among 
other things, this applies to future water availability 
and water demand (especially upstream-downstream 
linkages), impacts on ecosystems and biodiversity, and 
the effectiveness of different mechanisms for adapt-
ing to natural hazards (technical, nature-based, in-
stitutional). Up to now there has been little research 
into and quantification of changes in the permafrost, 
which can exacerbate some of the observed risks. It 
has also not yet been quantified what the cryospheric 
changes mean for the livelihoods of the local popula-
tion, particularly those living at high altitudes, who 
are largely dependent on nature.

4.	 Lacking or inadequate disaster risk management or 
early-warning systems and a high level of societal 
vulnerability increase the risk of natural hazards 
for society.

5.	 Despite rising water-related tensions and conflicts, 
there is a lack of cooperation between stakeholders 
and countries in the region.

Melting glaciers also pose water-related dangers in other 
regions of the world; e.g. the southern Andes, Western 
Canada, the Western USA (particularly Alaska) and the 
Alps are particularly affected (Hugonnet et al., 2021; 
Hock et al., 2019).

4.5
Water pollution in Sub-Saharan Africa

Since the 19th century, economic and population growth 
and urbanization in high-income countries have been 
accompanied by rising pollutant emissions into surface 
waters. The development of a cost- and resource-inten-
sive infrastructure for mechanical and biological waste-
water treatment, coupled with the utilization of the di-
lution effects of surface waters, has reduced the load of 
organic carbon compounds and nutrients from domes-
tic wastewater in high-income countries. However, per-
sistent organic compounds from industry, households 
and agriculture continue to be a challenge for wastewa-
ter treatment in high-income countries (WBGU, 2023: 
174 ff.; Chapter 7).

In low- and middle-income countries, economic and 
population growth and urbanization are currently driv-
ing an increase in the discharge of untreated or inade-
quately treated wastewater and higher water abstraction. 
This process is being exacerbated by the effects of cli-
mate change. As a result, in parts of Latin America, East, 
South and Southeast Asia and the MENA region, as well 
as in Sub-Saharan Africa in particular, there are signs 
that surface-water pollution will become a major prob-
lem by the end of the century, threatening the health 
of humans and ecosystems. The focus of this section is 
on Sub-Saharan Africa because this is where the largest 
relative and absolute increase in the affected population 
is projected, irrespective of socio-economic development 
paths and emission scenarios (Jones et al., 2023). The 
main cause of water pollution is contamination with do-
mestic wastewater and wastewater from livestock farm-
ing (Wen et al., 2017), which contains organic carbon 
compounds such as carbohydrates, fats and proteins, 
nutrients such as nitrogen and phosphorus, as well as 
pathogenic microorganisms.

2.7 billion 
people are today affected by 
water pollution

4.2 billion 
is their expected number by 2100

38 %
of the world’s population affected by organic 
water pollution will live in Sub-Saharan 
Africa in 2100
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4.5.1
Impact patterns, extent and projections

According to current global projections, surface-water 
pollution and the number of people affected by it will 
increase significantly this century. By 2050, 2.5 billion 
people are expected to be affected by water pollution 
caused by organic carbon compounds (Wen et al., 2017) 
and up to 4.5 billion people by water pollution caused 
by nitrogen (Chaplin-Kramer et al., 2019).

The comparability of the projection studies on glob-
al surface-water pollution is limited by the fact that the 
studies analyse different water-quality parameters (ni-
trogen, dissolved solids, etc.), as well as different future 
scenarios and time horizons. For this reason, the focus 
here is on the projection study by Jones et al. (2023), 
which developed scenarios for three types of surface-wa-
ter pollution on the basis of three scenarios (SSP-RCPs) 
up to 2100. The time horizon and the comparison of 
development paths and types of pollution are hitherto 
unique to the study by Jones et al. (2023). For robust 
forecasts of global surface-water pollution, however, this 
study must be supplemented by further projection stud-
ies that take extensive account of various input sources, 
dilution effects and degradation processes (Section 4.7).

The SSP1-RCP2.6 ‘sustainability’ scenario – which as-
sumes sustainable, cooperative development within the 
planetary guard rails – forecasts a reduction in the number 
of people affected by water pollution from organic com-
pounds from 2.7 billion to 1.5 billion by 2100 (Jones et al., 
2023). A decrease to 1.6 billion people is also predicted 
for the SSP5-RCP8.5 ‘fossil-fuelled  development’ sce-
nario, which is characterized by strong economic growth, 
extensive use of fossil energy sources and resource- and 
energy-intensive lifestyles. The authors of the study 
explain this by the strong growth of the global econo-
my, leading to a rapid spread of processes for advanced 
wastewater treatment (Jones et al., 2023). However, this 
development path will be dominated by the drastic scale 
of climate change and its impact on ecosystems and the 
human population. The SSP3-RCP7.0 ‘regional rivalry’ 
scenario – which assumes a lack of international coop-
eration, weak economic growth, a decline in investment 
in research and education, and massive environmental 
damage – predicts that up to 4.2 billion people will be 
affected by water pollution from organic compounds by 
the end of the century (Jones et al., 2023). Jones et al. 
(2023) predict similar patterns for the contamination of 
surface waters by pathogenic microorganisms originating 
from faecally contaminated wastewater from households 
or livestock farming, which pose a direct risk to human 
health, and by dissolved solids (mainly salts originating 
from irrigated agriculture, industry and, to a lesser ex-
tent, from domestic wastewater).

However, these global projections conceal significant 
regional differences. For most middle- and high-income 
countries, regardless of the future scenario, the authors 
predict an improvement in water quality due to lower 
pollutant inputs achieved as a result of improved waste-
water treatment (Jones et al., 2023). In low-income coun-
tries, however, the opposite is the case and, regardless 
of the future scenario, the focus of global surface-water 
pollution will shift from today’s heavily affected regions 
in East and South Asia to Africa and especially Sub-Sa-
haran Africa (Jones et al., 2023; Wang et al., 2019; Wen 
et al., 2017). For many areas in Sub-Saharan Africa a 
substantial increase in the pollution of surface waters 
by organic compounds, pathogens and dissolved sol-
ids is predicted in all future scenarios, leading to sev-
eral thresholds being exceeded simultaneously (BOD: 
8 mg per litre, TDS: 2100 mg per litre, FC: 1000 CFU 
per 100 ml; Jones et al., 2023; Fig. 4.5-1). As a result, 
the proportion of the population in Sub-Saharan Africa 
that is exposed to polluted water (organic compounds, 
pathogens and dissolved solids) will increase substan-
tially by the end of the century. Jones et al. (2023) pro-
ject a strong increase for the SSP3-RCP7.0 scenario in 
particular (dissolved solids: around 800 million people, 
organic compounds and pathogens: 1.5 billion people). 
The increase in the affected population corresponds to 
a factor of two to six compared to today. Sub-Saharan 
Africa currently accounts for 14 % of the global popula-
tion and 10 % of the population affected by water pollu-
tion. These percentages are expected to increase to up to 
25 % and 38 % by the end of the century, meaning that 
the region will be disproportionately affected by water 
pollution (Fig. 4.5-2; Jones et al., 2023).

Population and economic growth and the correspond-
ing increase in water abstraction and pollutant inputs 
into surface waters are particularly concentrated in the 
rapidly growing urban centres of Sub-Saharan Africa 
such as Kinshasa, Nairobi and Addis Ababa. As a result, 
the decline in water quality and the substantial increase 
in the number of people affected will be much more 
pronounced here (Jones et al., 2023). This is especially 
problematic in the context of the numerous other wa-
ter-supply problems faced by urban areas (Section 4.2).

In addition to water pollution caused by pathogens, 
organic carbon compounds and dissolved solids, the 
pollution of surface waters with nutrients (nitrogen and 
phosphorus) plays a major role worldwide. These nutri-
ents are contained in domestic wastewater and waste-
water from livestock farming; however, most of them 
come from fertilizers used in conventional agriculture 
(Section 2.3.3.2). For the year 2050, the SSP1-RCP2.6, 
SSP3-RCP7.0 and SSP5-RCP8.5 scenarios predict that 
1.6 billion, 4.5 billion and 1.5 billion people respectively 
will be affected by nitrogen pollution in surface waters 
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worldwide (Chaplin-Kramer et al., 2019). The authors of 
the study attribute this increase to reduced ecosystem 
services for preserving water quality due to advancing 
climate change (Chaplin-Kramer et al., 2019). Compared 
to other regions, the use of nitrogen and phosphate ferti-
lizers in Sub-Saharan Africa is currently low (FAO, 2018: 
23), but the highest annual growth rate in the use of ni-
trogen fertilizers (4.8 %) of all world regions was record-
ed there between 2015 and 2020 (FAO, 2018: 57 ff.). A 

growth rate of 3.6 % was also recorded for phosphate 
fertilizer in the same period, which was only exceeded 
in Latin America and the Caribbean (4 %) and West and 
South Asia (4.4 %) (FAO, 2018: 57 ff.). This is in line 
with the study by Chaplin-Kramer et al. (2019), which 
predicts under the SSP3-RCP7.0 scenario that almost 
1.2 billion people in Africa will be affected by nitrogen 
pollution in surface waters by 2050.
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Figure 4.5-1
Future pollution of surface waters in Sub-Saharan Africa and number of people affected. A substantial increase in pollution 
from total dissolved solids (TDS), organic compounds (biochemical oxygen demand, BOD) and pathogens (coliform bacteria, FC) 
is predicted for large parts of Sub-Saharan Africa by the end of the century, regardless of the selected future scenario  
(SSP-RCP).
Source: Jones et al., 2023
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4.5.2
Consequences of water pollution for  
humans and nature

Water pollution, especially contamination with patho-
gens, poses a direct threat to human health, for exam-
ple through diarrhoeal diseases or parasite infections 
(Sections 2.3.3, 3.1.4, 3.3.2). Furthermore, malnutrition 
and cognitive underdevelopment are linked to inade-
quate water, sanitation and hygiene systems (Sinharoy 
et al., 2019). The negative effects of inadequate waste-
water treatment on health and cognitive development 
also lead to economic losses due to higher sickness rates 
and lower productivity. At 3.2 % of GDP, these were 
significantly higher for Sub-Saharan Africa than for all 

other regions of the world in 2012 (WHO, 2020: 26 f.). 
A current model-based study predicts for most countries 
in Sub-Saharan Africa that positive economic develop-
ment will help mitigate the higher mortality and eco-
nomic losses associated with inadequate water, sanita-
tion and hygiene (WASH) by 2050, but will not be able 
to solve them entirely (Fuente et al., 2020). Accordingly, 
WASH-related investment will continue to require sus-
tained commitment from international donors and na-
tional governments (Fuente et al., 2020).

The pollution of surface waters not only affects hu-
mans, it also causes massive damage to aquatic ecosys-
tems. Biodegradable organic carbon compounds from 
domestic wastewater, livestock farming and agriculture 
promote microbial growth and oxygen consumption in 
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Figure 4.5-2
Proportion of the population in various regions of the world that will be affected by water pollution at the end of the century. 
Regardless of the future scenario (SSP-RCP), it is expected that Sub-Saharan Africa will be disproportionately affected by water 
pollution compared to other regions of the world (exemplified here for pollution with organic carbon compounds, expressed as 
BOD). The results are presented for multiple-year time segments of a historical reference period (2005–2020) and the period 
2081–2100, taking into account three future scenarios.
Source: Jones et al., 2023
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surface waters (Wen et al., 2017), which can lead to fish 
mortality (van Vliet et al., 2023). At the microbial lev-
el, the input of inadequately treated urban wastewater 
changes the microbial community and reduces microbi-
al diversity in rivers (Xie et al., 2022). The nutrients ni-
trogen and phosphorus contained in urban wastewater 
and wastewater from agriculture and livestock farming 
lead to eutrophication and algal blooms in surface wa-
ters, as well as to the loss of habitats and biodiversity 
(Section 3.1.4.2).

In addition to the input of nutrients, organic carbon 
compounds and pathogenic microorganisms from domes-
tic wastewater and wastewater from livestock farming, 
surface waters are also polluted with mineral-oil hydro-
carbons and heavy metals in areas of Sub-Saharan Af-
rica with industrial activity. In the Niger Delta, one of 
the most important hotspots of aquatic biodiversity in 
Sub-Saharan Africa (Anyanwu et al., 2023), the impacts 
of oil production on ecosystems and the local population 
are clearly noticeable (Box 4.5-1).

4.5.3
Key challenges

Irrespective of the socio-economic development and emis-
sion pathway chosen, domestic wastewater is the largest 
source of water pollution with organic carbon compounds 
and pathogenic microorganisms (Jones et al., 2023). Ac-
cordingly, avoiding the discharge of untreated or inade-
quately treated domestic wastewater into the environ-
ment is the most efficient way of counteracting existing 
and predicted water pollution. From a global perspec-
tive, the status of organized treatment is unsatisfactory: 
80 % of global wastewater entering the environment is 
inadequately treated; in low-income countries, only 8 % 
of wastewater is treated at all (UNESCO, 2017: 17). The 

availability of sanitary facilities is an important factor 
in this context in Sub-Saharan Africa: according to the 
World Health Organization (WHO) report on sanitation, 
51 % of the population of Sub-Saharan Africa use un-
safe, unhygienic sanitation systems such as uncovered 
latrine pits, or practice open defecation (compared to 
26 % in Central and South Asia and 1 % in Europe and 
North America; WHO, 2020: 39).

Settlement areas with higher poverty rates (especial-
ly urban informal settlements) have greater infrastruc-
ture deficits in terms of water supply and wastewater 
disposal (Section 4.2.2; Rusca et al., 2023; Sinharoy et 
al., 2019). There are many reasons for this. On the one 
hand, the responsible state authorities are sometimes 
unwilling to extend a centralized wastewater system to 
informal settlements because they fear that this will im-
ply recognizing these settlements (Sinharoy et al., 2019). 
Other reasons include a lack of financial resources for 
construction and operation (WHO, 2020: 86) – especially 
for the high initial investment required to build a sewage 
water system – the location of informal settlements on 
the outskirts of cities or in areas that are at risk during 
natural disasters, and operators’ fears that they will not 
be able to refinance infrastructure measures by levying 
charges on the inhabitants of informal settlements (Sin-
haroy et al., 2019). Apart from these practical barriers to 
implementation, the system of centralized sewage and 
wastewater treatment known from high-income coun-
tries is not a suitable solution for informal settlements 
in low- and middle-income countries either, because it 
cannot respond adequately to strong and dynamic pop-
ulation growth and rapid urbanization (Narayan et al., 
2021). Moreover, expanding combined sewage systems, 
which are widespread in high-income countries, is prob-
lematic in areas already suffering from water stress be-
cause of the large amounts of water required.

Box 4.5-1

The Niger Delta: a biodiversity hotspot under 
pressure

The consequences of industrial water pollution in Sub-Saharan 
Africa are already visible today in the Niger Delta. The estuary 
delta, which is roughly the size of Ireland at around 70,000 km2, 
is situated on the Gulf of Guinea; it is one of the largest wetlands 
in the world and home to the greatest diversity of aquatic 
species in Africa (Anyanwu et al., 2023). However, this biodi-
versity hotspot is under pressure. Due to the strong population 
growth and rural exodus in Nigeria, urban areas are expanding 
rapidly; in addition, intensive oil production is taking place 

(Anyanwu et al., 2023; Edegbene and Akamagwuna, 2022). 
High concentrations of nutrients, salts, mineral-oil hydrocarbons 
and heavy metals can be found in many places (Anyanwu et 
al., 2023; Edegbene and Akamagwuna, 2022). Effects on mac-
roinvertebrates, which play a key role in freshwater ecosystems, 
have been identified (Edegbene and Akamagwuna, 2022). This 
pollution of ecosystems also affects the local population, who 
use the waters of the Niger Delta for fishing, irrigation and 
their drinking-water supply (Anyanwu et al., 2023). Increased 
concentrations of oxidative stress markers have been detected 
in North African catfish from rivers in the Niger Delta, indi-
cating that the consumption of these fish is no longer safe 
(Arojojoye et al., 2021).
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Instead of centralized wastewater collection and treat-
ment, alternative sanitation-system solutions – such as 
decentralized, non-piped wastewater systems, i.e. the 
decentralized collection of wastewater in septic tanks 
or uncovered latrine pits – play an important role in 
the collection, transport and treatment of wastewater 
in Sub-Saharan Africa (41 % of the population; WHO, 
2020: 39). However, where management is insecure, 
these systems can also involve increased risks to hu-
man health and ecosystems (Section 7.3.2). Latrine pits 
that are not properly sealed can pollute the groundwa-
ter (Hubbard et al., 2020); hygiene protection for work-
ers when emptying septic tanks and latrine pits is often 
not guaranteed, and a large proportion of the collected 
wastewater is disposed of untreated in surface waters 
after collection (AfDB, 2020: 142).

In order to achieve SDG 6.2 ‘Clean water and sanita-
tion for all’ (i.e. comprehensive, safe wastewater disposal), 
decentralized, non-piped wastewater systems can nev-
ertheless make a significant contribution if health and 
environmental risks are addressed. The government of 
Kenya, for example, plans to cover 40 % of wastewater 
disposal with centralized wastewater systems and 60 % 
with decentralized systems (World Bank, 2022: 3). In 
this context, a report by the World Bank (2022) has 
shown that public-private partnerships can lead to a 
significant improvement in decentralized, non-piped 
wastewater systems. In its report on the state of global 
sanitation, the World Health Organization (WHO) also 
calls for national decision-makers to recognize the key 
role that decentralized wastewater systems can play in 
safe sanitation, and for the informal, existing decentral-
ized wastewater systems to be recognized and integrated 
into the formal system (WHO, 2020: 71; Section 7.3.1).

Other reasons for the inadequate development of 
systems for decentralized and centralized wastewater 
collection and treatment are shortcomings in financing 
and governance. Although most countries have plans 
to implement wastewater management, they do not 
make enough financial and human resources available 
to achieve the goals they have set themselves (WHO, 
2020: 15). Furthermore, national subsidies for water 
supply and wastewater disposal often do not reach the 
right areas in low- and middle-income countries. A World 
Bank study of ten low- and middle-income countries, 
five of which are in Sub-Saharan Africa, has found that 
56 % of funding reaches the richest fifth of the popu-
lation, but only 6 % reaches the poorest fifth (Andres 
et al., 2019: 32). Another problem is that international 
donors tend to prioritize drinking-water supplies over 
sanitation systems. For example, financial aid for waste-
water disposal amounted to only half the sums provid-
ed for drinking-water supplies in the years 2010–2018 
(WHO, 2020: 15 f.).

The financial decisions of national governments are 
characterized by political priorities. In this context, the 
WHO report on the state of sanitation criticizes the 
lack of political priority and leadership at a high po-
litical level on the issue of wastewater collection and 
treatment (WHO, 2020: 15). Although the proportion 
of the population who relieved themselves in the open 
declined globally from 21 % to 9 % between 2000 and 
2017, (WHO, 2020: 41), this progress has been achieved 
in a few countries, while in others progress is too slow 
or even regressive (WHO, 2020: 34). In particular, the 
‘Swachh Bharat Mission’ or ‘Clean India Mission’, which 
was carried out in India between 2014 and 2019, can 
serve as a positive example of strong leadership from a 
government that prioritizes sanitation. This is the world’s 
largest sanitation-improvement programme, and it has 
led to a long-term, marked reduction in open defecation 
(WHO, 2020: 27).

In addition to domestic wastewater, wastewater from 
livestock farming is a decisive contributor to the pollu-
tion of water bodies with organic carbon compounds and 
pathogens. A substantial increase in livestock farming and 
the water pollution it causes is forecast by the end of the 
century, particularly in the SSP5-RCP8.5 ‘fossil-fuelled 
development’ scenario (Wen et al., 2017; Jones et al., 
2023). The reason for this is the rising global demand 
for meat and dairy products, the consumption of which 
is considered desirable in many regions and population 
groups with rising incomes (WBGU, 2023: 84).

4.6
Overexploitation of groundwater and  
climate change in the Central Valley, USA

Human intervention in the hydrological cycle to serve 
societal and economic interests can permanently put 
the condition of ecosystems and a safe drinking-water 
supply at risk. One region where the consequences of 
highly industrialized, irrigation-intensive agriculture and 
multi-year droughts are particularly evident is the Cen-
tral Valley in the US state of California. Almost a quar-
ter of the region’s catchment areas are now regarded as 
critically overused. Long-term groundwater depletion 

25 %
of fruit and nut production in the USA 
originates from the Central Valley

10 %
water losses are expected in the region 
by 2030

75 %
of the wells have suffered a 1.5 metre 
lowering of the groundwater level 2018–2023



Overexploitation of groundwater and climate change in the Central Valley, USA   4.6

115

exacerbates the risk of irreversible ecosystem damage 
in the form of land subsidence, salinization or sea-lev-
el rise and jeopardizes the maintenance of a safe drink-
ing-water supply. An accumulation of periods of peak 
withdrawals and losses in times of climate change is 
forcing policy-makers to act in order to guarantee the 
security of supply at the state’s expense.

4.6.1
Impact patterns, extent and projections

California is the USA’s most populous and agriculturally 
productive state in the west of the country and has a 
high demand for water. The Central Valley, known as the 
‘fruit garden of America’, stretches through the middle of 
the state; it is over 600 km long and 80 km wide, and is 
known for the cultivation of almonds, dates, wine, fruit 
and vegetables, and other crops. The Central Valley is 
divided into the Sacramento, San Joaquin and Tulare ba-
sins. The ‘thirst for water’ to supply the population and 
irrigation-intensive agriculture in the semi-arid climate 
of the Central Valley is enormous. The Central Valley is 
a nationally significant agricultural region, supplying 
25 % of the United States’ fruits and nuts (Love, 2024). 
The cultivation of water-intensive perennial fruit and 
nut varieties is attractive for many farmers because of 
their high economic yields, while the direct withdraw-
al of groundwater from their own wells remains hardly 
regulated and inexpensive in most regions (Davenport, 
2023). However, water scarcity is a growing problem in 
California, and it has ecological, economic and therefore 
societal consequences.

The main drivers of water scarcity in the Central Val-
ley are decades of overexploitation of natural resources 
and increasing water losses due to evaporation resulting 
from climate change (Figs. 4.6.1; 4.6.2). Since California 
was founded in 1850, riparian rights have predominated 
in the region, granting water-allocation rights to those 
who own land along watercourses and natural reservoirs. 
The risk of potential supply bottlenecks as a result of ir-
rigation-intensive agriculture and high temperatures was 
already recognized in the early 20th century. This was 
followed in the 1930s by the construction of large-scale 
water pipeline projects such as the Central Valley Project, 
the Delta-Mendota Canal and the California Aqueduct 
to distribute water from the water-rich north and east 
to the drier south and west (Faunt et al., 2016). Farmers 
increasingly built their own private wells in order to be 
able to draw groundwater directly and be independent 
of supra-regional distribution systems.

Despite the early expansion of infrastructure to diver-
sify supply sources, the risk of local water shortages has 
increased in recent decades. According to the authorities, 

about 11 of the 45 sub-catchment areas are considered 
critically overexploited (CNRA, 2023). In addition to 
the high demand from highly industrialized agricul-
ture and the needs of a growing population, high tem-
peratures and the consequences of climate change are 
seen as further drivers of the uncertain supply situation 
(IPCC, 2022b). The Central Valley has been affected by 
multi-year droughts since the 1960s. Due to the dense 
succession of long-lasting drought phases (2006–2011, 
2011–2017 and 2019–2021), the period from 2001 to 
2021 is considered the driest period in history since the 
year 800 (Liu et al., 2022). Since the amount of water 
available from surface waters is less and less sufficient 
to ensure supplies, the amount of water drawn from the 
groundwater is increasing. In particularly dry years, the 
proportion of groundwater in the supply reaches up to 
70 %, compared to 30 % in wet years (Faunt et al., 2016). 
One measure deployed during the 2021–2022 drought 
emergency, was to completely cut back the water sup-
ply to some farms in the Central Valley Project and the 
State Water Project to secure the basic needs of other 
consumers (Escriva-Bou et al., 2022a). Farmers com-
pensated for these deficits by increasing the amount of 
groundwater extracted. The Central Valley accounted 
for around 90 % of California’s total groundwater with-
drawals in 2021 (about 18.5 km3) (DWR, 2023) and the 
measured groundwater loss reached its highest level at 
120 km3 – it had been around 60 km3 in 2000 (Liu et 
al., 2022). The risk of natural groundwater loss is also 
increasing in other regions of the USA, e.g. around San 
Francisco, in the alluvial soils of Arizona, on the upper 
part of the Colorado River and in the Central and South-
ern High Plains (Scanlon et al., 2023).

The acceleration of climate change is exacerbating an 
already tense situation in a demographically and eco-
nomically growing region. Higher temperatures, thinner 
snow cover in the Sierra Nevada, higher precipitation 
variability, more intense periods of drought and higher 
runoff are associated with lower recharge volumes and 
a declining availability.

Three years of extreme drought came to an end in 
2023, largely due to heavy rain and snowfall, which led 
to flooding but also to the recovery of freshwater reser-
voirs such as Tulare Lake (DWR, 2023). The largest water 
gain in two decades (+4.7 km3) was recorded. However, 
the long-term trend towards the depletion of freshwater 
resources has only been slightly mitigated by short-term 
recovery phases (Liu et al., 2022). According to forecasts, 
the snow cover of the Sierra Nevada could decrease by 
60 % by the end of the century; it is the main source 
for all freshwater reservoirs in the region (PPIC, 2018). 
Authorities expect the water supply in California to fall 
by 10 % by 2040 (CNRA, 2023).
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4.6.2
Ecological and socio-economic  
destabilization potential

Approx. 91 % of the groundwater loss measured in Cal-
ifornia in 2022 was attributable to the Central Valley 
(CNRA, 2023). The growing loss of groundwater is hav-
ing an adverse effect on the environment and ecosys-
tems i.a. via higher risks of land subsidence, earth cracks 

and earthquakes, hydrological droughts, sea-level rise, 
groundwater salinization and the loss of plant and an-
imal species (Bierkens and Wada, 2019; Huggins et al., 
2022; Jasechko et al., 2024; Figs. 4.6-3, 4.6-4). Geo-
logical shifts and damage to groundwater-dependent 
ecosystems are among the most visible consequences of 
the years of groundwater depletion in the Central Valley. 
The Central Valley’s hydrological structure consists of a 
system of overlapping, differently permeable sediment 
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Figure 4.6-1
Development of the water supply and water consumption in California, 1923–2018. Since 1923, the gap between the 
water supply and consumption has been steadily closing, with consumption exceeding the water supply for the first time 
in the mid-1990s. Between the early 2000s and 2018, consumption consistently exceeded the water supply. One acre-foot 
corresponds to about 1.23 km2.
Source: PPIC, 2018

Figure 4.6-2
Annual deviations of air temperatures in California from the mean value of the reference period 1981–2000. Up to 1980,  
the deviations in air temperatures are lower in most years; from 1990 on, in most years they are higher than the mean value  
of the reference period. 32°F = 0 °C.
Source: PPIC, 2018
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layers. More than half of the groundwater-bearing  layers 
are fine-grained, containing mainly sand, clay and silt. 
The water in the coarse-grained layers can be  easily ex-
tracted and regular recharge leads to comparatively low 
seasonal level fluctuations. However, most of the Central 
Valley’s wells pump water from the deeper, less permea-
ble aquifers with lower recharge and renewal rates. The 

drainage of these deeper groundwater-bearing layers 
by regular pumping leads to soil compaction, increas-
ing the risk of land subsidence and earthquakes (Amos 
et al., 2014; Galloway et al., 1999).

In the south of the Central Valley around El Nido 
and Arvin-Maricopa, the land surface subsided by 
about 1.5 metres between 1962 and 2014, and by up 

Figure 4.6-3
Groundwater decline in the Central Valley. The results of model-based estimates (USGS-CVHM and GRACE/FO models) show a 
groundwater loss of 1.86 km3 per year between 1962 and 2021 and a total groundwater loss of 111.5 km3 up until 2021.
Source: Liu et al., 2022

Figure 4.6-4
Water availability from surface waters and recharge or loss of groundwater in the Central Valley 2002–2022. The availability 
from surface waters has been shrinking since 2002. Despite recovery phases, new peaks in groundwater loss are continuously 
being reached.
Source: Liu et al., 2022
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to three metres in the sub-regions of Wasco-Tulare and 
Los Banos-Kettleman City, which were particularly af-
fected by land subsidence (Faunt et al., 2016). Accord-
ing to Lees et al. (2022), 90 % of subsidence in the San 
Joaquin Valley is due to groundwater abstraction from 
the deeper layers of the alluvial groundwater system. 
Between 1952 and 2017, the water table in the lower 
water-bearing sediment layers in the south of the Cen-
tral Valley fell by around 40 metres. Although the aq-
uifers were partially recharged in wet years (e.g. 2016 
and 2017), even stopping water abstraction would not 
reverse the long-term trend of compaction of the pre-
dominantly clay-dominated layers, like in the San Joaquin 
Valley (Lees et al., 2022). Geological shifts that have al-
ready been set in motion could have consequences for 
decades or even centuries.

The depletion of freshwater reservoirs affects not only 
the environment and ecosystems but also humans. Farms 
and households with their own groundwater wells are 
increasingly feeling the effects of these developments. 
The groundwater level fell by more than 1.5 metres be-
tween 2018 and 2023 in more than 75 % of the wells 
in the Central Valley (CNRA, 2023). The continuing de-
cline will jeopardize up to 53 % of groundwater wells in 
California and the associated drinking-water supply by 
2040 (Bostic et al., 2023). The aggravated supply situa-
tion as a result of well-draining or insufficient depth of 
submersible pumps leads to far-reaching risks to public 
health. An unsafe drinking-water supply can have direct 
and indirect negative consequences for people’s phys-
ical and mental health. Examples include an increased 
prevalence of diarrhoea, dehydration, changes in the gut 
microbiome, malnutrition, growth and development dis-
orders, impaired cognitive function, chronic kidney dis-
ease and psychosocial stress (Rosinger and Young, 2020).

Ever since the first half of the 20th century, Califor-
nia has relied on measures to diversify sources of supply, 

e.g. via dams and reservoirs, as well as water imports via 
pipelines and canals, in order to compensate for bottle-
necks and stabilize the supply. However, the contribu-
tion of industrial-scale transmission systems to diversi-
fy  sources is increasingly reaching its limits in times of 
 climate change, among other things due to lower flow rates 
and technical failures. In the past, the Delta- Mendota 
Canal and the California Aqueduct, among others, have 
been affected by operational restrictions.

It is questionable whether the Sustainable Ground-
water Management Act passed in 2014 will be enough 
to ensure a sustainable supply until 2042 as planned. 
The regulations in the previous implementation plans 
for the 35 catchment areas are regarded as lacking in 
ambition. Rather, about 9,000 private and 1,000 pub-
lic wells are at risk of running dry, resulting in a drop 
in the groundwater level – with a comparable outcome 
to a continuation of the status quo (Bostic et al., 2023).

The recourse to groundwater resources increases health 
and social risks (Chappelle et al., 2021; Cushing et al., 
2023). Controlling and eliminating natural and industrial 
contamination – e.g. arsenic, uranium, nitrate or PFAS – 
is generally more complex and therefore more cost-in-
tensive for drinking-water treatment from groundwater 
than for surface water. Furthermore, small water sup-
pliers (for up to 500 people) are frequently responsible 
for supplying socially disadvantaged groups. The treat-
ment costs for the suppliers and thus the indirect costs 
for households are often higher for small suppliers than 
for large municipal utilities. In order to ensure affordabil-
ity and a water supply for socially disadvantaged groups, 
some water suppliers subsidize water tariffs by offering 
so-called ‘lifeline rates’, which grant particularly low-in-
come households discounts on water tariffs from local 
suppliers (Chappelle and Hanak, 2021).

Table 4.6-1
Consequences of drought and aridity in California. The 2021–2022 megadrought caused significant economic,  
societal and environmental damage in the US state of California.
Source: Escriva-Bou et al., 2022a

+ 8 % increase in crop water demands

– 41 % below the 2002–2016 average; total surface water deliveries (for Central Valley and North Coast farms)

+ 184 million in farmers’ energy bills due to groundwater pumping

+ 160,000 hectares idle land

– 24 % in revenues (in the Russian River Basin)

– 8,700 full- and part-time jobs

+ 1,000 dry domestic wells

+ 33,5 cm soil subsidence (parts of San Joaquin Valley)
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4.6.3
Key challenges

As the supply situation has worsened, the groundwa-
ter problem in California has attracted more political 
attention. Initial successes have been achieved in re-
cent decades thanks to water-saving measures, with 
household water consumption falling between 2000 and 
2020 despite simultaneous population growth. Thanks to 
drought-emergency measures and appeals to save water, 
consumption was reduced by 25 % between 2014 and 
2016, and long-term water-efficiency measures were put 
in place. However, once initial measures have been im-
plemented, the challenges and costs of achieving further 
efficiency gains increase (Ayres et al., 2023): with wa-
ter savings of just 4 %, the politically set target of 15 % 
during the 2021–2022 drought period was missed by a 
wide margin (Escriva-Bou et al., 2022b; Table 4.6-1). In 
May 2023, Arizona, California and Nevada agreed with 
the federal government in Washington to reduce their 
annual withdrawals from the Colorado River – which has 
been suffering from drought for years – by 13 % in re-
turn for a compensation payment of US$1.2 billion (Zeit 
Online, 2023). Many actors now seem to be realizing the 
gravity of the situation. However, up to now there has 
been no comprehensive strategy that not only secures 
sources of supply but also limits a further increase in 
water consumption.

For the time being, there are few signs of a compre-
hensive trend reversal in the Central Valley and California. 
According to the IPCC’s assessment, record temperatures 
in North America are to be expected more frequently in 
the future due to global warming (IPCC, 2022b). For years, 
various approaches have been pursued in California to 
adapt to the consequences of an uncertain water-supply 
situation and conserve natural reservoirs. For example, 
efforts are being made to integrate water scarcity and 
the consequences of climate change into current plans 
at the river-basin level. One example of this is the ‘One 
Water One Watershed’ (OWOW) approach of the Santa 
Ana Watershed Project Authority (SAWPA) in southern 
California. SAWPA is a joint-powers authority consist-
ing of five regional water districts that provides drinking 
water for more than six million people, as well as indus-
trial and irrigation water. With the OWOW programme, 
SAWPA aims to identify and promote multiple-benefit 
strategies and projects for a sustainable hydrological cycle 
in the river catchment area. Water supply, water quality, 
rainwater management, water-use efficiency, land use, 
energy consumption, climate change and living space 
as well as the interests of disadvantaged communities 
and indigenous peoples are to be taken into account in 
planning (SAWPA, 2024). Furthermore, the Central Val-
ley has experience in testing groundwater-recharge and 

groundwater-storage measures. Recharging groundwater 
reservoirs is regarded as less susceptible to temperature 
increases than surface reservoirs because the evapora-
tion rates are lower. Water-retention, -reuse or -supply 
measures can be used in a targeted manner to make it 
easier to deal with high water volumes after heavy rain-
fall events and to prevent damage. However, this requires 
pumping systems that are expensive to purchase and to 
make available during periods of non-use (Gerenday et 
al., 2023). In order to exploit recharge potential, recycled 
water has been successfully used for artificial groundwater 
recharge in some districts of California for years (Faunt 
et al., 2016). Under Californian water law, recycled wa-
ter meets the highest quality standards (drinking water) 
and can be used in a variety of ways once authorized. 
In 2022, the Californian government announced a new 
strategy to permanently and comprehensively increase 
the water supply. The plans include increasing reten-
tion capacities by around 4,500 million km3, increasing 
annual water recycling to 990 million km3 by 2030, re-
ducing consumption by 616 million km3 by improving 
use efficiency, increasing supply through rainwater re-
tention and treatment measures (by around 310 million 
km3) and expanding desalination plants (by around 34 
million km3; CNRA, 2022, 2023). By way of compari-
son, water consumption in the urban catchment area of 
the largest city, Los Angeles, was just under 620 million 
km3 in the 2021–2022 heatwave years (LADWP, 2024). 
The Californian government also wants to make better 
provisions for future emergency situations with resil-
ience and drought-emergency measures (CNRA, 2023).

However, as a groundwater-dependent and semi-arid 
region, the Central Valley is not the only region in the 
world where there are signs of localized depletion of re-
newable groundwater resources with far-reaching conse-
quences for humans and nature. The north-east of China 
(Hai River Basin and aquifer of the North China Plain), 
the north of India (Ganges-Brahmaputra aquifer), the 
north-east of South America (São Francisco Basin), the 
Southwest and South of the USA (Central and Southern 
High Plains), Eastern Europe (Don and Dnieper basins) 
and the Middle East (Arabian Peninsula, Iran) are also 
reaching the limits of their natural capacity as a result 
of years of intensive crop cultivation and the conse-
quences of global warming (Table 4.6-2; Scanlon et al., 
2023). However, the experience of natural groundwater 
decline in California shows that even with the technical 
possibilities of high-income countries, the continuation 
of highly industrialized agriculture can push individual 
regions to the limits of their carrying capacity (Jasech-
ko et al., 2024).
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Table 4.6-2
Change in the total volume of water in the world’s major groundwater aquifers. The Central Valley ranks third (after the North China 
Plain and the Ganges-Brahmaputra), with a trend of -12.1 mm per year and -13.9 km3 in 19 years. TWS = Total Water Storage.
Source: Scanlon et al., 2023

Basin Country Area 
[km2]

TWS trend  
[mm per year]

TWS trend 
 [km3 in 19 years]

North China Plain China 437,748 −11.5 −97.1

Ganges-Brahmaputra India 634,565 −18.9 −231.5

Central Valley USA 59,425 −12.1 −13.9

Arizona Alluvial USA 225,404 −7.9 −34.5

Upper Colorado USA 369,857 −3.0 −21.3

C+S High Plains USA 203,400 −6.8 −26.4

Paris France 171,968 −3.6 −11.8

Tarim China 468,333 −2.6 −28.8

Nubian Sudan, Chad, Libya, Egypt 2,203,920 −1.4 −59.9

Great Artesian Australia 1,727,400 0,9 30.4

Ogaden-Juba Ethiopia 1,035,211 2.2 44.8

Guarani Argentina, Brasil, Paraguay, 
Uruguay

1,865,481 2.8 100.2

MERAS USA 202,960 3.8 15.0

Columbia Plateau Columbia 114,178 4.3 9.5

Iullemeden Mali, Niger, Nigeria 594,821 5.1 58.8

Upper Kalahari Namibia, Angola 989,348 5.7 108.6

Northern High Plains USA 250,965 6.1 29.2

4.7
From regional water emergencies  
to global patterns

4.7.1
Starting points for improving ways of dealing 
with water emergencies

Typical characteristics of regional water emergencies 
of planetary dimension are negative changes in water 
availability, water supply or water quality. These neg-
ative changes can influence each other and form cas-
cades of effects, some of which are self-reinforcing and 
have transregional reach. The dynamics of regional wa-
ter emergencies and their interactions with exacerbated 
water-related challenges (Chapter 3) can lead to a plan-
etary emergency, such as a food crisis.

The WBGU believes that some key starting points for 
dealing with the associated risks to nature and humans 
can be derived from an analysis of the regional water 
emergencies selected here as examples (Chapter 5; Ta-
ble 4.7-1). In addition to consistent climate-change mit-
igation and biodiversity protection, these include long-
term risk assessment, climate-resilient water management, 
strengthening societal resilience, restoring ecosystems, 
securing funding for (adaptation) measures and improving 
data collection for more reliable long-term projections.

There is an overarching task here for transregional 
and multilateral cooperation (Section 8.1). The regions 
selected here exemplify the characteristics of region-
al water emergencies. These interacting structures and 
patterns can also be found in many other regions, in 
most cases spread across all continents and countries 
of different economic strength and political organiza-
tion. It is therefore necessary to find global and com-
mon answers.
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Affected regions are often inadequately  
prepared for water crises
The examples of regional water emergencies mentioned 
show that the regions threatened or affected by such 
crisis patterns are inadequately prepared for the me-
dium and long-term challenges that lie ahead. In many 
regions, the water infrastructure is dominated by cur-
rent economic and societal constraints or interests, or by 
path dependencies. This usually comes at the expense 
of long-term precautions. One example would be the 
breakdown of the irrigation infrastructure in post-So-
viet Central Asia. The transformation from a central-
ized planned economy to integration into a globalized 
market economy posed substantial economic and po-
litical challenges for the societies of Central Asia in the 
1990s–2010s. Ecological or climatological considera-
tions and corresponding policies for sustainable water 
management were rarely prioritized.

Social groups and societies are affected  
very differently
Exacerbated water-related challenges and regional wa-
ter emergencies have different impacts on social groups 
and societies. The ability to cope with crises is lowest 
among vulnerable groups worldwide, above all in low- 
and middle-income countries, whose livelihood systems 
are frequently very close to nature and often directly 
dependent on water (e.g. agriculture). The resilience 
of social groups and societies to exacerbated water-re-
lated challenges and regional water emergencies with 
a planetary dimension can be improved above all by 
strengthening their capacity to act. International co-
operation for sustainable water management is of par-
ticular significance here. It is important in this context 
to ensure that projects that are sensitive to gender-spe-
cific role distributions are developed cooperatively with 
both large- and small-scale water users. For example, 
land-intensive agriculture and production for export is 
male-dominated in many countries, while small-scale 
vegetable and fruit production relevant for local food 
security and diversity is in women’s hands.

Accordingly, international cooperation as well as 
scientific cooperation in the field of sustainable wa-
ter management must be designed in accordance with 
the societal organization pattern and promote societal 
cohesion and resilience via water collaborations. This 
requires a proactive state that follows the principles 
of the rule of law and the welfare state and supports 
societal self-organization.

4.7.2
Gaps in understanding of regional  
water emergencies

There are still gaps in understanding the long-term dy-
namics and the associated region-specific risks. What 
is required, therefore, is a better spatially resolved data 
basis, more reliable projections and regionally specif-
ic modelling. Above all, the current projections can-
not adequately depict expected future extremes, partly 
because developments caused by climate change have 
only recently started taking effect and the variability of 
climate events cannot be comprehensively depicted. A 
way should therefore be found to adequately integrate 
the latest observations and research results into the 
projections, and to improve their spatial resolution. In 
this way, projections of extreme events could provide a 
more reliable picture and help improve regionally spe-
cific adaptation measures.
	> There are large gaps in data collection in the Hindu 

Kush-Karakoram-Himalayan region. This applies, 
among other things, to the future water supply and 
water demand, especially links between upstream and 
downstream reaches, impacts on ecosystems and bio-
diversity, and the effectiveness of different adaptations 
to natural hazards (technical, nature-based, institu-
tional). Up to now there has been little research into, 
and quantification of, changes in the permafrost, which 
in some cases can exacerbate the observed risks. Sim-
ilarly, it is not yet possible to quantify what the changes 
in the cryosphere will mean for the life-support systems 
of the population (particularly at high altitudes), which 
is largely dependent on nature.

	> Average figures for the water situation in cities often 
do not show the whole picture. A more differentiated 
overview is provided by data on access to water and 
water consumption, broken down by socio-economic 
groups and urban neighbourhoods. It is therefore 
necessary to differentiate urban data collection more 
in spatial and social terms.

	> In many countries in the MENA region, water man-
agement is hampered by a lack of capacities on the 
part of local authorities. Some regions are inaccessi-
ble due to armed conflicts; in others water-related 
data collected are not shared adequately (Houdret 
and von Lossow, 2023). This hinders cooperation 
between sectors and countries; for example, fluctu-
ations in the quantity and quality of groundwater are 
often invisible.

	> There is a need for projections on surface-water pol-
lution up to the end of the century that take all sources 
of pollution into account (including domestic waste-
water, agricultural irrigation, livestock farming, indus-
try) as well as dilution effects and degradation pro-
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cesses in water bodies. These projections should 
include several water-quality parameters (e.g. nitro-
gen, dissolved solids, pathogenic microorganisms) 
and different socio-economic development pathways 
and emission scenarios, in order to capture different 
types of pollution, cover the range of scenarios and 
improve the comparability of the studies.

Research on the potential extent, regional distribution 
and range of regional water emergencies with a plane-
tary dimension and their interactions with each other is 
still in its infancy in many cases.
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Table 4.7-1
Regional water emergencies of planetary dimension: risks, measures and supraregional and global needs for action. The table 
shows which risks arise from each type of water emergency for humans and nature and which key measures can be derived 
from this in order to identify the global need for action to meet the challenges that are outlined.
Source: WBGU

Water emergency Significant risks for hu-
mans and nature

Key measures Supraregional and global 
need for action

Water scarcity in 
cities and urban 
agglomerations

	> Impairment of the water 
supply

	> Impairment of sanitation 
system

	> Societal and political 
destabilization

	> Accelerate infrastructure 
expansion

	> Take path dependencies and 
climate projections  
into account

	> Implement the ‘sponge city’ 
concept

	> Keep an eye on the entire 
water-catchment area

Forge ahead with 
climate-change mitigation 
and biodiversity 
conservation

Research: forge ahead with 
data collection for reliable 
long-term projections

Risk assessment and 
avoidance:

	> Develop monitoring, 
early-warning systems 
and disaster prevention 
(further)

	> Identify the limits of 
controllability

Accelerate adaptive, 
innovative and resilient 
planning and management 
and make water use more 
sustainable and efficient

Strengthen societal 
resilience:

	> Political and societal 
participation

	> Supra-regional and 
global cooperation

	> Education

Promote restoration  
(green and blue water)

Develop innovative 
financing approaches

Increasing 
droughts and flash 
floods

	> Impairment of the water 
supply

	> Direct health risks
	> Loss of income or 

livelihoods
	> Societal and political 

destabilization
	> Impacts on food security
	> Damage to/destruction  

of ecosystems

	> Generate region-specific 
solutions

	> Implement disaster prevention 
and early-warning systems

	> Plan and implement long-term 
sustainable water use

	> Integrate measures into 
political and socio-economic 
reforms

	> Establish water reservoirs that 
can also absorb flash floods

Glacial melt 	> Impairment of the water 
supply

	> Natural hazards as a 
threat to human life and 
infrastructure

	> Societal and political  
destabilization

	> Impacts on food security
	> Damage to/destruction  

of ecosystems

	> Strengthen intergovernmental 
coordination and cooperation

	> Expand risk prevention and 
disaster management and 
improve lacking data basis

	> Make water use more  
efficient and sustainable in 
various sectors

	> Establish alternative  
water reservoirs

Water pollution 	> Direct health risks
	> Damage to/destruction  

of ecosystems

	> Domestic wastewater/WASH: 
Adapt infrastructure solutions

	> Increase political priority
	> Treat increasing wastewater 

from agriculture and industry

Overexploitation 
of groundwater

	> Damage to/destruction  
of ecosystems

	> Impairment of infrastruc-
ture and technology

	> Impairment of the water 
supply

	> Societal and political  
destabilization

	> Direct health risks
	> Loss of income or 

livelihoods

	> Also consider risks to 
drinking-water supply in  
high-income countries

	> Dare to try innovative 
approaches to dealing with 
increasing risks

	> Use water-budgeting 
approaches and capital-market 
financing instruments
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In a heated world with critical climatic, ecological, socio-economic and geopo-
litical developments, societies will reach the limits of controllability. Stopping 
anthropogenic climate change and taking transformative adaptation measures 
are key to maintaining our distance from these limits. In cases where all adap-
tation options have been exhausted, retreat options will have to be prepared. 
Deciding which risks are no longer considered acceptable and which adaptation 
path is to be pursued will also be the subject of societal negotiation processes.

In many parts of the world, water is often not available 
in the required quantity and quality (Chapter 2). Climate 
change and the degradation of ecosystems, together with 
socio-economic and geopolitical changes, lead to exacer-
bated water-related challenges (too much – too little – too 
polluted; Chapter 3). These can result in regional water 
emergencies of planetary dimension (Chapter 4). In areas 
that are at risk of such regional water emergencies, ne-
gotiation processes must be conducted at an early stage 
to decide which risks are acceptable and what depth of 
intervention of adaptation measures is still acceptable – 
because adaptation can only succeed together with and 
not against the population (Section 5.2). Public forums 
should be set up for this purpose. Science also plays an 
important role in the assessment of risks and uncertain-
ties. Furthermore, precautionary measures that ensure a 
climate-resilient landscape water balance are an impor-
tant component in avoiding extreme water emergencies.

There are increasing changes taking place in water 
availability, quality, supply and demand, and an increas-
ing occurrence of extreme events with impacts beyond 
the spectrum of human experience. In extreme cases, hu-
man societies will be confronted with the limits of con-
trollability. In order to be better equipped in the  future, 
it is necessary to recognize these limits at an early stage 
(Section 5.1), identify the actions that need to be taken 
(Section 5.2) and prepare decisions for cases in which all 
adaptation options have become exhausted (Section 5.3).

5.1
Recognizing limits

In the future, the global hydrological cycle is expected to 
undergo permanently ongoing and accelerating changes, 
which will further exacerbate the effects of climate change, 
the overuse of water resources, the unequal distribution 
of water, the degradation of ecosystems and loss of eco-
system services and the threats posed by water-related 
health risks (Chapter 3). The interplay of these factors 
can lead to regional water emergencies of planetary di-
mension, where the limits of controllability are reached: 
humans and ecosystems in the affected regions will be 
deprived of their natural life-support systems. In view 
of the predicted climatic, ecological, socio-economic and 
geopolitical developments, such limit states and regional 
water emergencies can be expected to become increas-
ingly common worldwide. Without prompt proactive 
action and transformative policies, the limits of control-
lability can be exceeded in affected regions (Fig. 5.1-1).

In order to maintain a safe distance from the limits 
of controllability, measures are required at the global, 
regional and local level:

First, it is important to limit exacerbated water- related 
challenges (Chapter 3) which, as global drivers, have a di-
rect impact on the global water balance. The  prerequisite 
for this is an ambitious climate policy, includingcompli-
ance with the goals of the Paris Agreement. This is the 
only way to limit the changes to the global and local 
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water balance caused by climate change. Equally im-
portant is the implementation of the Kunming-Mon-
treal Global Biodiversity Framework (GBF) in order to 
protect the fundamental role of nature in the global hy-
drological balance. The earlier action is taken, the more 
options there are.

Second, regional water emergencies (Chapter 4) must 
be avoided as far as possible. If the exacerbated water-
related challenges cannot be controlled, existing region-
al water emergencies will intensify and the likelihood of 
further water emergencies of planetary dimension will 
increase. As defence against them, transformative adap-
tation measures (Box 5.1-1) and climate-resilient water 
management with a transformative depth of interven-
tion are needed, since previous (incremental) adaptation 

measures will no longer be sufficient. In concrete terms, 
this requires a willingness to radically change course, in 
particular by shaping structural change, for example in 
land-use, industrial, settlement and infrastructure pol-
icy – both nationally and in the context of internation-
al cooperation.

As it is not always possible to maintain a safe distance 
from the limits of controllability, regions at risk must 
prepare for a plan B at an early stage. If transformative 
measures no longer help, an orderly and timely retreat 
may be the only option left. Where the limits of control-
lability are crossed, the options for action are reduced 
to reactive crisis and disaster management accompany-
ing the retreat.

Room for manoeuvre shrinks
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Room for manoeuvre is maintained

room for manoeuvre  
HANDLUNGSSPIELRÄUME 

exacerbated  
challenges reduced

transformative  
adaptation

little
adaptation

exacerbated challenges 
unabated

Beyond the limits of  
controllability 

Beyond the limits of  
controllability

room for manoeuvre 

high vulnerability, high damage potential
high resilience

regionally specific lim
its to adaptation

regionally specific lim
its to adaptation

Figure 5.1-1
WBGU’s concept on the limits of controllability. Unchecked aggravations of water supply, water distribution and extreme events, 
coupled with inadequate adaptation can lead to regional water emergencies and to the limits of controllability being exceeded. 
Beyond these limits, which can vary from one region to another, the risks are intolerably high (red area). Which risks are con-
sidered intolerable and which individual adaptation paths should be pursued is also the subject of societal negotiation processes.
Left: If only minor adaptation measures are taken, the room for manoeuvre shrinks (green area). Water-related challenges 
exacerbated by increasing climate change, ecosystem degradation and pollution, as well as socio-economic and geopolitical 
developments can unleash their full force. Vulnerability and damage potential increase, and the risk of exceeding the limits of 
controllability grows over time.
Right: Transformative precautions increase resilience and reduce the impact of exacerbated water-related challenges, while at 
the same time containing the exacerbated challenges themselves. Room for manoeuvre (green area) is also maintained in the 
longer term.
Source: WBGU
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A precautionary water policy and forward-looking, 
transformative adaptation measures are needed to en-
sure a water-just future and the preservation of natural 
life-support systems. These necessary transformations 
are not limited to the water sector and are not aimed 
solely at emergency response. They require global action 
such as climate-change mitigation and biodiversity pro-
tection, the conservation and restoration of ecosystems, 
as well as action at regional, water-catchment-area and 
local level (cities, villages) at the same time, to maintain 
a sufficient distance from the limits of controllability.

Tipping points can be reached in especially vulnerable 
regions. It is therefore of the utmost urgency to place 
and establish the issue of water higher on the interna-
tional agenda. The current strong momentum created 
by the UN Water Conferences in 2023, 2026 and 2028 
should be used by governments to maintain a sufficient 
distance from the limits of controllability worldwide by 
taking comprehensive precautions. In the short term, in-
stitutions should immediately begin developing effective 
strategies that will strengthen global water-related co-
operation in the medium term. However, precautionary 
water policy can only succeed if timely progress is also 
made in other policy areas. The climate-change mitiga-
tion targets of the Paris Agreement are key to this.

Water should be integrated and made more visible as 
a separate dimension (supply and quality of blue and 
green water and adaptation to new threats) in its own 
right and with its own indicators in the national imple-
mentation mechanisms of the 2030 Agenda, the Paris 
Agreement and the Kunming-Montreal Global Biodi-
versity Framework (GBF). Water targets are already a 

key component of the 2030 Agenda; however, access to 
drinking water, sanitation and the implementation of the 
IWRM remain a challenge (Section 8.3).

The German Sustainable Development Strategy for the 
national implementation of the 2030 Agenda, which is 
currently being further developed, addresses the need 
to improve water quality and adapt to the impacts of 
climate change. It should recognize the great challenges 
posed by exacerbated water-related challenges and grow-
ing uncertainties and fluctuations in the water availabil-
ity in Germany to a greater extent, and specify the next 
steps to that end. In the German context, the National 
Water Strategy of 2023 and the yet-to-be-developed 
German Strategy for Adaptation to Climate Change have 
a key role to play here. Their effectiveness will depend, 
among other things, on whether they are backed up with 
sufficient resources, suitable institutions and processes.

The upcoming negotiations on the post-2030 Agen-
da and biodiversity governance offer a window of op-
portunity for further development at the international 
level. The GBF adopted in 2022 will be implemented 
through national strategies and action plans, which are 
currently being developed in many countries. In this 
context, the approach recommended by the WBGU of 
a multifunctional mosaic of land uses – in which land 
and biodiversity protection and land use are considered 
together in order to achieve multiple benefits for nature 
and humans – can help strengthen the landscape wa-
ter balance and the storage capacity of water in nature 
(WBGU, 2020, 2024).

Box 5.1-1

Adaptation, limits to adaptation and limits of 
controllability

Adaptation in ecological systems includes autonomous adap-
tations to the changing climate and its effects – e.g. to changes 
in water supply – by means of ecological and evolutionary 
processes. In human systems, adaptation can be not only re-
active but also proactive. Furthermore, the IPCC distinguishes 
between incremental and transformative adaptation – the latter 
referring to adaptation in which fundamental characteristics 
of a socio-ecological system are changed.

The IPCC uses the term ‘limits to adaptation’, which are 
defined as “the point at which an actor’s objectives (or system 
needs) cannot be secured from intolerable risks through adap-
tive actions” (IPCC, 2022b: 7). A distinction is made between 
hard and soft limits to adaptation. If a hard limit is reached, 
no adaptation measures are possible that would avoid un-
acceptable risks. In the case of a soft limit, there are ways 
of avoiding unacceptable risks through adaptation measures 

(IPCC, 2022b: 84), but these are not currently available and 
require, for example, greater financial or technological ef-
forts. The IPCC identifies water-related limits to adaptation in 
different regions depending on the extent of climate change. 
Above 1.5 °C of global warming, limited freshwater resources 
represent potential hard limits for small islands and for regions 
dependent on glacier and snow melt. At the latest when global 
warming reaches 3 °C, the projections show soft limits for some 
water-management measures in many regions and hard limits 
in parts of Europe. According to the IPCC, a transition from 
incremental to transformative adaptation can help overcome 
soft limits to adaptation (IPCC, 2022b: 129).

The term ‘limits of controllability’ used in this report is 
conceptually based on the ‘hard limits to adaptation’ defined 
by the IPCC. Limits of controllability describe the transition to 
water-related crisis situations that entail unacceptable risks. 
Avoiding these requires forward-looking and potentially trans-
formative action. If they can no longer be avoided, the risks 
must be dealt with in the best possible way in order to minimize 
damage.
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5.2
Need for action and principles of action

The WBGU recommends climate-resilient water manage-
ment that is based on democratically negotiated goals, 
principles and rules on tolerable risks and an appropri-
ate scope of adaptation measures (Section 5.3). As a 
basis for this negotiation process, the WBGU proposes 
seven principles of action (see Section 6.1.2 on imple-
mentation). The principles comprise a new approach to 
declining stationarity, resilience and risk prevention, the 
consideration of blue and green water, the key role of 
science, the monetary and non-monetary valuation of 
water, and implementation by a proactive state while 
promoting self-organization. In addition to the seven 
principles, a consistent climate and biodiversity policy is 
a basic prerequisite for maintaining room for manoeuvre. 
The principles also inform the discussion on how socie-
ties can adapt to unavoidable changes.

5.2.1
Safeguard water as a common good for  
people and nature

Water must be distributed and stored as a global, life-giving 
common good according to the needs of all people and 
nature. Nature-based, technical and institutional solutions 
for ensuring a resilient water supply with impeccable 
water quality must take into account and balance the 
multifunctionality of water for humans and ecosystems.

Water is a scarce common good and a vital resource; it 
must therefore be distributed in a socially balanced way 
and managed with foresight. A consequence of recog-
nizing water as a common good is a state responsibil-
ity for distributing the burdens of water scarcity and 
deteriorating water quality among societal groups in a 
 socially balanced way, while safeguarding the character-
istics and functionality of the ecosystems affected – and 
their services. The distribution of water and the conser-
vation and creation of water reservoirs must adequately 
take into account the needs of all humans and nature as 
well as the global interactions via the hydrological  cycle 
(One Water). In the case of a strained water availabil-
ity, this may require examining the extent of existing 
or intended uses and nature’s water requirements in a 
 region, and first answering the question as to the extent 
to which vital minimum human needs can be met. Oth-
er uses should be weighed with a view to their overall 
impact and made more efficient and water abstraction 
substituted by alternative resources wherever possible, 
e.g. rainwater harvesting, water reuse; or else, in extreme 

cases, some uses should simply no longer be practised.
Exacerbated water-related challenges and region-

al water emergencies of planetary dimension can have 
very different impacts on social groups and societies. 
The ability to cope with crises is lowest among vulner-
able groups affected by poverty, especially in low- and 
middle-income countries. However, this ability is also 
limited if there is mismanagement in the water sector, 
regardless of the economic circumstances. Many  regional 
water emergencies are also characterized by a spatial dis-
crepancy between those responsible and those affected, 
which means that causal chains are not always obvious. 
Polluters often do not have to pay the costs of their 
water-damaging behaviour. At the same time, many of 
those affected do not have access to the technological 
infrastructure and infrastucture needed for control and 
adaptation that are necessary for timely crisis preven-
tion and preparedness.

5.2.2
Increase adaptability in the face of  
continuous change

Systems for the provision and use of water should be 
kept resilient in the face of hitherto unknown fluctuations 
and ongoing changes that cannot be precisely predicted; 
they should also be re-coordinated on a scientific ba-
sis. Administrations, operators and users must prepare 
themselves for a highly dynamic situation. To achieve 
this, structures, as well as planning and decision-mak-
ing processes, must be designed in an adaptable and 
correctable way and include all actors.

The assumption of stationarity – i.e. the idea that natural 
systems exhibit a degree of variability within a  defined 
time window that can be predicted on the basis of em-
pirical observations – is no longer valid. The patterns of 
the water balance that have hitherto been regarded as 
stationary – i.e. with seasonal fluctuations in precipi-
tation, evaporation rates, groundwater levels and river 
levels within known ranges – are changing in sometimes 
short periods of time and continuously as a result of hu-
man intervention and climate change, leading to grow-
ing planning uncertainty (Milly et al., 2008; Chapter 4). 
This is referred to as the loss of stationarity.

Due to the inertia of the Earth system, these changes 
will continue for a long time, even if climate change and 
the degradation of ecosystems were halted, and their 
manifestations are not always precisely predictable, at 
least locally (Caretta et al., 2022; IPBES, 2018a). Water 
systems for affected sectors can therefore no longer be 
planned and managed for the foreseeable future on the 
assumption of stationarity, but must be kept resilient 
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with adequate buffers, reserves and flexibility and espe-
cially in interaction with nature, and constantly adapt-
ed to the changes and to each other. What is needed is 
a long-term, adaptive and reversible approach to water 
management, the implementation of which helps to make 
involved stakeholder interests and path dependencies 
of water-infrastructure projects, patterns of use, legal 
 regulations, institutions and agreements transparent, 
and to find political solutions.

5.2.3
Resilience and risk prevention instead of 
emergency response

The precautionary principle must be consistently applied 
to safeguard a climate-resilient water infrastructure and 
water quality. Risk prevention and risk minimization 
instead of emergency response should be the basis of 
planning processes and decisions in the entire water 
sector and sectors influenced by it.

Risk prevention and risk minimization must be the basis 
of planning processes in the entire water sector – even 
where the focus has hitherto been on emergency response. 
What is required is planning that is based on a compre-
hensive risk characterization, on the basis of which risks 
are appropriately managed in order to deal with increas-
ing exacerbated water-related challenges and with un-
certainties regarding the construction or adaptation of 
water infrastructure. To ensure a climate-resilient water 
infrastructure and water quality, the measures to be tak-
en must be orientated towards resilience and precaution.

5.2.4
Managing blue and green water across sectors

Regarding regional and local solution approaches, blue 
and green water must be considered and managed jointly 
and in a cross-sectoral manner. Both have strategic, geo-
political relevance: in addition to river catchment areas, 
transboundary evaporation and precipitation patterns 
must also be taken into account. Coherence between 
policy levels and fields is a prerequisite for this.

A balanced consideration of the vital resource of water 
for humans and nature for a particular region requires 
an appropriate understanding of the role of green and 
blue water. This calls for a good knowledge of water 
availabilities, requirements and qualities.

At the regional level, active management of green 
water can have a stabilizing effect on the natural wa-
ter balance and biodiversity when (re-)establishing a 

climate-resilient landscape water balance and water-
sensitive urban design, e.g. through measures such as 
unsealing, reforestation or soil cover to reduce evapora-
tion and improve soil moisture. In view of the increas-
ing variability of water supply, strengthening buffers in 
the landscape that can absorb, retain and release water 
is one of the most important prevention and response 
strategies. The use of blue water can also support the 
local and regional natural water balance, e.g. through 
targeted rainwater infiltration or artificial groundwater 
recharge with river water or recycled water. This creates 
resilience to extremes such as long periods of drought.

At the international and national level, this means 
assessing the impacts of large-scale infrastructure pro-
jects (e.g. dams, aqueducts), geo-engineering (e.g. cloud 
seeding) and large-scale irrigation projects and land-use 
changes with possible transboundary impacts on evapo-
ration and precipitation, and minimizing adverse impacts 
on green and blue water.

5.2.5
Enable a science-based discourse on challenges 
and options for action

The WBGU recommends initiating a science-based dis-
course on strategy development and options for action in 
the face of uncertainties, taking the concerns of citizens 
and stakeholders into account. To this end, the severity 
and dynamics of exacerbated water-related challenges 
and resulting regional water emergencies with a planetary 
dimension must be identified and understood, and  options 
for action researched. Science should continuously inform 
policy-makers and take on a strong, advisory role, e.g. by 
scientifically monitoring the instruments used. Political 
and societal participation, education and collaboration 
should be promoted.

Research on the potential scale, regional distribution and 
range of exacerbated water-related challenges and the 
limits of controllability of water emergencies is still in 
its infancy. There is also a need for research into deal-
ing with uncertainties and integrating long-term, poten-
tially critical developments in today’s decisions (policy, 
planning, prevention). Reliable projections and region-
specific modelling are needed to improve our under-
standing of long-term dynamics, reduce the associated 
risks and ensure proactive and formative action – also 
in dealing with uncertainties (Chapters 3, 4).

A discourse should be facilitated that is conducted 
jointly by society, science, business and policy-mak-
ers. The following questions, among others, could be 
discussed. What risks regarding water supply and its 
continuity, water quality and the effects of extreme 
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events are we able to, do we want to, or will we have to 
live with in the future? What can we do to avoid those 
that are or will be intolerable? How do we maintain as 
large a ‘safe distance’ as possible from limit states that 
are characterized by an increasingly shrinking room for 
manoeuvre? What should be avoided at all costs, espe-
cially with a view to a time horizon of several decades? 
Which changes can we accept and which can we still in-
fluence – in the water sector and beyond? How can we 
maintain our ability to deal with water-related risks in 
such a way that we can act proactively and formatively 
instead of just reacting?

5.2.6
Value water and appreciate the value of water

Policy-makers, public institutions, companies and finan-
cial markets should embrace and integrate the value of 
water and the systemic nature of water risks into their 
decisions. Economic decisions must be compatible with 
the long-term goals of sustainable water management.

The value of blue and green water resources for people 
and nature and the scale of water-related risks must 
be recognized and made transparent for policy-mak-
ers, the public, companies and investors. In both short-
term  decisions on use and long-term investment deci-
sions, scarcities and risks should be taken into account, 
uses prioritized and efficiency improvements promoted. 
This requires adequately taking the value of water for 
humans and nature into account in all interventions in 
the water balance, e.g. in land-use changes, construc-
tion measures, water abstraction and use, granting cor-
responding rights, in public planning, private invest-
ment and use behaviour. Where necessary, this should 
be made visible by way of reporting obligations, water 
prices, pollution charges or payments for compensa-
tion measures. Staggered  water tariffs or targeted sup-
port measures, e.g. from  redirected harmful subsidies, 
should make it possible for everyone to meet their basic 
water needs. In order to adequately plan and efficiently 
implement investments in the  water sector, bearing in 
mind possible exacerbated water- related challenges, to 
generate stable revenues and thus also make the invest-
ments more attractive, the capacities of water suppliers 
and regulators must also be improved, e.g. for planning 
and the accountable implementation of investments, as 
well as for recording and/or sanctioning abstraction and 
pollution. In addition, public and private investment 
decisions should take into account the growing risk of 
damage and value losses (stranded assets), particularly 
in the case of durable infrastructure. An important crite-
rion should be not only the damage avoided but also the 

costs of any necessary future adaptations. This requires 
shorter  revision periods as well as a certain error-friend-
liness and willingness to again correct and adapt selected 
solutions under certain circumstances.

5.2.7
Accelerate implementation – encourage and 
promote self-organization

The regulatory framework and all water-management 
instruments must enable accelerated implementation and 
involve informal, decentralized governance structures 
where appropriate. In particular, non-state, self-organized 
actors need to be involved and empowered.

Effective implementation governance requires appropri-
ately scaled, regionally adapted institutional, technical 
and individual capacities as well as management compe-
tences. However, formal governance capacities are often 
not sufficiently developed or extensive enough, even in 
high-income countries, resulting in planning and imple-
mentation deficiencies or regulation-enforcement deficits. 
In view of the urgency of targeted action to implement 
water regulation, there is a need for interaction between 
a framework-creating proactive state and already prac-
tised, historically developed self-organization structures 
for improved, accelerated implementation. Self-organ-
ized governance structures should also be taken into 
account and, where appropriate, linked and integrated 
with formal governance (Section 8.2).

5.3
Beyond the limits

Adaptation strategies must be developed in good time 
to avoid a transition to unmanageable situations. In a 
business-as-usual scenario, i.e. without decisive counter-
measures, the room for manoeuvre in dealing with water-
related risks becomes increasingly limited (Fig. 5.1-1). 
Even in extreme cases, such as a collapse of the local 
water supply, there are still options for action, although 
these are increasingly reactive (e.g. leaving the area). 
 Proactive, creative action to prevent or mitigate  regional 
water emergencies is then no longer possible in many 
 cases. Adaptation strategies should therefore be chosen in 
such a way that maladaptation is avoided and  proactive 
and creative action remains possible.

Once all adaptation options have been exhausted 
(Box 5.1-1), decisions for an orderly retreat must be made 
in good time. This applies to all policy areas, also outside 
the water sector. Policy-makers and society need to dis-
cuss how best to hedge risks: what is insured privately, 
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where does the state step in, where does it no longer 
step in, and how can infrastructure be dismantled with 
foresight? Where necessary, the options and needs for 
action for organized migration between and, above all, 
within countries must be examined. With regard to the 
supply of water for different needs, the limits of adap-
tation in a region are reached, for example, when
	> the habitability of a place or region is increasingly 

limited by a lack of water, and in-migration is limited 
or no longer possible;

	> agricultural production is threatened by droughts 
and seasonal water shortages due to reduced glacier 
runoff, jeopardizing the livelihoods of a potentially 
very large number of people;

	> water pollution in surface waters and saltwater 
intrusion into groundwater have a negative impact 
on the health of the population and the ecosystems 
of a region;

	> a region’s hydropower-based energy supply is desta-
bilized by (seasonal) water shortages;

	> extreme events (water shortages and flooding) cause 
societal destabilization that significantly limits the 
ability to manage crises.

Enforced out-migration or flight due to such circumstanc-
es can involve a massive reduction in quality of life, e.g. 
loss of economic livelihoods, cultural identity and social 
ties. The consequence would be a permanent loss of the 
familiar living environment. This can be aggravated by 
the fact that neighbouring target regions of migration 
may themselves already be under pressure from water 
emergencies (Chapter 4). Conflicts of use must also be 
borne in mind. If a regional water crisis nevertheless 
 occurs, disaster prevention and management will play 
a key role. To this end, contingency plans and emer-
gency-aid programmes must be prepared and funded 
at an early stage in regions that are at risk. This applies 
in particular to low- and middle-income countries. In 
addition, strategies for crisis communication should be 
prepared and possible target regions should be identi-
fied for the temporary or permanent accommodation of 
those  directly affected by a water emergency.
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What is needed is climate-resilient water management with a long-term view 
that considers both blue and green water in combination, and is able to react 
flexibly to changes. It should take multiple benefits into account and avoid 
unintended consequences. The aim is to strengthen and restore a climate-
resilient landscape water balance everywhere. Key solution approaches are 
(1) the restoration of water-related ecosystems, e.g. river and floodplain land-
scapes or peatlands, (2) measures to maintain soil moisture in agriculture, and 
(3) water-sensitive urban design.

The existing overexploitation of water resources, the 
unequal distribution of water, the loss of ecosystem 
services, and health risks associated with water are, in 
many places, largely caused by misguided and ineffec-
tive water management (Chapters 2–4). In the future, 
the global water cycle is expected to undergo permanent, 
accelerated changes that will significantly exacerbate 
these challenges. Therefore, proactive, more effective 
and transformative adaptation measures are needed to 
maintain a safe distance from the limits of controllabil-
ity in the face of increasing exacerbated water-related 
challenges (Chapter 3) and to avoid the occurrence of 
regional water emergencies that can reach a planetary 
dimension (Chapter 4, Section 5.1).

Up to now, neither current water management, which 
is dysfunctional in many regions, nor the management 
approaches aimed at overcoming shortcomings and de-
ficiencies – such as the established Integrated Water Re-
sources Management approach (IWRM; Section 2.4.1.1) – 
have been able to meet the requirements of climate 
change (Section 2.4.4; Dörendahl and Aich, 2021; Giup-
poni and Gain, 2017; Ludwig et al., 2014; Mendoza et 
al., 2018; Noureddine et al., 2021). In the WBGU’s view, 
their further development is urgently needed, because 
only if water management is climate-resilient can it fulfil 
its key role in climate-change adaptation as a building 
block of climate-resilient development (IPCC, 2022b: 
2769 ff.), the protection of ecosystems and in negoti-
ating and overcoming conflicts of objectives and use in 

the water sector. At the same time, stronger and better 
coordinated integration of IWRM, ecosystem protection 
and climate-change adaptation can help create synergies, 
for example by using available resources more efficient-
ly and using already established multisectoral structures 
(Dörendahl and Aich, 2021; Jimenez and Bray, 2022; 
UNEP, 2022; de Ruyter van Steveninck et al., 2018).

In order to provide impetus for the further develop-
ment of existing management approaches and the more 
rigorous implementation of transformative adaptation in 
the water sector, this chapter presents the main features 
of the kind of climate-resilient water management that 
the WBGU considers necessary in the context of exacer-
bated water-related challenges and in view of the limits of 
controllability. Building on existing climate-resilient wa-
ter-management approaches (e.g. BMUV, 2023b; World 
Bank, 2023b; GCEW, 2023b), Section 6.1 explains how 
exacerbated water-related challenges and emergencies 
can be dealt with successfully. Four requirements for the 
development, selection and implementation of specific 
measures are also proposed. Sections 6.2–6.4 address 
specific problems, challenges and transformation re-
quirements in relation to the restoration of ecosystems, 
as well as in agriculture and cities, and illustrate possi-
ble solutions using practical examples.
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6.1
Dealing with exacerbated challenges  
and emergencies

The exacerbated challenges in the water sector require a 
forward-looking, systemic and adaptable management of 
local, regional and global water cycles that preserves the 
multifunctionality of water in the long term, and helps 
to maintain a safe distance from the limits of control-
lability. In addition to effective infrastructure measures 
and the strengthening and restoration of a climate-re-
silient landscape water balance, climate-resilient water 
management is characterized by practices that recognize 
the loss of stationarity and are embedded in overarch-
ing transformation strategies. This includes management 
through authorization, planning and operation in a way 
that enables decisions to be made in the face of uncer-
tainty and takes into account the societal factors influ-
encing water cycles.

Climate-resilient water management is based on trans-
disciplinary and collaborative learning and decision-mak-
ing processes across sectors and spatial scales, and in-
corporates empirical data, real-time information and fu-
ture projections under different scenarios. It is based on 
democratically negotiated goals, values, principles and 
rules. The WBGU proposes the principles for action out-
lined in Section 5.2 as the basis for this negotiation pro-
cess. Section 6.1.1 shows examples of how these can be 
implemented.

Numerous measures already exist today for estab-
lishing climate-resilient water management, which can 
be selected and combined with each other depending 
on the context. Concrete implementation depends on 
the local environmental and societal conditions deter-
mining the water availability and demand. At the same 
time, there is a need for the purposive development of 
new measures that can do justice to the described exac-
erbated challenges in the water sector in the short and 
long term (Chapter 3). For the development, selection 
and combination, establishment and, where applicable, 
operation or maintenance of measures in the context of 
climate-resilient water management, the WBGU propos-
es four requirements that reflect the overarching princi-
ples of action and should always be taken into account 
(Box 6.1-1; Section 6.1.2). They must also be reflected 
in budget and competence allocations.

How quickly and comprehensively the described vi-
sion of climate-resilient water management is already 
being realized regionally – and can be realized in the 
future – is determined, among other things, by overar-
ching framework conditions. These include, for example, 
the availability of financial resources, technologies and 
skilled employees, governance factors and the societal 

acceptance of measures (Section 6.1.2.2; Chapter 8). In 
order to promote transformative adaptation (Box 5.1-1), 
obstacles to implementation and the associated power 
dynamics should be identified and overcome. Windows 
of opportunity should be used, e.g. reconstruction after 
extreme events or large-scale infrastructure measures 
in cities. Furthermore, unconventional and innovative 
solutions can be explored in specially funded real-world 
laboratories, enabling successful practical examples and 
practices to be institutionalized and disseminated more 
quickly (Fedele et al., 2019).

In the short and long term, it is important to avoid 
maladaptation in water management. Maladaptation 
means “current or potential negative consequences of 
adaptation-related responses that exacerbate or shift 
vulnerability or exposure [to climate risks] of a system, 
sector or group of the population [e.g. to other disad-
vantaged areas or population groups], or that erode sus-
tainable development” (Reckien et al., 2023; Fig. 6.1-1). 
Avoiding maladaptation requires a critical examination of 
the complex causes of vulnerability, a differentiated and 
context-specific conceptualization and measurement of 
adaptation success, as well as planning, implementation 
of measures and learning processes together and at eye 
level with affected population and actor groups (Eriksen 
et al., 2021; Schipper, 2020). An intersectional approach, 
that critically analyses the causes of overlapping vulner-
ability factors, and adaptivity in water management are 
crucial prerequisites for this (Eriksen et al., 2021; Erwin 
et al., 2021; Fröhlich et al., 2018; Thompson-Hall et al., 
2016). Nevertheless, there is an urgent need for further 
research to avoid maladaptation.

6.1.1
Implementing the principles of action for 
climate-resilient water management

As a basis for the democratic negotiation process for the 
goals, values, principles and rules of climate-resilient 
water management, the WBGU proposes the principles 
for action outlined in Section 5.2. In the following, ex-
amples of their implementation are given.

Safeguard water as a common good for  
people and nature
Water management should aim to adequately consider all 
the functions of water and thus the needs of all people 
and nature (Section 5.2.1). At a conceptual level, various 
interacting dimensions of justice can provide orientation, 
e.g. intragenerational, intergenerational and  interspecies 
justice within a stable Earth system, representing the pil-
lars of the overarching concept of Earth-system justice 
proposed by Gupta et al. (2023).
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adaptation

Effective
adaptation in
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medium term,
no significant

long-term
consequences

Long-term
positive
impact

Transformation to
climate-resilient

pathway

Maladaptation Effective Adaptation

Construction of a large dam
to meet regional water needs
in the short term, based on
data from the past without
sufficient consideration of
future changes in the
climate, involves irreversible
loss of local natural life-
support systems and
traditional lifestyles of the
resettled population and new
wage work in climate-
vulnerable agriculture, at the
same time, the dam is
dysfunctional in  the long term 

Expansion of blue-green infrastructure
in disadvantaged urban
neighbourhoods to improve flood
protection and mitigate the urban
heat-island effect, but without
additional measures to prevent the
displacement of disadvantaged
population groups, subsequent
relocation to other urban
neighbourhoods with a higher flood
risk, less favourable bioclimate and
even poorer provision of green spaces 

Establishment of irrigation
that maintains the feasibility
of established local
agricultural methods in the
short term, but leads to
serious water stress
downstream and introduces
new vulnerability of the local
population groups there;
urban flood-protection
measures that restrict water
runoff from neighbouring
(disadvantaged) urban
districts and increase the
flood risk there 

Development of small-scale
irrigation systems, but
rising climate risks
continue to pose a
challenge for agriculture
without further conversion
to long-term climate-
resilient cultivation
methods; expansion of
urban green spaces without
taking long-term climate
change into account in
park design and the
selection of vegetation

Conversion to climate-resilient
farming methods, combined with the
establishment of transdisciplinary
forums involving upstream and
downstream water users to negotiate
sustainable and just quotas for water
use, while also building social capital
and structures for cooperation on
flood protection

Ideal outcome – to date
hardly any successful
examples in practice;
possible solutions: climate-
resilient urban water-
management (water-sensitive
urban design), embedded in
long-term transformation
strategies to ensure urban
quality of life, reduce socio-
economic inequalities and
preserve natural life-support
systems, using an
intersectional approach that
critically scrutinizes the
systemic causes of
vulnerability

Negligible
positive or
negative
impact

Impacts of
climate change

addressed,
root causes of
vulnerability
still remain

Vulnerability to
climate change

addressed

Root causes of
vulnerability
addressed by

system
transformations

Higher vulnerability
to climate change,
long-term pathway

lock-in with
restriction of future
adaptation options

Higher vulnerability
to climate change,
high opportunity
costs and high isk

of pathway lock-in,
some opportunities
to reverse remain

Higher or new
vulnerability
introduced,

limited or no
options for
addressing

new vulnerability

Figure 6.1-1
Continuum from maladaptation (left) to transformative adaptation (right) with examples of water-related adaptation measures. 
The success of adaptation varies over time and depends on the context, and various criteria and dimensions are decisive for the 
assessment, e.g. the impact on disadvantaged population groups and the contribution to systemic change (Reckien et al., 2023).
Source: based on Schipper, 2020; examples: modified by WBGU
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At the implementation level, integrating ecosys-
tem-based adaptation (EbA) approaches into water 
management, e.g. by integrating them with the IWRM 
approach, can be helpful in order to specifically ad-
dress water functions for ecosystems and thus to sup-
port ecosystem services (Dörendahl and Aich, 2021). 
The Water-Energy-Food-Ecosystem Nexus approach 
(Section 2.4.1.3) can be used to take into account the 
complex interactions between water, energy and food 
systems as well as hydrological, biological, social and 
technological factors in local water management. The 
integrated use of different approaches helps to identify 
and overcome conflicting objectives and realize multiple 
benefits (IPCC, 2022b: 653).

Increase adaptability in the face of 
continuous change
The assumption of stationarity – i.e. the idea that natural 
systems exhibit predictable variability within a defined 
time frame on the basis of empirical observations – is 
no longer valid in the face of progressive climate change. 
In order to do justice to the increasing loss of station-
arity, structures and processes for planning and deci-
sion-making in water management must be designed in 
an adaptable and correctable way and include all actors 
(Section 5.2.2). To enable water management to react 
more flexibly to changing framework conditions, plan-
ning must always include two time scales: on the one 
hand, short-term infrastructure measures adapted on the 
basis of current data are necessary; on the other hand, 
planning requires a long-term perspective that should 
extend at least until 2050 and, where necessary, beyond. 
Traditional infrastructure approaches in water manage-
ment, such as the construction of dams or long-distance 
water pipelines with a realization, use and depreciation 
period of several decades, will endure for a long time 

but have often not been sufficiently adaptable or flex-
ibly planned. Forward-looking infrastructure planning 
must take into account and integrate the various tem-
poral, spatial and systemic limits of measures, expected 
dynamics and planning uncertainties (BMUV, 2023b: 
50). The combination of different measures from the en-
tire spectrum of purely technical to more nature-based 
solutions opens up the possibility of using their respec-
tive strengths and compensating for their limitations in 
a targeted manner.

Progressive climate change, large-scale land-use 
changes, changes in ‘atmospheric rivers’ and overar-
ching technological developments (e.g. cooling-water 
requirements in the course of increasing digitalization 
or additional water requirements in the context of the 
energy transition; Box 7.4-2) result in continuously 
changing water supply and water demand. In response, 
there is a need for greater flexibility in water demand 
and new management approaches that determine the 
water availability and all demands in advance, includ-
ing through the use of real-time data. The management 
methods selected must be constantly monitored, their 
results analysed and, if necessary, adjusted at short no-
tice. To achieve this, infrastructural solutions need to be 
more decentralized, modular and adaptive. A range of 
possible measures for the restoration of ecosystems, in 
agriculture and in cities can be found in Sections 6.2-6.4.

Resilience and risk prevention instead of 
emergency response
In order to ensure a stable water supply in the sense of 
resilience and risk prevention (Section 5.2.3), even in the 
case of extreme events and particularly long periods of 
drought, it is necessary, among other things, to diver-
sify water portfolios. For the supply of drinking water 
this means making facilitating the use of independent 

Box 6.1-1

At a glance: four requirements to be considered 
when developing, selecting and implementing 
measures

1. Assess water-related efficacy on different time scales: 
The efficacy of measures should be assessed with regard to 
specific water-related objectives and always with regard to 
their respective contribution to the restoration of a climate-re-
silient landscape water balance. Against the background of 
exacerbated water-related challenges, the assessment must 
include different time horizons, uncertainties, impact delays 
and adaptation limits.

2. Analyse feasibility in the respective context: The feasibility 
of measures should be assessed on a context-specific basis, 
taking into account the availability of technologies, financial 

resources, institutional capacities, their acceptance and their 
requirements in terms of land and resources – also with regard 
to their long-term operation and any adjustments that may 
become necessary over time.

3. Focus more on potential multiple benefits: Possible multiple 
benefits for climate and biodiversity protection and health, 
social and economic benefits of measures, and effects on the 
reduction of inequalities should be anticipated, evaluated and 
taken into account in the assessment of measures.

4. Avoid unintended consequences: In order to avoid malad-
aptation and other unintended water-related, ecological, health, 
social and economic consequences, all impacts of measures 
should be identified, evaluated and taken into account using 
a systemic and transdisciplinary approach.
The four requirements are explained in more detail in Sec-
tion 6.1.2.
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blue-water resources where necessary (e.g. extraction 
from different aquifers; use of local groundwater re-
sources supplemented by a connection to regional in-
terconnected networks). Conventional drinking-water 
resources can also be substituted and thus conserved by 
using alternative fresh-water resources, such as via wa-
ter recycling and seawater desalination. More attention 
should be paid in general to the multiple use of local and 
regional water resources in the sense of water recycling.

Managing blue and green water across sectors
In view of the increasing variability of water supply and 
increasing water extremes, strengthening buffers in the 
landscape that can absorb, retain and then release wa-
ter plays a decisive role in climate-resilient water man-
agement – on land of all use levels (Section 5.2.4). In 
addition to natural blue-water systems, this will require 
greater consideration of the green water stored in soils 
and plants (in terms of quantity and effectiveness) in 
water management in the future. Green water can buffer 
extreme events to a certain extent. A local water avail-
ability can be stabilized, for example, by means of tar-
geted decentralized rainwater collection and infiltration, 
which increases soil moisture and groundwater recharge. 
The most important long-term goal of climate-resilient 
water management is the comprehensive conservation, 
strengthening and restoration of a climate-resilient land-
scape water balance and the resulting necessary reorgan-
ization of land use in rural and urban areas.

Enable a science-based discourse on challenges  
and options for action
A science-based discourse on strategy development and 
options for action in the face of uncertainties is also re-
quired (Section 5.2.5). The discourse can provide infor-
mation to water management and be informed by it. At 
the implementation level of climate-resilient water man-
agement, the use of differentiated approaches and in-
struments to assess and evaluate the effectiveness, feasi-
bility, multiple benefits and unintended consequences of 
measures is essential in order to systematically consider 
alternatives in the face of long-term uncertainty (Sec-
tion 6.1.3). Examples of suitable methods include mul-
ti-criteria analysis with an emphasis on multiple benefits 
(e.g. Alves et al., 2018a) and approaches that use the 
‘decision scaling’ method, such as the World Bank’s De-
cision Tree Framework (Ray and Brown, 2015) and Cli-
mate Risk Informed Decision Analysis (CRIDA; Mendoza 
et al., 2018). Their use enables a collaborative process for 
risk-based decision-making that combines a bottom-up 
analysis of vulnerabilities and the risks of measures with 
projections of climate change and hydrological changes 
under different scenarios (Box 6.1-2).

Value water and appreciate the value of water
The value of blue and green water resources for people 
and nature and the scale of water-related risks must be 
recognized and made transparent for policy-makers, the 
public, companies and investors (Section 5.2.6). Trans-
parency is also necessary in the financing of measures, 
since the competition for funding is high in view of scarce 
financial resources and rising financing requirements for 
a wide range of transformation areas. Against the back-
drop of long-term uncertainties, funding solutions for 
locally adapted measures must be found that will also, if 
necessary, enable future, further adjustments to measures 
that have already been implemented, and make invest-
ments attractive for both public and private investors. 
In addition, growing risks of damage and loss of value 
must be taken into account when making investment de-
cisions. In particular, large-scale infrastructure projects 
designed for the long term, such as the construction of 
dams or long-distance water pipelines, tie up financial 
resources over a long period of time and run the risk of 
becoming stranded assets, e.g. if increasing water scarcity 
makes a dam unprofitable. In order to mobilize and steer 
private investment, a regulatory and fiscal framework 
is needed within which multiple benefits are rewarded 
and unintended negative consequences are priced. These 
and other strategies for structuring funding approaches 
and the necessary framework conditions for investment 
decisions are discussed in more detail in Section 8.3.

Accelerate implementation – encourage and 
promote self-organization
Climate-resilient water management requires a regula-
tory framework and instruments that make accelerated 
implementation possible and – where appropriate – in-
tegrate informal, decentralized governance structures 
(Section 5.2.7). State control should be demanded in 
compliance with the principle of subsidiarity and en-
sured in the spirit of a proactive state. At the same time, 
it is the state’s responsibility to involve and empower 
non-state, self-organized actors and structures, and to 
promote and demand civil-society involvement in the 
sustainable management of water resources at the local 
level. Based on the principles of climate-resilient wa-
ter management, the aim is to ensure that state control 
and self-organization complement each other. Long-
term and infrastructure-dependent planning cycles are 
required which are simultaneously characterized by a 
high degree of agility and flexibility as well as an abili-
ty to act at short notice when dealing with sudden and 
unexpected shifts in water supply. The effectiveness of 
the measures should be ensured by effect- and effec-
tiveness-orientated governance. At the same time, it 
requires highly context-specific, pragmatic governance 
that makes multiple benefits possible while minimizing 
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risks caused by unforeseeable, unintended consequenc-
es. In concrete terms, this means that overarching com-
munication and coordination mechanisms are of great 
importance. An exchange across different sectors and 
policy areas is urgently needed and should also include 
non-state actors. Participatory dialogue forums can facil-
itate exchange between state and non-state actors (Sec-
tion 8.2.3). Standards for the distribution of available 
water resources require regular review. Governmental 
and non-governmental cooperation across national bor-
ders, within and between catchment areas and following 
an ecosystem approach, is essential for climate-resilient 
water management.

The WBGU welcomes the current efforts in Germany 
to incorporate the guiding principle of water-sensitive 
urban design into the German Federal Building Code 
(BauGB; Section 6.4.1) and the intended standardization 
of multifunctional land use as a new guiding principle 
and as a factor to be taken into account in urban land-
use planning (BMWSB, 2024: 9). Both amendments to 
the German Federal Building Code have great potential 
to contribute to the implementation of the climate-resil-
ient water management proposed in this report.

6.1.2
Four requirements for the development, 
selection and implementation of measures

For the development, selection, combination, establish-
ment and, if applicable, the operation or maintenance 
of measures in the context of climate-resilient water 
management, the WBGU defines four requirements that 
reflect the overarching principles of action and should 
always be taken into account.

6.1.2.1
Assess water-related efficacy on  
different time scales
The effectiveness of a measure should be assessed with 
regard to its specific water-related objectives and always 
with regard to its contribution to maintaining, strength-
ening and restoring a climate-resilient landscape water 
balance, the most important long-term objective of cli-
mate-resilient water management (Section 6.1.1). The 
impact on the landscape water balance should be as-
sessed not only for measures to improve groundwater 
recharge or rewetting but also for measures to provide 
and treat drinking water, to improve the quality of sur-
face and groundwater or to minimize the consequences 
of flash floods, floods and droughts. For example, they 
should be tested to see whether they stabilize soil mois-
ture, keep water in the landscape for longer and thus 
contribute to the creation of natural buffers, and whether 

they maintain or increase the resilience of water systems.
The effectiveness of measures depends, among other 

things, on technical factors, whereby a rough distinction 
can be made between quantitative aspects (e.g. with re-
gard to the absorption, storage and retention of water) 
and qualitative aspects or, if applicable, limitations (e.g. 
with regard to the absorption, accumulation and trans-
formation of substances in the water). While organic pol-
lution can generally be removed from domestic waste-
water by plant- and pond-treatment plants, this is only 
possible to a limited extent for persistent substances 
and pathogens (bacteria, viruses; Arden and Ma, 2018; 
Castellar et al., 2022). By combining different measures, 
their respective strengths can be used and their limita-
tions compensated for (for examples of efficient waste-
water treatment: Section 7.1.2).

Furthermore, contextual factors – e.g. specific climat-
ic, spatial planning, urban development, ecological and 
political framework conditions – influence effective-
ness. Due to the exacerbated water-related challenges 
and particularly due to the loss of stationarity, the im-
pact-relevant framework conditions are changing. The 
effectiveness can therefore change continuously without 
stabilizing in the long term. For example, as a result of 
climate change, specific nature-based solutions may no 
longer be implemented locally or may become less ef-
fective. Some conventional technical measures such as 
dykes, reservoirs and drainage systems can become over-
whelmed, damaged and dysfunctional as a result of more 
frequent and more intense extreme events (UBA, 2023d).

Today, many technical infrastructures are dimensioned 
on the basis of historical data on water demand, water 
availability and the previous frequency of extreme events, 
and are not designed for future climate changes. For ex-
ample, the dimensioning of a flood dyke is based on a 
so-called ‘hundred-year flood’ (‘HQ100’), which refers 
to a flood discharge that is statistically reached or ex-
ceeded only once in 100 years. How likely it is that the 
functionality of facilities for supplying drinking water, 
for wastewater disposal (e.g. sewer networks, wastewa-
ter-treatment plants) or flood protection will be restricted 
by the local effects of climate change cannot yet be reli-
ably assessed on the basis of the current data. However, 
it is clear that planning uncertainties in this regard will 
increase considerably. Climate protection and measures 
to prevent pollution are therefore of crucial importance 
for the preservation of water quality and water quanti-
ty (Section 5.1; Chapter 7).

As a basic principle, measures must be planned and 
implemented in such a way that technical adaptation to 
the consequences of climate change (changed precipi-
tation patterns, extreme events) can be realized with 
minimal effort during their life-cycle. Consideration of 
different time scales is also relevant because there can 
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be considerable delays between when the implementa-
tion of measures starts and the desired effects unfold, 
e.g. after the construction of dams or the conversion 
of a pine monoculture stand into a mixed forest. Other 
measures may even have a negative effect in the short 
term despite a predominantly positive effect in the long 
term. For example, prolonged waterlogging due to local-
ized water-retention measures can restrict the agricul-
tural cultivation of land in the short term. However, it 
will ultimately have a positive impact on agriculture if it 
stabilizes the local water cycle in the long term.

Delays can be compensated for by a combination of 
short- and long-term measures. For example, protracted 
measures to transform areas towards a climate-resilient 
landscape water balance, some of which can take several 
decades, can be supplemented by short-term local meas-
ures such as the development of irrigation systems in 
agriculture. Solutions that are effective in the short term 
must be designed in such a way that they restrict solu-
tions that are effective in the long term as little as pos-
sible, and no undesirable path dependencies are created.

6.1.2.2
Analyse feasibility in the respective context
Whether the establishment and operation of a specific 
infrastructure measure is locally feasible depends largely 
on the availability of technologies, financial resources 
and institutional capacities. These factors are variable 
depending on the context; they can change over time 
(e.g. due to geopolitical exacerbated challenges; Sec-
tion 3.2.2) and are co-determined by governance fac-
tors (Chapter 8). At the same time, the need for specific 
knowledge, financial resources and technical equipment 
varies considerably between different measures – in 
terms of both the initial investment required and the 
longer-term effort needed to maintain functionality 
and, if necessary, adapt to new developments. In order 
to ensure that implemented infrastructure measures are 
sufficiently adaptable, changing framework conditions 
and uncertainties must therefore be taken into account 
from the outset when assessing their feasibility.

This also applies to the land and resource require-
ments of measures, which may also conflict with oth-
er uses and conservation objectives. This could be the 
case, for example, if the use of certain raw materials or 
energy consumption is to be reduced overall, or if ad-
ditional land is required for agriculture or climate and 
biodiversity protection in the long term. It should there-
fore also always be assessed whether and how measures 
to preserve, strengthen and restore a climate-resilient 
landscape water balance can be implemented as part of 
an integrated landscape and water-balance approach 
(Section 6.3; Section 6.5.3).

Land and resource requirements also play a role in 
the feasibility of water-reuse measures. For example, 
the space requirements of plant- and pond-treatment 
systems are often too high for densely populated urban 
areas (Castellar et al., 2022; Boano et al., 2020) – in their 
conventional design, they are only suitable for rural ar-
eas with a low population density and a large amount 
of available land. Conventional technical solutions for 
the advanced treatment of municipal wastewater, on 
the other hand, sometimes require a lot of energy or 
chemicals. Advanced technical approaches to turn heav-
ily contaminated water back into ‘safe drinking water’ 
(that meets legal requirements) generally require a great 
deal of expertise and sophisticated technology. In ad-
dition, they use an even greater amount of energy and 
special materials (e.g. coated polymers, rare earths) or 
generate considerable waste streams (e.g. concentrates 
in membrane-filtration processes).

A lack of societal acceptance can also limit the fea-
sibility of some measures, e.g. if there are reservations 
among the population regarding the use of ‘recycled 
water’ as drinking water. Accompanying measures to 
meet this challenge are conceivable. For example, the 
increased use of treated wastewater as drinking water 
in Singapore was accompanied by a large-scale public 
awareness campaign by the government, which aimed 
to increase acceptance (Duong and Saphores, 2015).

In addition, the feasibility of a measure is determined 
by the willingness of the actors involved to implement 
it. In agriculture, for example, it is important, politically 
and societally, to recognize the role of farmers as water 
actors and to provide financial incentives (Section 6.3.3). 
The feasibility and effectiveness of such accompanying 
measures for increasing acceptance and the willingness 
to implement them are in turn context-dependent, which 
should also be taken into account when analysing the 
feasibility of a measure.

6.1.2.3
Focus more on potential multiple benefits
Where possible, measures should be designed to be 
multifunctional. This means that, on the one hand, they 
address the different functions of water for people and 
ecosystems and, on the other hand, strive for ecological, 
health-related, social and economic benefits that go be-
yond water-related effects. For example, the restoration 
of peatlands and other wetlands can protect biodiversity 
and provide multiple ecosystem services (Section 6.2). 
The expansion of agroforestry can improve local food 
security and support the livelihoods of the population 
(Rosenstock et al., 2019; Section 6.3). The expansion 
of blue-green infrastructure in cities may entail health 
and social benefits (Section 6.4). Greater use of na-
ture-based solutions offers particular potential. Their 
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multiple benefits are often based on more conservation 
of regulating ecosystem services (e.g. improving water 
quality) with less overexploitation of provisioning eco-
system services (e.g. provision of materials). Both glob-
ally and regionally, regulating ecosystem services (or 
Nature’s Contributions to People) are currently being 
progressively lost (Brauman et al., 2020).

The full use of multiple benefits is becoming increas-
ingly relevant, as more climate, biodiversity and health 
protection is urgently needed. Water-related measures 
can make an important contribution to this. In the long 
term, benefits for water-related objectives may arise in 
turn, for example, if the restoration of ecosystems cre-
ates buffers in the landscape and also contributes to the 
mitigation of global warming, which again facilitates the 
applicability of nature-based solutions. If adaptation to 
and mitigation of environmental changes are consid-
ered in an integrated manner, both can benefit, which 
underlines the importance of multisectoral cooperation 
(Boyd et al., 2022).

Multiple benefits also depend on targeted planning 
and implementation. Possible positive effects of meas-
ures for climate protection and biodiversity, human health 
and well-being, as well as other sustainable-development 
goals, should therefore be anticipated and targeted in 
planning, evaluated where possible and taken into ac-
count when selecting measures. Here too, different time 
horizons and possible delays in impact must be taken 
into account, and different spatial levels must be con-
sidered in an integrated manner.

The reduction of social and health inequalities, which 
are linked to the unequal distribution of environmental 
impacts and resources and are exacerbated by climate 
change, can also be a benefit (Stroud et al., 2022). To 
this end, the needs of disadvantaged groups must be tak-
en into account, e.g. urban green spaces should be suf-
ficiently accessible and suitably designed (Section 6.4). 
Furthermore, water-related measures – especially large-
scale ones – can offer windows of opportunity to im-
prove the framework conditions for healthy and sus-
tainable lifestyles and thus counteract the emergence 
of inequalities, e.g. in the fields of nutrition, exercise 
and housing (WBGU, 2023).

One example is possible positive effects on the mo-
bility behaviour of city dwellers. If, for example, large-
scale measures to adapt water infrastructure also affect 
road space, care can be taken to ensure that sufficient 
areas are available for pedestrians and cyclists. In this 
way, active mobility can be promoted, with numerous 
ecological and health benefits (WBGU, 2023).

6.1.2.4
Avoid unintended consequences
In addition to negative effects in the sense of maladap-
tation (Fig. 6.1-1), there can also be other unintended 
consequences. Many measures have multiple water-re-
lated impacts, in some cases involving major and trans-
boundary shifts in water distribution. This can result 
in conflicts of objectives and interests that need to be 
identified and overcome. For example, the construction 
of a new dam can increase the resilience of the region-
al drinking-water supply in the short term and enable 
the use of hydropower, but in the long term it can sig-
nificantly change the flow regime of the downstream 
watercourse, lead to increased evaporation losses and 
impair water quality as a result of algal blooms. Other 
examples include long-distance water pipelines with ef-
fects on the water availability in the catchment area, or 
geoengineering to generate artificial precipitation with 
changes in natural precipitation across national borders.

Measures can also have unintended ecological, 
health-related, social and economic consequences. Ex-
amples include a loss of local biodiversity as a result of 
the construction of large reservoirs or the discharge of 
concentrates from seawater desalination into the sea (Sec-
tion 6.2), the possible promotion of infectious diseases 
through the expansion of agroforestry (Rosenstock et 
al., 2019; Section 6.3) or the displacement of disadvan-
taged population groups by the economic upgrading of 
urban districts and the formalization of informal spaces 
following the expansion of blue-green infrastructure in 
cities (Section 6.4).

The fact that various intended and unintended con-
sequences influence each other is illustrated by the Di-
ama dam in Senegal. Its completion in 1986 led to an 
improvement in the water supply for regional agriculture 
and the generation of hydropower. However, it also pre-
vented the migration of river prawns between different 
sections of the river – leading to a marked increase in 
the incidence of the parasitic infectious disease schisto-
somiasis (bilharzia), because in some places there were 
no more river prawns to predate on the water snails that 
are intermediate hosts of the parasites (Sokolow et al., 
2015). In addition, unintended consequences can have 
negative repercussions on water-related targets, e.g. high-
er greenhouse-gas emissions from a reservoir in tropi-
cal regions contribute to the exacerbated water-related 
challenges through their contribution to climate change 
(Kumar et al., 2023a).

Unintended consequences can be categorized ac-
cording to whether they are knowable and avoidable 
( Fig. 6.1-2; Suckling et al., 2021), a key starting point 
for preventing them. Consequences that are knowable 
and avoidable upfront can be prevented by targeted 
planning, but this requires a systemic approach and the 
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corresponding political will. Consequences that are know-
able but cannot be avoided due to specific framework 
conditions can be mitigated by accompanying measures. 
Consequences that are avoidable in principle but un-
knowable due to a lack of data can be partially avoided 
by acting with foresight and taking uncertainties into 
account. Crucial factors here are continuous evaluation, 
consistently including the social consequences of meas-
ures in modelling and decision-making in the sense of a 
social-hydrological approach, and ensuring that planning 
is fault-tolerant, flexible and adaptive with decentralized 
and modular measures (Walker et al., 2015).

If it is possible to shift unintended consequences 
into the ‘knowable and avoidable’ area, it becomes eas-
ier to prevent them (Sowby and Hotchkiss, 2022). An 
advanced, combined assessment of environmental and 
health impacts, e.g. in the form of a harmonized impact 
assessment of measures, would be advantageous in this 
context (Osofsky and Pongsiri, 2018; SRU, 2023). There 
should also be open discussions with interdisciplinary 
teams about possible project impacts based on rele-
vant catalogues of possible consequences (Sowby and 
Hotchkiss, 2022). Participatory planning in the sense of 
a transdisciplinary approach can help to incorporate dif-
ferent perspectives, needs and concerns and ensure the 
inclusion of different actors (Walker et al., 2015). Care 
must be taken here to ensure that the dialogue is open 
enough, for example by not laying down fixed technical 
planning criteria from the outset (Farmer et al., 2015). 
It is also crucial not only to formally offer participation 
to marginalized actors, but also to facilitate participa-
tion. This can be done by reducing barriers to access, e.g. 
with tailored information services, financial compensa-
tion, spatial accessibility, organizational support and the 
provision of non-discriminatory spaces.

6.1.3
Instruments for assessment under uncertainty

It must be possible for water-management actors to as-
sess whether the implementation of a measure brings 
multiple benefits to society, and to compare different 
measures. The requirements explained in the previous 
section must therefore be translated into an assessment 
methodology. One particular challenge here is the grow-
ing uncertainty, which makes an assessment based on 
historical expectations hardly expedient.

Projections for climate change, its effects and so-
cio-economic developments result in a variety of possi-
ble scenarios that can be broken down to the local lev-
el ‘top-down’. However, given the variety of uncertain 
factors, there is a risk that measures will be prioritized 
that take all dimensions of uncertainty into account, 
but are not expedient or are oversized taken as a whole. 
It can therefore be helpful to tackle the problem ‘from 
the bottom up’ and step by step. Taking into account 
local vulnerabilities and risks classified as unacceptable, 
the four requirements for measures outlined above can 
first be specified in a specific context and then linked 
to the results of climate models to inform risk analyses 
and decisions. Methods that enable such an approach 
with consistent and replicable results already exist (Beek 
et al., 2022), e.g. ‘decision scaling’ (Box 6.1-2; Brown, 
2011; Brown et al., 2011; Brown et al., 2012; Hallegatte 
et al., 2012). Examples of approaches that use this meth-
od are the World Bank’s Decision Tree Framework (Ray 
and Brown, 2015) and Climate Risk Informed Decision 
Analysis (CRIDA; Mendoza et al., 2018).

As part of the bottom-up process, relevant aspects 
need to be identified and attributed, and the period un-
der review needs to be defined. If important effects are 
neglected or the time period is too short, this can lead to 

Unknowable

Knowable

Avoidable Unavoidable

Manageable

Unmanageable

Mitigable

Inevitable

or

Figure 6.1-2
Possible categorization of unintended 
consequences according to whether 
they are knowable and avoidable. 
Consequences that are knowable and 
avoidable can be prevented by target-
ed planning. Consequences that are 
knowable but cannot be avoided can 
be mitigated by accompanying meas-
ures. Consequences that are avoidable 
in principle but not knowable can be 
partially prevented with foresight-
ed action, taking uncertainties into 
consideration. Shifting unintended 
consequences into the ‘knowable and 
avoidable’ category makes it easier to 
prevent them.
Source: Suckling et al., 2021
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misjudgements regarding what risks are acceptable, e.g. 
if value-creation losses or effects on health and biodi-
versity are not adequately taken into account. However, 
the inclusion of each additional effect and the consider-
ation of longer time periods increases the complexity of 
the analysis – partly because the uncertainty increases.

When assessing measures, there is also the challenge 
of how impacts, multiple benefits and side-effects can 
be measured and made comparable. This applies in par-
ticular to effects for which a monetary quantification – 
for example via market prices or the hypothetical will-
ingness to pay – is difficult or impossible. There is also 
the question of how to deal with target conflicts and 
competing uses. Due to the large number of effects to 
be considered and stakeholders affected, target con-
flicts are to be expected in various dimensions, e.g. be-
tween desired effects or effects to be avoided, between 
neighbourhoods or regions, and on different time scales, 
e.g. between different generations. Conflicting targets 
and prioritization between different goals can only be 
resolved locally and in a context-specific manner. It re-
quires the development of capacities and expertise that 
support local decision-makers.

A widely used approach for assessing measures is 
cost-benefit analysis (CBA). This attempts to record 
all the costs and benefits associated with a measure in 
monetary terms, thus making it possible to decide be-
tween different measures. CBA reaches its limits when 
monetary values of impacts, multiple benefits and side 
effects cannot be measured, or at least not adequately. 
In this case, it is expedient to use assessment methods 

that include both monetary and non-monetary effects. 
One example is multi-criteria analysis (MCA), which is 
already frequently used in planning processes in the wa-
ter sector. It records a measure’s effects, multiple bene-
fits and undesirable side effects and evaluates them in 
relative terms. The overall assessment of a measure de-
pends crucially on the weighting of the various effects, 
so that prioritization can be based on the weighting. It 
should be implemented via a societal negotiation pro-
cess that integrates preferably all affected stakeholders 
(see e.g. Alves et al., 2018b for flood risks).

When selecting a measure or combination of meas-
ures and in further planning, consideration should also 
be given to how distribution problems can be addressed 
and how the losers of the measure (e.g. farmers whose 
land is taken out of agricultural use) can be adequately 
compensated. It should also be determined whether un-
intended consequences can be avoided or minimized by 
adapting the design of the measure or by implementing 
accompanying measures. Finally, the financing of the 
measures must be made possible, and this can also be 
a challenge in the face of increasing uncertainty (Sec-
tion 6.1.1; Section 8.3).

6.1.4
Governance by planning and authorization

Climate-resilient and socially balanced water manage-
ment can only be realized if tasks are assigned to the 
right actors in the respective national context. In this 

Box 6.1-2

Decision scaling

The ‘decision scaling’ method was developed to respond to 
the uncertainties resulting from climate change in planning 
and design processes. Put simply, decision scaling describes 
a process that first analyses which types of climatic changes 
would cause problems, and then uses climate models to assess 
whether these types of change are likely (Brown, 2011).

The advantage of decision scaling in comparison to approach-
es based on a top-down scenario analysis is that it starts with 
known variables: the existing system and its performance under 
different scenarios and designs. It is only in the subsequent 
steps that uncertainty is increasingly taken into account and the 
complexity increased (Mendoza et al., 2018). Decision scaling 
is an interactive process involving relevant stakeholders from 
politics, business and society.

Brown (2011) describes the decision-scaling procedure 
as follows:

In a first step, relevant stakeholder groups jointly define 
the objectives of a decision and performance indicators for 
evaluating different alternatives. A risk analysis looks into 

which climate-change impacts are important, and determines 
threshold values that, if exceeded, would be unacceptable and 
require preventive avoidance measures.

The behaviour of the system under changing climatic condi-
tions is then modelled. Complex or very simple models can be 
selected, depending on the context. The widest possible range 
of different conditions should be considered in order to be able 
to draw conclusions about the vulnerability or resilience of a 
system based on different decision alternatives. The analysis 
can show that a system hardly reacts at all to climate change, or 
that one measure is superior to another among all the changes 
considered. In this case, it may be unnecessary to analyse which 
future climate changes will occur and with what probability. 
However, it is generally to be expected that this analysis will 
reveal climate risks for the system and its weak points.

The final step determines the probability that the climate 
changes previously identified as relevant for the system will 
occur. Not until this point in the process are climate models 
needed. As a result, the decision-scaling method provides a 
list of the decisions to be favoured for different climatic con-
ditions, and an initial estimate of the probabilities of these 
conditions occurring.
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respect, ‘governance by planning’ involves a number of 
challenges that need to be overcome (Box 6.1-3).

These challenges are particularly evident in the case 
of the EU Water Framework Directive, which pursues an 
ambitious and now defined goal for climate-resilient wa-
ter management with the requirement to achieve a good 
ecological water status, combined with a corresponding 
ban on deterioration (Chapter 2). A good ecological water 
status is to be achieved by planning measures and man-
aging water bodies. These are i.a. implemented locally 
by individual case-by-case decisions such as discharge 
permits or refusals.

Despite extensive planning for more than two decades, 
the EU-wide water status has not improved significantly. 
There is a lack of any effective implementation of these 
objectives by means of plans and specific official case-
by-case decisions. The latest case law of the European 
Court of Justice (ECJ) seeks to counteracts this deficit. 
The Court of Justice has interpreted the Water Framework 
Directive in such a way that authorization for a specific 
project – in this case the deepening of the River Weser 
to improve navigability – is to be refused if it jeopardiz-
es the achievement of the good status of a surface water 
body as defined in the management plan (EuGH, 2015).

As a result, there is also a corresponding obligation 
to assess the impact of a project on water bodies in ad-
vance (EuGH, 2020). Only if the water-management 

plans pre-structure the downstream case-by-case assess-
ment (Kloepfer and Durner, 2020) will they be effective 
in practice. The internal obligations must also apply to 
those who discharge pollutants or use the water. The ECJ 
is thus the actor that has effectuated the member states’ 
obligations under water law. However, this approach is 
not sufficient. A court can only interpret a legal norm if 
it has jurisdiction and is called upon to do so. It clarifies 
individual questions that are relevant in the respective 
proceedings and does not act in a quasi-legislative ca-
pacity. The principle of the separation of powers is thus 
also involved here. In principle, only constitutional courts 
have the power to reject standards, although ECJ rulings 
in the context of referral proceedings on the interpreta-
tion of EU law have a greater scope than individual case 
rulings, which only bind the respective parties. Although 
the ECJ’s specification efforts lead to better enforcement 
of EU-wide water-protection law, they ultimately remain 
selective and are not systemic in nature. Furthermore, 
EU law, as a supranational legal system that can also be 
enforced by the courts against the member states, is a 
special case that cannot be transferred to other regions.

Nevertheless, this example makes it clear that cli-
mate-resilient water management must ensure that tasks 
are assigned to the right actors in each case. To a certain 
extent, failures can be compensated by other actors. The 
conflicts of interest must already be clarified by clear 

Box 6.1-3

Governance by planning

Planning as a form of governance that is independent of indi-
vidual cases and geared towards the future is a reflection of 
the precautionary principle. Starting with the status quo, the 
future development is forecast, taking various scenarios into 
account. A normative goal is then formulated, which is to be 
achieved as effectively as possible by means of a plan. Planning 
aims to balance conflicting interests, coordinate measures and 
expectations, and to develop a conceptual plan of action that is 
geared towards connectivity. Within the planning authority’s 
scope, plans govern target achievement in an abstract-general 
form, which is why plans are dependent on subordinate imple-
mentation (Schlacke, 2021). Planning also facilitates legislation, 
which can be restricted to defining goals and procedures, leaving 
the concrete measures to the planning authority – usually the 
administration.

However, this is also a weakness of planning, especially in 
the EU’s water governance. EU legislators have set highly 
ambitious targets in this field, such as maintaining or achieving 
a good chemical, ecological and quantitative water status. The 
member states or their administrations have a duty to analyse 
their water status, identify measures with which to achieve a 
good water status, and transfer them into a legally binding 

action and management plan. The EU obliges member states 
to adopt action plans in many environmental areas – such as 
climate-change mitigation, air-pollution control and land use 
(nitrate inputs). Implementation is often lacking: plans are not 
drawn up or not updated, or the measures specified in them 
are not taken. In addition, in a federal country such as Germa-
ny, for example, it is the responsibility of 16 federal states to 
draw up and implement plans. Sometimes implementation is 
further delegated to the smallest units in the state, the local 
municipalities, which are often overburdened by the task. 
Dematerialized planning and the delegation of implementation 
to the smallest administrative units, which are often inade-
quately staffed or funded, harbour a high risk of implementa-
tion and enforcement deficits. This problem is all the greater 
the more scope for decision-making is delegated to the actors 
who have to implement the unspecific plans by taking indi-
vidual measures (Durner and Ludwig, 2008). If policy-makers 
and legislators do not exercise sufficient oversight – e.g. by 
passing on their power to govern via planning obligations to 
lower policy levels, which then comply with these obligations, 
but are unable to implement them adequately – then the 
precautionary mandate of planning is thwarted. Furthermore, 
planning processes are sometimes cumbersome, as they require 
the availability of sufficient (environmental) data for the nec-
essary forecast of future developments, which makes it diffi-
cult to react quickly to new developments (Schlacke, 2023).
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specifications in the laws – such as construction bans 
on floodplains – and not simply delegated to planning. 
Planning should not be a compulsory exercise for ad-
ministrative authorities; instead, it should coordinate 
and resolve conflicts in a precautionary manner. In this 
way, the authorities have a steering effect for individu-
al case decisions. Otherwise, structural regulatory and 
enforcement deficits arise.

The reverse is true for infrastructure planning. Instead 
of delegating these tasks to the technically competent 
authorities, which can make these decisions for a pro-
ject on a case-by-case basis, legislators have recently 
taken them over themselves, and are carrying them out 
by granting statutory authorization for facilities such as 
the expansion of watercourses (legal planning). At first 
glance, this may appear to increase the democratic le-
gitimization of planning decisions and to speed up the 
process. However, the functional limits of parliamentary 
decisions are reached here. Due to the limited knowledge 
of technically complex topics on the part of the legislators, 
their planning decisions are already so predetermined 
in practice by the necessary expert knowledge that the 
parliamentary decision seems to be nothing more than 
a formality (Durner, 2021).

Against the backdrop of the exacerbated water-relat-
ed challenges, and in order to maintain or restore a cli-
mate-resilient landscape water balance, the WBGU be-
lieves that, in addition to the right choice of actors, it is 
also necessary for the responsible government authorities 
to take the four requirements outlined in Section 6.1.2 
into account in future (assessment of water-related ef-
ficacy on different time scales, analysis of feasibility in 
the respective context, greater focus on possible multiple 
benefits, avoidance of unintended consequences) when 
making planning and authorization decisions. Under Ger-
man water, environmental and planning law, this should 
take place based on official deliberations and discretion-
ary decisions. In practical terms, this could mean, for ex-
ample, that building bans are issued after flood events 
in potential future flood zones. The consistent consider-
ation of the four requirements presents authorities that 
have to make planning and authorization decisions un-
der water-protection law with major challenges overall, 
which will be exacerbated by the increasing need to act 
and make decisions under uncertainty in the future. To 
date, there has been little systematic consideration of 
how existing planning and decision-making processes 
need to be changed in order to implement measures that 
do justice to the exacerbated water-related challenges. 
Correspondingly, there is an urgent need for research 
here (Section 6.6).

6.2
Solution-space ecosystems

Ecosystems provide a multitude of services that form the 
life-support systems for humans and nature. Ecosystem 
services that are directly related to water and thus have 
an impact on and significance for water management in-
clude the maintenance of healthy habitats, the regulation 
of the climate, the quantity and quality of freshwater 
resources, the quality of coastal waters, the formation, 
protection and decontamination of soils, the regulation 
of hazards and extreme events, and the regulation of 
pests and diseases (IPBES, 2019b). The extent to which 
water-related ecosystem services can be provided de-
pends on the intactness, functionality and size of the 
habitats concerned and thus, in the Anthropocene, also 
on spatial planning by humans. Landscapes, soils and 
their ecosystems can only adequately fulfil their func-
tions as buffers and reservoirs of water if they are de-
signed in a more nature-oriented way than in the past, 
i.e. if they are restored. This means, among other things, 
less ground sealing, less industrial agriculture, more re-
wetting, more reforestation and more urban retention 
and infiltration areas.

6.2.1
Restoration for climate-resilient  
water management

Restoration refers to the re-creation of a functioning 
ecosystem that is sufficiently resilient after its resto-
ration to be able to cope with disruptions – caused, for 
example, by extreme events such as sudden flooding or 
prolonged dry periods – in such a way that no perma-
nent damage is done to the ecosystem and its biodiver-
sity. Resilient ecosystems are able to ‘swing back’ to a 
state close to their original state after a disturbance or 
worsening of the environmental conditions, without ex-
ceeding the threshold that would trigger a fundamental 
structural reorganization of the ecosystem with poten-
tially far-reaching effects on ecosystem services and bio-
diversity. One aim of climate-resilient water management 
should therefore be to increase ecosystem resilience.

However, as the original state of an ecosystem is usu-
ally not exactly restored after a disturbance, but rather 
a new near-natural state is achieved, the implementa-
tion of restoration measures can also be understood as 
a process towards a new ecosystem state. In the follow-
ing, the WBGU uses the terms ‘restoration’ and ‘restore’.

There are numerous measures for water-related res-
toration across different ecosystem types (Table 6.2-1). 
In addition to technical measures, various species can 
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also act as ‘ecosystem engineers’ and influence the wa-
ter quantity and the availability of nutrients in aquatic 
habitats. Examples include the beaver, whose introduc-
tion leads to increased water storage, or the water vole, 
which can induce the drainage of (excessively) wet soils. 
Revegetation, rewilding and the targeted introduction 
of ecosystem engineers can thus be measures to restore 
certain ecosystem types and contribute to climate-resil-
ient water management (Harvey and Henshaw, 2023; 
Polvi and Sarneel, 2017).

In addition to setting a target state for the ecosys-
tem, the choice of restoration measures should also take 
into account that novel (or emerging) ecosystems may 
develop as a result of biotic (e.g. invasive species) and 
abiotic (e.g. climate-change-related) changes (Hobbs et 
al., 2009). Novel ecosystems may, for example, have dif-
ferent species compositions or functions from the pre-
viously prevailing local ecosystem types (Hobbs et al., 
2009). It is then possible that the selected restoration 
measures will not be effective in the novel ecosystems. 
Furthermore, the novel ecosystems may, for example, 
have effects on the hydrological cycle which are not yet 
foreseeable, and would necessitate additional restoration 
measures in the medium to long term. A lot of research 

is still needed in this field. One example of novel ecosys-
tems are post-glacial ecosystems (Bosson et al., 2023).

When choosing and planning restoration measures, 
it is essential that all relevant actors are involved in the 
spatial planning process. In view of the limited avail-
ability of land, restoration is usually associated with 
conflicts with other land-use objectives. These must be 
balanced out with the aim of generating multiple bene-
fits (WBGU, 2020). The use and protection of land can 
be successfully combined in the long term by planning 
according to the model of a multifunctional landscape 
mosaic (WBGU, 2024). Ecosystem restoration, as part of 
climate-resilient water management, plays an important 
role in this context.

6.2.2
Restoration of wetlands

All ecosystems are important for climate-resilient water 
management. For example, mountains are the Earth’s 
‘water towers’ (Viviroli et al., 2007; Section 4.4), while 
grasslands and forests are essential for the infiltration, 
storage and filtering of water. Wetlands are important 

Table 6.2-1
Overview of selected ecosystem types and examples of applicable restoration measures.
Human use of different intensities and the respective restoration measures can be coordinated by applying and implementing 
the multifunctional mosaic approach; this helps reduce conflicts between objectives and measures and generates multiple 
benefits for biodiversity and humans.
Source: WBGU

Introduction of ecosystem engineers • • • • • • • •
Rewetting • • • •
Restoration of natural watercourses • • • • • • •
Reforestation, agroforestry • • • • • •
Sediment management • • • • •
Structuring of river-bank slopes • • • • •
Creation of riparian buffers • • •
Construction of technical fish ladders • •
Infrastructure dismantling and conversion • • • • • • •
Integration of near-natural structural elements • • • • • • •

Restoration measures La
ke

s a
nd sh

ore
 zo

nes

Ecosyste
m ty

pes

Peat
lan

ds

M
ar

sh
lan

d ar
eas

Rive
rs 

an
d flo

odplai
ns

Fore
sts

Gra
ss

lan
ds

Alpine la
ndsc

ap
es

Urb
an

 eco
sy

ste
ms

Coas
ta

l e
co

sy
ste

ms

Cultu
ra

l a
nd ag

ric
ultu

ra
l la

ndsc
ap

es

Solution-space ecosystems   6.2

145



both as ecosystems in their own right and as links be-
tween different ecosystem types. According to the Ramsar 
Convention, wetlands are defined as “areas of marsh, fen, 
peatland or water, whether natural or artificial, perma-
nent or temporary, with water that is static or flowing, 
fresh, brackish or salt, including areas of marine water 
the depth of which at low tide does not exceed six me-
tres“ (UNESCO, 1971: Art. 1).

According to the latest research, wetlands cover al-
most 9 % of the world’s land surface (Meli et al., 2014) 
and store a large proportion of global terrestrial carbon. 
Peatlands alone store more than 600 billion tonnes of 
carbon worldwide, which corresponds to around 44 % 
of all the carbon stored in the soil and thus exceeds the 
carbon stored in other forms of vegetation, including 
forests (IUCN, 2021). Wetlands thus make a significant 
contribution to climate regulation.

In addition to their importance for mitigating climate 
change, wetlands provide a range of ecosystem services. 
They store water, maintain the groundwater table, provide 
habitats for specialized animals and plants, and contrib-
ute to biodiversity conservation. They also contribute to 
a stable supply of drinking water and provide raw ma-
terials and food, e.g. peat and fish. They protect river-
banks and coastlines from flooding and erosion, serve as 
transport routes and offer opportunities for recreation 
and tourism. Last but not least, they are an important 
element of many local religions and traditions (Wang 
and Ma, 2016; Deng et al., 2022; Davidson et al., 2019; 
UNEP, 2021b). Wetlands are of key importance for the 
preservation of natural life-support systems. They also 
provide enormous economic and societal benefits; the 
provision of ecosystem services by wetlands accounts 
for almost 40–45 % of the monetary value of the eco-
system services of all ecosystems worldwide (Davidson 
et al., 2019; UNEP, 2021b).

Since the pre-industrial era, it is estimated that more 
than 80 % of the world’s wetlands have been lost due to 
changes in land use and drainage, and most of the re-
maining wetlands have been degraded (UNEP, 2021b). 
Wetlands continue to be lost, and in arid regions the rate 
of loss is almost 10 % above the global average (Wang 
et al., 2023). Droughts and dry periods lead to reduced 
water volumes, which will continue to decline due to the 
increasing effects of climate change and the rising global 
demand for water (Wang and Ma, 2016; UNEP, 2021b). 
The construction of dams, uncontrolled fires, pollution 
and deforestation are altering wetlands, leading to spe-
cies loss and affecting their ability to provide water, raw 
materials and food (UNEP, 2021b).

The resilience of ecosystems can only be increased 
if the diverse water-related ecosystem services of wet-
lands – but also of all other ecosystem types – are pre-
served and protected. The following section uses the 
example of swamps, peatlands and riverine landscapes 
to illustrate how the requirements formulated in Sec-
tion 6.1 (water-related efficacy, feasibility, multiple ben-
efits and unintended consequences) can be applied when 
choosing restoration measures for climate-resilient wa-
ter management. An example of a restored wetland is 
shown in Figure 6.2-1.

6.2.2.1
Swamps and marshes as an example
Forested freshwater swamps and non-forested freshwa-
ter marshes exist worldwide in tropical and temperate 
regions (Keith et al., 2022). They are frequently or con-
tinuously flooded, do not accumulate large amounts of 
peat, and are often located in the middle of agricultural 
land or urban landscapes (Finlayson, 2016). They are 
fed by surface water or groundwater, are rich in nutri-
ents and provide food and habitats for a wide variety of 

Figure 6.2-1
Example of a restored wetland in Texas (USA). Under the ‘Wetland Reserve Program’ (or its successor, the ‘Agricultural Conser-
vation Easement Program’), landowners can receive government financial and technical support for restoration measures.
Source: United States Department of Agriculture/Natural Resources Conservation Service Texas, CC BY 2.0
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waterfowl, reptiles, invertebrates and mammals. Marshes 
and swamps can also be found in arid and semi-arid re-
gions, e.g. the Mesopotamian Marshes at the mouths of 
the Tigris and Euphrates rivers or the Macquarie Marshes 
in Australia. Because of the climatic conditions, wetlands 
in these regions in particular are in direct competition with 
other water uses such as agriculture, livestock farming or 
industry (Minckley et al., 2013; Martínez‐Santos et al., 
2008; Castaño et al., 2018; Quijano-Baron et al., 2022).

Swamps and marshes have a significant influence on 
the water cycle, for example they augment the ground-
water reserves or change the water flow and runoff 
(Bullock and Acreman, 2003). In terms of water-relat-
ed efficacy, their restoration can therefore play a deci-
sive role in keeping water in the landscape and increas-
ing local water supply for humans and nature (Bullock 
and Acreman, 2003; Ramsar Convention on Wetlands, 
2018). After heavy rainfall events, swamps and marsh-
es can regulate the flow of water in the landscape and 
thus offer protection against flooding and erosion, slow 
down the flow of water and store excess water (Meli et 
al., 2014). Restoration measures can furthermore have 
benefits in the form of improved nutrient storage and 
water quality (Singh et al., 2019).

In addition to feasibility constraints, which can occur 
during restoration, regardless of ecosystem type – e.g. 
potential land-use conflicts or the often very costly con-
trol of invasive species – the supply of water is a fun-
damental challenge for the restoration of swamps and 
marshes, especially in arid and semi-arid regions (Weidlich 
et al., 2020; Maleki et al., 2018; Stapleton et al., 2023).

This situation is further exacerbated by global climate 
change and the associated regional changes, e.g. in pre-
cipitation levels and patterns (Sections 2.2, 3.1.1). This 
can lead to increasing conflicts over the use of water 
resources between other human demands and the res-
toration measure, particularly with regard to agricul-
ture or industry. Therefore, to account for the complex-
ity and variability of these ecosystems over time, space 
and especially with regard to the increasing influences 
of climate change, the most important issue in restora-
tion is: what can or will influence the local hydrological 
regime now and in the future? (Casanova et al., 2023). 
Soil quality, too, can have a limiting effect on restora-
tion, e.g. in the case of increased erosion or higher sa-
linization levels after agricultural use (Zhao et al., 2021). 
The uncontrolled discharge of water from the Tigris and 
Euphrates rivers in southern Iraq after the second Iraq 
war in 2003, for example, has partly restored some for-
mer marshland areas, but restoration failed in other ar-
eas because of the high salinization level of the soil and 
water (Richardson et al., 2005).

The restoration of swamps and marshes can also be 
accompanied by many different multiple benefits. Both 

habitats are home to a unique, often endemic diversity 
of species and are resting and feeding grounds for migra-
tory species such as certain birds (Minckley et al., 2013; 
Vansteelant, 2023; Kačergytė et al., 2021). In addition, 
improving water and soil quality and flood protection 
can increase agricultural productivity (Tomscha et al., 
2021). Restoration also helps to preserve the livelihoods 
and culture of local communities, and can generate ad-
ditional income, e.g. from landscape tourism (Ramsar 
Convention on Wetlands, 2018).

Depending on the region, the restoration of swamps 
and marshes can also have unintended consequences that 
should be avoided. These include, for example, a possible 
change in the local hydrological cycle. This can happen 
if the planting of new vegetation changes evaporation 
and local precipitation patterns (te Wierik et al., 2021).

Furthermore, a possible lack of water-related effica-
cy of the measures could have an impact on other users 
and neighbouring areas beyond the restored site and 
thus also negatively impact the preservation of impor-
tant natural life-support systems and the local economy 
(e.g. Bring et al., 2022).

Planning must therefore take into account the water 
inputs from the catchment area in which the measure is 
to be implemented and, in particular, the links to other 
wetland and dryland systems (Casanova et al., 2023). 
The introduction of formerly native or invasive species 
can have an impact on species composition or species 
dynamics and lead to changes in ecosystem structure 
and function (Weidlich et al., 2020; DeBerry and Hunter, 
2024). Restoration can also lead to the release of nutri-
ents contained in the soil and their increased input into 
the ecosystem, especially if the area was previously used 
intensively for agriculture (Audet et al., 2020).

6.2.2.2
Peatlands as an example
Peatlands are highly specialized ecosystems. Their main 
characteristics are high water saturation, the accumu-
lation of organic material, especially peat, and a lack 
of nutrients. Peatlands can be found all over the world, 
although they are particularly common in the boreal 
and temperate zones. Peatlands are highly endangered 
due to changes in land use, e.g. agriculture or peat 
extraction. Their drainage is responsible for 5–10 % 
of annual global anthropogenic CO2 emissions (Loisel 
and Gallego-Sala, 2022). In Germany, almost 90 % of 
all peatlands have already been drained. The remain-
ing peatlands, which cover around 4 % of Germany, are 
mainly found in the North German Plain, i.e. north of 
the Harz Mountains from Lower Saxony to Mecklen-
burg-Western Pomerania and south-east to the Ore 
Mountains in Saxony, as well as in the south of Ger-
many in the Prealps (BfN, 2024).
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Degraded, i.e. mostly drained, peatlands are restored 
by rewetting. This is primarily done by building sheet pile 
retaining walls, dams and dykes that keep water with-
in the area. The targeted introduction of ecosystem en-
gineers such as beavers, or the manual resettlement of 
peat mosses can also contribute to peatland restoration 
(Law et al., 2017; Hugron et al., 2020).

The water-related efficacy of peatland restoration is 
primarily connected with the retention of large quantities 
of water in the peatland area. Peatlands act as a natural 
sponge and can slowly release absorbed water over time 
(Acreman and Holden, 2013). They can thus help mitigate 
floods and heavy rainfall events and stabilize the ground-
water table. During dry periods in particular, they can help 
to maintain water levels in rivers and lakes, thereby also 
helping to secure the water supply for people who live in 
their vicinity, thus supporting climate resilience (Xu et al., 
2018; Ritson et al., 2016; Gatis et al., 2023).

The feasibility of peatland restoration depends initially 
on the availability of land. As peatlands have usually been 
drained for other forms of land use, the aim of rewetting 
usually leads to conflicts over land use. Affected actors 
should therefore be involved in the planning of peatland 
rewetting at an early stage in order to find solutions that 
take equal account of ecological and socio-economic ob-
jectives and to balance them out as far as possible (Flem-
ing et al., 2021). In order to rewet peatlands sustaina-
bly, drainage systems (e.g. drains and canals) must be 
removed or blocked. Depending on the local conditions 
and the regulatory framework, permits must be obtained 
to remove drainage measures or, if absolutely necessary, 
to build technical infrastructure for water retention. For 
cost reasons and in order to make the success of peatland 
restoration more likely, construction measures introduced 
for water retention should be designed to be near-natural 
but robust (Ritzema et al., 2014).

A fundamental prerequisite for the feasibility of peat-
land restoration is the assured supply of water of ade-
quate quality. Apart from land use, the effects of climate 
change – such as changes in precipitation patterns and 
temperatures – also influence peatland restoration. In 
regions with insufficient rainfall or extreme temperature 
fluctuations, it can be difficult to permanently achieve 
the water levels required for rewetting and for ensuring 
the formation of new peat and the survival of the typical 
peatland vegetation. The fact that ecological processes 
in peatlands are often very slow must also be taken into 
account in planning. It can take decades or even centu-
ries for a restored peatland to regain its full ecological 
functionality – or perhaps become a novel ecosystem 
(Kreyling et al., 2021; Zak and McInnes, 2022).

The rewetting of peatlands requires long-term com-
mitment and monitoring (Strobl et al., 2019; Haapale-
hto et al., 2011). Both are necessary in order to be able 

to counteract unintended consequences such as internal 
eutrophication (Banaszuk et al., 2011) and to realize 
multiple benefits. In addition to their value for water 
management, peatlands are also of great importance for 
climate-change mitigation and biodiversity.

Drained peatlands release considerable amounts of 
CO2 because the carbon stored in the peat reacts with 
oxygen when it comes into contact with air. The rewet-
ting of peatlands stops this, prevents the spontaneous 
ignition of peatland fires and can bind carbon through 
the formation of new peat. The restoration of peatlands 
therefore has an immediate climate-change-mitigation 
effect. A further lasting effect is that peatlands contrib-
ute to regional and global climate regulation by slowing 
down evaporation processes (Helbig et al., 2020). It is 
of great importance for biodiversity that the restoration 
of natural water levels and vegetation patterns leads to 
increased structural diversity within the peatlands. This 
creates different microhabitats that can support a range 
of species (Strobl et al., 2019). In this way, peatlands can 
host a large number of rare animal and plant species that 
are highly specialized to the peatland habitat. Innovative 
approaches such as paludiculture show how humans can 
still continue to use peatlands in the future while achiev-
ing further multiple benefits (Martens et al., 2023).

6.2.2.3
Riverine landscapes and floodplains as an example
The straightening and channelization of river courses 
and the associated drainage of floodplains have histor-
ically played a key role in the increasing use of riverine 
landscapes by humans, while the accelerated drainage 
of landscapes has led to a greater risk of flooding down-
stream (Wolf et al., 2021). Straightening and channeli-
zation – e.g. to facilitate shipping traffic – also lead to 
variable water levels due to accelerated runoff or back-
water during extreme events, putting both neighbouring 
settlements and many plant and animal species under 
stress (van Veen and Sasidharan, 2021; Rollins-Smith 
and Le Sage, 2023). The water level is often kept as 
constant as possible by means of barrages and dams to 
safeguard shipping traffic. However, barrages are ob-
stacles to fish migration and cause the water to back 
up during heavy rainfall events. A study from 2020 
shows that in 36 European countries alone, there are a 
total of around 1.2 million barriers such as dams, weirs, 
fords and similar structures in river courses (Belletti et 
al., 2020). Extreme examples of the use of watercourses 
are reservoirs, which are created with the help of dams 
to secure the water supply for humans; they interrupt 
the natural course of the river – and with it the connec-
tions between ecosystems which are important for mi-
gratory species and for gene exchange (Cid et al., 2022; 
Thieme et al., 2023).
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The first problem for ecosystems in and along straight-
ened rivers and streams is the increase in flow veloci-
ty, which entails the risk of displacing fauna and flora 
downstream and washing out nutrients and organic ma-
terial (Brown et al., 2018). River-engineering measures 
also lead to a reduction in biodiversity due to the loss of 
habitat complexity, floodable riparian forests and mead-
ows, gallery forests and swamp zones close to the river 
banks that act as water reservoirs (Zhou and Endreny, 
2020). Another problem is the narrowing of the riverbed, 
which prevents the river from periodically flooding the 
adjacent landscape and thereby offsetting rising water 
levels. When periods of low precipitation lead to lower 
water levels, ecosystems along the river can dry out and 
die (Costello et al., 2022). With the loss of riparian and 
gallery forests, shade is lost and smaller rivers warm up 
(Parmesan et al., 2022). This development is intensified 
by climate change, which is having a major impact on the 
characteristics of the ecological communities. Cryophilic 
species are displaced by thermophilic species that can 
also cope with reduced oxygen levels in the water (Par-
mesan et al., 2022; Costello et al., 2022).

The restoration of riverine landscapes aims to reverse 
the negative impacts on ecosystems, restore multifunc-
tionality and stabilize the water balance, which is im-
portant for the water-related efficacy of the restoration 
(Wohl et al., 2015; Brown et al., 2018). Key measures are 
the removal of river engineering structures and the res-
toration of natural, meandering river courses, depending 
on the type of river (e.g. whether in lowlands or moun-
tain landscapes, in cities or in agricultural landscapes) 
and depending on river-regulation measures implement-
ed in the past (RCC, 2024). Economic or safety-related 
considerations are often the reason for dismantling river 
engineering structures in the first place. In some cases, 
it is more costly to repair dilapidated structures than to 
remove them (Habel et al., 2020; Cornwall, 2023; Bell-
more et al., 2019). Increasingly, ecological considera-
tions such as the restoration of natural river courses and 
their characteristic ecosystems and species composition 
also play a key role (Duda and Bellmore, 2022). Most 
dam-removal projects worldwide are carried out in the 
USA (Cornwall, 2023). The draft of the EU Nature Res-
toration Law also includes plans to achieve the EU Bio-
diversity Strategy’s goal of restoring at least 25,000 km 
of free-flowing river courses by 2030 (DG ENV, 2023). 
The aim is to restore the health and biodiversity of rivers, 
thereby strengthening climate resilience and reducing 
water-related risks, e.g. from extreme events, for com-
munities. However, this is only possible within narrow 
adaptation limits. If priority is given to securing the water 
supply, not all reservoirs and their dams are suitable for 
decommissioning – unless there are alternative ways of 
supplying water over long distances, e.g. via pipelines.

The ecological effects of river restoration differ in time 
and space, and depend on the regional context (Foley 
et al., 2017; Bellmore et al., 2019). Dam removal repre-
sents a short-term disturbance from which the aquatic 
and terrestrial ecosystems can usually recover in the me-
dium to long term. However, the function and condition 
of the restored, and sometimes novel, ecosystems are 
not always identical to their original state. A transition 
takes place from the lentic, i.e. rather stagnant, deeper 
water habitat of the reservoir in front of the dam, to a 
lotic, i.e. flowing habitat, accompanied by a change in 
the composition of the species community (Foley et al., 
2017; Bellmore et al., 2019; Duda and Bellmore, 2022). 
The (re)introduction of species results from restoring 
spatial connectivity and migration opportunities (Foley 
et al., 2017). This can lead to an increase in biodiversity 
and the abundance of different life stages of species, as 
well as the distribution of nutrients and organic matter, 
which in turn can increase resilience and productivity 
as important multiple benefits (Magilligan et al., 2021; 
Bellmore et al., 2019; Duda and Bellmore, 2022). If the 
measure involves a former reservoir, in addition to the 
removal of the dam an important role is played by nat-
ural revegetation or the supportive replanting of the 
emerging areas and slopes along the restored river; this 
also offers protection against erosion (Duda and Bell-
more, 2022; Figure 6.2-2).

Restoration projects after dam removal should, where 
possible, be jointly planned and implemented together 
with Indigenous and local communities and the affect-
ed population, as in the case of the removal of the Iron 
Gate Dam in the Klamath River in the USA. The long-
term success of restoration projects can be ensured in 
this way (Habel et al., 2020; Cornwall, 2023; Matanzima 
and Mosuoe-Tsietsi, 2023). The restoration of original 
uses, former landscapes (aesthetic value), the produc-
tivity of water bodies, the microclimate and the reintro-
duction of native species can bring multiple benefits for 
the population (Cornwall, 2023).

The feasibility of dam removal depends on many dif-
ferent factors. For example, sedimentation in the res-
ervoir is one factor that determines the geomorpholog-
ical and ecological effects that dam removal will have 
on the surrounding area (Foley et al., 2017; Doyle et 
al., 2005). The release and distribution of the accumu-
lated sediments can have positive ecological effects, e.g. 
through the transport of nutrients or the creation of new 
habitats downstream; but they can also have negative 
consequences, e.g. when habitats for other species are 
destroyed (Bednarek, 2001; Bellmore et al., 2019). An-
other example of an unintended consequence of dam 
removal is the release of PCB-contaminated sediment 
at the Fort Edward Dam in the Hudson River in 1973 
(Bednarek, 2001; Foley et al., 2017). One possibility for 
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better control of the sediment release could be a gradual 
removal of the dam (Duda and Bellmore, 2022; Foley et 
al., 2017). Sediment can also be actively excavated and 
removed, although this can increase the time needed and 
the project costs, especially for the removal of particu-
larly large dams (Duda and Bellmore, 2022).

The recovery of the ecosystem after the removal of 
a dam also depends on the reintroduction of different 
organisms. In some cases, it will be necessary to actively 
(re)introduce certain species and ecosystem engineers 
(Bellmore et al., 2019). At the same time, unintended 
consequences should be considered. For example, the 
removal of dams can also lead to the spread of non-na-
tive and invasive species (Bellmore et al., 2019; Duda 
and Bellmore, 2022). It is also possible that the struc-
ture and function of the ecosystem after the restoration 
measures do not correspond to the initial state (novel 
ecosystem; Foley et al., 2017). There is a need for further 
research on the diverse impacts of dam removal and on 
comparing the initial state before dam construction, the 
ecological state after dam construction and after dam re-
moval (Bellmore et al., 2019; Duda and Bellmore, 2022).

6.3
Solution-space agriculture

Agriculture all over the world is facing major challenges. 
It is expected to secure food supplies and livelihoods for 
local people and the global population, adapt to climate 
change and help limit it, and protect biodiversity and 
ecosystems (partly) as a basis for its own productivity. 
Resources such as land and water must be used skilful-
ly in order to achieve food-, climate- and biodiversity-
related goals simultaneously. For land stewardship and 

biomass use inter alia in agriculture, the WBGU has de-
veloped multiple-benefit strategies that contribute to 
achieving these three goals and can alleviate the ‘land-
use trilemma’ (WBGU, 2020). The management of water – 
from precipitation, surface water, groundwater and soil 
moisture – in agriculture must be organized in a similar 
way, and be closely interlinked with goals relating to 
food, climate and biodiversity. For example, in the case 
of (sometimes) water-intensive adaptations to ensure 
food security, sufficient water must remain for ecosys-
tems and future uses, and the influence of agriculture 
on local water balances must also be taken into account.

To this end, compromises and synergies must be found 
in landscape planning between agricultural areas with 
different intensities of use and intervention in the wa-
ter balance on the one hand, and restored and natural 
areas with their water requirements and water-related 
ecosystem services on the other (Sections 6.1, 6.5). Fur-
thermore, climate-resilient agriculture must not only deal 
with fluctuations in the water availability when growing 
crops, but also maintain and create buffers for available 
water in the landscape, e.g. by means of near-natural 
water bodies, river meadows, hedges, trees and in soils. 
Farmers are automatically also green-water caretakers 
and should also be considered, supported and integrat-
ed in this role more strongly in the future, so that they 
can meet their obligations to protect natural resourc-
es and the biodiversity of soils, grasslands, forests and 
aquatic ecosystems.

Action is also needed to collect better data and projec-
tions on water abstraction and availability, and to expand 
knowledge on adaptation measures. Financial incentives 
are often necessary to facilitate the corresponding trans-
formations. Suitable examples are compensation mecha-
nisms between farmers and other water users (e.g. water 

Figure 6.2-2
Example of the removal of large dams (Elwha River, USA). From 2011-2014, two large dams were removed from the Elwha 
River (Washington, USA), the Elwha Dam (left) and the Clines Canyon Dam. This restored the original water regime to over 
70 kilometres of the river. The exposed gravel banks at the former Lake Aldwell reservoir (right) were later planted with native 
flora (Roussel et al., 2024).
Source: Paul Cooper, CC BY-NC 2.0
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funds), reforms of water-related agricultural subsidies 
and livelihood-securing services for the transformative 
transition, or more comprehensive abstraction charges. 
The details of how these should be designed are still in-
sufficiently researched in some cases. Finally, the future 
potential of adaptation measures to reduce climate risks 
should be better studied.

This section focuses on the need for water-related 
action in agriculture. Since agriculture is part of local 
and global material flows, other agricultural practices 
and the food and energy systems in which they are em-
bedded also contain essential levers for protecting water 
and other resources, the climate and biodiversity, as well 
as food security for all humans (WBGU, 2020). These 
should always be taken into account.

6.3.1
Agriculture’s interventions in the water balance

Agriculture is greatly affected by climate change and 
water-related climate risks (Caretta et al., 2022; Sec-
tion 3.1). Accordingly, it must adapt in a water-sensitive 
way and, at the same time, scrutinize all its practices to 
ensure their suitability for the climate and biodiversity. 
Many adaptation measures influence the consumption 
of blue water, e.g. through irrigation in response to ris-
ing temperatures and evaporation, or to locally declin-
ing precipitation. However, existing and adapted agri-
cultural practices themselves also impact on the water 
balance and water availability (e.g. via green water) and 
thus also on the scope for further adaptation options:

Rain-fed agriculture is practised on approx. 80 % of 
the world’s agricultural land (UNESCO, 2024). Wheth-
er precipitation seeps away or runs off, evaporates or 
is stored in soils and plants depends on a range of very 
different factors. These include the natural relief, var-
iable landscape structures such as fallow land, hedges, 
trees and river meadows, planted crops and agricultural 
methods which, among other things, influence soil com-
position and cover.

In some cases, wet soils are drained for agricultural 
use; an extreme example is the draining of peatlands. For 
example, in north-west Europe and the USA, according to 
older estimates, a third and 17–30 % of agricultural land, 
respectively, is subject to drainage activities (Gramlich 
et al., 2018). In addition to natural water reservoirs in 
the landscape, wetlands are also being lost as a result. In 
the case of peatlands, large quantities of carbon stored 
in the soil are furthermore released in the form of CO2 
(Section 6.2). The agricultural use of drained peatlands, 
especially grazing by ruminants or the planting of energy 
crops that are alien to these locations, is also counter-
productive when it comes to climate-change mitigation.

Around 20 % of the world’s agricultural land is irri-
gated from various surface- and ground-water bodies, 
producing 40 % of agricultural output (UNESCO, 2024). 
However, diversions and excessive water abstraction (in 
addition to pollution and interventions e. g. for energy 
production or navigability) contribute to the fact that 
56 % of watercourses and 44 % of lakes in the EU are not 
in a good ecological condition. Some watercourses dry 
up seasonally, and groundwater levels and the levels of 
lakes and artificial reservoirs fall (EEA, 2021; Section 2.2).

The challenges for agriculture caused by climate change 
include different regional precipitation and evaporation 
patterns; in addition to greater fluctuations and extremes, 
local changes in mean values are often still subject to a 
high degree of uncertainty (Caretta et al., 2022). Against 
this backdrop, it is of particular importance to secure 
the survival of an agricultural sector in which funda-
mental changes are necessary, as well as securing the 
livelihoods of farmers.

6.3.2
Combine adapted cultivation methods with  
green water-related measures

To ensure that agriculture is climate-resilient, cultiva-
tion must become more flexible and robust in the face of 
variations in water availability. Furthermore, agriculture 
itself must contribute to maintaining and creating buff-
ers for available water in the landscape and groundwater 
bodies. These buffers can be natural, technical or hybrid 
solutions. The approaches are diverse and locally specific.

Adaptations in crop cultivation include (1) the im-
provement of crop cultivars and agronomic practices, e.g. 
switching to more drought-resistant varieties or adapting 
fertiliser use; (2) changes in cropping patterns and crop 
systems, such as different times for sowing and crop 
diversification; and (3) efficient on-farm irrigation and 
water management, e.g. drip irrigation or local collection 
and storage of excess rainfall in ponds, retention basins 
or cisterns. Alternatively, it might be better to channel 
this water into natural vegetation zones and local water 
bodies, where they will also strengthen or restore the 
regional hydrological cycle or teleconnections between 
more distant locations. In some cases, groundwater res-
ervoirs can also be recharged in a targeted manner (man-
aged aquifer recharge; Zhang et al., 2020).

Direct contributions to the water balance in the land-
scape, especially to green water, are made by (4) measures 
to maintain the moisture and water-storage capacity of 
soils and to specifically modify surface runoff, infiltration 
and evaporation (Box 6.3-1). This includes, for example, 
improving soil cover through mulching, undersowing or 
intercropping, which also improves the surface and soil 
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Box 6.3-2

Agroforestry

Agroforestry reduces crop heat stress and water loss through 
evaporation by providing shade and wind resistance. Woodland 
grazing also maintains the water content of grassland soils and 
protects livestock from heat stress. Agroforestry measures have 
generated multiple benefits in Brazil, for example, where they led 
to an increase in the value of land (Schembergue et al., 2017).

In arid and semi-arid regions of Latin America, agrofor-
estry measures have made it possible to reduce the use of 
fertilisers and other agricultural inputs, thereby cutting costs 
and excessive nutrient and pollutant inputs into ground and 

surface water (Krishnamurthy et al., 2019). The effectiveness 
of these measures is estimated to be high, but only if the 
increase in the global average temperature is limited to 2 °C 
(Caretta et al., 2022).

Unintended negative consequences for land and water 
resources can result from agroforestry measures, particularly 
if species are planted that are not adapted to the respective 
location (Etongo et al., 2015). The same applies to the plant-
ing of species whose water consumption is particularly high 
(Krishnamurthy et al., 2019). This illustrates the need for a 
multidimensional assessment of efficacy and a context-specific 
analysis of suitability and feasibility.

Two examples for agroforestry are shown in Figure 6.3-1.

Figure 6.3-1
Examples of agroforestry. Left: Napier grass intercropping in a coconut-based agroforestry system in Tumkur, Karnata-
ka (India). Right: Agroforestry system suitable for semi-arid conditions based on cyphus and aloe vera in Agra, Uttar 
Pradesh (India).
Source: World Agroforestry Centre/S.K. Dalal, CC BY-NC-SA 2.0 (left); World Agroforestry Centre/Devashree Nayak, 
CC BY-NC-SA 2.0 (right)

Box 6.3-1

Measures for maintaining soil moisture

The IPCC (Caretta et al., 2022; Tab. 6.3-1) defines water and 
soil-moisture conservation as adaptation measures such as 
terracing, mulching and contour ploughing (along contour 
lines) or the storage of water in sand that accumulates in spe-
cial dams in temporarily water-bearing riverbeds (Stern and 
Stern, 2011). There are major overlaps with the techniques 
and practices summarized by the World Food Organization 
under Soil and Water Conservation (FAO, 2024b), which are 
intended to prevent the erosion, compaction and salinization 
of soils and improve both water storage in soils and soil fertil-
ity. For example, terracing slows and reduces surface runoff, 
reduces soil erosion and increases water infiltration (Deng et 
al., 2021). The water-related efficacy of terraces as a buffer 
during prolonged aridity was demonstrated during a drought 
in Ethiopia in 2015 (Kosmowski, 2018). A disadvantage of 
terracing can be a reduction in the area under cultivation, 
which, under certain circumstances, can lead to a reduction 

in yield. Influences of terracing on the water cycle and espe-
cially surface runoff must be taken into account by means of 
large-scale adaptation concepts. Poorly constructed steps can 
collapse and increase soil erosion. Multiple benefits result 
from the greater landscape heterogeneity. It creates habitats, 
facilitates symbiosis among organisms and helps to preserve 
biodiversity (Deng et al., 2021).

Mulching with arable residues can lead to conflicts of inter-
est, e.g. with the use of the residues as animal feed; this can 
impede the feasibility or implementation of this measure (Gill-
er et al., 2009). Because the effectiveness of water and soil-mois-
ture-conservation measures is highly context-dependent, they 
must always be adapted to local agro-ecological and socio-eco-
nomic conditions (Caretta et al., 2022). Only in this way can 
they make an important contribution to sustainable land man-
agement with long-term agricultural productivity and envi-
ronmental health. If warming exceeds 1.5 °C, however, their 
effectiveness decreases significantly relative to the rising water 
risks (Caretta et al., 2022; Fig. 6.3-2), although their effective-
ness can be increased by combining them with other measures.
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quality, reduced ploughing, or cultivation based on the 
natural relief, including the creation of terraces. The drain-
age of wet soils should be reduced or, especially in the 
case of peat soils, stopped and reversed (Section 6.2.2). 
Rededication for sustainable use can include paludicul-
ture, e.g. production of reeds, sedges, rushes, reed  canary 
grass in fens, also for biogas production or the cultivation 
of special peatland plants such as cranberries in upland 
bogs. The elimination of drainage measures can also in-
crease resilience to drought in neighbouring areas. Fi-
nally, (5) the cultivation of small-scale landscapes using 
such elements as hedges and trees, e.g. in agroforestry 
(Box 6.3-2), can create water buffers and reduce evap-
oration and heat stress for crops, animals and humans 
by providing shade and wind resistance.

Individual measures are usually combined at farm lev-
el, and these combinations are analysed in the literature 
under various (not always equally and  clearly defined) 
terms. For example, ‘conservation agriculture’ to improve 
soil quality and moisture usually involves reduced plough-
ing, increased soil cover, mainly through mulching, and 
crop rotation (Twomlow et al., 2008; Thierfelder et al., 

2015), whereby the respective effects of these compo-
nents – and possibly additional pesticide or fertiliser use – 
should be carefully differentiated (Giller et al., 2009). 
Concepts of ‘regenerative agriculture’ emphasize, among 
other things, soil health and agricultural biodiversity 
and combine, for example, practices for soil quality and 
moisture, local nutrient cycles and agro forestry (Giller 
et al., 2021; Schreefel et al., 2020; Elevitch et al., 2018). 
There are also examples in Brandenburg (Gut and Bösel, 
2024), where the fields of a corresponding real-world 
laboratory funded by the Federal Ministry of Food and 
Agriculture (BMEL), among others, are also part of the 
Global Network of Ecohydrology Demonstration Sites 
of the UNESCO Intergovernmental Hydrological Pro-
gramme (Finck Stiftung, 2024a, b). These two and oth-
er concepts are also sometimes summarized under the 
heading of ‘nature-based solutions’ (Budding Polo-Ball-
inas et al., 2022).

Finally, individual farms and areas must be consid-
ered in the context of the landscape. Small-scale, diver-
sified agricultural areas and their water-related adap-
tation measures should be embedded in an integrated 

Table 6.3-1
Examples of water-related adaptation measures in five categories. The same categories are also used in Fig. 6.3-2.
Source: Based on parts of Table 4.8 in Caretta et al., 2022

Type of adaptation Description and examples

1.	Improved crop cultivars 
and agronomic practices

	> Improved crop cultivars, e.g. short-duration paddy varieties (Nepal); saline-toler-
ant rice cultivars (Bangladesh); drought-tolerant maize varieties (Malawi, Nigeria, 
Zimbabwe, Uganda)

	> Improved agronomic practices, e.g. conservation agriculture (especially minimizing 
soil disturbance, better soil cover, crop rotation) to conserve soil moisture (Malawi, 
Tanzania); climate-smart agricultural practices (Zambia); alternate wetting and 
drying and direct seeding of rice (India)

2.	Changes in the cropping 
pattern and crop systems

	> Changes in cropping pattern: introduction of sugar cane and rice (Costa Rica); crop 
diversification (Ethiopia, Zimbabwe, Tanzania)

	> Changes in the timing of sowing and harvesting (e.g. China, India, Pakistan)
	> On-farm diversification, e.g. an integrated crop-livestock system (France)

3.	Irrigation and 
water-management 
practices

	> Irrigation, e.g. construction of local irrigation infrastructure (Chile); funding of 
community wells (Canada); drilling of borewells (Thailand); spate irrigation (Sudan); 
night-time irrigation scheduling to reduce evaporative demand (UK)

	> On-farm water management and water-saving technologies, e.g. use of surface 
pipes for irrigation water conveyance (China); drip irrigation (China); water-saving 
measures (India)

4.	Water and soil 
conservation

	> On-farm water and soil conservation measures (e.g. Burkina Faso); terraces and 
contour bunds (Ethiopia)

	> Water harvesting through on-sand dams (Kenya); in-situ and ex-situ water harvest-
ing (Uganda, India)

	> Watershed conservation programmes (e.g. Ethiopia)
	> Restoration of water bodies, e.g. creation of artificial lakes (Portugal)

5.	Agroforestry and 
forestry-related 
responses

	> Agroforestry-related measures (India, Kenya, Nigeria); farmer-managed natural 
regeneration (FMNR; Ghana)

	> Forestry-related measures, e.g. coastal reforestation by planting salinity-resistant 
trees (Bangladesh, Colombia)
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landscape approach in the sense of a mosaic approach 
(WBGU, 2020, 2024).

In its most recent report, the IPCC analysed the ev-
idence on water-related adaptation measures, most of 
them in agriculture (Caretta et al., 2022; Tab. 6.3-1). It 
considered both current positive effects and any mal-
adaptations, as well as their expected effectiveness in 
reducing future local risks, depending on the extent of 
global warming (Fig. 6.3-2).

The water-related effects of climate change, challenges 
and necessary adaptations vary greatly from one loca-
tion to another. Overall, it can be seen (Fig. 6.3-2, left 
half) that water-related adaptation measures can have 
positive water-related impacts and multiple benefits 
under current conditions. They have positive effects of 
an economic nature (especially in low- and middle-in-
come countries; not shown in the chart), for vulnera-
ble population groups, on the water balance and the 
environment (especially in high-income countries) and 
in institutional and socio-cultural terms (Caretta et al., 
2022: 635 ff.; Fig. 6.3-2). Examples include the higher 
agricultural yields and household incomes achieved by 
smallholder farmers cultivating drought-tolerant maize 
varieties in Zimbabwe (Makate et al., 2017), or the ad-
justed timing of wheat sowing in Pakistan (Rahut and 
Ali, 2017). Whether and to what extent today’s adapta-
tion measures will still yield multiple benefits if climate 
change continues has not been thoroughly researched. 
In addition, ethnological studies on dealing with cli-
mate change increasingly point out that solution strat-
egies developed from local knowledge systems – such as 
adapting the agricultural calendar or relocating livestock 
farming to protect against sudden flooding – generally 
make short-term coping possible, but do not achieve a 
long-term adaptation and successive transformation of 
the entire production system towards climate resilience 
( Oladele and Amara, 2024; Makate, 2020; Crate and Nut-
tall, 2009; Hornidge and Scholtes, 2011). At the same 
time, research work repeatedly emphasizes that nation-
al adaptation strategies in many countries, for example 
in Sub-Saharan Africa, continue to make insufficient 
use of the potential of local knowledge systems in the 
transformation of agriculture. The WBGU recommends 
greater integration of local knowledge systems into the 
development of adaptation strategies for increased cli-
mate resilience (Filho et al., 2023).

Particularly adaptation approaches that rely on an 
increase in income – and primarily on an intensifica-
tion of agricultural production – experience unintend-
ed negative effects or maladaptations. These include 
the overuse of groundwater, increased costs and an 
increased use of synthetic fertilisers and pesticides 
(Caretta et al., 2022: 643). For example, a study from 
Tunisia found that although the planting of olive trees 

in an area previously dominated by barley cultivation 
and livestock farming would be profitable for farm-
ers as an adaptation measure to climate change, the 
necessary irrigation would use excessive amounts of 
groundwater. As an alternative adaptation measure, 
intercropping with cacti, which can serve as a water 
source for livestock and help reduce soil erosion, could 
also improve farmers’ incomes without increasing water 
use (Daly-Hassen et al., 2019).

This illustrates (Fig. 6.3-2, bottom row) that individ-
ual measures will often not be sufficient to adequately 
reduce risks in agriculture in the future. As a rule, com-
binations of measures will be necessary, which ultimately 
have to be embedded in a holistic, ecologically sustain-
able agriculture and an integrated landscape approach 
(WBGU, 2020). The effectiveness of different adaptation 
approaches is highly dependent on the respective loca-
tion and context as well as on the crops used (Caretta 
et al., 2022: 647).

It also transpires (Fig. 6.3-2, right half) that the fu-
ture effectiveness and potential of the approaches men-
tioned to reduce the risks of future climate change are 
limited. Because the water and temperature extremes 
are exacerbated as warming increases, the possible con-
tributions will actually decline further, and considerable 
residual risks are to be expected even after the measures 
are realized (Caretta et al., 2022). This applies in par-
ticular to adaptation measures aimed at improving crop 
cultivation and irrigation. However, even measures for 
improved soil moisture and agroforestry, which show 
the greatest potential up to 1.5 °C and 2 °C warming, are 
likely to become significantly less effective if the rise in 
temperature is greater (rows 1–2 and 4–5 in Table  6.3-1 
and Fig. 6.3-2).

6.3.3
Farmers are also green-water caretakers:  
areas of action for implementation

The approaches for improving water management and 
adapting to climate change are largely known. Some have 
already been in use for a long time and on a large scale 
in certain regions and may be transferable to other areas, 
although there is still a need for research into potential, 
limits, transferability and possibilities for improvement 
in individual cases. Measures should be taken e.g. in the 
following four areas in order to make these approaches 
generally available (specific recommendations for action 
and research follow in Sections 6.5.3 and 6.6.3):

Knowledge, expertise and data: Many measures are in 
the individual’s self-interest and, in principle, also within 
an individual farm’s sphere of influence, assuming that 
the corresponding information and skills are present. 
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Relevant data on water availability and abstraction and 
projections of water availability should be collected and 
continuously updated and made available to farmers; 
knowledge on adaptation options should also be com-
municated. In the case of irrigation measures with shared 
water resources, it is also necessary to record the with-
drawals (preferably in real time using digital methods) 
and, if possible, the return flows to determine the actu-
al consumption. The data serve as a basis for effective 
management, possible regulation and, if appropriate, the 
pricing of withdrawals, which can be combined with fi-
nancial support and the promotion of sustainable water 
use (see below). On this basis, total water consumption 
can be recorded and incentives can be created for effi-
cient irrigation, as well as for more effective management 
of rainwater by reducing surface runoff and improving 
water storage in soils and landscape elements such as 
hedges, ponds or retention basins.

When efficiency increases, however, rebound effects 
should be anticipated and, if necessary, addressed through 
regulation (Grafton et al., 2018). Efficiency improve-
ments alone, for example in irrigation measures, have 

in many cases not led to a significant reduction in total 
agricultural water consumption; in some cases, there has 
even been an increase in consumption. This happens if 
efficiency gains are not used to make savings but to in-
crease yields or earnings. This is the case, for example, 
if productivity was previously limited by a lack of water, 
if more water-intensive crops are grown, or if larger ar-
eas are cultivated or irrigated (Grafton et al., 2018; Per-
ry et al., 2017; Hamidov et al., 2022; Xu et al., 2021b).

Appreciate agriculture as green-water management and 
incorporate it into integrated landscape and water man-
agement: Adaptation measures that influence the water 
balance and quality on a larger scale – e.g. by creating 
buffers, increasing groundwater recharge or maintain-
ing ecosystem services – also benefit other water users 
or the general public. Positive side effects include the 
protection of buildings and infrastructure from extreme 
events, the preservation of biodiversity and recreational 
areas, and local climate regulation.

Land users should therefore be seen more as water 
actors. Farmers in particular, who are inevitably also 
green-water caretakers, should be given more support 
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in this role. This should be reflected in the political and 
societal approach to and appreciation of agriculture, in 
farmers’ education and training and their involvement 
in water-management processes (Sections 8.2, 8.3.3), 
and in water-related financial incentives (see below). 
Conversely, it may be expedient to involve traditional 
water actors such as water utilities or water authorities 
more closely in a fundamental transformation of land 
management and agriculture (WBGU, 2020), as some of 
the additional water-related benefits of such a reorgan-
ization are relatively ‘tangible’.

Financial incentives and safeguarding the transfor-
mation: To ensure that farmers can become sufficiently 
active, positive financial incentives should be increased 
in addition to any regulation of consumption. In some 
low- and middle-income countries, sufficient access to 
resources and capital first needs to be created. First-
ly, this includes compensation mechanisms between 
farmers and the beneficiaries of the conservation and 
improvement of water resources, such as water funds 
(Section 8.3.3). However, in some cases transformative 
adaptation measures only become effective over a longer 
time horizon, and part of their impact consists of mul-
tiple benefits for the general public that do not directly 
generate income for farmers. Thus, in order to provide 
start-up or bridging finance and, for example, remunerate 
the provision of ecosystem services, water-related agri-
cultural subsidies can secondly be integrated into these 
compensation mechanisms or paid separately; however, 
they should be linked in any case to public goods and 
transformative change. For example, ‘Green Water Credit’ 
funds have been developed in Kenya, Morocco, China 
and Algeria, from which farmers receive payments for 
water-related measures, and downstream users such as 
water suppliers or energy producers make payments that 

are supplemented by public funds and development fi-
nancing (ISRIC, 2024; Fig. 6.3-3). Some drinking-water 
suppliers in German cities also make compensation pay-
ments to farmers for water-related measures, for exam-
ple in Augsburg (swa, 2021; Section 8.3.3). Thirdly, to 
reduce the risks of the transformation for farmers, this 
should be accompanied by establishing options that se-
cure livelihoods. Support could be provided, for example, 
in the form of time-limited income support for farmers 
in transition phases, subject to appropriate conditions, 
or partial cover for possible reduced yields when trial-
ling new cultivation methods.

Research on the potential of adaptation measures: 
Finally, the potential of adaptation measures to reduce 
climate-related risks as climate change progresses should 
be better researched. The IPCC has drawn attention to 
considerable gaps in this field (Caretta et al., 2022).

6.4
Solution-space cities

By 2050, the global urban population will have grown to 
an estimated 6.6 billion people, with two thirds of hu-
manity living in cities (UN, 2019). At the same time, the 
effects of climate change are being felt more and more 
acutely in many cities around the world. In addition to 
growing pressure on water resources due to increasing 
use, more frequent and longer periods of drought are 
leading to increasing water shortages, and the number 
of cities worldwide where a water emergency has had 
to be declared is rising (Section 4.2). More frequent and 
heavier extreme precipitation, intensified by urban sur-
face sealing and overburdened drainage systems, is caus-
ing more and more flood damage. Increasing heat stress, 
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exacerbated by the urban heat-island effect, is leading 
to a rising number of heat-related deaths (Section 4.2). 
Yet the vulnerability of the urban population varies con-
siderably, both between different cities and within indi-
vidual cities and urban neighbourhoods (WBGU, 2016).

In view of the increasing exacerbated water-related 
challenges in many regions (Chapter 3), there is an ur-
gent need in cities around the world to accelerate ad-
aptation to climate change. This includes, in particular, 
expanding and improving the water-related infrastruc-
ture accordingly and establishing adequate management 
strategies. At present, however, inadequate water infra-
structures and mismanagement in the water sector are 
contributing to urban vulnerability to climate risks in 
many cities. They also cause local and regional health 
and environmental problems, particularly as a result of 
water pollution caused by the water supply not function-
ing reliably and inadequate wastewater systems (GCEW, 
2023a). The comprehensive and rapid establishment of 
climate-resilient urban water management is therefore 
of key importance for a sustainable and just city design 
of the future.

6.4.1
Establish water-sensitive urban design  
as a guiding principle

Climate-resilient water management in cities goes be-
yond incremental adaptation; it means designing the 
entire urban infrastructure from scratch in a way that 
makes it more resilient to the impacts of extreme events, 
and promotes rather than hinders the local water cycle. 
This makes it possible to buffer the increasing water ex-
tremes more efficiently. In recent years, the concepts of 
‘water-sensitive urban design’ and ‘sponge city’ have be-
come established as concepts for this (Wong et al., 2020; 
Rogers et al., 2020; Han et al., 2023; LAWA, 2021). The 
WBGU supports the concept of water-sensitive urban 
design characterized by a largely near-natural water 
cycle that also contributes to a healthy urban climate 
and strengthens ecosystem services. In this respect, the 
WBGU strongly endorses the current efforts in Germany 
to include the guiding principle of water-sensitive ur-
ban design in a new Section 1b of the German Federal 
Building Code (BMWSB, 2024: 9).

If water-sensitive urban design is to succeed, it is nec-
essary to ensure that water can perform its functions for 
urban ecosystems, i.e. to meet their water requirements 
with water of sufficient quality. Climate-resilient urban 
water management also involves ensuring access to clean 
drinking water and an adequate sanitation infrastruc-
ture for the entire urban population today and in the 
future – even under more rapidly changing conditions. 

One long-term goal of climate-resilient water manage-
ment is to integrate urban water cycles into the natural 
landscape water balance of the entire water catchment 
area. On the one hand, this means that the precipita-
tion in a city can completely evaporate or seep into the 
ground locally according to the naturally prevailing con-
ditions. On the other hand, wastewater discharges from 
settlements do not contaminate receiving waters with 
persistent pollutants.

The principles for action of climate-resilient water 
management proposed by the WBGU should also be ap-
plied in cities (Sections 5.2, 6.1.1). This includes, among 
other things, overcoming existing path dependencies, 
avoiding future ones, as well as considering climate pro-
jections in different scenarios and making preparations 
for them. A comprehensive toolbox of proven measures 
based on technical and nature-based elements and their 
combination can be used to implement climate-resilient 
urban water management (Table 6.4-1). A sharp distinc-
tion between grey and blue-green infrastructure is nei-
ther necessary nor expedient: different measures can be 
combined in hybrid approaches to meet the context-spe-
cific requirements and conditions (Fig. 6.4-1; Depietri 
and McPhearson, 2017; IPCC, 2022b). The WBGU rec-
ommends taking into account the four requirements for 
the development, selection and implementation of meas-
ures in the context of exacerbated water-related chal-
lenges also in cities when implementing climate-resilient 
urban water management (Box 6.1-1). The efficacy and 
feasibility of measures are also greatly influenced by the 
technical possibilities for implementation in existing or 
new buildings and urban infrastructure, and the availa-
ble resources (Section 6.1.2).

6.4.2
Climate-resilient water management in the 
context of urban transformations

Cities have a key role to play in the transformation to-
wards sustainability. In addition to effective climate ad-
aptation and preserving natural life-support systems, it 
is essential to ensure urban quality of life (e.g. access 
to affordable, climate-adapted housing, and enabling 
inclusion and urban Eigenart [diversity]), as quality of 
life represents an important resource for urban trans-
formations (WBGU, 2016). This should also always 
be taken into account in climate-resilient urban water 
management.

Because people in socially disadvantaged urban 
neighbourhoods are often much more vulnerable to 
climate risks, reducing social inequalities also contrib-
utes to improving climate resilience. The challenges for 
sustainable transformations vary greatly depending on 
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Measures Aim Efficacy on different time scales Feasibility in the specific context Possible multiple benefits
(examples)

Possible unintended 
consequences (examples)

Stormwater retention basins 
(retention and overflow 
basins, storage channels)

Protection against urban 
flash floods

Can be implemented and are effective in the short term; 
technical climate adaptation simple

Required space and financial resources high; 
implementation in existing urban areas complex 
and expensive; costs of maintenance and 
adaptation low

Improved watercourse quality 
by avoiding combined 
sewer overflows; creation of 
recreational areas

Breeding grounds for 
disease-transmitting vectors 
(mosquitoes) in stagnant 
waters

Reet bed filters for rainwater 
treatment

Improved water quality Can be implemented and are effective in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; implementation costs 
moderate; costs of maintenance and adaptation low

Biodiversity protection Waterlogging of cellars, 
negative economic and health 
consequences

Constructed wetlands Improved water quality Can be implemented and are effective in the short term; 
technical climate adaptation simple

Space requirement moderate; implementation in 
existing urban areas complex and with moderate 
costs; costs of maintenance and adaptation low 
to moderate

Biodiversity protection; health 
protection (removal of pathogenic 
microorganisms)

Breeding grounds for 
disease-transmitting vectors 
(mosquitoes) in stagnant 
waters

Bioswales or infiltration 
trenches

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; implementation costs low 
to high; costs of maintenance and adaptation low

Improved water quality due to 
increased rainwater infiltration; 
biodiversity protection

Pollutant entry from traffic 
areas into soil and ground-
water impairs health and 
environment

Water-permeable surface 
coverings

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Implementation in existing urban areas complex and 
resource-intensive; implementation costs moderate 
to high; costs of maintenance and adaptation low

Positive health effects due to 
improved microclimate: unsealing 
reduces the urban heat island 
effect and heat stress

Pollutant entry from traffic 
areas into soil and ground-
water impairs health and 
environment

Roof and façade greening Protection against urban 
flash floods

Absorption of rainwater and release through 
evapotranspiration effective in the short term; 
technical climate adaptation difficult in existing buildings

Implementation in existing urban areas costly and 
resource-intensive; irrigation may be necessary; 
implementation costs moderate to high; 
costs of maintenance and adaptation low

Biodiversity protection; insulating 
effect and buffering of temperature 
fluctuations; improved microcli-
mate, less heat stress indoors and 
in the close vicinity

Negative health consequences, 
e.g. allergic reactions, toxic 
effect of inhaled fungal spores

Unsealing and green-
ing of roadsides, central 
reservations, tram tracks

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; im-
proved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; simple and quick imple-
mentation; irrigation may be necessary; implemen-
tation costs low to high; costs of maintenance and 
adaptation low

Biodiversity protection; im-
proved microclimate, shade 
provision; filtering of air pollution; 
noise protection; promotion of 
health-promoting and sustainable 
mobility

Negative health consequences, 
e.g. allergic reactions, in-
creased local exposure to air 
pollution possible; visibility 
restrictions

Urban parks and greening of 
public spaces

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; delays 
in effect are possible; climatic changes may affect the 
vegetation and efficacy; technical climate adaptation simple

Space requirements may be high; possible: ‘pock-
et parks’, greening of previously unused areas; 
implementation in existing urban areas complex or 
limited; possible conflicts with space requirements 
for housing and mobility (possible solution: ‘triple 
inner urban development’; WBGU, 2023); irrigation 
may be necessary, which may be difficult to realize; 
implementation costs moderate to high; costs of 
maintenance and adaptation low to moderate

Biodiversity protection; improved 
microclimate, shade provision, 
filtering of air pollution; noise 
protection; improved air circulation 
in neighbouring districts; health-
promoting spaces for recreation, 
exercise and mobility; reduction of 
social and health inequalities

Negative health effects, e.g. 
allergic reactions; displace-
ment of disadvantaged popula-
tion groups from economically 
upgraded neighbourhoods 
(green gentrification)

Flood polders Protection against 
riverine flooding

Quickly effective through the provision of alluvial 
areas; changing runoff conditions can limit efficacy; 
technical climate adaptation simple

Space requirement high; implementation in existing 
urban areas complex or limited; possible conflicts 
with other urban land uses; implementation costs 
high; costs of maintenance and adaptation low

Biodiversity protection; positive 
health, ecological and social effects 
similar to urban parks

Loss of breeding grounds 
when there is flooding

(Re)wetting and restoration of 
urban wetlands and riparian 
forests (Section 6.2.2)

Protection against urban 
flash floods, droughts and 
riverine flooding

Accelerated infiltration of rainwater and more alluvial areas 
in the short term; improved groundwater recharge in the 
long term; delays in effect are possible; technical climate 
adaptation difficult

Space requirement high; implementation in existing 
urban areas complex or limited; possible conflicts 
with other urban land uses; water requirement may 
increase in the long term due to climate change; 
implementation costs high; costs of maintenance 
and adaptation moderate to high

Biodiversity protection; health-
promoting spaces for recreation 
and exercise; positive health, 
ecological and social effects similar 
to urban parks

Desiccation of parts of the 
wetland can severely impair 
ecosystem function

Table 6.4-1
Examples of measures suitable for water-sensitive urban design. They are based on technical and nature-based elements. Also shown are 
examples of aspects to be considered in accordance with the four requirements proposed in Section 6.1.2 for the development, selection and 
implementation of measures in the context of climate-resilient water management. By implementing measures for water-sensitive urban
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Measures Aim Efficacy on different time scales Feasibility in the specific context Possible multiple benefits
(examples)

Possible unintended 
consequences (examples)

Stormwater retention basins 
(retention and overflow 
basins, storage channels)

Protection against urban 
flash floods

Can be implemented and are effective in the short term; 
technical climate adaptation simple

Required space and financial resources high; 
implementation in existing urban areas complex 
and expensive; costs of maintenance and 
adaptation low

Improved watercourse quality 
by avoiding combined 
sewer overflows; creation of 
recreational areas

Breeding grounds for 
disease-transmitting vectors 
(mosquitoes) in stagnant 
waters

Reet bed filters for rainwater 
treatment

Improved water quality Can be implemented and are effective in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; implementation costs 
moderate; costs of maintenance and adaptation low

Biodiversity protection Waterlogging of cellars, 
negative economic and health 
consequences

Constructed wetlands Improved water quality Can be implemented and are effective in the short term; 
technical climate adaptation simple

Space requirement moderate; implementation in 
existing urban areas complex and with moderate 
costs; costs of maintenance and adaptation low 
to moderate

Biodiversity protection; health 
protection (removal of pathogenic 
microorganisms)

Breeding grounds for 
disease-transmitting vectors 
(mosquitoes) in stagnant 
waters

Bioswales or infiltration 
trenches

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; implementation costs low 
to high; costs of maintenance and adaptation low

Improved water quality due to 
increased rainwater infiltration; 
biodiversity protection

Pollutant entry from traffic 
areas into soil and ground-
water impairs health and 
environment

Water-permeable surface 
coverings

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; 
technical climate adaptation simple

Implementation in existing urban areas complex and 
resource-intensive; implementation costs moderate 
to high; costs of maintenance and adaptation low

Positive health effects due to 
improved microclimate: unsealing 
reduces the urban heat island 
effect and heat stress

Pollutant entry from traffic 
areas into soil and ground-
water impairs health and 
environment

Roof and façade greening Protection against urban 
flash floods

Absorption of rainwater and release through 
evapotranspiration effective in the short term; 
technical climate adaptation difficult in existing buildings

Implementation in existing urban areas costly and 
resource-intensive; irrigation may be necessary; 
implementation costs moderate to high; 
costs of maintenance and adaptation low

Biodiversity protection; insulating 
effect and buffering of temperature 
fluctuations; improved microcli-
mate, less heat stress indoors and 
in the close vicinity

Negative health consequences, 
e.g. allergic reactions, toxic 
effect of inhaled fungal spores

Unsealing and green-
ing of roadsides, central 
reservations, tram tracks

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; im-
proved groundwater recharge in the long term; 
technical climate adaptation simple

Space requirement low; simple and quick imple-
mentation; irrigation may be necessary; implemen-
tation costs low to high; costs of maintenance and 
adaptation low

Biodiversity protection; im-
proved microclimate, shade 
provision; filtering of air pollution; 
noise protection; promotion of 
health-promoting and sustainable 
mobility

Negative health consequences, 
e.g. allergic reactions, in-
creased local exposure to air 
pollution possible; visibility 
restrictions

Urban parks and greening of 
public spaces

Protection against urban 
flash floods and droughts

Accelerated infiltration of rainwater in the short term; 
improved groundwater recharge in the long term; delays 
in effect are possible; climatic changes may affect the 
vegetation and efficacy; technical climate adaptation simple

Space requirements may be high; possible: ‘pock-
et parks’, greening of previously unused areas; 
implementation in existing urban areas complex or 
limited; possible conflicts with space requirements 
for housing and mobility (possible solution: ‘triple 
inner urban development’; WBGU, 2023); irrigation 
may be necessary, which may be difficult to realize; 
implementation costs moderate to high; costs of 
maintenance and adaptation low to moderate

Biodiversity protection; improved 
microclimate, shade provision, 
filtering of air pollution; noise 
protection; improved air circulation 
in neighbouring districts; health-
promoting spaces for recreation, 
exercise and mobility; reduction of 
social and health inequalities

Negative health effects, e.g. 
allergic reactions; displace-
ment of disadvantaged popula-
tion groups from economically 
upgraded neighbourhoods 
(green gentrification)

Flood polders Protection against 
riverine flooding

Quickly effective through the provision of alluvial 
areas; changing runoff conditions can limit efficacy; 
technical climate adaptation simple

Space requirement high; implementation in existing 
urban areas complex or limited; possible conflicts 
with other urban land uses; implementation costs 
high; costs of maintenance and adaptation low

Biodiversity protection; positive 
health, ecological and social effects 
similar to urban parks

Loss of breeding grounds 
when there is flooding

(Re)wetting and restoration of 
urban wetlands and riparian 
forests (Section 6.2.2)

Protection against urban 
flash floods, droughts and 
riverine flooding

Accelerated infiltration of rainwater and more alluvial areas 
in the short term; improved groundwater recharge in the 
long term; delays in effect are possible; technical climate 
adaptation difficult

Space requirement high; implementation in existing 
urban areas complex or limited; possible conflicts 
with other urban land uses; water requirement may 
increase in the long term due to climate change; 
implementation costs high; costs of maintenance 
and adaptation moderate to high

Biodiversity protection; health-
promoting spaces for recreation 
and exercise; positive health, 
ecological and social effects similar 
to urban parks

Desiccation of parts of the 
wetland can severely impair 
ecosystem function

Table 6.4-1
Examples of measures suitable for water-sensitive urban design. They are based on technical and nature-based elements. Also shown are 
examples of aspects to be considered in accordance with the four requirements proposed in Section 6.1.2 for the development, selection and 
implementation of measures in the context of climate-resilient water management. By implementing measures for water-sensitive urban

design, potential multiple benefits can be used to a greater extent and unintended consequences avoided.
Source: WBGU
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Figure 6.4-1
Strategies for adapting urban water infrastructure to climate change. A comprehensive toolbox of measures is available for 
implementing climate-resilient urban water management, whereby a distinction is made between grey and blue-green infra-
structure. In hybrid strategies, different measures are combined to meet local requirements and framework conditions.
Source: IPCC, 2022b, based on Depietri and McPhearson, 2017

the type of city involved (WBGU, 2016). These are also 
reflected in the different context-specific requirements 
for climate-resilient urban water management.

In high-income countries, a sustainable and cli-
mate-resilient conversion of existing infrastructure, in-
cluding the building stock (WBGU, 2016), is particularly 

important. Measures requiring more space and invasive 
interventions (e.g. construction of new supply and dis-
posal pipelines) can sometimes only be realized to a lim-
ited extent or at great expense in existing urban districts.

For low- and middle-income countries, ongoing ur-
banization offers a window of opportunity, since much 
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of the urban infrastructure is yet to be built or expanded 
in the coming decades (WBGU, 2016). However, insuf-
ficient resources and deficits in urban governance often 
lead to the emergence of informal neighbourhoods and 
slums. They are much less protected against climate risks 
because, in addition to an inadequate building structure 
(e.g. cramped housing conditions, insufficient protec-
tion against heat), they often do not have an adequate 
infrastructure for drinking water and sanitation (Sec-
tion 7.3). Rapidly improving these fundamental prob-
lems with limited resources is therefore an important 
goal. One example of transformative measures in the 
sense of climate-resilient water management in low-in-
come countries is the expansion of decentralized and 
non-piped sewage systems, as explained in Section 7.3.2 
with the example of Lusaka, Zambia.

6.4.3
The expansion of blue-green infrastructure  
as an urban multiple-benefit strategy

The expansion and improvement of blue-green infra-
structure is a special multiple-benefit strategy in cities. 
It includes rainwater-retention areas with multi-pur-
pose functions such as urban parks and sports areas, 
also wetlands and woodlands, near-natural flood pol-
ders, vegetation in streets and green roofs and façades. 
On the one hand, blue-green infrastructure can provide 
protection against urban flash floods and droughts and 
plays an important role in water-sensitive urban design. 
On the other hand, it has the potential to develop pos-
itive effects that go beyond its water-related functions 
by providing various other ecosystem services (LAWA, 
2021; WBGU, 2023).

In this way, blue-green infrastructure in cities provides 
numerous opportunities for multiple ecological, health 
and social benefits. Urban green spaces provide habi-
tats for many different species and promote biodiversity 
and climate-change mitigation (Whitmee et al., 2024). 
They also play a key role for the physical and mental 
health of the urban population, as they enable people 
to spend time, exercise and engage in social activities 
in contact with nature. In this way, they can strengthen 
social cohesion, which can also have a positive effect on 
health and well-being (WBGU, 2016, 2023). Activities 
in contact with nature can also promote sustainable and 
healthy lifestyles in general (WBGU, 2023). Further-
more, urban green spaces help improve air quality and 
mitigate the urban heat-island effect, reducing exposure 
to air pollutants and heat. Disadvantaged population 
groups benefit particularly from urban green spaces if 
they are sufficiently available, accessible and geared to 
their needs. Social and health inequalities can be reduced 

in this way. When expanding blue-green infrastructure, 
care should also be taken to avoid maladaptation and 
negative unintended consequences, such as triggering 
allergic reactions or negative social effects if disadvan-
taged population groups are displaced through the ‘green 
gentrification’ of urban neighbourhoods.

A particular challenge for the expansion and improve-
ment of blue-green infrastructure is the potential conflict 
over land use in existing urban neighbourhoods. In order 
to overcome such problems, it can be helpful to follow 
the guiding principle of ‘triple inner development’ (bal-
ance between increased building density, mobility and 
the creation of green and blue spaces, adapted to the 
respective regional conditions; WBGU, 2023). Possible 
solutions include the creation of many relatively small 
‘pocket parks’ and the greening of previously unused, 
sealed public spaces (WBGU, 2023). In addition, future 
exacerbated water-related challenges must also be tak-
en into account (Chapter 3): depending on local climatic 
conditions and developments caused by climate change, 
the artificial irrigation of green spaces may be necessary 
today or in the future.

The implementation of the Skybrudsplan in Copen-
hagen (Denmark) and the use of an alternative irrigation 
resource for urban greenery in Schweinfurt (Germany) 
are two examples of the implementation of climate-re-
silient water management in high-income countries that 
are related to blue-green infrastructure (Boxes 6.4-1, 
 6.4-2). The expansion of decentralized and non-piped 
sewage systems, which are of great importance for low- 
and middle-income countries, is explained using the ex-
ample of Lusaka (Zambia) in Section 7.3.2.

6.5
Recommendations for action

6.5.1
Overarching recommendations for action

Establish a new approach to water management: 
living with uncertainty
A climate-resilient and socially balanced form of water 
management should be established everywhere that man-
ages local, regional and global water cycles with fore-
sight, and thus maintains the various functions of water 
for humans and ecosystems in the long term. Transdisci-
plinary and collaborative learning and decision-making 
processes across different sectors and spatial scales are 
needed to make action and decision-making possible in 
the face of uncertainty. This must be based on empirical 
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data, real-time information and future projections un-
der various climate scenarios on water availability and 
water demands, whereby a rising water demand in the 
course of the energy transition must also be taken into 
account. A digitalization campaign in the water sector 
at local and national level is urgently needed to collect, 
process and provide real-time data and to provide the 
basis for well-informed decision-making. The selected 

water-management practices must be constantly moni-
tored, evaluated and, if necessary, adjusted at short notice 
on this basis. To achieve this, structures and processes 
for planning and decision-making in water management 
must be adaptable and correctable and include all rel-
evant actors, and infrastructure must be designed in a 
more decentralized and adaptive manner.

Box 6.4-1

Practical example: blue-green infrastructure in 
cities – the ‘Cloudburst Management Plan’ in 
Copenhagen (Denmark)

In 2011, Copenhagen experienced extremely heavy rainfall of 
up to 100 mm per hour, causing damage of up to 800 million 
euros (The City of Copenhagen, 2012: 5; Arnbjerg-Nielsen et 
al., 2015). This event highlighted the inadequacy of the existing 
infrastructure for dealing with extreme events – and these will 
increase in the future. As a result of climate change, compared 
to other countries Denmark is most of all affected by ‘too much’ 
water; heavy precipitation such as in July 2011 could occur much 
more frequently in the future (Arnbjerg-Nielsen et al., 2015).

The city council therefore decided to optimize the city’s 
infrastructure with the ‘Cloudburst Management Plan’ (Danish: 
‘Skybrudsplan’; The City of Copenhagen, 2012) to consistently 
focus on nature-based solutions for long-term climate-change 
adaptation. The aim of the infrastructure measures is to limit 
the rise in flood waters on roads and squares to a maximum 
of 10 cm during heavy rainfall events – with the exception 
of designated flooding areas (The City of Copenhagen, 2012: 
12). The analysis of the distribution of water masses during 
the 2011 floods led to the realization that the city must be 
managed as a coherent water system in future. To achieve 
this, a combination of above-ground areas for decentralized 
retention and infiltration, controlled above-ground drainage 
in specially adapted roads, and underground pipes is planned 
(The City of Copenhagen, 2015: 28f.). The nature-orientated 
conversion and expansion of above-ground infrastructure by 
unsealing, the creation of more urban greenery and artificial 
bodies of water in parks, streets and squares plays a key role 
here. The expense of implementing the Cloudburst Management 
Plan is shared between the municipality of Copenhagen and 
the water-infrastructure operator HOFOR. The wastewater 
charges were increased to finance the total expenditure on the 
project; for a household of four, the average annual expenditure 
rose by 1,375 Danish kroner (approx. 185 euros; The City of 
Copenhagen, 2015: 42).

During the planning phase, the Cloudburst Management 
Plan was compared with a conventional solution, which would 
have focused on expanding the underground infrastructure, 
particularly the sewerage system and technical retention basins 
(The City of Copenhagen, 2015: 36). A socio-economic assess-
ment, which took into account the construction and operating 
costs of both solutions, as well as the damage costs averted, 
showed that the total costs of the Cloudburst Management 
Plan were lower than those of the conventional infrastructure 
solution. They are also much lower than the expected cost 

of damage that would be caused under a ‘business as usual’ 
scenario, in which no adaptation measures would take place. 
The plan was based on a time horizon of 100 years (The City of 
Copenhagen, 2015: 36 f.). The analysis also took into account 
multiple benefits in various areas, e.g. health benefits and the 
economic enhancement of properties through the expansion 
of green spaces (Atelier Dreiseitl GmbH and Rambøll Group, 
2013). In addition, an independent life-cycle analysis of the 
two solutions for the Nørrebro district has shown that the 
negative unintended environmental impacts of the Cloudburst 
Management Plan (including the contribution to climate change, 
summer smog, eutrophication of fresh waters) are substantially 
lower than those of the conventional infrastructure solution 
(Brudler et al., 2016).

The more than 300 individual projects that make up the 
Cloudburst Management Plan will be implemented step by 
step until the 2030s (The City of Copenhagen, 2015: 8). A 
final evaluation of the project is therefore not yet possible. 
However, some sub-projects that have already been completed, 
such as the remodelled green spaces ‘Skt. Kjelds Plads’ and 
‘Tåsinge Plads’, as well as the green street ‘Bryggervangen’, 
are already being discussed as flagship examples at specialist 
conferences (Negrello, 2022; The City of Copenhagen, 2016; 
Xu et al., 2021a). In particular, the successful integration of 
rainwater management, biodiversity protection, health and 
quality of life, as well as the involvement of citizens and civil 
groups during the planning process are emphasized (Negrello, 
2022; Xu et al., 2021a). At the same time, a critical social-sci-
ence analysis is taking place of sub-projects of the Cloudburst 
Management Plan, such as the ‘Hans Tavsens Park’ in the 
Nørrebro district and the possible negative consequences of 
its redesign for disadvantaged population groups (Tubridy, 
2020). When analysing possible multiple benefits of blue-
green infrastructure, it is essential to discuss which population 
groups benefit less or might even be disadvantaged (e.g. by 
displacement effects) and how such negative consequences 
can be prevented (Anguelovski et al., 2019).

The expansion of blue-green infrastructure as part of the 
Cloudburst Management Plan illustrates transformative urban 
design in the sense of climate-resilient water management. The 
reorganization of public space implemented in Copenhagen for 
long-term crisis prevention indicates that a paradigm shift can 
initiate structural changes in urban development. In particular, 
the extensive review of technical and financial feasibility and 
the involvement of the population can serve as an example for 
other cities in high-income countries. However, the transfera-
bility to low- and middle-income countries with fewer financial 
and technical resources is limited.
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Gear water management towards conserving, 
strengthening and restoring a climate-resilient 
landscape water balance
In order to be able to efficiently buffer the rising number 
of extreme events, it is necessary in the long term to re-
store a climate-resilient landscape water balance every-
where, and to protect and strengthen it where it is still 
intact. As some of the measures focusing on this only 
take effect after a time lag, it is necessary to combine 
them with measures that are effective in the short term 
without creating undesirable path dependencies. Start-
ing from the integrated landscape approach proposed 
by the WBGU (2020), an integrated landscape and wa-
ter-balance approach should be pursued that combines 
the protection of the climate and biodiversity, land re-
quirements for food security, and the strengthening of 
natural buffers in the water balance on areas of all types 
of land use. As the green water stored in soils and plants 
plays an important role in these buffer functions, it is 
urgently necessary to give it greater consideration in fu-
ture water management, and also to take into account 
the changes in precipitation and evaporation dynamics 
caused by climate change.

Interlink climate adaptation, water management 
and ecosystem protection more closely
Intact ecosystems are a basic prerequisite for making 
greater use of regulating ecosystem services to stabi-
lize the water availability. Safeguarding the functions of 
water for ecosystems should therefore play a key role in 
water management in the future. To this end, it can be 
helpful to integrate Ecosystem-based Adaptation (EbA) 
approaches into water management, e.g. by dovetailing 
them with the IWRM approach. Synergies can also result 
from a closer and better coordinated linkage between the 
practical fields of water management (especially the im-
plementation of the IWRM approach) on the one hand, 
and climate adaptation on the other, which currently ex-
ist parallel to each other, so that available resources can 
be used more efficiently, and already established multi-
sectoral structures can be used. Orientation towards ex-
isting practical examples can be helpful here (Jimenez 
and Bray, 2022; UNEP, 2022; de Ruyter van Steveninck 
et al., 2018). The Water-Energy-Food-Ecosystem Nexus 
approach (Section 2.4.1.3) should be used to a greater 
extent to take into account the complex interactions be-
tween water, energy, food systems and ecosystems, as 
well as hydrological, biological, social and technological 

.

Figure 6.4-2
The ‘Cloudburst Management Plan’ in Copenhagen as an example of blue-green infrastructure in cities. Left: during heavy 
rainfall events, Copenhagen, in this case the ‘Nørrebro’ district, is managed as a coherent water system. Water is retained 
above ground and drained away in a controlled manner in specially adapted roads. Right: the roundabout on ‘Skt. Kjelds 
Plads’ was remodelled by unsealing and planting to create blue-green infrastructure enabling the local retention and infil-
tration of rainwater.
Sources: Brudler et al., 2016 (left); Negrello, 2022 (right)

Recommendations for action   6.5

163



factors in local water management. On the basis of trans-
disciplinary research (Section 6.6.1), multisectoral pro-
jects at the interface of water management, health sys-
tems and ecosystem protection and restoration should 
be promoted, and their funding facilitated, particularly 
in low- and middle-income countries.

Diversify water portfolios, establish water reuse  
and increase flexibility in demand
In order to make the local drinking water supply more 
resilient in the face of long-term fluctuations in wa-
ter availability and increasing extreme events such as 
droughts and floods, it is necessary to use different in-
dependent blue-water resources that are redundant and 
complement each other. Where locally necessary and 
technically feasible, alternative water resources such as 

desalinated seawater or recycled water from municipal 
wastewater-treatment plants should also be used to a 
greater extent. By doing so, adverse unintended conse-
quences, for example for ecosystems or human health, 
must be avoided. Wherever feasible, the reuse of water 
of different quality levels should be made technically 
possible and already be anticipated in the construction 
of the water infrastructure and buildings. In order to 
make more flexible and precautionary management of 
water resources possible, digital water-information sys-
tems should be established across the board to document 
the dynamic water abstractions by private households, 
public institutions and industry, so that the supply can 
be adjusted by the provider, especially in the event of 
fluctuating availability. In the real-time monitoring of wa-
ter consumption in households and businesses, artificial 

Box 6.4-2

Practical example: use of alternative water 
resources for irrigating urban green spaces in 
Schweinfurt (Germany)

The effects of climate change, such as longer periods of drought, 
changes in the distribution of precipitation, a decrease in soil 
moisture and falling groundwater levels, also influence the 
supply of water in cities in Germany (UBA, 2021b). In view 
of this, a climate-resilient urban water supply of sufficient 
quantity and quality is urgently needed to ensure the public 
supply of drinking water and to cover water requirements for 
cooling and other processes in trade and industry. Furthermore, 
the demand for water to irrigate urban green spaces has already 
increased in many places and will continue to rise in the future 
(Kendzia, 2020).

In the following, the use of alternative water resources for 
the irrigation of urban green spaces in Schweinfurt (Lower 
Franconia, Germany) is presented as an example of innovative 
climate adaptation and water-resilient and resource-conserving 
urban development. Lower Franconia is a region with an aver-
age annual precipitation of less than 500 mm, so it has a very 
strained water balance in dry years. Water recycling by treating 
and re-using effluents from municipal wastewater-treatment 
plants can help meet the increasing water requirements of 
urban green spaces without further depleting the scarce water 
resources. For its part, urban greenery plays an important role 
in climate adaptation – both for stabilizing the water balance 
and for protecting health and biodiversity.

Apart from establishing decentralized rainwater-retention 
measures as part of the planned expansion of blue-green 
infrastructure, the irrigation requirements for urban green 
spaces, which were previously met by drinking water and 
local groundwater, are to be replaced by an alternative water 
resource. To this end, the city of Schweinfurt will treat the city’s 
municipal wastewater in such a way that it can be safely reused. 
The city’s wastewater is currently treated in a central treatment 
plant with a design capacity of 250,000 PE (9.7 million m3/
year) and discharged into the River Main. By 2027, in antici-
pation of the new requirements of the EU Urban Wastewater 

Treatment Directive, the wastewater-treatment plant will be 
equipped with a so-called fourth treatment stage, consisting 
of ozonation and biological activated carbon filtration. This 
results in a significant reduction in the load of organic trace 
substances flowing into the River Main as the receiving water 
body. A substream of the wastewater treated in this way is also 
to be disinfected using a UV system so that it can be reused 
for various purposes, especially for irrigation (Drewes, 2024).

The treatment, quality and various applications of the recy-
cled water thus obtained have been extensively investigated 
as part of a project funded by the German Federal Ministry 
of Education and Research (BMBF) under the WavE funding 
programme (Future-oriented technologies and concepts to 
increase water availability by water reuse and desalination). 
The water quality achieved clearly meets the requirements of 
the EU regulation on minimum requirements for water reuse, 
in terms of both microbiological and chemical requirements. It 
can therefore be used safely for irrigation in sports and leisure 
areas, parks and green spaces, as an alternative water resource 
for future neighbourhood-development, for vegetable irrigation 
in agricultural production and for other commercial purposes 
(Ho et al., 2024). In Schweinfurt, the irrigation requirements of 
urban greenery are documented using real-time data on weather 
conditions and soil moisture, and these areas are thus watered 
as needed. This makes Schweinfurt the first city in Germany 
to use recycled water for urban applications across the board.

One challenge in the reuse of municipal wastewater is that 
there is often a spatial separation between the place of gener-
ation (wastewater-treatment plant) and the use (urban area) 
of this alternative water resource. A separate distribution 
and storage infrastructure is therefore required. Realizing 
this by fundamentally converting existing structures is often 
associated with high costs and with a great deal of effort for 
construction work. In Schweinfurt, therefore, a new dedicated, 
approx. 3.5 km long network from the wastewater-treatment 
plant back into the city was planned for the recycled water, 
while at the same time using existing structures in a minimally 
invasive manner: a DN 110 pressure pipeline was inserted into 
the city’s existing main sewer, which significantly reduced the 
necessary construction work and simultaneously accelerated 
construction (Fig. 6.4-3; Drewes, 2024).
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Figure 6.4-3
Distribution of recycled water in Schweinfurt (Lower Franconia, Germany). The treated wastewater is channelled from the 
wastewater-treatment plant (right-hand photograph and bottom of map) into the city through a DN 110 pressure pipe (left-
hand photograph), which was inserted into the city’s existing main collector in a minimally invasive manner.
Source: Stadtentwässerung Schweinfurt (map and right-hand photograph); Drewes, TU Munich (left-hand photograph)

intelligence should also be used in the future, although 
there is still a need for research in this area. Taking into 
account the water quality required for different purpos-
es, decentralized water storage and water reuse can be 
established, especially for large consumers, which would 
contribute to more flexible water abstraction.

Evaluate the efficacy and feasibility, multiple 
benefits and unintended consequences of measures 
under increasingly difficult conditions
In order to deal in the short term with increasing ex-
treme events, a broad range of adaptive, fast-acting and 
resource-efficient measures – from purely technical to 
more nature-based solutions – should be used in com-
bination with long-term effective measures to restore a 
climate-resilient landscape water balance. The develop-
ment, selection, combination, establishment and, where 
applicable, operation and maintenance of short- and long-
term measures should be carried out flexibly according 
to specific spatial and temporal requirements and frame-
work conditions, and be orientated towards four require-
ments: (1) the assessment of water-related efficacy on 
different time scales, with regard to specific water-re-
lated objectives and, in each case, with regard to their 
contribution to restoring a climate-resilient landscape 
water balance – taking into account uncertainties and 

impact delays in the given situation; (2) the analysis of 
feasibility in the respective context, taking into account 
the availability of technologies, financial resources, insti-
tutional capacities, their acceptance and their land and 
resource requirements – also with regard to long-term 
operation and any adjustments that may become nec-
essary over time; (3) focusing more on possible multiple 
benefits for climate and biodiversity protection, as well 
as health, social and economic benefits and effects on 
the reduction of inequalities; and (4) avoiding maladap-
tation and unintended water-related, ecological, health, 
social and economic consequences by adopting a systemic 
and transdisciplinary approach. Measures should always 
be planned and implemented in such a way that tech-
nical adaptation to the consequences of climate change 
during their life-cycle can be realized with minimal ef-
fort. The planning bases used to date for infrastructure 
measures, such as the occurrence of a once-in-100-years 
flood event (HQ100), must also be adapted on the basis 
of appropriate research (Section 6.6.1).

Further develop and adopt approaches for the 
assessment of options under uncertainty
In future, responsible government agencies should take 
into account the four requirements for the development, 
selection and implementation of measures in the context 
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of exacerbated water-related challenges when making 
planning and authorization decisions (Section 6.1.2). Ap-
proaches for assessing and comparing different measures 
under uncertainty should be used consistently, further 
developed where necessary and their application promot-
ed and encouraged. This requires developing capacities 
and expertise, especially to support local decision-mak-
ers, and the development of standardized, but simulta-
neously sufficiently flexible procedures. To this end, it is 
also important to create a legally secure planning basis 
that allows sufficient consideration of uncertainties and 
risks without hindering the short-term implementation 
of measures. The feasibility of complex impact assess-
ments, multi-criteria analyses and processes of weighing 
up options under uncertainty should also be made possi-
ble where financial, institutional and personnel resources 
are limited, e.g. in low- and middle-income countries or 
at the municipal level in high-income countries. To this 
end, simplified versions of the corresponding instru-
ments should be developed that nevertheless optimally 
fulfil the respective requirements.

Prevent maladaptation and unintended 
consequences by means of transdisciplinary 
learning and decision-making processes
When measures are being authorized and planned – and 
parallel to their establishment and, where applicable, 
long-term operation – open-ended discussions on pos-
sible consequences should be held including all actors 
and population groups who are involved and affected, as 
well as with the scientific community, in order to identify 
possible adverse effects of measures and to be in a posi-
tion to take countermeasures at an early stage. Barriers 
to access for marginalized actors should be consistently 
avoided, for example by offering financial compensation 
and providing non-discriminatory spaces. The effects 
of measures should also be continuously evaluated us-
ing context-specific indicators. Important elements for 
developing such indicators are a critical examination of 
the complex causes of vulnerability and the consider-
ation of the social consequences of measures in mod-
elling and decision-making in the sense of a socio-hy-
drological approach.

Harmonize the systematic impact assessment of 
water-management measures
A harmonized impact assessment of measures, based 
on projections and scenario calculations, evaluation 
and monitoring tools from various disciplines as well as 
mapping or visualization platforms, could inform and 
support procedures of adaptive water management. 
The assessment of the efficacy, feasibility, multiple 
benefits and unintended consequences of measures 
could be carried out by independent scientific experts. 

This should be done in a discourse with all the actors 
involved and affected in order to enable transdisci-
plinary learning and decision-making processes. The 
results could then be discussed in relevant societal 
and political forums. Regarding the expert opinions 
obtained, attention should always be paid to the in-
terdisciplinarity of the scientists involved. The inclu-
sion of social-science disciplines makes it possible to 
analyse the population’s perception of the measures 
as well as the institutions involved and implementa-
tion gaps. Even if such a complex impact-assessment 
process delays the implementation of the measures, it 
is urgently needed in view of the complexity of the 
challenges to be overcome, and should be carried out 
before the start of, and alongside, the implementation 
of the measures. Additional resources are needed to 
integrate systematic impact assessments more  closely 
into water-related decision-making processes. Low 
and middle-income countries often lack the financial 
resources to develop and implement such mechanisms; 
bilateral and international support is needed here. An 
‘International Water Assessment Centre’ already ex-
ists within the framework of the UNECE Convention, 
which also supports the implementation of projects. 
This could be supplemented by a coordination centre 
for impact assessment. The International Water Man-
agement Institute (IWMI) could act as an intermedi-
ary actor to promote methodological harmonization. 
Exchange platforms based at the International Water 
Association (IWA) could be created for the placement 
of regional water experts who carry out analyses of 
specific measures.

Use windows of opportunity to accelerate 
transformative adaptation
Transformative adaptation is urgently needed in the 
water sector, also before crises occur. After unconven-
tional and innovative measures have been explored in 
real-world laboratories and obstacles to implementa-
tion have been identified by transdisciplinary research, 
successful practical examples and practices should be 
quickly institutionalized and disseminated. The German 
federal water-research programme ‘Wasser: N’ already 
emphasizes the need for best-practice examples of syn-
ergy effects by simultaneously considering multiple 
benefits of innovative water projects, also to increase 
their acceptance (BMBF, 2021a: 36). Using windows 
of opportunity – such as reconstruction after extreme 
events or large-scale infrastructure measures in cit-
ies – can accelerate transformative adaptation. Where 
possible, water-related measures should be used to si-
multaneously promote climate-change mitigation and 
biodiversity protection, and to improve the framework 
conditions for healthy and sustainable lifestyles, for 
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example in the areas of nutrition, physical exercise 
and housing (WBGU, 2023: 75 ff.). This is possible, 
for example, when measures already require structur-
al remodelling in cities. If the needs of disadvantaged 
groups are taken into account, social and health ine-
qualities can also be reduced by this.

Create cross-border transdisciplinary forums in 
particularly vulnerable regions
Transdisciplinary forums should be created in areas that 
are particularly at risk from water emergencies in order 
to address the upcoming challenges and develop adapta-
tion options together with stakeholders (Section 6.6.1). 
Structures have already been established within the 
framework of ‘Transboundary Water Management’ that 
can serve as a basis for such negotiation processes. It is 
important to initiate and strengthen such processes in 
different affected areas. Such forums could also host a 
general, science-based discourse on strategy develop-
ment and options for action under uncertainties.

6.5.2
Recommendations for action for the  
solution-space ecosystems

As part of the UN Decade on Ecosystem Restoration, ten 
principles have been developed to support global efforts 
to restore ecosystems (FAO, 2021). These are of a rather 
general nature, but are of key importance for the sys-
temic, synergistic and solidarity-based implementation 
of restoration measures in a multifunctional landscape 
mosaic (WBGU, 2024).

Promote the restoration of water-related 
ecosystems at all political levels
The restoration of water-related ecosystems should be 
given special attention in relevant policy processes at 
the UN, EU and national level. This explicitly includes 
water-related activities within the UN Decade on Eco-
system Restoration, the UN Water Action Decade, the 
2030 Agenda for Sustainable Development, the Ramsar 
Convention, the EU Water Framework Directive, the EU 
Nature Restoration Law and the relevant national strat-
egies, e.g. on sustainability, water and peatland protec-
tion. National projects, such as the federal ‘Blue Rib-
bon Germany’ (Blaues Band Deutschland) programme 
for restoring rivers and floodplains, should be further 
promoted to ensure that the goals can be achieved sus-
tainably in the long term.

Promote the German Federal Action Plan on 
Nature-based Solutions for Climate and  
Biodiversity over the long term and implement 
measures decisively
The fields of action described in the German Federal Gov-
ernment’s ‘Federal Action Plan on Nature-based Solu-
tions for Climate and Biodiversity’ (Aktionsprogramm 
Natürlicher Klimaschutz, ANK) highlight a wide range 
of options for contributing to ecosystem restoration. The 
overview of measures shows, among other things, how 
to work towards a climate-resilient water balance in var-
ious ecosystem types. The restoration of a climate-re-
silient landscape water balance should also include the 
restoration of alluvial forests and meadows and, where 
appropriate, gallery forests with their ecological func-
tions and ecosystem services, e.g. for increasing the wa-
ter-retention and storage function in the landscape, or 
for settlement-free floodplains. The ANK also offers ori-
entation on water-related research and a possible inter-
national contribution from Germany. One example of the 
measures mentioned in the ANK is the implementation 
of peatland protection as part of the National Peatland 
Protection Strategy. The strategy very comprehensively 
presents measures for the conservation, restoration and 
sustainable use of peatlands. The WBGU recommends 
promoting the ANK and related relevant strategies in 
the long term because of their great multiple benefits, 
and implementing the measures it contains promptly, 
which would also serve the interests of climate-resilient 
water management.

Initiate an early dialogue with land users, residents 
near restoration areas, and other stakeholders
In line with an integrated landscape approach (WBGU, 
2020), an early dialogue in the planning process on resto-
ration measures with all land users, residents near areas 
to be restored and other stakeholders is recommended. 
In this way, conflicts can be avoided, multiple benefits 
increased and the acceptance of restoration enhanced. 
Interdisciplinary and transdisciplinary supervision of 
the measures by experts from the fields of ecology, hy-
drology, agriculture and sociology can also be valua-
ble. The implementation of the measures should follow 
a mosaic approach to spatial planning on a large-scale 
(WBGU, 2024).

Plan restoration measures with a view to the 
multifunctionality of the entire river system
Applying the mosaic approach (WBGU, 2024) leads to 
diverse river and floodplain landscapes with high biodi-
versity which fulfil such diverse functions as water-level 
stabilization, water purification, groundwater formation 
and regeneration, CO2 sequestration, and the provision 
of habitats or recreation areas. In this way, sustainable 
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use can be made possible along the entire river network – 
i.a. for shipping, fishing, tourism and drinking-water 
supply – and a near-natural, harmonious appearance 
can be restored.

Encourage the removal of barriers  
from river courses
In order to restore the connectivity of river courses and 
to make far-reaching ecological and water-related mul-
tiple benefits possible, barriers in river courses should 
be removed wherever expedient and possible. This not 
only applies to dismantling large structures (> 10 m, e.g. 
dams); the removal of smaller barriers (< 2 m) can also 
have an impact. It is often less costly and may be more 
readily accepted by society (Belletti et al., 2020). Dis-
mantling or removing barriers in rivers is particularly 
important in view of the EU Biodiversity Strategy’s goal 
of restoring 25,000 kilometres of free-flowing rivers by 
2030 (compared to 2020). This goal is also referred to in 
the EU Nature Restoration Law.

Consider the possibility of emerging novel 
ecosystems in restoration measures and  
spatial planning
Sometimes the structure and function of an ecosystem 
after a restoration measure does not correspond to its 
initial state, so that novel ecosystems can even emerge. 
Such developments should always be taken into ac-
count when considering restoration measures and spatial 
planning. The expected – and in some cases already ob-
served – dynamics in the development of novel ecosys-
tems should lead to a reflection on the legally regulated 
‘good ecological status’ (e.g. in the EU Water Framework 
Directive). This can possibly even mean an addition in-
volving restoration to increase the resilience of ecosys-
tems. Moreover, the range of different development pos-
sibilities of ecosystems following restoration measures 
should be communicated to stakeholders and the public, 
and various expectations of the target status should be 
discussed together in advance (Bellmore et al., 2019).

Use adaptive management for restoration projects
Adaptive management incorporating regular monitoring 
and robust modelling can help to anticipate the processes 
of ecosystem restoration and, if necessary, take timely 
follow-up measures. The success of restoration meas-
ures – e.g. in terms of sustainable gains in biodiversity 
and ecosystem services as an indicator of the health of 
affected water bodies – should be tracked by monitor-
ing using scientifically proven methods.

6.5.3
Recommendations for action for the  
solution-space agriculture

Data collection on abstraction quantities, 
water-availability projections and a digitalization 
campaign for agriculture
On the one hand, the (real-time) collection of abstrac-
tion volumes and data on the status of groundwater 
bodies should be improved. On the other, projections 
and (real-time) data on water availability, potential de-
mand and actual abstractions and consumption should 
be improved or collected and made available for the 
optimization of water use by individual farmers and as 
a transparent basis for overarching planning and regu-
lation. Both should be part of a broader digitalization 
campaign for agriculture and, for example, be integrated 
into existing federal and state digitalization programmes 
in Germany (BMEL, 2022a, b). In order to improve pub-
licly available local projections and the scientific mon-
itoring of adaptation measures, appropriate capacities 
for agriculture and other sectors must be developed, in 
Germany for example at the level of the federal states 
(e.g. for assessing water-related investment risks; Sec-
tion 8.3.1, Section 8.5.3.1).

Impart knowledge on water-related  
adaptation measures in agriculture and build  
best-practice networks
Farmers should be provided with knowledge and skills 
for climate-resilient water management in their training 
and further training via advice centres, specific training 
courses and with the help of support teams. Farmers 
should be involved in the further development of wa-
ter-related adaptation measures to ensure their prac-
ticability. Alongside research on adaptation measures, 
greater emphasis should also be placed on the exchange 
of experience between regions and the use of knowl-
edge from middle and low-income countries that have 
experience with relevant practices. In these countries 
themselves, e.g. in Sub-Saharan Africa, the potential of 
local knowledge systems should be better used in local 
adaptation and transformation strategies for agriculture 
(Filho et al., 2023). Corresponding advisory services and 
networking activities could be further expanded inter-
nationally, for example by the German International Co-
operation Society (GIZ), and in Germany by the Federal 
Office for Agriculture and Food (BLE, 2024).

Integrate land actors and water actors in a  
joint management regime
Local ‘blue-water actors’, e.g. water suppliers or water 
authorities, should be brought together with ‘green-water 
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actors’ – i.e. primarily land users – in a joint water-man-
agement regime based on an integrated landscape and 
water-balance approach (WBGU, 2020; Section 6.5.1). In 
this way, a systemic view of blue and green water can be 
ensured in the context-specific selection of water-relat-
ed adaptation measures and nature-based, land-related 
climate-change-mitigation measures. Such integration is 
often still lacking, particularly at the local level, also in 
Germany (LAWA, 2022). In some cases, self-organized 
structures can also contribute and be promoted (Sec-
tion 8.5.2). Local governance platforms with the partici-
pation of land and water users can also help to organize 
financial compensation mechanisms or external funding 
for joint projects (Section 8.5.3).

Create financial incentives and secure 
transformation efforts
Based on improved data, compensation mechanisms 
between land users and water users, e.g. water funds, 
should be established for water-relevant measures (Sec-
tion 8.3). Agricultural subsidies should be reformed in a 
water-sensitive manner. If necessary, they can provide 
start-up or bridging funding for measures that have  mainly 
long-term impacts, and can therefore be integrated into 
the above-mentioned compensation mechanisms. Fur-
thermore, agricultural subsidies should be linked to the 
provision or safeguarding of common goods, including 
the reduction of water-related climate-change risks for 
the general public and ecosystems. In the EU, this af-
fects the next cycle of the Common Agricultural Policy 
(CAP) starting in 2028, which should be reorganized 
into a Common Ecosystem Policy (CEP; WBGU, 2020). 
As cooperation between farmers and the public sector 
is essential when it comes to water risks, such a reform 
of agricultural subsidies could generate new leeway for 
negotiation. In addition, structures should be created in 
which farmers can try out sustainable and water-friendly 
methods, while society partially takes on the risk of yield 
reductions. This risk assumption could, for example, take 
the form of temporary flat-rate income support linked 
to the fulfilment of certain conditions, partial hedging 
or insurance of reduced yields when new methods are 
used, or the support of model farms with a new busi-
ness model. Finally, the measures mentioned should also 
support a possible regulation or pricing of actual water 
abstractions and consumption on the basis of improved 
data, while keeping the social balance in mind. In the 
case of measures to encourage more efficient water con-
sumption, rebound effects should be anticipated and, if 
necessary, addressed through regulation.

6.5.4
Recommendations for action for the  
solution-space cities

Establish climate-resilient urban water  
management everywhere
Urban infrastructure should be designed from scratch in 
accordance with the guiding principle of water-sensitive 
urban design in such a way that it promotes the urban 
water cycle and does not hinder it. In the long term, a 
water-sensitive urban design should aim to integrate ur-
ban water cycles into the natural landscape water bal-
ance of the entire water-catchment area. It is essential 
to consider medium and long-term climate projections 
under different scenarios in water management. Syner-
gies between water-sensitive urban design and the reduc-
tion of the urban heat-island effect should be specifically 
targeted and used. In addition, ensuring urban quality 
of life and reducing social inequalities should always be 
considered essential contributions to improving urban 
climate resilience. Large-scale water-related infrastruc-
ture measures can also offer windows of opportunity to 
improve the framework conditions for healthy and sus-
tainable lifestyles, for example by redesigning the road 
space accordingly.

Rapidly drive forward the development  
and improvement of climate-resilient urban  
water infrastructure
In view of the increasing exacerbated water-related 
challenges in many places, there is an urgent need to 
accelerate adaptation to climate change in cities around 
the world. This includes, in particular, the establishment 
of climate-resilient water management and the devel-
opment and improvement of water-related infrastruc-
ture, whereby different measures can be combined in 
hybrid approaches, and the four requirements for the 
development, selection and implementation of measures 
should be taken into account (Box 6.1-1). Especially in 
fast-growing cities, the development and improvement 
of water-related infrastructure must be significantly 
accelerated, in order to keep pace with the rapid, often 
informal growth (especially in Africa and Asia). Special 
consideration should be given to informal neighbour-
hoods where, for example, decentralized and non-piped 
sewage systems can be used. The local population should 
be involved in planning and implementing these systems, 
informed about health benefits, and the capacities of pre-
viously informal service providers should be strength-
ened. Financing the development and improvement of 
climate-resilient urban water infrastructure in low- and 
middle-income countries should be increasingly promot-
ed in bilateral and multilateral development cooperation.
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Prevent negative consequences of blue-green 
infrastructure and avoid displacement effects
In order to prevent maladaptation and an increase in 
vulnerability and existing inequalities, care should be 
taken to avoid negative social, health and ecological con-
sequences when developing and improving blue-green 
infrastructure in cities. The vegetation, for example, 
should be suitable for expected changes in the climate 
and have a low allergenic potential. Adequate measures 
should also be taken to prevent the displacement of dis-
advantaged population groups by the economic upgrad-
ing of neighbourhoods and the formalization of informal 
spaces. In order to be able to provide additional health 
and social benefits of blue-green infrastructure to disad-
vantaged population groups, urban green spaces should 
be sufficiently available, accessible and tailored to their 
needs; this requires transdisciplinary and collaborative 
planning processes and transparent financing.

Consideration of long-term water risks in all urban 
infrastructure measures
The public sector plays a key role in the provision of wa-
ter-critical and water-sensitive urban infrastructure in 
basic public services such as drinking-water supply or 
flood protection via direct or indirect participation. The 
German government should support efforts to take great-
er account of water-related risks in existing procedures 
for assessing investments and projects, for example in 
procurement or tenders. This can increase the resilience 
of public infrastructure and raise risk awareness among 
private individuals, companies and administrations. In-
ternational initiatives within the framework of the UN 
Development Programme and the Global Water Partner-
ship already aim to integrate water-related risks more 
closely into national climate-change-adaptation plans, for 
example by providing guidelines for governments, and 
can serve as orientation (GWP, 2019; FAO, 2018). As 
part of the Climate-ADAPT initiative, the EU promotes 
and pools overarching initiatives to enable cities, com-
panies and private individuals to promote measures to 
build resilient infrastructure and adapt existing assess-
ment standards to water-related risks (EEA, 2024a). These 
efforts should be stepped up in future and can serve as 
a model. The federal ‘Water: N’ research programme in 
Germany also refers to the important role of research in 
flood protection (Section 6.6.1), e.g. through the devel-
opment of improved planning instruments, forecasting 
models and assistance for flood-adapted urban planning 
(BMBF, 2021a: 33).

Develop emergency plans for  
urban water shortages
The number of cities that have declared a state of emergen-
cy due to water shortages is rising worldwide. Barcelona, 

Montevideo, Cape Town, Chennai and São Paulo are ex-
amples from the recent past (Section 4.2). The intensi-
fying lack of water in cities and urban agglomerations 
is a growing global problem affecting many people; if 
left unresolved, it holds considerable potential for dest-
abilization. This problem therefore deserves to be paid 
greater attention in international sustainability policy 
and requires forward-looking action, taking long-term 
forecasts and scenarios into account. Cities should devel-
op action plans to increase the resilience of urban water 
supplies. Examples include a group of six African cities 
that are already trialling such approaches (Addis Ababa, 
Dire Dawa, Kigali, Musanze, Johannesburg, Gqeberha; 
Kuzma et al., 2023). The development of urban action 
and emergency plans is not only a task for the affect-
ed municipalities; international development actors are 
also called upon to provide financial and programmatic 
support (e.g. bilateral and multilateral development co-
operation, World Bank, Asian Development Bank and 
African Development Bank).

Keep an eye on water-related limits to  
urban growth
Progressing climate change will confront many cities with 
existential water-related challenges, many of which are 
barely being addressed today. In particular, cities that 
will not be able to effectively solve the problem of water 
scarcity in the medium and long term with infrastructure 
measures alone (e.g. New Delhi, Lahore or Lima) should, 
after exhausting all other means, examine options for 
limiting urban growth or, in extreme cases, options for 
an orderly retreat in good time. International institu-
tions should provide support to affected municipalities 
in low- and middle-income countries. The medium and 
long-term limits of urban expansion and the ‘limits to 
growth in cities’ should also be given greater consider-
ation in research.

6.6
Research recommendations

6.6.1
Overarching research recommendations

Planning and decision-making processes 
under uncertainty
Systemic research is needed to clarify how existing struc-
tures and processes for planning and decision-making 
need to be changed to make it possible to implement 
measures that do justice to the exacerbated water-related 
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challenges. The following questions are of particular im-
portance: How can the interests potentially affected by 
planning and decision-making be identified, taken into 
account and weighed up when it is increasingly difficult 
to predict which interests will be affected and to what 
extent? Which actors are legitimized to make planning 
decisions when planning has to react more flexibly and 
quickly to changing conditions, and the decisions made 
in the process are becoming increasingly severe for those 
affected? What implications does an appropriate con-
sideration of green water have for planning and deci-
sion-making processes? What implications does the con-
tinuously changing climatic variability have for planning 
and decision-making processes, particularly for the nec-
essary forecasting decisions of the planning authority? 
What would planning and decision-making approaches 
that take account of permanent planning uncertainty 
ideally look like?

Instruments and indicators for quantifying different 
water demands under non-stationary conditions
Instruments and indicators should be developed to quan-
tify the water demands that need to be met to guarantee 
various functions of water for humans and ecosystems 
(and thus for the preservation of ecosystem services). 
They should be suitable for identifying the need for 
action for ensuring the water supply in the short, me-
dium and long term on the basis of currently collected 
data, data from the past, qualified future projections 
under various scenarios, and with the aid of artificial 
intelligence. Existing instruments and models must be 
expanded to better take uncertainties into account. In 
addition, (proxy) indicators should be developed to as-
sess whether the various functions of water for humans 
and ecosystems are guaranteed locally and regionally. 
For the indicators mentioned, measurement methods are 
needed that can be implemented as comprehensively as 
possible with little technical effort, and can serve as a 
basis for projections of future developments. It is con-
ceivable, for example, to combine remote sensing meth-
ods with stationary measuring stations, if possible us-
ing existing infrastructures and continuously collecting 
data. In the context of the multifunctionality of water, 
the development of instruments and indicators should 
also take into account overlaps between the water de-
mands of different water functions, the possible multi-
ple use of water resources for different functions, and 
water-quality requirements. The effects of large-scale 
technological infrastructure projects (e.g. large dams or 
aqueducts), geo-engineering (e.g. ‘cloud harvesting’), 
large-scale irrigation projects and land-use changes with 
potentially transboundary impacts on evaporation and 
precipitation should be assessed by appropriate research.

Context-specific indicators for assessing measures
Existing indicators for the assessment of measures, which 
can be used during their development, selection and 
combination, as well as when they are being established 
and, if applicable, during their operation and mainte-
nance, should be further developed on a scientifically 
sound basis. The indicators should be suitable for as-
sessing the efficacy and feasibility of measures, their 
multiple benefits and unintended consequences under 
dynamically changing conditions and on different time 
scales, taking uncertainty into account (Section 6.1.2). 
They should also be customizable for specific contexts 
in order to meet local requirements and framework con-
ditions. Furthermore, systematic instruments should be 
developed that make it possible to weight different in-
dicators and criteria in a manner that is flexibly adapt-
able to local requirements, that can be used in transdis-
ciplinary and collaborative decision-making processes.

Approaches and tools for combined environmental 
and health-impact assessment
Evidence-based instruments for the combined health and 
environmental impact assessment of measures are need-
ed to avoid unintended consequences, identify potential 
multiple benefits and promote climate-resilient water 
balance. Among other things, these instruments should 
draw on findings from ecotoxicological, epidemiological 
and Earth-system science, work with foresight, and also 
take possible future developments into account. To this 
end, the data basis should be strengthened, and con-
ventional methods of technology assessment should be 
combined with innovative digital methods (e.g. artificial 
intelligence), as well as with models from climate-impact 
research and Earth-system analyses. This can improve 
the scientific basis for a harmonized impact assessment 
of measures (Section 6.5.1).

Evaluation of implemented measures,  
causes of vulnerability and maladaptation,  
and ways of avoiding them
In order to avoid maladaptation and promote agile pol-
icy adaptation, on the one hand more research projects 
should be funded to evaluate the impact of policy meas-
ures. On the other hand, (already implemented) practi-
cal water-related climate-adaptation measures, includ-
ing short-term technical adaptation measures, should be 
systematically evaluated in terms of their water-related 
efficacy and their effects on vulnerability. Appropriately 
qualified approaches and instruments should be devel-
oped through research. In addition, the adaptation of 
planning bases for infrastructure measures used to date, 
such as the occurrence of a once-in-100-years flood 
event (HQ100), should be informed through research (Sec-
tion 6.5.1). Research into water-related infrastructures 
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and management strategies adapted to climate change 
is one of the aims of the Future Research and Innova-
tion Strategy of the German Federal Ministry of Educa-
tion and Research (BMBF, 2023: 49). One focus should 
be on using transdisciplinary research and an intersec-
tional approach to explore the context-specific causes 
of maladaptation and vulnerability, and to develop ways 
of preventing or reducing them. This also requires more 
critical social-science research on the role of power rela-
tions in the (re-)production of vulnerability and on the 
influence of the professional and social background of 
scientists on research methods and results. In addition, 
the social consequences of measures should be systemat-
ically taken into account in modelling and decision-mak-
ing in the sense of a socio-hydrological approach. The 
German federal water-research programme ‘Water: N’ 
offers valuable starting points for this and emphasizes 
that, in addition to technical aspects, socio-ecological, 
ethical and legal aspects must also be increasingly tak-
en into consideration (BMBF, 2021a: 36).

Evaluation of existing, and development of new, 
multisectoral projects in low- and middle-income 
countries
Existing multisectoral projects at the interface between 
water management, health systems and ecosystem protec-
tion and restoration, particularly in low- and middle-in-
come countries, should be systematically evaluated by 
means of qualitative and quantitative transdisciplinary 
research. In particular, the effects on various overlapping 
vulnerability factors should be assessed. For successful 
projects, possibilities for long-term funding and institu-
tionalization, as well as context-specific dissemination, 
should be researched and implemented. The need for 
best-practice examples is also highlighted in the German 
federal water-research programme ‘Wasser: N’ (BMBF, 
2021a: 36). Established transdisciplinary or multisectoral 
approaches such as Planetary Health, One Health, and 
Population, Health, Environment (PHE) should be used 
for the development and implementation of new multi-
sectoral projects, depending on the specific challenges 
and context. There is an urgent need for research into 
how Indigenous, local and traditional knowledge can be 
meaningfully incorporated on an equal basis into the de-
velopment and implementation of such projects – as is 
increasingly being demanded but has hardly been realized 
to date. Since in many low- and middle-income countries 
local water management shows a clear social-group- and 
gender-specific differentiation with regard to the use of 
and responsibility for water resources, which in most cas-
es contributes to increased vulnerability of women and 
gender-diverse people (Fröhlich et al., 2018), a rights-
based and gender-transformative approach should al-
ways be pursued in multisectoral projects. A rights-based 

approach to resource governance is based on the three 
principles of participation, accountability and non-dis-
crimination, and has developed from the interdiscipli-
nary discourse on human rights, the goals of the 2030 
Agenda for Sustainable Development, and transnational 
resource governance (Tambe, 2022).

Explore regional adaptation options in the 
water sector across the board
The regionally specific adaptation options of a society 
or an ecosystem depend on many factors. Possible ad-
aptation measures should be systematically evaluated 
and, where necessary, newly developed – worldwide and 
especially in areas at high risk from water emergencies. 
Various factors should be taken into account: regional-
ly available water quantity and water quality, observed 
and projected developments of extreme events under 
different scenarios, prevailing land use and pressure on 
land, regionally specific impacts of climate change, bio-
diversity loss and pollution, economic capacity, region-
al and social-group-specific vulnerabilities and coping 
capacities, technological possibilities and existing (wa-
ter) infrastructure, societal awareness and willingness 
to adapt, prioritization of water uses, political frame-
work conditions and available or necessary internation-
al support. Moreover, regionally different probabilities 
of ‘overload’ and dysfunctionality of the existing water 
infrastructure should be determined.

Measures to maintain, strengthen and create 
storage capacities in the water cycle
The loss of reserves (e.g. base flows from glaciers and 
permafrost soils as well as due to groundwater overuse), 
the increasing variability of precipitation and increas-
ing extreme events play a key role in many exacerbated 
water-related challenges. Research should be carried out 
into how existing and new buffer capacities – especially 
soils and vegetation, aquifers and lakes or artificial res-
ervoirs – can be maintained, improved or newly creat-
ed (e.g. through adapted agricultural practices, ground-
water recharge), to what extent they can contribute to 
mitigating the situation (especially if they are based on 
green water), and how ecological, climatic and social 
trade-offs can be dealt with (e.g. in reforestation, resto-
ration of floodplain landscapes). Examples of technical 
buffer systems include hydropower reservoirs for water 
storage in hot and dry months, but also artificial ice res-
ervoirs, which could represent local and medium-term 
adaptation strategies (e.g. ice stupas; Hock et al., 2019; 
Maharjan et al., 2023). Further research is needed to 
assess whether existing and planned measures are suf-
ficient or appropriate, and to weigh up the advantages 
and disadvantages of such measures. The interaction of 
blue and green water to ensure buffer functions requires 
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a better understanding and joint balancing and quanti-
fication of water flows, especially in view of changing 
water supply. This applies regionally and across nation-
al borders, because a balanced ratio between green and 
blue water is necessary, both for regional water cycles 
and for the global water cycle, to ensure that different 
water demands and required precipitation levels are met. 
Possible balancing approaches to improve buffer and 
storage capacities should be examined along the entire 
water cycle at the catchment-area level, and adapted 
measures developed on this basis.

Measures to guarantee the water supply in the case 
of decreasing groundwater availability
Technical water-recycling measures in combination with 
artificial groundwater recharge can help to support and 
accelerate the process of natural groundwater recharge, 
stabilize ecosystems and bridge peaks in supply and 
demand (i.e. feeding in surpluses during heavy rainfall 
and providing water in the event of deficits in times 
of drought). This can be achieved, for example, by re-
charging aquifers for irrigated agriculture with purified 
wastewater or with water from floods (successful prac-
tical examples include Morocco), as well as the develop-
ment and use of technologies for water conservation and 
advanced wastewater treatment. Monitoring land-use 
changes by remote sensing, e.g. by satellite, could help 
identify sources of pollution and overuse and support 
the setting of consumption-based water fees to create 
incentives for the efficient use of water. This has already 
been implemented, e.g. as part of economic solutions in 
the Jordanian highlands and the Azraq oasis (Houdret 
and Heinz, 2022; World Bank, 2018). There is an ur-
gent need for research into the context-specific design 
of such and similar measures.

Digitalization for more efficient management of 
water supply and water demands
Particularly in regions with strained water supplies, it is 
necessary to better document the demands of private 
households, trade and industry in terms of time and 
space, ideally in real time. Such digitalization enables a 
more flexible and precautionary management of water 
resources. To this end, research is needed into identify-
ing the proper density of measurement points for the 
collection of data on water abstraction, ethical aspects 
of data collection, data processing, data security and 
provision, as well as possibilities for using artificial in-
telligence. Customized digital solutions should take into 
account the various framework conditions in countries 
with different income groups.

6.6.2
Research recommendations for the  
solution-space ecosystems

Research on hydrological prerequisites for the restora-
tion of water-related ecosystems under climate change is 
essential to understand and predict the water dynamics 
of the respective ecosystem, and to ensure that the res-
toration of a climate-resilient landscape water balance 
is successful without negatively impacting surround-
ing areas. In particular, consideration should be given 
to the potential for achieving multiple benefits, such as 
reducing the costs of the measures taken and simultane-
ously improving biodiversity, through ‘revegetation’(i.e. 
re-greening) and ‘rewilding’ (i.e. allowing natural pro-
cesses to resume).

Give greater consideration to water-related issues 
and ecosystems in the German Future Research  
and Innovation Strategy
The perspective of the water supply and the protection 
and restoration of water-related ecosystems, especial-
ly freshwater ecosystems, should be given greater con-
sideration and more closely integrated into the German 
Federal Government’s Future Research and Innovation 
Strategy. For example, the mission entitled ‘Advance cli-
mate protection, climate adaptation, food security and 
the conservation of biodiversity’ could also include the 
importance of swamps, marshes and alluvial landscapes 
for climate-resilient water management in addition to 
the above-mentioned peatlands and forests.

Expand research into swamp and river landscapes
In order to do justice to different usage requirements of 
river courses and landscapes, more research is needed for 
the analysis of their diverse ecosystem services, also in 
view of different restoration measures. The RESI project 
of the ReWaM funding programme by the German Fed-
eral Ministry of Education and Research, for example, is 
making a contribution here. The findings gained should 
be incorporated into multifunctional spatial planning. 
In particular, the conservation of aquatic ecosystems in 
the face of climate change requires knowledge of ways 
to ensure the continuous supply of high-quality water, 
also in view of possible competition to meet the water 
needs of neighbouring agricultural areas.

Promote long-term studies on water input  
into raised bogs
A sufficient input of water from precipitation or other 
inflows is a prerequisite for the permanent revitaliza-
tion of peatlands. This may no longer be guaranteed in 
a changing climate. The use of alternative, nutrient-poor 
water resources for the rewetting of peatlands should 
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therefore be investigated. Furthermore, the further 
typification and mapping of peatlands also requires 
important research in order to effectively monitor, pro-
tect and restore peatlands and their contribution to cli-
mate-change mitigation and the conservation of spe-
cific biodiversity. For example, only about a third of 
the peatlands in the tropics have been mapped to date 
(Gumbricht et al., 2017).

Long-term studies on the removal of barriers, 
especially large dams, from river courses
There is still a lack of adequate long-term studies on the 
diverse effects of removing barriers, especially larger 
dams, from river courses, and on the comparison be-
tween the ecological status before construction, after 
construction and after removal of the barriers (Bellmore 
et al., 2019; Duda and Bellmore, 2022; Magilligan et al., 
2021). Such research and monitoring projects should be 
initiated and supported in the long term. Care should also 
be taken to ensure that the projects are representative 
of different environmental conditions.

Boost socio-ecological research on the 
restoration of ecosystems
The services provided by water-related ecosystems and 
the influences of management and restoration should be 
comprehensively investigated, taking into account so-
cial factors and impacts. Furthermore, methods for the 
effective implementation of the integrated landscape 
approach for water-related ecosystems should be re-
searched and the findings made available.

6.6.3
Research recommendations for the  
solution-space agriculture

New guiding principles and occupational profiles for 
agriculture and the practical further development of 
adaptation measures
If the climate targets in agriculture, including those re-
lating to water, are successfully implemented, a trans-
formation of the farming profession can be expected in 
the coming years. This will vary from region to region 
depending on the climatic and water conditions. In coun-
tries where agriculture is highly industrialized, for exam-
ple, the occupational profile of farming with agroforestry 
still needs to be developed in detail. In view of rapid-
ly advancing climate change, the simultaneous further 
development of water-related adaptation strategies and 
measures should begin with diverse approaches and be 
accompanied by practical research. Learning from expe-
rience, direct implementation and the continuous further 

development of regionally appropriate approaches will 
take centre stage. Last but not least, it will be impor-
tant to understand how agricultural productivity will 
change in the course of sustainable management that 
takes climate and water into account, and how produc-
tivity can be secured.

Improve understanding of the feasibility, 
effectiveness and capacity of water-related 
adaptation measures in agriculture
For a better understanding of the feasibility, effectiveness 
and region-specific potential of water-related adaptation 
measures to mitigate climate-change-related risks today 
and in the future, instruments and metrics for measur-
ing feasibility and effectiveness should be further de-
veloped (Caretta et al., 2022). Adaptation options such 
as changes in behaviour or capacity-building measures 
often cannot be covered in current climate and impact 
models. Suitable downscaled climate and impact models 
are needed that take into account economic, social, cul-
tural and management aspects for a wide range of future 
adaptation options. When analysing adaptation options, 
multiple benefits for and trade-offs with sustainable 
development should also be taken more into account.

Improve mapping of the potential and limits of 
irrigation as an adaptation option
Especially global agricultural models that show possible 
yield increases through irrigation often do not take suf-
ficient account of local water supply. Their assumptions 
about the effects of expanding irrigation may therefore 
be unrealistic (Caretta et al., 2022; Elliott et al., 2014). 
Water supply should be better integrated into these 
models in order to better understand the potential and 
limitations of irrigation to mitigate climate-change-re-
lated risks.

Improve understanding of interrelationships in the 
water-energy-food-ecosystem nexus
The improvement of the water-related data situation 
and the knowledge base in agriculture should be used 
to better understand how the interrelationships in the 
water-energy-food-ecosystem nexus change due to the 
exacerbated water-related challenges, and to project the 
changing water demands of different sectors under dif-
ferent climate conditions. This requires the development 
of systematic instruments for addressing and quantify-
ing multiple benefits and trade-offs, e.g. with regard to 
ecosystem services, which is also important for projec-
tions (Section 2.4.1.3; Caretta et al., 2022; UNESCO IHP, 
2022: 33; Liu et al., 2017, 2018).
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Understand the shift and composition of future 
agricultural and forest ecosystems and adopt this 
knowledge in the mosaic approach
In some cases, climate change leads to a shift in habitats, 
connected with species migration and spatial shifts of 
e.g. managed agricultural and forestry or natural forest 
ecosystems, mainly to higher latitudes or locations. In 
this way, species and ecosystems more or less retain their 
previous temperature regime, but may have to adapt to 
new environmental conditions. These change processes 
and the role of water in them should be researched, as 
should opportunities, barriers and suitable measures to 
promote gradual adaptation in the ecosystem context, 
e.g. via changes in spatial planning to implement the 
mosaic approach, taking into account local water supply.

6.6.4
Research recommendations for the  
solution-space cities

Urban water shortages and global 
urbanization dynamics
In this age of urbanization, more and more cities are 
confronted by seasonal or permanent water shortages. 
The causes are limited water resources as urban growth 
accelerates, global climate change, the growing urban 
population and deficits in political and planning deci-
sions, and decisions on building infrastructure. On the 
one hand, the measures for coping with water short-
ages are sufficiently well known, but there is first and 
foremost a lack of effective implementation of suitable 
adaptation measures. On the other hand, urban soci-
eties are faced with potentially existential challenges 
which, in extreme cases, lead to fundamental decisions, 
e.g. limiting the number of people moving to cities – or 
retreating in the event of imminent uninhabitability if, 
for example, a lack of water threatens to massively im-
pair the quality of life. There is therefore an urgent need 
for research on the effective implementation of known – 
and the development of new – adaptation measures, on 
ways of overcoming the deficits mentioned, and on de-
cision-making processes in the extreme cases described.

Adaptation measures in existing buildings 
and infrastructure
Transformative adaptation measures in the context of 
climate-resilient water management in cities that al-
ready have an existing infrastructure require innovative 
approaches in order to integrate resilience-enhancing 
solutions into existing buildings and infrastructures. In 
particular, the following questions should be investigat-
ed: How can new water-supply concepts be realized in 

existing buildings and infrastructure in the least invasive 
and most cost-effective way possible? How can synergies 
with requirements for further wastewater treatment (e.g. 
the required removal of organic trace substances as part 
of the new EU Urban Waste Water Treatment Directive) 
be used in order not only to relieve the pollution bur-
den on water bodies but also to provide alternative wa-
ter resources? The Water: N research programme offers 
valuable starting points here and points to great poten-
tial for sustainable and safe water reuse with regard to 
treated municipal wastewater (BMBF, 2021a: 30). The 
Future Research and Innovation Strategy of the German 
Federal Ministry of Education and Research (BMBF) fur-
thermore emphasizes the potential importance for urban 
food systems (BMBF, 2023: 48).
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Poor water quality caused by pathogens, chemicals, nutrients and heavy met-
als is harmful for people and ecosystems. The zero-pollution target should be 
achieved by avoiding pollutants and establishing a circular economy. Impor-
tant building blocks are the global dissemination of the EU Regulation on the 
Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) 
and the EU Urban Wastewater Treatment Directive, the reduction of substance 
discharges, the establishment of alternative wastewater-disposal concepts in 
low-income countries and the recovery of raw materials from wastewater.

Human activities impair the quality of water resources, 
as they cause the release of pathogenic microorganisms 
and a variety of dissolved and transported pollutants. This 
leads to significant adverse consequences for the health 
of humans and ecosystems worldwide (Section 2.3.3).

The consequences of climate change are exacerbat-
ing this situation (Section 3.1.4; Section 4.5). Extreme 
events show particularly clearly that water quantity and 
quality are closely linked and should not be considered 
separately: on the one hand, floods can lead to the mo-
bilization of pollutants (van Vliet et al., 2023); on the 
other, pollutant-laden discharges of municipal and in-
dustrial wastewater and runoff from agricultural land 
are only slightly diluted during periods of drought and 
low levels in surface waters. The higher concentration of 
pollutants in receiving watercourses also leads to a lack 
of oxygen for aquatic organisms and to the qualitative 
pollution of the drinking-water supply (Rice and Wes-
terhoff, 2015; Karakurt et al., 2019). In the summer of 
2022, the massive proliferation of a brackish water alga 
(Prymnesium parvum) and the resulting fish die-off in 
the River Oder revealed the devastating effect of the 
discharge of pollutants in the form of salts into a body 
of water that was already under stress due to high wa-
ter temperatures and low water levels.

This close link between water quantity and water 
quality plays a key role in the fulfilment of a variety of 
water functions. As drinking water, water is the most im-
portant foodstuff. At the same time, it is also a means of 

transport, for example in water-borne sewage systems 
for faeces and other waste from settlement areas. The 
resulting large concentrations of pollutants in the water, 
as well as additional discharges from trade and indus-
try, e.g. the textile industry, regularly overtax nature’s 
self-purification capacity. Adequate wastewater treat-
ment is therefore required. Within plants, in addition 
to providing H2O and transpiration, water also ensures 
the supply and removal of nutrients and other reaction 
products. After being released into the soil, groundwa-
ter or surface water, nutrients are mineralized and thus 
become available to plants. Water is also a carrier of en-
ergy: hydroelectric power stations use the kinetic and 
potential energy of water from elevated locations; ther-
mal energy in water is used in geothermal energy and in 
cooling towers by evaporative cooling. 

Water is thus a cross-cutting issue that plays an im-
portant role in a large number of areas and thus creates 
high levels of dependency. The vital functions of water 
and its cycles outlined above reach their limits when 
pollutants can no longer be removed from the water 
cycle or accumulate in environmental media. Especial-
ly problematic are substances that are both persistent 
and toxic and accumulate in the food chain (PBT sub-
stances: persistent, bioaccumulative, toxic) or are very 
mobile (PMT substances: persistent, mobile, toxic) and 
can spread over large distances.

In order to comprehensively and effectively combat 
the ever-increasing pollution of air, water and soil, in 
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particular by PBT and PMT substances, the EU Commis-
sion has formulated the Zero Pollution Action Plan for 
Air, Water and Soil as part of the European Green Deal, 
which sets a zero-pollution target by 2050 (Europäische 
Kommission, 2021). Zero pollution means that pollution 
is reduced to a level that is not harmful to the health of 
humans or ecosystems. The concept of the circular econ-
omy is important for achieving this goal. Many harm-
ful substances that are essential for technical processes 
cannot as yet be substituted. Especially in the case of 
persistent compounds, it is therefore necessary to keep 
them in technical cycles in future. The goal of the cir-
cular economy was formulated by the EU Commission 
in the Circular Economy Action Plan (Europäische Kom-
mission, 2020). It focuses on the transition from a linear 
to a circular economy by promoting the sustainable use 
of resources, reducing waste and supporting the reuse 
and recycling of products and materials. 

Both the Circular Economy Action Plan and the Zero-
Pollution Action Plan for Air, Water and Soil are legally 
non-binding political strategies and part of the Euro-
pean Green Deal. They require further specification by 
subsequent measures such as the adoption of directives 
and regulations. 

In its flagship report ‘Healthy living on a healthy 
 planet’, the WBGU recommends establishing the ze-
ro-pollution guiding principle and the circular economy 
required to implement it internationally (WBGU, 2023: 
186). In view of water’s transport function in the spread 
of environmentally relevant substances, as explained 
above, this recommendation is reaffirmed here. The 
current challenge is to implement the guiding principles 
of zero pollution and the circular economy to maintain 
water quality in water cycles, both in high-income and 
low- and middle-income countries. 

The approaches for protecting water quality range 
from avoiding substances in product manufacture to es-
tablishing closed cycles for substance recovery and reg-
ulating application practices in agriculture and treatment 
processes to minimize substance emissions (Fig. 7.1-1). 
Which of these approaches is actually necessary depends 
on the type and source of the pollutants.

Possible legal control instruments include ecodesign 
specifications, i.e. requirements on avoiding substances 
during the manufacture of products, preventive and re-
pressive bans with authorization requirements (substance 
approvals), rules on substance recovery and wastewater 
treatment, as well as the regulation of diffuse sources, 
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Figure 7.1-1
Approaches to the design and practical implementation of Zero Pollution. 
(1) Substance avoidance in product manufacture, e.g. as a result of the restriction by the EU REACH regulation on marketing 
chemicals and putting them into circulation; (2) substance recovery, e.g. of metals, biopolymers and phosphorus from industrial 
and municipal wastewater in the context of circular chemistry; (3) treatment processes, e.g. advanced treatment stage (as pro-
vided for in the EU Urban Wastewater Treatment Directive) or alternative wastewater systems for the collection and treatment 
of domestic wastewater in low- and middle-income countries; (4) regulation of application practices, e.g. measures to reduce 
nutrient and pesticide inputs on agricultural land. 
Source: WBGU
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for example in relation to pollutant inputs from agri-
cultural land use.

This chapter discusses innovative approaches that 
can contribute to the concrete implementation of the 
zero-pollution model for different types of pollution 
worldwide. For example, the governance approaches of 
the European Chemicals Regulation on the Registration, 
Evaluation, Authorization and Restriction of Chemicals 
(REACH; Section 7.1.1) and the recently amended EU 
Urban Wastewater Treatment Directive (Section 7.1.2) 
can serve as pioneering concepts for implementing a ze-
ro-pollution model not only for EU member states but 
also outside the EU. Internationally, the Science- Policy 
Panel on Chemicals, Waste and Pollution Prevention 
adopted by the UN Environment Assembly could take 
up these governance approaches and support their global 
dissemination (Section 7.1.3). This chapter also discuss-
es diffuse substance inputs into the water cycle and ap-
proaches to regulating them (Section 7.2). 

Alternative wastewater-disposal concepts for low- 
and middle-income countries are also introduced (Sec-
tion 7.3). The ‘Citywide Inclusive Sanitation’ (CWIS) 
concept aims to provide wastewater disposal and treat-
ment by the flexible use of various centralized and de-
centralized solutions for all population groups and dis-
tricts, taking local resources and capacities into account. 
This corresponds to the guiding principle of zero pollu-
tion and follows the principle of safeguarding water as 
a common good for people and nature (Section 5.2.1).

Approaches to avoiding water-related risks resulting 
from the growing demand for raw materials in the course 
of the energy system transformation (Section 7.4.1) and 
the recovery of raw materials from wastewater (Sec-
tion 7.4.2) are discussed as central components of a 
circular economy.

7.1
Substance-related European Union law for the 
protection of water quality

7.1.1
EU legislation on chemicals

In the European Union, the Regulation (EC) No. 1907/
2006 on the Registration, Evaluation, Authorization and 
Restriction of Chemicals (REACH regulation) adopted a 
regulatory approach to chemicals that allows for market-
ing restrictions and bans as well as compulsory registra-
tion. The regulatory approach of the REACH regulation 
makes it possible to subject chemicals to authorization 
or restriction following mandatory registration (the “R” 

in REACH) and assessment; it thus directly addresses 
the production and marketing of environmentally rele-
vant substances. This is in line with the principle of risk 
prevention (Chapter 5). The REACH regulation is to be 
further developed at the EU level in the context of the 
EU Chemicals Strategy for Sustainability as part of the 
European Green Deal. 

In its 2023 flagship report, the WBGU commented 
on the further development of the REACH regulation 
and here reaffirms the recommendations made there 
(WBGU, 2023). The transition from individual substance 
assessments to group-based bans proposed by the EU 
is to be welcomed. The WBGU advocates a ban on the 
entire PFAS substance group (following Cousins et al., 
2020), whereby justified exceptions should be permitted 
for specific essential uses. In order to minimize negative 
impacts on the health of humans and the environment, 
in the case of essential uses manufacturing companies 
and users should be obliged to establish provisions for 
monitored recycling, including take-back obligations 
and aftercare measures. 

In the communication published by the EU Commis-
sion in April 2024 on its concept of ‘essential uses’ for 
chemicals, it defines several relevant terms: a harmful 
substance is deemed essential for a society if, first, its 
use is necessary for health and safety or critical to the 
functioning of society and, second, if there are no ac-
ceptable alternatives (Europäische Kommission, 2024: 4). 
Necessary for health means the need to “prevent, mon-
itor or treat illness and similar health conditions, sustain 
basic conditions for human or animal life and health, 
manage health crises and emergencies, ensure personal 
safety or ensure public safety” (Europäische Kommis-
sion, 2024: 4). According to the EU Commission, a sub-
stance is deemed critical for the functioning of society if 
it is necessary in order to “provide resources or services 
that must remain in service for society to function (e.g. 
ensure the supply of energy and critical raw materials 
or resilience to supply disruption), manage societal risks 
and impacts from natural crises and disasters, protect 
and restore the natural environment, perform scientific 
research and development, or protect cultural heritage” 
(Europäische Kommission, 2024: 4 f.). 

The EU Commission emphasizes that the process of 
determining the ‘essential use’ should take the context 
of use into account. Conditions for minimizing emissions 
and exposure should be defined for substances with an 
essential use. The determination of the ‘essential use’ is 
not static, but can be reviewed on the basis of new find-
ings, contexts of use or alternatives. Deadlines can be set 
for this (Europäische Kommission, 2024: 6).

The WBGU welcomes this concept. It is essential-
ly in line with the WBGU’s proposal to implement an 
assessment procedure for ‘essential uses’, which was 
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already presented in the 2023 flagship report based on 
the provisions in the Montreal Protocol (WBGU, 2023). 
However, the EU Commission’s concept still leaves con-
siderable leeway when it comes to assessment, and this 
needs to be clarified. 

7.1.1.1
New procedures for the assessment of chemicals 
In the past, many chemicals were put on the market 
without adequate identification, consideration, assess-
ment or monitoring of properties such as persistence, 
bioaccumulation, mobility and toxicity (PBT/PMT) in 
the aquatic environment. Nor were additive and syner-
gistic effects of substance mixtures and reaction prod-
ucts of chemicals in the environment or the effects of 
their metabolites in the body tested before they came 
onto the market.

The EU REACH Regulation provides for the registra-
tion of all chemicals with a production volume of one 
tonne or more per year that are to be placed on the 
market in the EU. Regulation (EC) No. 1272/2008 on 
the classification, labelling and packaging of substanc-
es and mixtures (CLP), which also regulates chemicals, 
came into force in 2009. 

At the beginning of 2023, the Commission published 
the Delegated Regulation (EU) 2023/707 amending the 
CLP regulation with regard to the hazard classes and the 
criteria for classification, labelling and packaging of sub-
stances and mixtures (Box 7.1 1). 

Adverse effects on water quality caused by industri-
al chemicals can be avoided if substances are tested for 
properties such as persistence, bioaccumulation, mobility 
and toxicity before they are registered and put on the 
market. Advance testing by the manufacturing industry 
enables an ex-ante (precautionary) risk assessment, the 
introduction of which would make a substantial contri-
bution to implementing the zero-pollution model. 

As the hazard classes in the CLP extension are expand-
ed and the hazardous substance classes are extended to 
include PBT/PMT substances and endocrine disruptors 
(Box 7.1-1), the need for chemical assessment contin-
ues to increase. The new hazard classes could result in a 
significant improvement in water protection, as hazard-
ous substances could be stigmatized by corresponding 
labelling. The CLP regulation thus acts as an important 
lever for protecting human health and aquatic ecosys-
tems from chemicals manufactured in and imported into 
the EU, including pesticides and other biocides. However, 
there is a lack of alternative methods for substance as-
sessment that could replace cost-intensive and lengthy 
animal testing. So-called ‘New Approach Methodolo-
gies’ (NAMs), which include experiments without ani-
mal testing on cells (in vitro) and computer modelling (in 
silico), offer new opportunities to overcome the existing 
problems in the assessment of chemicals, and to avoid 
negative effects on humans and the environment right 
from the substance-design stage (Escher et al., 2023; 
Schmeisser et al., 2023).

Box 7.1-1

The Delegated Regulation (EU) 2023/707 of the 
CLP regulation on the classification, labelling and 
packaging of substances and mixtures

Both the REACH and CLP regulations of the European Union 
require that data on the intrinsic properties of substances, in-
cluding physico-chemical, toxicological and ecotoxicological in-
formation, be collected and evaluated. The original version of 
the CLP regulation contains detailed criteria for the classifica-
tion, labelling and packaging of chemicals covered by REACH 
as well as for biocides, pesticides and consumer products. To 
date it has classified physical, health and environmental risks 
into two hazard classes: chemicals that pollute bodies of wa-
ter and chemicals that damage the ozone layer. The Delegat-
ed Regulation (EU) 2023/707 came into force in April 2023. 
Since this revision, endocrine disruptors (substances that can 
interfere with the hormone system) with an effect on the en-
vironment, substances and mixtures with PBT and vPvB prop-
erties (persistent, bioaccumulative and toxic or very persistent 

and very bioaccumulative), as well as substances and mixtures 
with PMT and vPvM properties (persistent, mobile in water 
and toxic or very persistent and highly mobile in water) must 
also be labelled. The classification and labelling of substanc-
es according to the new hazard classes will be mandatory for 
new substances from April 2025 and for new mixtures from 
April 2026. From October 2026 and April 2028 respectively, 
this will also be mandatory for substances and mixtures al-
ready on the market.

The CLP Regulation refers to the use of suitable test meth-
ods to assess the properties of chemicals. Experimental data 
on algae, daphnia and fish toxicity are required for the assess-
ment of environmental hazards. In the classification of haz-
ards to human health, animal testing is almost exclusively 
required. The exception is the classification for skin damage, 
where in vitro tests (tests outside living organisms) are accept-
ed. The recommended test methods are based on internation-
ally recognized standards of the Organisation for Economic 
Co-operation and Development (OECD) and the EU regulation 
laying down test methods pursuant to the REACH regulation 
(Regulation (EC) No 440/2008).
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7.1.2
Amended EU Urban Wastewater  
Treatment Directive 

The amendment to the EU Urban Wastewater Treatment 
Directive (91/271/EEC) adopted by the EU Parliament 
in 2024 is an important milestone for the preserva-
tion of water quality in Europe and beyond (Box 7.1-2; 
Fig. 7.1-2). It further specifies the zero-pollution vision 
formulated as part of the European Green Deal (WBGU, 
2023: 176). The financial participation of the manufac-
turers of pharmaceuticals and cosmetic products in the 
implementation and operation of the so-called advanced 
treatment stage is new (Box 7.1 2). This obligation is in 
line with the polluter-pays principle, in that the costs 
of water-damaging behaviour are imposed on the pol-
luter. At the same time, it is an expression of the WBGU 
principle of ‘Valuing water and appreciating the value of 
water’ (Section 5.2.6). It is to be criticized that the man-
ufacturers’ cost-sharing scheme is limited to two sectors 
(pharmaceuticals, cosmetics) and offers little incentive 
to substitute substances with environmentally friend-
ly chemicals (Section 7.5.1, Section 8.3). Furthermore, 
concrete approaches for changing consumer behaviour 
are missing, and the reduction of chemicals with per-
sistent substance properties in the aquatic environment 
has not been included.

For efficient wastewater treatment, nature-based 
solutions could also be coupled with integrated, catalyt-
ically active media based on new findings in materials 
science and using modern biomolecular methods. They 
enable the use of selective and high-performance bac-
teria (‘Coupled Green-Gray Technologies’; CGGT; Cas-
tellar et al., 2022). This could include the use of a new 
generation of innovative biofilters that combine a high 
disinfectant effect with the efficient transformation of 
hardly degradable organic trace substances with low 
energy requirements, without producing problematic 
residues (Arden and Ma, 2018; Karakurt-Fischer et al., 
2020, 2021, 2023).

7.1.3
Global dissemination and reception  
of EU approaches

In response to the introduction of the approval procedure 
pursuant to the REACH regulation in the EU, a number 
of countries outside the EU have brought their national 
chemicals regimes closer to the European model. They 
include Australia, Canada, China, India, Japan, Russia, 
South Korea and the USA. Even if the motivations for 
the respective states differ, in addition to strategic and 
economic interests, the EU’s pioneering role and the 
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phosphorus (third treatment stage)
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substances (fourth treatment stage)
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Integrated wastewater management plans

Wastewater-treatment plants
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Figure 7.1-2
Contents of the amended EU Urban Wastewater Treatment Directive. New ceilings for the removal of nitrogen, phosphorus and 
organic trace substances in wastewater-treatment plants will be gradually introduced by 2045. In addition, the energy neutral-
ity of wastewater-treatment plants and the preparation of integrated wastewater-management plans to reduce the discharge of 
untreated wastewater into surface waters will become mandatory.
Source: WBGU based on Verband Kommunaler Unternehmen, 2024
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active dissemination of the REACH idea by EU institu-
tions at the bilateral and international level appear to 
have been decisive (Lavenex, 2014; Bradford 2020). It 
would be desirable if the amended EU Urban Wastewater 
Treatment Directive could serve as a similar role model.

7.1.3.1
Global Framework on Chemicals
In October 2023, the international community adopted a 
legally non-binding Global Framework on Chemicals. The 
WBGU welcomes the Framework and its precautionary 
approach, which it had recommended in its 2023 flag-
ship report (WBGU, 2023). The Global Framework on 
Chemicals could serve as a basis for further developing 
regional and national chemicals regimes, honing them 
towards the zero-pollution target and dovetailing them 
with each other.

7.1.3.2
Science Policy Panel on Chemicals, Waste  
and Pollution Prevention
Intergovernmental science-based institutions such as 
the IPCC are now playing a key role in combating glob-
al environmental change, taking political action and de-
veloping international environmental law. The WBGU 
therefore welcomes the decision by the United Nations 
Environment Assembly (UNEA) in 2022 to establish 

a Science-Policy Panel (SPP) to contribute to the safe 
management of chemicals, waste and pollution preven-
tion. In the WBGU’s view, this Science-Policy Panel can 
contribute to the global dissemination and implemen-
tation of the zero-pollution and circular economy prin-
ciples. However, this can only happen if, in addition to 
describing the risks arising from the use of chemicals, 
it also addresses the societal and political strategies for 
dealing with risks in its assessment reports. 

Furthermore, the Science-Policy Panel can support 
global precautionary action if the systematic search for 
and early identification of new risks (horizon scanning) 
become part of its functions. The Panel could also pro-
vide important findings and data on water quality for 
the Water Mapping Initiative proposed by the WBGU 
(Section 8.4.1.3). In the WBGU’s view, it should also 
be enabled to close data gaps and support data-poor 
regions in collecting relevant data. For a systemic and 
comprehensive view of chemicals and their effects in 
water cycles, the adoption of a One Health perspective 
lends itself to recognizing risks to ecosystem services, 
ecosystems and humans (WBGU, 2023). 

Box 7.1-2

Contents of the amended EU Urban Wastewater 
Treatment Directive (91/271/EEC)

In detail, the amended EU Urban Wastewater Treatment Direc-
tive – as adopted by the European Parliament in April 2024 
(European Parliament, 2024a) – includes the following con-
tent (Europäischer Rat, 2024):
Wastewater treatment: For the third treatment stage in waste-
water-treatment plants – the removal of nitrogen and phos-
phorus – the Directive provides for a tightening of the upper 
and lower limits. The new limits will be mandatory for plants 
with a population equivalent (PE) of 150,000 or more from 
2039 and with 10,000 PE or more for discharges in areas at 
risk of eutrophication from 2045. What is new is the obliga-
tion to set up a so-called advanced treatment stage to remove 
organic trace substances that pose a risk to human health and 
the health of ecosystems. They originate, for example, from 
pharmaceuticals, household chemicals and cosmetic products. 

Extended producer responsibility: For the expansion and 
operation of an advanced treatment stage for the removal of 
trace substances, the Directive provides for at least 80 % of the 
costs to be financed by the manufacturers of pharmaceuticals 
and cosmetic products. This applies to all products available in 
the EU, irrespective of whether they were produced within or 
outside the EU. The defrayment of at least 80 % of the oper-

ating costs also applies to plants that are already in operation 
when the Directive comes into force.

Integrated wastewater-management plans: The Directive 
also provides for the preparation of wastewater-management 
plans, which will be mandatory for plants with a population 
equivalent (PE) of 100,000 or more from 2033 and 10,000 or 
more from 2039. The aim of these plans is to reduce combined 
sewer overflows, i.e. the discharge of untreated wastewater 
into surface waters in the event of hydraulic overloading of the 
sewer network during heavy rainfall. Combined sewer over-
flows are a risk to the health of humans and ecosystems. This 
target is to be achieved by the separate collection and treat-
ment of relatively unpolluted rainwater and avoiding rainwa-
ter overflows, e.g. by means of a blue-green infrastructure in 
cities (Section 6.4.3). 

Energy neutrality: The Directive also includes the goal of 
energy neutrality for wastewater-treatment plants with 10,000 
PE or more by the end of 2045. The purchase of energy from 
renewable sources of up to 35 % is permitted in order to achieve 
this. Energy can be produced both off-site and on the site of 
the wastewater-treatment plant.

Water reuse: The Directive stipulates that the reuse of fur-
ther treated wastewater should be promoted by the member 
states wherever possible. However, there is no obligation for 
member states to develop national plans, targets and measures 
for water reuse (Europäischer Rat, 2024).
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7.2
Diffuse substance inputs into the water cycle

7.2.1
Impairment of water quality by pesticides  
and nutrients

The diffuse impairment of water quality due to agriculture 
is widespread, but varies locally. Nutrients and pesticides 
introduced into the soil are mobilized by environmental 
influences and often spread via water transport in soils, 
water bodies and the air. They also have an effect on soil 
and water organisms as well as humans (Haygarth et al., 
2005). The EU’s Zero-Pollution Action Plan and Farm-
to-Fork Strategy aim to reduce nutrient losses and the 
use of chemical pesticides by 50 % by 2030 compared 
to the reference period 2013–2017.

Nutrient and pesticide inputs can be reduced by 
switching production to alternative systems such as 
agroforestry, aquaponics, conservation agriculture, pre-
cision farming, ploughless farming, root intensification, 
the use of biofertilisers and targeted financial levies 
such as a pesticide tax (Section 6.3.2). These measures 
have been scientifically tested and can make a valuable 
contribution to the optimization of nutrient cycles and 
the reduction of biocides in water cycles. For low- and 
middle-income countries, too, scientists are recommend-
ing the implementation of high-yield and resource-con-
serving agriculture that increasingly uses alternative 
methods (Adedeji et al., 2020; Adegbeye et al., 2020; 
Frimpong et al., 2023; Solomon et al., 2016; Tschora and 
Cherubini, 2020).

Various alternative agricultural measures and produc-
tion systems were presented and evaluated in the  WBGU’s 
flagship report ‘Rethinking Land in the Anthropocene’ 
(WBGU, 2020). These are also recommended for the 

next funding period of the EU’s Common Agricultural 
Policy (CAP) after 2027, which reaffirms measures that 
are highly relevant for the protection of water quality 
(Section 7.5.2).

All the measures involve additional costs for farm-
ers, which varies depending on the application. For this 
reason, compensatory measures, such as financial com-
pensation, and planning reliability must be guaranteed 
for farms of all sizes (Section 6.5.1.3). In the WBGU’s 
view, a results-orientated form of compensation based on 
the Augsburg model is desirable (Barataud et al., 2014; 
Wezel et al., 2016). Within this model, any losses are 
compensated by equalization payments if the required 
water quality is maintained on the managed parcels of 
land. In particularly pollution-sensitive areas, this can 
be linked to the promotion of organic farming (WBGU, 
2020: 153). The German government has partially ad-
dressed the excessive input of nutrients with the Fer-
tiliser Ordinance (DüV). The national monitoring pro-
gramme for nitrogen and phosphorus associated with 
the DüV should also be extended to other substances 
such as pesticides and their metabolites. 

7.2.2	
Adverse effects of pharmaceuticals on  
water quality

Antimicrobial resistance (AMR) has been detected world-
wide in wastewater and process water from livestock 
farming and animal-processing plants (Box 7.2-1). It is 
associated with a high risk of infection for staff who have 
contact with animals (Foyle et al., 2023; WBGU, 2023; 
Werner et al., 2023; SRU, 2023). In addition, resistant 
germs can enter soils and water bodies via exhaust air 
or the spreading of liquid manure (Fig. 7.2-1). The lev-
el of antibiotics administration in livestock farming in 
Germany is high compared to other EU Member States 
(Tsilimekis, 2023). The EU’s Zero Pollution Action Plan 

Box 7.2-1

Antimicrobial resistance (AMR)

Bacteria that are resistant to antibiotics can easily transfer the 
gene sequences responsible for the resistance to other bacte-
ria. As soon as a bacterium is resistant to more than three class-
es of antibiotics, it is said to be multi-resistant. As all humans 
and animals harbour intestinal bacteria that can develop re-
sistance, any administration of antibiotics involves the risk of 
resistance developing. The 2023 Special Report of the German 
Advisory Council on the Environment discussed the increas-

ing antimicrobial resistance and its risks to humans in detail 
(SRU, 2023). Vulnerable people in particular are at risk from 
AMR, but all people can become carriers of multi-resistant 
germs and fall ill from them after they have spread through 
the air, water or soil (Westphal-Settele et al., 2018). In the case 
of an infection with multi-resistant bacteria, treatment options 
are significantly limited and those affected can often only be 
treated with reserve antibiotics. If these are also ineffective, 
a life-threatening situation can develop even for an otherwise 
healthy person. In order to counteract the increasing develop-
ment of resistance, the WBGU supports the recommendations 
of the SRU for its containment (SRU, 2023).
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envisages a 50 % reduction in the sale of antibiotics in-
tended for livestock and aquaculture by 2030. 

Measures against antibiotic residues in wastewater can 
be easily implemented using centralized, piped wastewa-
ter systems in existing wastewater-treatment plants. In 
decentralized, non-piped wastewater systems, measures 
may be more expensive and technically more complex to 
implement. The risk of the diffuse spread of AMR can be 
higher in decentralized wastewater systems compared to 
treatment in wastewater-treatment plants, especially if 
an advanced treatment stage optimized for the removal 
of AMR is installed (Hiller et al., 2019).

The increasing use of hormones and other veterinary 
medicinal products in livestock farming worldwide is 
also playing an ever greater role in the pollution of wa-
ter bodies from diffuse sources (Section 3.3.2.1). Bet-
ter forms of livestock farming reduce inputs while at the 
same time improving animal health. Less meat consump-
tion by humans leads to less pollution of water bodies 
by resistant pathogens, antibiotics, hormones and oth-
er veterinary medicines, with simultaneous benefits for 
human health (WBGU, 2023). 

The German Antimicrobial Resistance Strategy (DART) 
2030, the BMBF’s support for the Joint Programming 
Initiative on Antimicrobial Resistance (JPIAMR) and 
the EU’s strategic approaches for pharmaceuticals in the 
environment and for the prevention of antimicrobial re-
sistance are pioneering approaches for the prevention of 
AMR. The joint initiatives of the Food and Agriculture 
Organization (FAO), World Health Organization (WHO), 
UN Environment Programme (UNEP) and World Organ-
ization for Animal Health (WOAH) to contain antimicro-
bial resistance (AMR) are also exemplary (WBGU, 2023). 

7.2.3
Adverse effects of microplastics on water quality

Under the Zero-Pollution Action Plan, the EU aims to 
reduce the amount of microplastics released into the en-
vironment by 30 % by 2030. A step in this direction has 
already been taken with Regulation (EU) 2023/2055, 
which came into force in 2023. The regulation amends 
the REACH regulation to ban the use of synthetic poly-
mer microparticles in cosmetics, sports field granulates, 
pesticides and pharmaceuticals, among others. The EU’s 
next Euro 7 emissions standard for vehicles will also stip-
ulate limits for brake-pad and tyre abrasion in passenger 
cars and vans for the first time from 2028. Abrasion is 
a major cause of diffuse pollution of the air and water 
by microplastics. 

In view of the predicted increase in plastic products 
and motorized private transport, the EU measures, also 
in combination with the action plan for the circular 

economy and the global plastics agreement currently 
still being negotiated, could turn out to be insufficient 
(OECD, 2022b; Section 8.1). 

The rising use of agricultural films, colour and pro-
tective varnishes, as well as wood substitutes made of 
plastic, means that a further increase in microplastics due 
to abrasion and UV-induced decomposition, and their 
entry into water bodies, can be expected in the future 

– with serious consequences for aquatic organisms and 
the contamination of drinking water.

7.3
Alternative wastewater-disposal concepts in  
low- and middle-income countries 

7.3.1
Flexible use of centralized and decentralized 
wastewater systems 

The discharge of untreated domestic wastewater is a major 
cause of pollution of surface waters with pathogens, or-
ganic carbon compounds and nutrients in low- and mid-
dle-income countries (LMICs), which harms the health of 
humans and ecosystems (Section 2.3, Section 4.5). Infor-
mal settlements are particularly affected. In the context 
of the various approaches for the concrete implemen-
tation of zero pollution (Fig. 7.1-1), treating domestic 
wastewater is the most effective approach for reducing 
these substance inputs into surface waters. Historical-
ly, international donors and local decision-makers have 
long favoured the cost-intensive construction of central-
ized wastewater systems with extensive sewer networks 
based on the model of high-income countries (Heidler 
et al., 2023). For many formal and especially informal 
settlements in low- and middle-income countries, how-
ever, centralized wastewater treatment is not appropri-
ate and therefore unsuitable as a universal solution for 
wastewater disposal (Gambrill et al., 2020; Section 4.5). 

Alternative concepts such as Citywide Inclusive San-
itation (CWIS), which focuses on customized solutions 
and equitable access to drinking water, sanitation and 
hygiene for all population groups and urban districts 
(Lüthi et al., 2020), have been gaining in importance 
for some years now. In CWIS systems, wastewater dis-
posal and treatment are seen as a service concept rath-
er than the pure provision of infrastructure. It compris-
es a wastewater service chain consisting of collection, 
emptying, transport, treatment and disposal or reuse 
(Heidler et al., 2023). Different technical components 
(such as centralized, piped wastewater systems or de-
centralized, non-piped wastewater systems with faecal 



7  Protection of water quality 

186

sludge management) can be used flexibly to enable the 
hygienic handling of wastewater in a locally adapted 
manner (Narayan et al., 2021). An important character-
istic of decentralized, non-pipe-based solutions is that 
no waterborne sewage system is used in which water 
transports faeces. As a result, less water is used and the 
spread of pollutants in the aquatic environment is sig-
nificantly reduced.

Centralized wastewater systems are also managed 
by wastewater companies in low- and middle-income 
countries. In districts that are not connected to central 
sewage systems (often informal settlements), there are 
often unsafe, decentralized, non-piped sewage systems 
involving leaking latrine pits. Furthermore, pits are fre-
quently emptied without hygienic protection and faecal 
sludge disposed of into surface water (Section 4.5). The 
informal staff involved in the management of decentral-
ized wastewater systems are exposed to enormous health 
risks and are often poorly paid and stigmatized (WHO 
and UNICEF, 2020: 71 f.). In addition, unsafe practices 
pose a risk to public health and to ecosystems. Follow-
ing the CWIS concept, the existing decentralized, non-
piped sewage systems can be formalized and improved 
through faecal-sludge management and hygiene meas-
ures (Lusaka case study: Section 7.3.2).

Since the first publication of the CWIS principles in 
2016, i.a. by the World Bank, the Bill and Melinda Gates 
Foundation and the University of Leeds, many other 
actors have taken up the concept, e.g. the Internation-
al Water Association and the Asian Development Bank 
(ADB, 2021; Lüthi et al., 2020; IWA, 2022). The African 
Union has also recognized the complementary roles of 
conventional centralized, piped sanitation systems and 
hygienic, decentralized, non-piped systems in its Afri-
can Sanitation Policy Guidelines (AMCOW, 2021: 39). In 
Kenya, the government plans to implement a nationwide 
wastewater-disposal system with 40 % using convention-
al, centralized wastewater systems and 60 % using de-
centralized, non-piped systems (World Bank, 2023c: 3).

The WBGU welcomes the initiatives of the various 
public and private actors to reduce the discharge of path-
ogenic microorganisms and chemical substances from 
untreated domestic wastewater into water cycles by the 
flexible and adapted use of various technologies. This 
follows the principle of protecting water as a common 
good for people and nature (Section 5.2.1).

7.3.2
Case study: the Lusaka Sanitation Programme 

The following case study illustrates the concrete imple-
mentation of flexibly combined centralized and decen-
tralized wastewater-disposal systems using the example 

of the development of faecal-sludge management (FSM) 
in Lusaka (Zambia). The example shows that in order to 
successfully improve decentralized, non-piped wastewa-
ter systems, the institutional and organizational frame-
work must be adapted parallel to the development of 
technical infrastructure. The Lusaka Sanitation Pro-
gramme can also serve as an example of transformative 
urban design in terms of climate-resilient urban water 
management (Section 6.4), focusing on water quality 
and safe access to clean drinking water and sanitation 
infrastructure for all city residents. The example also 
illustrates the requirements for the selection, combi-
nation and development of measures in the context of 
climate-resilient water management. They include, in 
particular, analysing feasibility in the respective context 
and taking greater account of possible multiple benefits 
(Box 6.2-1; Section 6.2.2). 

70 % of Lusaka’s 2.5 million inhabitants live in infor-
mal settlements, which are characterized by high popu-
lation density, low housing standards and a lack of pub-
lic infrastructure. 90 % of them use latrine pits, 9 % use 
centralized, piped sewage systems or septic tanks and 
1 % practise open defecation (Simwambi et al., 2023). 

Legally, households are responsible for the construc-
tion and maintenance of latrine pits and the city admin-
istration is responsible for monitoring them. In practice, 
monitoring is incomplete due to a lack of capacities, which 
is why the quality of the sanitary facilities varies great-
ly. Many of the latrine pits are not sealed and therefore 
pose a risk to the water supply, 60 % of which is fed by 
groundwater close to the surface. Outbreaks of typhoid, 
dysentery and cholera regularly occur in Lusaka’s infor-
mal settlements (Hubbard et al., 2020; Simwambi et al., 
2017; Gething et al., 2023). 

Until the launch of the FSM projects, the latrine pits 
were emptied by vacuum trucks or manually and most-
ly without hygiene protection by household members 
or informal, unregulated service providers (Simwambi 
et al., 2017). As there was no treatment option for re-
moved faecal sludge before the FSM projects began, it 
was buried near the latrine pits or disposed of in nearby 
ditches and surface waters. Especially during the rainy 
season, open latrine pits can overflow and the buried 
faecal sludge can be washed up. In the context of the 
increase in the number of heavy rainfall events pre-
dicted for Lusaka due to climate change, this poses an 
additional risk to the health of humans and ecosystems 
(Libanda et al., 2024).

Between 2012 and 2015, the Lusaka Water and Sew-
erage Company (LWSC), together with the water-supply 
and wastewater-disposal company of the city of Lusa-
ka, implemented a project to set up FSM in the infor-
mal settlements of Kanyama and Chazanga. The project 
was financed by the NGO Water and Sanitation for the 
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Urban Poor and implemented by the NGOs Water and 
Sanitation Association of Zambia and Bremen Overseas 
Research and Development Association. The project 
involved the construction of two faecal-sludge-treat-
ment plants with sludge storage tanks, screens for sep-
arating solid waste, digesters for biogas production and 
sludge-drying beds. These treatment plants are owned 
by the LWSC and under the supervision of the local ad-
ministration, but operated by organizations of city resi-
dents. The latrine pits are emptied and the faecal sludge is 
transported to the treatment plants by employees of the 
Water Trust, who were recruited, trained and equipped 
by the informal service providers (Klinger et al., 2019; 
Simwambi et al., 2017). 

Following the successful pilot project in Kanyama 
and Chazanga, the LWSC launched the city-wide Lu-
saka Sanitation Programme in 2015, which will run 
until 2024. This project is being funded with a total of 
US$300 million by the World Bank, the African Devel-
opment Bank, the KfW Bankengruppe and the Europe-
an Investment Bank and follows the CWIS concept by 
combining centralized and decentralized wastewater sys-
tems (Huang, 2022). The objectives are to expand and 
improve the sewer network, build sanitary facilities and 
faecal-sludge-treatment plants for decentralized waste-
water systems and improve FSM in peri-urban informal 
settlements. In addition, the institutional capacity of the 
LWSC to manage wastewater systems in Lusaka is to be 
improved (Huang, 2022). 

In 2022, two project goals were achieved: 3,500 new-
ly built sanitary facilities for decentralized wastewater 
systems and the emptying of 13,000 latrine pits. How-
ever, the construction of a new plant for the treatment 
of faecal sludge was only 25 % complete (Huang, 2022). 
In addition, the original target of providing 90,000 peo-
ple with improved sanitary conditions was reduced to 
75,000 due to rising costs. By 2022, this figure had al-
ready reached 68,000 (Huang, 2022).

The institutional and organizational framework of the 
wastewater system in Lusaka was also adapted in the con-
text of the Lusaka Sanitation Programme. The emptying 
of latrine pits and the transport of faecal sludge have 
been assigned to the LWSC, which is also to issue licences 
to the water trusts and private service providers. These 
in turn are obliged to report to the LWSC (CWIS, 2021). 
This was an important step towards the formalization and 
recognition of existing decentralized wastewater systems 
(Section 7.5.5). In addition, the Lusaka Sanitation Pro-
gramme was supported by a project of the German Society 
for International Cooperation (GIZ) from 2016 to 2020. 
The aim was to create the conditions for climate-friend-
ly sanitation and FSM in informal settlements through 
training programmes, coordination between actors, com-
pliance monitoring and improved management practices.

Since the start of the FSM projects to improve decen-
tralized wastewater systems, various favourable factors, 
limitations and multiple benefits have been identified. 
For example, the strong involvement of the local pop-
ulation through the water trusts, the capacity develop-
ment of previously informal service providers, campaigns 
to raise awareness of health benefits, and the role and 
services of the water trusts proved to be positive fac-
tors influencing the acceptance of the FSM by the local 
population (Simwambi et al., 2017).

In terms of limitations, it should be mentioned that 
the latrine pits are sometimes used by the population 
to dispose of other forms of waste. Accordingly, 22 % 
of the sludge in the latrine pits consists of solid waste, 
which makes the use of vacuum trucks difficult, so that 
emptying has to be done mainly manually (Simwambi 
et al., 2023; Klinger et al., 2019). Solid waste can also 
lead to blockages in faecal-sludge-treatment plants. Since 
the plants were commissioned, there have been several 
temporary closures due to operational and maintenance 
problems. It is therefore important to have a motivat-
ed and qualified workforce in order to avoid blockages, 
misuse and downtime (Klinger et al., 2019). 

Even with optimized and smooth operation, the max-
imum intake capacity of the treatment plants is a fur-
ther limitation. The plant in Kanyama, for example, was 
only built to collect faecal sludge from 30,000 of the to-
tal population of 250,000 (Simwambi et al., 2017). One 
year after the end of the project period (2016), 11 % of 
the latrine pits in Kanyama were emptied by Water Trust 
employees and taken to the treatment plant, while 30 % 
were emptied by vacuum trucks and 59 % by households 
or informal service providers (Simwambi et al., 2017). 
As the treatment plant has reached its capacity limit, it 
is not possible to increase its share of faeces disposal 
without expanding it (CWIS, 2021). 

As regards the FSM’s multiple benefits, dried sludge 
can now be sold as fertiliser after treatment. However, 
this has not yet happened in Kanyama and Chazanga 
(Simwambi et al., 2017). The biogas from the digestion 
of faecal sludge is also exploitable. The original inten-
tion was to sell it to neighbouring households. How-
ever, as the building owners did not grant permission 
for the construction of gas pipes, the biogas is instead 
used internally by the Water Trust to run the canteen 
(Simwambi et al., 2017). A further advantage is that the 
previously informal employees of the Water Trust have 
benefited from the formalization of their work (com-
bined with the advantages of regular employment, a 
stable income and secure working conditions) and so-
cial empowerment through the upgrading of their work 
(Simwambi et al., 2017).

An open question concerning FSM concepts in gener-
al is the development of a business model that is viable 
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without external financial support. In Kanyama and 
Chazanga, despite the income from emptying the latrine 
pits, the FSM has to be subsidized by the Water Trust’s 
income from supplying water in order to keep prices 
competitive and affordable for the population. 

7.4
Effects of energy supply on water quality

The energy sector is the second largest consumer of wa-
ter worldwide after agriculture; it is responsible for up 
to 40 % of water consumption in some countries (Lohr-
mann et al., 2023). A more fluctuating water supply in 
the future and water-related extreme events could jeop-
ardize energy production (Box 7.4-1). As part of the en-
ergy system transformation, the quantity of water con-
sumed in the energy sector is also changing along with 
the power-plant technologies used (Box 7.4-2). 

At the same time, the effects of energy supply on wa-
ter quality will change if fewer fossil fuels are extracted 
in the future, or if more and different materials, such 
as rare earth metals or lithium, are required for energy 
conversion and storage (Section 7.4.1). The recovery of 
raw materials from wastewater is becoming even more 
important in this context (Section 7.4.2).

7.4.1
Effects of power generation on water quality 

The energy system transformation is also a resource tran-
sition with considerable relevance for water: the con-
version and storage of energy have different effects on 

water quality depending on the technology used. Water 
pollution occurs during the extraction and processing of 
energy carriers, the extraction of the raw materials re-
quired for the construction of power plants and storage 
facilities, during their use and during their dismantling 
and recycling. The following section briefly discuss-
es water pollution during the extraction of fossil fuels. 
This is followed by an example of water pollution during 
the extraction of lithium salts, which are necessary for 
the production of energy-storage systems. Solutions for 
pollution reduction and avoidance are also introduced 
to illustrate the challenges to water-quality protection 
posed by the energy transition, and how they can be 
met by applying the principles of zero-pollution and the 
circular economy (Fig. 7.1 1). Part of the solution is the 
recovery of raw materials (Section 7.5.5).

7.4.1.1
Pollution from fossil fuels 
The extraction and processing of fossil fuels generates 
large quantities of waste, some of which contains toxic 
substances that can find its way into water bodies. The 
process wastewater itself is often purified and reused 
within the extraction process (Kalisz et al., 2022). Heavy 
pollution of the surrounding water bodies by sulphates, 
metal ions, etc. was observed, for example, during coal 
extraction by mountaintop-removal mining. In the USA, 
around 1.2 million people live in areas where coal is ex-
tracted by blasting. In the process, river courses over a 
total length of around 2,000 miles have been buried by 
waste material. Effects are predicted to last for decades 
after extraction (Hendryx et al., 2020). 

Underground coal mining, too, has a considerable 
impact on the quality of water resources. Acid mine 

Box 7.4-1

A fluctuating water availability can jeopardize 
power-plant operation 

Stronger fluctuations in precipitation due to climate change 
and changes in total water volumes and surface runoff (Ber-
ga, 2016; Chapter 2; Chapter 3) will influence the quantities of 
electricity that can be generated in the future. Water shortages 
and higher water temperatures can limit the capacity of ther-
mal power plants and make temporary shutdowns necessary. 
Nuclear power plants are particularly affected as they have a 
high water-withdrawal requirement for safety reasons (Jin et 
al., 2019b). A study by van Vliet et al. (2016) predicts that the 
availability of up to 74 % of hydropower plants and 86 % of 
thermoelectric power plants worldwide could be restricted in 
the years 2040 – 2069.
In addition to the expansion of photovoltaic systems and wind 

energy, adjustments to thermoelectric power plants and hydro-
power plants can reduce the susceptibility of energy generation 
to a fluctuating water availability. These include, for example, 
measures to increase efficiency, the use of alternative cooling 
systems and a switch from coal to gas with lower cooling re-
quirements (van Vliet et al., 2016). Reduced water supply at 
catchment-area level and its effect on potential for energy gen-
eration, and possible conflicts of use should be given greater 
consideration in energy and climate policy, spatial planning and 
the planning of water infrastructure (e.g. by means of strategies 
for decarbonizing the energy sector, resilience analyses, long-
term climate policy strategies; WBGU, 2021). 
Power plants are also jeopardized by an oversupply of water 
and corresponding water-related extreme events. Therefore, 
threats to the energy infrastructure from water-related extreme 
events should be strategically considered and risk-minimiza-
tion measures taken where necessary. Measures for hydropow-
er plants are described, for example, by Wasti et al. (2022).
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drainage, which is caused by the ingress of surface wa-
ter and the oxidation of minerals, is one of the biggest 
sources of pollution in coal mining. For example, heavy 
metal ions dissolved by mine water have been detect-
ed in neighbouring water resources, e.g. contaminat-
ed groundwater in Indian coal basins (Finkelman et al., 
2021; Masood et al., 2020). 

Furthermore, the combustion of coal has been found 
to contaminate water and soil with polycyclic hydrocar-
bons, mercury, arsenic, chromium and other substanc-
es. They originate i.a. from the coal ash stored in mining 
waste tips (Hendryx et al., 2020; Finkelman et al., 2021). 

In oil and gas production, the largest amount of waste 
and a potential source of water pollution comes from the 
drilling fluids used. Although in some countries, such as 
the USA, around 90 % of the liquid is reused in the pro-
cess, harmful substances contained in the liquid, such 
as toluene, can enter ground and surface water bodies if 
it is disposed of incorrectly or if there are leaks (Perei-
ra et al., 2022; Kalisz et al., 2022; Allison and Mandler, 
2018). The extraction of shale gas using hydraulic pro-
cesses (fracking) has also been found to contaminate 
groundwater (DiGulio and Jackson, 2016). 

7.4.1.2
Health and environmental risks of material 
extraction for the energy system transformation
In the course of the urgently needed transformation 
of the global energy system to renewable energies, the 
number and quantity of raw materials and materials re-
quired for the production of energy-generation plants 
and energy-storage systems is increasing sharply (Watari 
et al., 2021; WD, 2023). The growing extraction of e.g. 
rare earths, copper, graphite and lithium for the produc-
tion of wind-power and photovoltaic systems, for the 
expansion of the electricity grid and for lithium-ion bat-
teries and other electrochemical storage systems harbours 
risks for water quality (Chapter 2; Chapter 3; Northey et 
al., 2017; Europäische Kommission, 2020; Bogardi et al., 
2021; Raabe, 2023). During the extraction of raw mate-
rials such as aluminium, copper, lithium or cobalt com-
pounds, surface and groundwater can be polluted with 
process chemicals, metals and semi-metals such as cobalt 
or arsenic, which are harmful to the health of humans 
and ecosystems (Chapter 2; Chapter 3; Madaka et al., 
2022; Pesa, 2021; BGR, 2020). In Morocco, for example, 
arsenic concentrations far above the World Health Or-
ganization (WHO) quality standards for drinking water 
have been detected in rivers and springs whose water 
is used to irrigate crops. Cobalt mining is assumed to be 
responsible for this (Blum et al., 2023). With materials 
such as copper, which are extracted from sulphide ores 
(metal sulphides), there is a risk of water pollution from 
acid mine water and the dissolved metal ions it contains 

(Northey et al., 2017) – similar to coal mining. These risks 
must be taken into account and suitable solutions to pro-
tect water quality must be implemented with foresight. 
Avoiding pollution during material extraction is impor-
tant to prevent unintended negative consequences of 
the energy system transformation. 

Example: health and environmental risks  
of lithium extraction
The light metal lithium is extracted mainly from sol-
id rock or by water-intensive evaporation technology 
from lithium-rich brine in salt lakes (Halkes et al., 2024). 
Lithium extraction can pose environmental and health 
risks – on the one hand due to high water consumption 
(depending on the process) and on the other to impair-
ments of water quality. Lithium itself and by-products 
of its extraction can have a toxic effect (Buchert et al., 
2020; Bolan et al., 2021). For example, numerous neg-
ative effects of high doses of lithium on humans, ani-
mals, plants and aquatic systems have been identified, 
including negative impacts on brain functions, functional 
disorders and pathological tissue changes of the thyroid 
gland (WBGU, 2023; Tanveer et al., 2019; Bolan et al., 
2021; Sproule, 2002; Adeel et al., 2023, Chevalier et al., 
2024). Lithium fulfils the WHO definition of an endo-
crine disruptor, but there is currently no upper limit for 
a lithium concentration in drinking water to avoid harm 
to human health and the environment (Chevalier et al., 
2024; Adeel et al., 2023; EPA, 2023; BMJ, 2023; WHO, 
2022a). There is an urgent need for research in this area.

There is also a lack of understanding of the interac-
tion between dissolved substances and by-products in 
the extraction of lithium salts. During the extraction of 
lithium salts from solid rock, the wastewater produced 
is channelled into sedimentation tanks and partially re-
used (Schmidt et al., 2023). With this extraction method, 
the residues stored in sedimentation tanks are a source 
of pollution for water bodies. Harmful substances can 
enter bodies of water through breaches in the sedimen-
tation tanks or through seepage (Buchert et al., 2020). 
Another risk is posed by process waste that is discharged 
into rivers (TPI, 2016). There is an urgent need to de-
velop innovative and sustainable process technologies.

The extraction of lithium salts using evaporation tech-
nologies also has an impact on water bodies. These tech-
nologies require fresh water and are often used in arid 
regions, for example in the Atacama salt basin (Salar de 
Atacama) in the Chilean desert (Agusdinata et al., 2018). 
With this technology, over 90 % of the water from the 
brine pumped into the surface pools evaporates. De-
pending on the deposit, 100–800 cubic metres of wa-
ter are needed to extract one tonne of lithium carbonate 
( Li2CO3), a basic material for lithium-ion batteries (Vera 
et al., 2023). Further process steps require around 15 – 33 
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Box 7.4-2

Water requirements of the energy sector and 
effects of climate change

The water consumption of different power plants for elec-
tricity and heat generation is calculated over their entire life 
cycle. It includes direct water consumption for operating the 
power plants and indirect consumption for their construction, 
the production of the necessary materials and the provision 
of fuels. Consumption depends heavily on the location and its 
prevailing climate, the type of power plant, the cooling meth-
od, the fuel used, material production and other factors (Jin 
et al., 2019b; Mekonnen et al., 2015; Meldrum et al., 2013; 
Flörke et al., 2021). 

Comparing individual studies is complicated by the differ-
ent methods used to determine water demand and the sys-
tem boundaries used as a basis. This means that studies differ 
in how and to what extent water demands are included, for 
example for the production of materials, the construction of 
power plants or the mining and transport of fuels (Jin et al., 
2019b; Pfister et al., 2017). 

The studies analysed have in common that they record the 
consumption of blue water, but do not take into account the 
pollution of wastewater. Furthermore, not all regions of the 
world are equally represented in studies (Jin et al., 2019a, b). 

The water demand of different power-plant technologies can 
differ by several orders of magnitude (factor of ten or higher 
powers of ten), so that despite the differences and uncertain-
ties mentioned, qualitatively robust patterns can be recognized 
– in this case, based on the meta-analysis by Jin et al. (2019b), 
which is consistent with the studies cited above (Fig. 7.4-1). 
	> The water consumption over the entire life cycle of oil, nucle-

ar and coal-fired power plants in relation to the quantities of 
electricity and heat generated is one or two orders of mag-
nitude higher than for photovoltaics (PV) and wind power; 
concentrating solar-thermal energy, geothermal energy and 
natural gas-power plants lie in-between. 

	> The water demand of storage hydropower plants can be sig-
nificantly higher than that of oil, coal and nuclear power 
plants due to a high level of evaporation from reservoirs. 
This depends largely on the local climate and topography, 
which determine the surface enlargement during damming 
(Jin et al., 2019b; Mekonnen et al., 2015). For example, 
a particularly low evaporation rate was determined for a 
hydropower plant with a reservoir in Norway (Trollheim) 
(Bakken et al., 2016).

	> The water requirements of bioenergy can be an order of 
magnitude higher than consumption by hydropower plants. 
The scale of the difference depends on how much irrigation 
is used in biomass cultivation and, if residues that can be 
used to generate energy are produced during food cultiva-
tion, what proportion of water consumption is attributed 
to residues and what to food production (Jin et al., 2019b; 
Mathioudakis et al., 2017).

	> In the case of wind power and PV, most of the water required 
is used to manufacture and clean the systems. 

	> In the case of nuclear power plants and fossil-fuelled power 
plants, most of the demand is for cooling during operation, 
while in the case of bioenergy power plants the highest 
demand results from irrigation during fuel production. The 
operational water consumption of thermal power plants that 
use carbon capture and storage (CCS) is 30 % to 80 % high-
er than those without CCS. 

	> Depending on the cooling method used, water withdrawal 
(not shown in Fig. 7.4-1) can be significantly higher than 
the actual water consumption, in the case of nuclear power 
up to an order of magnitude. 

The total water consumption of the energy sector therefore also 
depends on its composition in relation to the types of power 
plants. A restructuring of the energy sector to reduce green-
house-gas emissions can therefore lead to a higher or low-
er overall water demand, depending on the respective shares 
of the different technologies installed. This should be given 
greater consideration when designing scenarios and strategies 
for the electricity and heating sector (Lohrmann et al., 2023; 
Flörke et al., 2021; Mekonnen et al., 2016; Payne et al., 2024). 

Wind energy and PV may reduce water consumption
Increasing electricity generation from hydropower and bioen-
ergy from wood or cultivated biomass can significantly increase 
the total water consumption for electricity and heat generation 
(e.g. Mekonnen et al., 2016). The use of wind energy and PV 
reduces regional water consumption compared to fossil-fuelled 
or nuclear power plants, and can help to mitigate or avoid lo-
cal water crises. The installation of PV modules over canals 
or floating on the reservoirs of hydropower plants can gen-
erate multiple benefits. The modules reduce evaporation and 
are cooled by the remaining evaporation, making them more 
efficient. At the same time, the area of land required for PV 
(Jin et al., 2023) is reduced. The modules can also decrease the 
growth of harmful algal blooms (Section 3.1.3.2). The pow-
er-generation potential of floating PV modules is high. PV sys-
tems with a total output equivalent to that of all fossil-fuelled 
power plants could be installed on just 10 % of the reservoir 
area of all hydropower plants worldwide (Almeida et al., 2022). 
However, there are also ecological risks, potential conflicts of 
use and technical issues that need to be weighed up and re-
solved (Jin et al., 2023; Almeida et al., 2022). 

Electricity generation from hydropower already plays a 
major role in many parts of the world, especially in China, South 
America and Africa (Ritchie et al., 2023). In Asia in particular, 
major expansions are planned or already underway, while there 
is great untapped technical potential for hydropower especial-
ly in Africa. As with bioenergy, however, it is essential to take 
an overall ecological, social and political view in addition to a 
climate- and energy-policy perspective. This can prevent, for 
example, the power supply for industry and urban centres or 
climate-change-mitigation measures from being accompanied 
by land consumption and the massive disruption of local water 
balances at the expense of ecosystems and the population. 

Furthermore, there is a change in spatial patterns of water 
demand, which makes local water supply crucial: PV and wind 
power require much less water at the point of electricity gen-
eration than thermal power plants. Moreover, the water con-
sumption to produce materials and systems for wind turbines 
and solar modules occurs at different locations from the water 
required for the extraction, processing and transport of fos-
sil and nuclear fuels.

Take greater account of the value of water for  
other uses and ecosystems 
Future changes in the water availability will create challeng-
es for electricity generation and may exacerbate conflicts of 
use. At the same time, the functions of water reservoirs be-
yond electricity generation, which often serves as a source of 
their finance, are becoming more valuable. They can be used 
for flood retention, drinking-water supply, as a buffer for irri-
gation, industrial use and the preservation of ecosystems, e.g. 
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by ensuring minimum flows while limiting maximum flows and 
retention during heavy rainfall.

However, the planning, dimensioning, investment and oper-
ation of power plants have so far been dominated by aspects 
of energy economics. Water-economic incentives, for exam-
ple to take into account their function as water reservoirs for 
dry periods, are weak. Existing water-management ordinanc-
es and regulations generally do not provide power-plant plan-
ners and operators with time-resolved information and incen-
tives on scarcities, other needs and alternative uses (opportu-
nity costs), the value of the retention function for flood pre-
vention, etc. The dimensioning and filling of (power-plant) 
water reservoirs often neglect the increasing uncertainty of 
precipitation in order to fill the reservoirs in time, as well as 
the disappearance of base flows from glaciers and permafrost 
soils in alpine regions.

Increase efforts to incorporate water into  
planning procedures 
In future, the more fluctuating supply and the value of water 
should be given greater consideration in regulations and in in-
vestment and operating decisions for power plants (which have 
hitherto often been dominated by energy economics). One rel-

evant option here is time-resolved price signals, i.e. time-de-
pendent payments to reservoir operators for the secure pro-
vision of water from storage facilities, or time-dependent wa-
ter prices for the operators of thermal power plants that want 
to withdraw cooling water. This would ensure that, for exam-
ple, the multifunctionality of dams is better taken into account 
when investing in and operating them, that the externalities of 
water consumption by thermal power plants are fully reflected 
in their electricity-generation costs, and that conflicts of use 
caused by the operation of hydrogen plants are better taken 
into account. Water-economic effects should already be deter-
mined during the planning and authorization of hydropower 
plants, perhaps as an obligation on the part of the applicant, 
in order to relieve the approval authorities, and should be in-
cluded in a cost-benefit analysis (Section 6.1.3). 

Power-generation technologies with a high demand for 
water, such as thermoelectric and hydropower plants, should 
be used above all when substitution by other generation, stor-
age and transmission technologies is hardly possible (e.g. for 
system stabilization) or when a high additional benefit is to be 
expected from more consistent water supply or flood protec-
tion (which cannot be achieved by nature-based solutions).

Biomass (n=23, mdn=85100)

Hydropower (n=1133, mdn=4961)

Oil (n=7, mdn=3220)

Nuclear (n=25, mdn=2290)

Coal (n=227, mdn=2220)

CSP (n=28, mdn=1250)

Geothermal (n=22, mdn=1022)

Natural Gas (n=91, mdn=598)

PV (n=10, mdn=330)

Wind (n=7, mdn=43)

Water Consumption [l/MWh]

101 102 103 104 105 106 107

Figure 7.4-1
Consumption of blue water by different types of power plant over their life cycle. The consumption of green water in the 
cultivation of biomass is not included. n: number of data points taken from different studies. Each represents a specific 
technical characteristic, local environmental conditions and detailed methodological assumptions; mdn: median value of the 
water consumption of the respective technology. Dots indicate the respective average value, circles indicate outliers.  
CSP: concentrating solar power.
Source: Jin et al., 2019b 
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m3 of fresh water per tonne of Li2CO3 and 31 – 50 m3 of 
fresh water per tonne of lithium hydroxide (LiOH), an-
other starting material for lithium-ion batteries. A large 
proportion of the treated water is then reused (Kelly et 
al., 2021; Dellapenna et al., 2013; Schmidt et al., 2023). 

The intrusion of lithium salt extraction into salars can 
have an impact on the water levels of neighbouring rivers 
and other water bodies (Vera et al., 2023; Schmidt et al., 
2023). The details of the connections are the subject of 
current research projects. In the Salar de Atacama, the 
water levels of the surface waters have already fallen 
(Vera et al., 2023, Gutiérrez et al., 2022). With evapo-
ration technology, process chemicals such as plasticizers 
are collected in basins, which can enter water bodies if 
barriers fail (Agusdinata et al., 2018). 

Alternative processes for lithium salt extraction are 
being developed under the heading of Direct Lithium 
Extraction (DLE), which do not require evaporation ba-
sins and are more efficient. These technologies are still 
at an early stage of development and need to be adapted 
to the different brine deposits. However, some variants 
still require fresh water for the process, sometimes even 
more than evaporation technology (Vera et al., 2023; 
Halkes et al., 2024).

There are initial indications that direct lithium extrac-
tion technologies can be combined with technologies for 
water reuse and raw-material extraction to protect water 
quality (Vera et al., 2023; Section 7.4.1.3). The WBGU 
recommends researching whether and to what extent 
such integration is possible. The evaporation technolo-
gy currently used to extract lithium salts, as described 
in the previous paragraph, already produces potassium 

chloride as an additional raw material. Direct lithium ex-
traction could also potentially produce substances such 
as potassium compounds and magnesium compounds 
as by-products. 

Further research is required to assess the potential 
and possibilities for integrating existing technologies, 
which are currently at very different stages of devel-
opment (Vera et al., 2023). One example is the use of 
ion-exchange resins, where the wastewater can be fur-
ther treated and reused depending on the quality re-
quirements of the respective process (VCI, 2017). 

The treatment of wastewater to extract its metal ions 
and minerals is an additional benefit in terms of cli-
mate-resilient water management (Section 6.1.2) if they 
are reused as secondary raw materials and extracted 
while avoiding secondary pollution.

7.4.1.3
Recycling of lithium-based batteries 
If lithium-ion batteries are not recycled at the end of 
their life cycle but disposed of improperly, there is a 
risk of pollutants being released into the soil and wa-
ter. Increased lithium concentrations in drinking water 
and rivers as a result of human activity, i.e. from lithi-
um-ion batteries, have already been detected in Seoul 
(Choi et al., 2019). In principle, it is possible to recycle 
batteries; however, the existing industrial recycling ca-
pacity is nowhere near the predicted volume of batter-
ies (Neef et al., 2021).

Various recycling processes are available to prevent 
water pollution and reduce the need for primary raw 
materials (Nijnens et al., 2023). Water is required for all 
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Figure 7.4-2
Raw-material recovery from indus-
trial wastewater. The recovery of raw 
materials during the production of 
goods reduces the need for primary 
raw materials in the production 
process and enables a reduction 
in overall costs through their sale. 
As certain raw materials can have 
a toxic effect depending on their 
concentration, raw-material recovery 
can improve wastewater quality. 
Depending on the quality standard 
achieved, the wastewater can be 
reused in the production process, 
sent for treatment in wastewa-
ter-treatment plants or discharged 
directly into watercourses. 
Source: WBGU 
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processes, albeit to varying degrees (Fahimi et al., 2022). 
As processes with comparatively low water consumption 
have other undesirable effects, the possible advantages 
and disadvantages with regard to the local water balance 
and possible other unintended effects should be exam-
ined and weighed up when setting up a recycling plant 
(Wagner-Wenz et al., 2023; Bai et al., 2020). It should 
also be taken into account that recycling reduces the 
amounts of primary raw materials that need to be ex-
tracted (Section 7.4.2). 

Due to the high water requirement in battery recy-
cling, further wastewater treatment with the aim of re-
using raw materials makes sense, as this wastewater con-
tains a usable proportion of lithium and can be reused 
after treatment where appropriate. The water pollution 
and water consumption associated with the discharge of 
wastewater would be reduced. Corresponding industri-
al processes are being developed and would have to be 
adapted to the recovery of lithium in battery recycling. 

7.4.2 
Recovery of raw materials from wastewater

One way of protecting water quality and implementing 
the zero-pollution principle is to recover raw materials 
such as lithium from wastewater (Fig. 7.4-2). As a val-
uable resource, wastewater can be used in several ways 
to close gaps in the circular economy and generate mul-
tiple benefits (Section 6.1). On the one hand, wastewater 
should be further treated and reused depending on the 
intended use, e.g. for irrigation in agriculture, and de-
pending on the required and given quality. On the oth-
er hand, energy can be recovered from sewage sludge 
during wastewater treatment through biogas production, 
which is important in the context of the energy neu-
trality of municipal wastewater-treatment plants aimed 
for in the amended EU Municipal Wastewater Directive 
(Section 7.1.2). 

In addition, wastewater is a carrier for substances that 
are under certain circumstances considered harmful, but 
can also be recovered as valuable secondary raw materi-
als, such as biopolymers, lithium or copper (DuChanois 
et al., 2023; Schambeck et al., 2020; Paul et al., 2021). 
As already compulsory for phosphorus in the Sewage 
Sludge Ordinance in Germany, these substances could 
also be recovered in the course of wastewater treat-
ment (Section 7.1.2). The National Water Strategy also 
addresses the recovery of recyclable materials in its vi-
sion for water, energy and material cycles, and aims to 
achieve the necessary sector coupling (BMUV, 2023b). 
Fig. 7.4-2 shows the relationship between the demand 
for raw materials for the energy system transformation, 
the extraction of secondary raw materials and water 

reuse. In terms of economic efficiency and technical fea-
sibility, however, not all wastewater is equally suitable 
for recovery. Municipal wastewater is more suitable for 
recovering organic substances, while industrial waste-
water is more suitable for metals (Dutta et al., 2021; 
DuChanois et al., 2023). 

For example, municipal wastewater is a source of pol-
yhydroxyalkanoates, which can replace fossil-based pol-
ymers as biodegradable biopolymers. Cellulose can also 
be recovered from wastewater and used as a binder in 
building materials or in paper production (Dutta et al., 
2021; Schambeck et al., 2020; Paul et al., 2021). Signifi-
cant concentrations of metal ions are found in industrial 
wastewater, for example from battery production, and 
in wastewater from mining. In mining, non-extractable 
metals washed out of the ore are collected as waste in 
sedimentation tanks. The first step in recovering metal 
ions from industrial wastewater is to identify valuable 
metals. These are generally critical materials such as rare 
earths, for which there is a high risk of supply disrup-
tion to industry, but which are essential for the energy 
transition, among other things. Further criteria for eval-
uation include low recycling rates from products, high 
energy costs in raw-material production and rare geo-
logical deposits. The need of new mining areas for the 
recovered materials could be reduced, the volumes of 
the sedimentation basins in the mines could be down-
sized, and the pollution of surrounding waters could be 
reduced (Section 2; Section 3; Dutta et al., 2021; DuCh-
anois et al., 2023).

The current technologies for recovering raw materi-
als from wastewater (Dutta et al., 2021; DuChanois et 
al., 2023) are often very energy-intensive and have to 
be integrated into an existing process. From a financial 
point of view, it makes sense if the costs of recovery do 
not exceed the current market price of the raw mate-
rial. Energy recovery from wastewater-treatment pro-
cesses can also help here by providing financial support 
for the implementation of recovery technologies (EEA, 
2022). Methods such as biosorption and bioleaching, in 
which, for example, bacteria are used to extract metals, 
are promising as low-cost, energy-efficient and envi-
ronmentally friendly technologies (Adeeyo et al., 2023; 
Dutta et al., 2021). 
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7.5
Recommendations for action

7.5-1
Implement the EU Urban Wastewater Treatment 
Directive in a targeted way

Expand extended producer responsibility and make 
it incentive-compatible
The amended EU Urban Wastewater Treatment Direc-
tive adopted by the EU Parliament in 2024 stipulates 
that the manufacturers of pharmaceuticals and cosmetic 
products must finance at least 80 % of the investment 
and operating costs for the expansion and operation 
of an advanced wastewater-treatment stage in sewage 
treatment plants. In the WBGU’s view, it should be ex-
amined to what extent it is possible to expand extended 
producer responsibility to cover more pollutant classes, 
e.g. toxic and persistent household chemicals and pes-
ticides, as well as substance properties such as toxicity 
and persistence in the aquatic environment. As a result, 
all manufacturers of water-polluting products would 
bear the costs of preserving water quality (UBA, 2023a: 
8). The structure should be incentive-compatible: com-
panies should be held accountable, depending on the 
environmental hazards of the substances and products 
they put into circulation. This would mean lower con-
tributions to the costs or even exemptions for compa-
nies that use environmentally friendly, easily degrada-
ble substances. Companies that release highly hazardous 
substances into the environment would contribute more. 
Article 9 of the amended EU Urban Wastewater Treat-
ment Directive explicitly envisages a scaled corporate 
contribution according to the environmental danger of 
the substances they release. According to the Directive, 

there should also be exemptions for products that con-
tain substances that are proved to be rapidly degradable 
or leave no organic trace substances at the end of their 
lifespan. When implementing the EU Urban Wastewater 
Treatment Directive, these aspects are crucial for creat-
ing incentives for reducing emissions of environmentally 
hazardous substances. 

7.5.2
Reduce diffuse discharges from agriculture  
and forestry

Introduction of a pesticide tax
Integrated soil and water protection could be implement-
ed via a pesticide levy, for example in the form of a tax. 
In Denmark, a pesticide tax is already levied based on 
quantity and risk; this has reduced the pollution of soil 
and water (Nielsen et al., 2023). The tax’s underlying 
principle – ‘the more harmful a pesticide is to humans 
and the environment, the higher the tax’ – would be 
one building block for achieving the goal of reducing 
pesticide use in the EU by 50 % by 2030, as set out in 
the EU’s Farm-to-Fork Strategy.

Stricter monitoring of nitrogen, phosphorus and 
pesticide discharges
The WBGU recommends extending the national monitor-
ing programme for nitrogen and phosphorus associated 
with the Fertiliser Ordinance (DüV) to other substances 
such as pesticides and degradation products. In addition 
to reducing the nitrate content in groundwater, the aim 
of such comprehensive monitoring should also be to 
protect biodiversity from eutrophication and pesticides. 

In addition to the EU target of reducing pesticide use 
by 50 %, monitoring and effective countermeasures using 
restrictive action when the regulatory acceptable con-
centration of a pesticide is exceeded can significantly 

Box 7.5-1

Example: the pesticide chlorpyrifos

One example of the export of a pesticide banned in the EU is 
chlorpyrifos. Until a few years ago, chlorpyrifos was also au-
thorized in Germany, although the chemical was known to have 
neurotoxic properties. It is particularly harmful to aquatic or-
ganisms such as amphibians. It was only after the European 
Food Safety Agency classified residues of chlorpyrifos as a risk 
to children’s development even before birth due to its neuro-
toxic effect – and Germany and other EU countries had already 

banned the pesticide – that an extension of the EU-wide reg-
istration was refused in 2020. There had been initial indica-
tions of the neurotoxic effect as early as 1998 (Mie et al., 
2018). Although German authorities are currently preparing 
to include the chemical in the Stockholm Convention, chlorpy-
rifos continues to be exported from the EU to third countries. 
As a result, residues can still be detected on citrus fruits, to-
matoes and olives imported into the EU, posing health risks to 
consumers. Above all, however, the (aquatic) ecosystems and 
human health in the areas of cultivation are at risk (EFSA et 
al., 2024).
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improve water quality at local level. As in the determi-
nation of nitrate sources, this requires a closely meshed 
network of monitoring stations.

Development of biological alternatives to pesticides 
The renunciation of chemical pesticides could be expe-
dited by developing biological agents, e.g. microbial, bo-
tanical or biochemical pesticides, and by the use of nat-
ural predators and agriculturally applicable antibiotics 
(Ayilara et al., 2023; Seenivasagan and Babalola, 2021; 
Tomar et al., 2024). These alternatives should also be 
analysed in advance with regard to their effectiveness 
and possible negative effects on humans and nature. 
The approaches could be used to develop nature-based 
solutions that could offer future prospects for farmers, 
and development and market opportunities for smaller 
producers. Corresponding projects could be funded via 
the BMBF’s ‘Bioeconomy’ research line.

Export ban on pesticides banned in the EU
Chemical companies in the EU continue to export pes-
ticides that can no longer be marketed in the EU itself 
to countries with less stringent rules regarding their 
authorization and use (Sarkar et al., 2021). The WBGU 
therefore recommends accelerating the implementation 
of the already formulated export ban on pesticides that 
are no longer authorized in the EU. A ban is not only 
necessary to reduce pollutants in water cycles; it is also 
morally imperative. In low-income countries, pesticide 
users usually do not have sufficient protective clothing 
and machinery for application to protect themselves 
from the health hazards posed by the products (Boede-
ker et al., 2020). In addition, persistent pesticides can 
return to the EU as residues in food (EFSA et al., 2024). 
The German government should advocate the EU-wide 
harmonization of the export ban and the abolition and 
avoidance of double standards. The export ban in France 
can serve as a model. It has been in force since 1 Janu-
ary 2022 and, in addition to exports, also bans the pro-
duction and storage of pesticides that are no longer au-
thorized in the EU. 

Develop harmonized pesticide standards
The WBGU recommends multilateral processes for the 
development of harmonized pesticide standards. At the 
same time, no agricultural products should be imported 
into the EU from regions where pesticides are used that 
are classified in the EU as demonstrably harmful to the 
environment. A tightening of import restrictions would 
need to be accompanied by projects financed by devel-
opment cooperation to support transformation process-
es in the affected production systems, especially if they 
are located in low-income countries. Conformity with 
world trade law must also be ensured. 

Stop illegal trade in pesticides 
In order to curb the illegal trade in pesticides and chem-
ical fertilisers, international cooperation should also 
contribute to strengthening cross-border cooperation 
in this field in Africa, Latin America and Asia. Germany 
and the EU should also do more to support the efforts 
of the Organisation for Economic Cooperation and De-
velopment (OECD) to combat the illegal trade in pesti-
cides (OECD, 2024). 

Extend the Stockholm Convention
An extension of the Stockholm Convention on Persis-
tent Organic Pollutants to include carcinogenic and en-
docrine disruptors should be sought politically in order 
to prevent their production and release into the envi-
ronment (WBGU, 2020). 

Reduce pesticide use and water consumption  
in agriculture
Reducing the use of imported pesticides and fertilisers 
in low- and middle-income countries serves to protect 
water and health on the one hand, and to achieve finan-
cial independence from imports on the other. The WBGU 
therefore supports the efforts of the German Federal 
Ministry of Food and Agriculture (BMEL) to work with 
African partners to develop sustainable and economically 
viable agriculture in Africa that is adapted to local con-
ditions; this includes funding relevant research. The aim 
is to increase yields while minimizing water consump-
tion and nutrient inputs. The German Federal Ministry 
for Economic Cooperation and Development (BMZ) also 
supports the development of a sustainable agricultural 
and food industry with corresponding programmes, e.g. 
in the ASEAN region. Such programmes should be ex-
panded, i.a. with an additional focus on water conser-
vation and the limitation and optimization of fertiliser 
and pesticide use. Location-adapted measures can of-
ten only be implemented with knowledge of tradition-
al agriculture (WBGU, 2020). Indigenous practices are 
designed to preserve the fertility of fragile soils – e.g. 
by increasing humus formation with African black earth 
(chernozem) – and to protect both green and blue water 
(Solomon et al., 2016). 

7.5.3
Curbing water pollution from pharmaceuticals

Restriction of reserve antibiotics in animal fattening 
Reserve antibiotics should only be used with official au-
thorization. According to the Federal Institute for Risk As-
sessment (BfR), reserve antibiotics were used in 41 % of 
cases in broiler chickens in Germany in 2022 (BfR, 2023). 
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Promoting animal welfare to improve  
water quality
An effective lever for improving water quality, which can 
be used by policy-makers as part of a One Health ap-
proach, for example, is the reduction of livestock farm-
ing and a higher prioritization of animal welfare – com-
bined with a lower use of antibiotics. Animal ethics also 
play a role here. This would also serve to protect human 
health, as effectively preventing the development of an-
timicrobial resistance and maintaining the effectiveness 
of reserve antibiotics is necessary to ensure the right 
to physical integrity. There is an urgent need for action 
here. To improve animal welfare, the state also has more 
far-reaching measures at its disposal than those agreed 
in the German Antibiotic Resistance Strategy DART 
2030. More support should be given to implementing 
the recommendations of the German Nutrition Society 
to reduce meat consumption (DGE, 2024).

Restriction of the use of veterinary  
medicinal products
The use of veterinary medicinal products solely to in-
crease yields in livestock farming, as in hormone-con-
trolled reproduction (Section 3.3.2.1), must be prohibited 
by law. The aim here is both to protect animal welfare 
and, in line with the zero-pollution approach, to avoid 
discharges of veterinary preparations and hormones into 
the soil and water in the EU and, via corresponding sup-
ply-chain laws, in non-EU countries.

7.5.4
Promote the use of modern  
testing methods 

Closer monitoring using high-throughput  
screening methods
The use of modern (bio-)analytical methods should be 
expanded in the existing monitoring of drinking water, 
effluents from wastewater-treatment plants and water-
courses, as well as in an extended monitoring network 
in agricultural areas. Methods and procedures to protect 
water quality should be promoted with corresponding 
research lines. Modern environmental monitoring and 
human biomonitoring using novel and cost-effective 
non-target screening methods and in-vitro methods 
make it possible to establish early-warning systems and 
to link them closely together in terms of space and time 
using high-throughput analytics (Escher et al., 2021; 
González-Gaya et al., 2021; Paszkiewicz et al., 2022).

Consistent integration of tests, authorization  
and monitoring
In line with the zero-pollution approach, the aim should 
be to establish a closely meshed network for the au-
thorization and monitoring of substances to protect the 
health of humans and ecosystems. Possible negative 
effects on humans and the environment should already 
be recognized and avoided at the development stage of 
new substances using AI models. Many ‘new-approach 
methodologies’ (collective term for a broad spectrum of 
approaches and animal-testing-free methods, e.g. in-vit-
ro and in-silico methods) can be established, standard-
ized and incorporated into substance-approval proce-
dures at low cost. Results with relevance for humans 
and the environment should be subject to mandatory 
documentation. If problematic substances are identified, 
this information should be automatically forwarded to 
the authorities responsible for substance authorization, 
who would then examine possible bans and restrictions. 
With skilful implementation and dovetailing of author-
ization and monitoring, the new procedures promise a 
better protection of waterways by prevention and more 
closely meshed environmental monitoring, while at the 
same time reducing costs for companies and monitor-
ing authorities. The establishment of uniform standards 
with cost-effective procedures also promotes competition 
between certified testing institutes in the service sector. 

7.5.5
Promote the use of alternative wastewater-
disposal concepts

Promote the use of innovative 
 wastewater systems 
In development cooperation in the field of water, san-
itation and hygiene (WASH), the German government 
should prioritize projects that go beyond the construc-
tion of piped wastewater systems and focus on the en-
tire wastewater-service chain (Section 7.3.2). From a 
technological point of view, this means that hygien-
ic, decentralized, non-piped wastewater systems with 
faecal-sludge management should be regarded as an 
equivalent solution on a par with centralized wastewater 
systems. In particular, the focus should be on improv-
ing and formalizing hitherto informal, existing decen-
tralized, non-piped wastewater systems. Faecal-sludge 
volumes, transport routes and costs, as well as disposal 
or reuse pathways must also be analysed to prevent the 
incorrect dimensioning of septic tanks and faecal-sludge 
treatment plants.
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Integration of decentralized wastewater systems 
into training and practice
In order for hygienic decentralized, non-piped wastewa-
ter systems to become an equivalent option to conven-
tional, centralized wastewater systems, the training of 
engineers and technical specialists must be adapted. At 
present, the curricula cover almost exclusively the plan-
ning, construction and operation of centralized waste-
water systems. Planning offices, too, tend to focus on 
conventional solutions without sufficiently checking 
whether they are suitable for the respective location. 
Often there is no analysis of whether the costs of oper-
ation and maintenance can be afforded, or whether less 
affluent population groups in low- and middle-income 
countries are reached by these solutions (Gambrill et al., 
2020). There, too, expertise and capacities for planning 
hygienic, decentralized, non-piped wastewater systems 
need to be built up.

Assumption of leadership by national governments
Prioritizing water, sanitation and hygiene (WASH) in 
the political agenda and the assumption of leadership 
by national governments can make a significant contri-
bution to improving the WASH situation. A positive ex-
ample is the ‘Clean India Mission’, which led to a long-
term, significant decrease in open defecation (WHO and 
UNICEF, 2020: 27, Section 4.5). Following India’s exam-
ple, Nigeria has also declared a ‘WASH emergency’ and 
launched the ‘Clean Nigeria: Use the Toilet’ campaign 
to end open defecation by 2025 (WaterAid, 2024). The 
German government should provide even greater sup-
port to countries in their efforts in these areas via de-
velopment cooperation.

7.5.6
Advance the recovery of raw materials  
from wastewater

Promote the recovery of raw materials  
from wastewater 
By reducing the use of fossil fuels, the water pollution 
caused by their extraction – and particularly by coal com-
bustion – is decreased. The example of lithium shows that 
the demand for raw materials associated with the energy 
transition also involves risks to water quality. However, 
it also shows that consistent, forward-looking imple-
mentation of the circular economy principle can signif-
icantly minimize these risks. The necessary wastewater 
treatment particularly affects raw-materials extraction 
and product-recycling processes. A resource-conserving 
combination of recovery processes should be considered 
which includes further wastewater treatment and the 

reuse of water, as well as the recovery of raw materials 
and energy in an efficient cycle (EEA, 2022; VCI, 2017). 
In future, the influences of raw-material use on the wa-
ter balance must be preventively quantified and avoided 
by closed-loop recycling and suitable resource-conserv-
ing industrial wastewater treatment. Future recycling 
technologies require suitable direct water treatment for 
the recovery of all dissolved substances and compounds. 

7.6
Research recommendations

Develop new methods for substance design, 
substance evaluation and monitoring
The WBGU recommends the further development of pro-
cedures for the assessment and labelling of chemicals, 
in particular for the prediction of persistence, toxicity, 
bioaccumulation and water mobility. Special attention 
should be paid to ‘new approach methodologies’ here. 
They should be specifically promoted by research pro-
jects to establish more comprehensive, standardized test 
procedures. Methods for determining persistence, toxic-
ity, bioaccumulation and water mobility should be com-
bined into easily measurable, two-stage, high-through-
put methods. As a first step, substances, mixtures or 
other environmental samples should be characterized 
with a comprehensive set of high-throughput in-vitro 
tests before the substances are subjected to biodegra-
dation, likewise at high throughput. In the second step, 
the end products are tested again in a comprehensive set 
of high-throughput in-vitro tests (Escher et al. 2023). In 
this way, hazard classification can be coupled with the 
assessment of environmental persistence. AI approach-
es too, such as machine learning and neural networks, 
should be further developed and become mandatory in 
the assessment of substance properties. These approach-
es, as well as (bio-)analytical methods and procedures 
for the protection of water quality, should be promoted 
via corresponding research lines. 

Organic trace substances in low- and  
middle-income countries 
Any future amendment to the EU Urban Wastewater 
Treatment Directive will require the removal of organ-
ic trace substances, such as residues from pharmaceu-
ticals and cosmetics, by the so-called advanced purifi-
cation stage in wastewater-treatment plants in the EU. 
This is a technologically and financially complex end-
of-pipe solution. In low- and middle-income countries, 
on the other hand, the focus is currently on providing 
basic public services and ensuring the supply of water 
of sufficient quality, as well as sanitation and hygiene. 
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However, organic trace substances from cosmetic prod-
ucts or pharmaceuticals can also be found in domestic 
wastewater. Research is needed into how these can be 
removed with limited financial resources and a restricted 
availability of technologies. In particular, consideration 
must be given to which cost-effective and simple tech-
nical solutions – e.g. near-natural treatment processes 
or sequential groundwater recharge – can be used to 
remove trace substances.

Business models for decentralized  
wastewater systems
Private service providers are important actors in the pro-
vision of universal, safe wastewater disposal via decentral-
ized, non-piped wastewater systems, especially in infor-
mal settlements. For example, the World Bank is already 
promoting projects to identify business models and op-
portunities for public-private partnerships (PPPs) in all 
segments of the wastewater service chain (World Bank, 
2022). The promotion of PPP models, in which the costs 
and risks of investments lie with private actors who are 
supposed to finance them through cost-covering waste-
water charges, is sometimes viewed critically (Heidler et 
al., 2023). It is feared that the mistakes made in the 1990s, 
when water supply and wastewater disposal were trans-
ferred from public services to PPPs, could be repeated 
with purportedly new PPP models (Heidler et al., 2023). 
In this context, the WBGU recommends funding research 
that develops innovative financing and business models 
for decentralized, non-pipeline-based wastewater systems. 
Joint research projects with universities and research in-
stitutes in low- and middle-income countries are key, as 
they also serve to build local capacities.

Further development of decentralized  
wastewater systems
Various technical solutions are used in all segments of 
the wastewater service chain (containment, emptying, 
transport, treatment, reuse and disposal) for decentralized, 
non-piped wastewater systems. In their implementation, 
the technical solutions known from centralized waste-
water systems cannot be transferred without modifica-
tion – e.g. because the physical, chemical and biological 
properties of faecal sludge (decentralized systems) and 
sewage sludge (centralized systems) differ (Michalak et 
al., 2023). There is therefore a need for research into pre-
dicting the characteristics and quantity of faecal sludge 
produced in decentralized, non-piped wastewater sys-
tems, the rapid dehydration of sludge to reduce its vol-
ume, and an understanding of the microbiological and 
physico-chemical processes in septic tanks and latrine 
pits (Michalak et al., 2023). In addition, research into 
pathogen inactivation and different options for safe usage 
is necessary for the safe reuse of treated faecal sludge.

Further development of technologies for recovering 
raw materials from wastewater
The current technologies still have some disadvantag-
es, resulting in the need for research into the following 
topics: stability, energy consumption, selectivity and 
thus flexibility with regard to different materials to be 
extracted, such as lithium, copper, biopolymers, as well 
as the avoidance of process-related secondary pollu-
tion, e.g. through the further development of technol-
ogies based on biological and solar-chemical processes.
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An International Water Strategy should be developed as a stimulus for water 
diplomacy, together with a Water Mapping Initiative for the early detection of 
impending water emergencies. In the long term, the strategy should lead to 
an international agreement. The protection of water resources should play a 
greater role in international economic and trade policy. The interplay between 
state and self-organized governance and the mobilization of private capital are 
important. In view of the need to adapt to ongoing changes, science has a key 
role to play in this context.

Forward-looking, water governance that is able to learn 
and adapt is needed to avoid future regional water emer-
gencies with a planetary dimension (Chapter 4), to main-
tain sufficient distance from the limits of controllabili-
ty (Chapter 5) and to prevent distribution conflicts. To 
this end, it is important to scientifically determine the 
global dimension of regional water emergencies and the 
limits of adaptation, and to emphasize that preventing 
and combating them is a joint international task. It is 
therefore important to put climate-resilient water man-
agement on the international agenda, make greater use 
of financing options and strengthen research and edu-
cation. The international community must be persuaded 
and motivated – as with the Rio Conventions (UNFCCC, 
CBD and UNCCD) – to cooperate more closely on the 
topic of water. It is therefore crucial that science and 
civil societies around the world take an active role in 
enabling governmental water cooperation on a scien-
tific basis and incorporating local contexts. They must 
also be able to offset the consequences of any possible 
lack of cooperation.

The WBGU recommends that international water gov-
ernance should be further developed through a new 
International Water Strategy. In terms of content, the 
foundations have been laid in the water-related goals 
formulated in the 2030 Agenda, especially Sustainable 
Development Goal 6, as well as the references to water 
in the other 16 goals. Procedurally, further develop-
ment requires regular, preferably annual, international 

meetings of the international community, which would 
be science-informed and further developed based on 
the current state of research on regional water emer-
gencies with a planetary dimension. The new future In-
ternational Water Strategy should encourage states to 
support a well-functioning regional or local self-organ-
ization of water management and to develop a national 
water strategy. The latter requires the organization of a 
societal process that negotiates which risks can be ac-
cepted and which precautionary adaptations and frame-
works for transformations are to be made. As far as pos-
sible, this process should be scientifically based on ex-
isting data and modelling. Furthermore, national water 
strategies should include climate-resilient and socially 
balanced water management and short-term crisis-de-
fence mechanisms. Requirements for their establishment 
and implementation should be developed and interfaces 
should be identified with other agreements dealing with 
green and blue water.

In such a dynamically and – despite or precisely be-
cause of increasing geopolitical tensions – cooperatively 
organized framework, existing financing options for the 
prevention, adaptation and combating of water emer-
gencies should be better used and new ones developed. 
There is also a need for measures aimed at cross-border 
trade in water-intensive products.

The strategy’s long-term goal should be the adoption 
of a binding global water agreement by all states, pri-
marily in order to overcome the deficits of the existing 

Development of climate-resilient 
water governance 8

G
ul

f 
of

 K
ha

m
bh

at
 (

In
di

a)



8  Development of climate-resilient water governance

202

water conventions on transboundary freshwater bodies 
with their focus on regional cooperation and low state 
participation. Up to now, the focus has been on human 
use of blue water. A commitment by states to establish 
green and blue water management for humans and na-
ture would extend this current focus. To achieve this, na-
tional and regional strategies, local adaptation measures 
and crisis-preparedness mechanisms should be demo-
cratically negotiated as part of the International Water 
Strategy (Fig. 8-1).

In the following, the WBGU argues in favour of de-
veloping an International Water Strategy (Section 8.1). 
The strategy should be geared towards the reorganization 
of international water diplomacy and international wa-
ter cooperation. The development of the water strategy 
is intended as a contribution to the UN Water Confer-
ences in 2026 and 2028. This would be followed by an 
orientation towards the national and sub-national level. 
Here, the WBGU advocates a proactive state while, at the 

same time, promoting societal self-organization in water 
management (Section 8.2). Cooperation with financial 
and economic actors (Section 8.3), actors from academic 
disciplines and the education sector (Section 8.4) is at 
the centre of the second half of the chapter. The con-
cluding sections contain recommendations for action and 
research (Sections 8.5 and 8.6).

8.1
International responsibility and cooperation

Cross-border water governance should be strengthened 
at various levels. There is a need for an assumption of 
responsibility and cooperation at the international level 
(Section 8.1.1), at the level of the world’s regions (Sec-
tion 8.1.2) and transnationally via economic and trade 
relations (Section 8.1.3).

Figure 8-1
Proposal for an International Water Strategy. The International Water Strategy and national water strategies interact with local 
water management. Local water management involves all relevant actors, including self-organized structures, in addition to 
municipalities. National water strategies should be formulated coherently with the International Water Strategy. They should 
initiate local climate-resilient management measures and include emergency aid and crisis management.
Source: WBGU
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International Water Strategy 
 > complementary to existing agreements, multilateral meetings and regional platforms

 > blue and green water in times of climate change
 > joint preparedness for water emergencies, Water Mapping Initiative

National climate-resilient water strategies 

 > societal negotiation of acceptable risks & precautionary adjustments  
 > laying down frameworks for transformations

 > ongoing further development with scientific support

Local climate-resilient
water management

 > prevention-orientated, 
adaptive, systemic

 > state and self-organized

Disaster relief and crisis
management

 > e.g. response to droughts, floods
 > technical, institutional, financial
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8.1.1
Strengthen international water governance

Existing international law relating to water has good 
starting points in terms of content; however, up to now 
these have hardly targeted overcoming the limits of con-
trollability outlined above, or at combating regional water 
emergencies with a planetary dimension. Water prob-
lems have hitherto been mainly understood and treated 
as local and regional phenomena (Weiss, 2012). In the 
following, this section therefore explains how interna-
tional water diplomacy can be reorganized to effectively 
meet these challenges (Section 8.1.1). At the same time, 
more responsibility and coordination are required at the 
regional and multilateral level. Regional organizations, 
such as the African Union or regional development com-
munities, lack coordination mechanisms and instruments 
for enforcing the law vis-à-vis the member states. This 
applies to regional actors such as the Economic Commu-
nity of West African States (ECOWAS), the East African 
Community (EAC), the Southern African Development 
Community (SADC), the Association of Southeast Asian 
Nations (ASEAN) and the Latin American MERCOSUR 
organization. Yet they could play an important role in 
implementing the goals of the International Water Strat-
egy proposed by the WBGU (Section 8.3.2). After all, re-
sponsibility in the sense of the new guiding principle of 
water as a common concern of humankind should also 
be assumed by paying more attention to the goals and 
contents of an International Water Strategy in economic 
and trade relations. To this end, water should be better 
integrated into economic decisions at an international 
level, and international economic relations and trade 
policy should be aligned with the goals of an Interna-
tional Water Strategy. Low- and middle-income coun-
tries should be supported in this endeavour via close 
cooperation (Section 8.3.3).

8.1.1.1
The 2030 Agenda as a normative basis for 
international water cooperation
Water plays a key role in achieving the Sustainable De-
velopment Goals (SDGs) of the 2030 Agenda. In addition 
to the key SDG 6 ‘Clean drinking water and sanitation for 
all’, access to water, its supply and quality, are prerequi-
sites for achieving many other SDGs. It should therefore 
be considered in all policy areas. Although important 
progress has been made in terms of water quality and 
access to water, the mid-term review of the 2030 Agen-
da shows that the efforts made so far are not enough.

The fact that the percentage of people worldwide 
with access to safe drinking water rose from 69 % to 
73 % between 2015 and 2022 can be seen as a success. 
An additional 687 million people now have access to 

safe drinking water. The trends in the areas of sanita-
tion and hygiene are also positive: the number of people 
with access to safe sanitation rose by 911 million and 
to basic hygiene services by 637 million (UN, 2023c). 
Nevertheless, in 2022, 2.2 billion people still had no 
access to quality-assured drinking water and 3.5 billion 
lacked access to safely managed sanitation facilities. In 
addition, two billion people had no opportunity to wash 
their hands with soap (UN, 2023c). The efficiency of 
water use increased by 9 %, but water stress and water 
scarcity remain a problem. In 2020, 2.4 billion people 
lived in countries affected by water stress. Ecosystems 
and species are also under pressure. 81 % of the species 
that depend on inland wetlands have declined since 1970. 
As far as transboundary governance is concerned, only 
32 out of 135 countries affected have concluded oper-
ational agreements covering the majority (over 90 %) of 
their transboundary waters (UN, 2023c).

Figure 8.1-1 shows the global status of implemen-
tation of SDG 6. Progress is being made globally, but 
it varies greatly from country to country. For example, 
an evaluation of progress at the half-way mark in Sep-
tember 2023 confirms that Germany has achieved the 
progress it had set itself for SDG 6 (SDSN, 2023). At the 
same time, this report has highlighted an urgent global 
need to expand transboundary water cooperation and 
to shape the necessary structural change for sustainable 
water management in line with the goals formulated in 
the 2030 Agenda. An integrated management of water 
resources at all levels by 2030 has not yet been realized 
(UN, 2023c). Overall, high-income countries must be-
come more ambitious and implement national indicators 
in the fields of water protection, reducing water stress 
and transboundary effects. Here, too, none of these tar-
gets will be achieved by 2030 if progress continues at 
the same pace (SDSN, 2023).

Against this background and in view of the extensive-
ly documented scientific fact of increasing global water 
stress (Chapter 4), it is of key importance to position 
water as an issue alongside the implementation of the 
2030 Agenda in the emerging discussions on a possible 
post-2030 Agenda:
1.	 Because of the interconnectedness and interactions 

of water management and the breadth of climat-
ic, ecological, social, (geo-)political and economic 
challenges worldwide, an international assumption 
of responsibility for water supply and quality is still 
of key importance. It should also be possible, per-
haps after 2030, to adopt an agenda jointly drafted 
by the international community that takes into ac-
count the entire range of global challenges and thus 
shapes a universally applicable policy for the future.

2.	 The central positioning of climate-resilient and social-
ly responsible management of green and blue water 
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is essential here. This should already be considered 
now in the development of models for alternative 
ways of measuring prosperity (instead of gross do-
mestic product, GDP) and should be integrated into 
them where possible (Dixson-Declève et al., 2022; 
Lima de Miranda and Snower, 2020). This realization 
should also be reflected in a post-2030 Agenda. It is 
important here to consider the particular impact and 
burden on women and other marginalized groups in 
connection with water (fetching water, use of water 
in connection with care work, period hygiene) and 
to ensure gender equality.

3.	 In addition to this formulation of goals to create ori-
entation, the foundations for successful implementa-
tion should also be laid. A post-2030 Agenda should 
incorporate key goal conflicts and synergies in con-
nection with water; it should also outline examples 
of systemic water policies that are appropriate for 
each specific context. At the same time, the further 
development of the policies and their adaptation to 
the different local contexts should be encouraged.

4.	 A post-2030 Agenda should also take into account the 
spillover effects that arise in relation to water. This 
should already be introduced today into economic-, 
trade-, environmental- and social-policy instruments 
as well as into the indicators to be developed for a 
post-2030 Agenda (Section 8.3.3.1).

For Europe and Germany, it should be borne in mind 
in these preparatory processes that the EU assumed a 
pivotal, formative and globally integrating role in the 
negotiation of the 2030 Agenda in the years leading up 
to its adoption in 2015. Without the EU’s global opin-
ion leadership in this process, the 2030 Agenda would 
most likely not have been possible. Today – after a glob-
al pandemic followed by a debt crisis and a global cri-
sis of confidence, wars in Europe, the Middle East and 
sub-Saharan Africa – the 2030 Agenda has lost a signif-
icant amount of political influence and traction, despite 
its reaffirmation in New York in 2023. The discussions 
on the Agenda are dominated by its inadequate imple-
mentation, not by the progress it has made possible. The 
‘Political Guidelines for the next European Commission 

Figure 8.1-1
Global status of SDG 6 target achievement. The global estimates are based on data from individual countries compiled  
and verified by the relevant United Nations organizations, and supplemented in part by data from other sources. There are  
11 indicators for determining SDG 6 target achievement. For some indicators, however, there was not enough data a 
vailable to make an estimate at a global level.
Source: UN, 2024
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2024 – 29’ presented by EU Commission President Ur-
sula von der Leyen do not mention the 2030 Agenda 
or the Sustainable Development Goals at all. However, 
especially against the background of the expansion of 
the BRICS+ community of states in January 2024, the 
gradual ‘de-dollarization’ of global trade flows and the 
ever-advancing expansion of the Shanghai Coopera-
tion Organisation, this appears to be too short-sight-
ed in terms of geopolitical strategy. Instead of relying 
merely on a Green Deal and Global Gateway, perceived 
in parts of Southern Africa as ‘green colonialism’, in its 
response to China’s Belt and Road Initiative in its ex-
ternal relations, Europe and Germany should be focus 
more on the significance of global opinion leadership 
for sustainable development and the future. It is about 
nothing less than ensuring a future worth living with-
in planetary ecological, societal, economic and political 
borderlines for people worldwide by further shaping the 
2030 Agenda and expanding the discourse structures for 
a post-2030 Agenda. This requires a global cooperation 
agenda for the future. It also needs progressive alliances 
that are sought and developed in and from Europe with 
like-minded forces on all continents. The aim is to find 
sustainable answers to social polarization, autocratization 
and geopoliticization, which are diametrically opposed 
to a joint and cooperative approach to global ecological 
and economic challenges.

Suitable entry points are needed to enable the trans-
formation intended by a possible post-2030 Agenda. The 
Global Sustainable Development Report 2023 makes six 
recommendations in this regard (UN, 2023a). These are 
integrated and transformative measures – also known as 
‘transformative shifts’ – which are intended to accelerate 

target achievement on the basis of scenario research and 
which are also relevant for a possible post-2030 Agenda: 
(1) human well-being and capabilities, (2) sustainable and 
just economies, (3) sustainable food systems and healthy 
nutrition, (4) energy decarbonization with universal ac-
cess, (5) urban and peri-urban development and (6) the 
global environmental commons. For the water sector, this 
means that transformative changes and progress towards 
achieving progress in the area of ‘human well-being and 
capabilities’ will require, among other things, increased 
investment in water and sanitation infrastructure in or-
der to ensure universal access to piped water and halve 
the amount of untreated wastewater. For transformative 
changes and progress in the protection and conservation 
of ‘global environmental commons’, among other things 
water consumption by households, farms and industry 
must be reduced (UN, 2023a: XXII f.).

8.1.1.2
Windows of opportunity and interfaces  
at the global level
International water policy is currently in the midst of an 
unusually active phase (Fig. 8.1-2).

The UN Water Conference in March 2023 led to an 
in-depth transnational dialogue and new approaches 
to global water governance. The Water Action Agenda, 
which resulted from the 2023 conference, contains over 
700 voluntary commitments. However, the outcome of 
the UN Water Conference is relativized by the non-bind-
ing nature of the commitments. Furthermore, numer-
ous reform proposals for global water governance were 
not formalized in a joint, binding decision. Only 28 % 
of the commitments mention clear sources of funding, 

United
Nations UN International Decade for Action 'Water for Life' (2018–2028)

2023
UN Water Conference
(first since 1977)

UNEA-6
Summit
of the FutureSDG summit

COP 28 COP 29 COP 30     COP 31 COP 32 COP 33UNFCCC

CBD

SDGs

UNEA-7 UNEA-8

UN Water Conference

UNEP

2024 2025 2026 2027 2028
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UNCCD COP 16 COP 17     COP 18
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Figure 8.1-2
Processes of water governance 2023 – 2028. The time line shows the chronological sequence of various water-policy governance 
processes: meetings of the United Nations Environment Programme (UNEP), international conferences on Sustainable Develop-
ment Goals (SDGs), climate (UNFCC), biodiversity (CBD), desertification and land degradation (UNCCD), and anticipated meet-
ings of the G7 Water Coalition. The UN Water Conferences are marked with a star.
Source: WBGU
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and only 22 % of the commitments submitted up to the 
end of March 2023 include quantitative targets for re-
sults (Iceland and Black, 2023). The planned UN Water 
Conferences in 2026 and 2028 (UNGA, 2023) are of key 
importance for the further development of internation-
al water governance. The WBGU believes these should 
be used as a basis for further developing and enriching 
the existing positive approaches and translating them 
into an International Water Strategy. It is possible to 
build on the water-related multilateral activities which 
are largely based on the 2030 Agenda (Section 8.1.1) 
and, where applicable, on the ‘Pact for the Future’ which 
results from the Summit of the Future in New York in 
September 2024.

Water-specific issues are also negotiated at the regu-
lar Conferences of the Parties to combat climate change 
(UNFCCC), protect biodiversity (CBD) and combat de-
sertification (UNCCD; Section 8.1.1.3). In addition, G7 
countries founded a ‘G7 Water Coalition’ in 2024 to co-
ordinate common goals and strategies to tackle the global 
water crisis (G7, 2024).

8.1.1.3
Strengthen international water diplomacy
Water diplomacy comprises negotiation processes that 
are initiated internationally for dealing with water at all 
levels (Grech-Madin et al., 2018). In addition to mul-
ti-level governance, the policy field of water is charac-
terized by its cross-border dimension and diverse inter-
faces with other governance processes. In the WBGU’s 
view, an International Water Strategy should be harmo-
nized with the policy areas of sustainable development, 
climate, biodiversity and land degradation (Fig. 8.1-3). 
This mainstreaming approach requires close coopera-
tion between the various departments on the political 
and administrative levels. While the integration of wa-
ter governance within related policy processes remains 
important, a specific process for an International Water 
Strategy in addition should be strengthened and insti-
tutionally expanded. Actors who are already working at 
interfaces should be able to play an active role in shap-
ing this process.

Green water and blue water should be integrated into 
the processes of the three Rio Conventions (climate, bi-
odiversity, land degradation) as a separate dimension 
and made more visible, e.g. with regard to water supply 
and quality for humans and nature, as well as goals for 
adaptation to the new threats. In other words, they and 
their indicators should be integrated into the national 
implementation mechanisms of the Paris Agreement, 
the Kunming-Montreal Global Biodiversity Framework 
and the strategic framework of the UNCCD, and become 
more visible (Table 8.1-1).

Climate governance interface
The interface with climate governance is highly relevant, 
since climate-change mitigation can have considerable 
effects on water, both positive and negative. In addition 
to the goal of limiting the temperature increase to 1.5 °C 
if possible, but certainly to well below 2 °C, the Paris 
Agreement also has a global adaptation target ”of en-
hancing adaptive capacity, strengthening resilience and 
reducing vulnerability to climate change, with a view to 
contributing to sustainable development” (Art. 7). At 
COP28, numerous actors in the water sector called for 
water-related adaptation goals and indicators to be firmly 
integrated into the global goal on adaptation (Water for 
Climate Pavilion, 2024). Negotiations will begin in 2024 
on a New Collective Quantified Goal on Climate Finance 
(NCQG), which is highly relevant for both mitigation and 
climate adaptation, and thus for water governance and 
cooperation (UNFCCC, 2024b).

The Paris Agreement is implemented by means of Na-
tionally Determined Contributions (NDCs), which are re-
viewed on the basis of a mandatory Pledge and Review 
Mechanism. While some countries formulate adaptation 
goals and measures in their NDCs, about 50 countries 
have also submitted National Adaptation Plans (NAPs). 
The trend is rising: a total of 142 countries have already 
signalled their interest in an NAP process (UNFCCC, 
2023c). The development of NAPs is regarded as a stra-
tegic process enabling countries to identify and address 
their medium and long-term priorities for adapting to 
climate change (NAP Global Network, 2020). The Green 
Climate Fund (GCF) plays a key role in supporting the 
implementation of NAPs (UNFCCC, 2023a). The Loss 
and Damage Mechanism was set up as part of the Par-
is Agreement for reconstruction following extreme cli-
mate-related events. It received financial commitments 
for the first time in 2023 and has been hosted on an in-
terim basis by the World Bank.

The mechanism is intended to provide funds for cli-
mate-change-related losses and damage following ex-
treme weather events (e.g. droughts or floods) and for 
the consequences of slow-onset effects of climate change 
such as sea-level rise, desertification or glacial melting 
(UNFCCC, 2024a). In addition to climate adaptation, the 
reduction of greenhouse-gas emissions and thus the en-
ergy transition are also of great importance for water and 
its management (UNESCO, 2024: 65). This includes the 
choice of technologies for reducing emissions in the en-
ergy sector, as well as alternative land-use practices. For 
example, the increased use of hydropower and other wa-
ter-intensive technologies involves the risk of increasing 
the demand for water (Chapter 7; UNESCO, 2024: 69). 
Operating power plants with carbon-capture and stor-
age (CCS) is very energy- and water-intensive. Accord-
ing to a study, ”the widespread deployment of CCS to 



International responsibility and cooperation   8.1

207

Figure 8.1-3
Proposal for a climate-resilient International Water Strategy. Up to now, the 2030 Agenda has formed the basis for most 
water-related policy processes. In the WBGU’s view, the three most relevant interfaces at the global level relate to the following 
areas: climate (UNFCCC), biodiversity (CBD) and desertification and land degradation (UNCCD). Regional, national and local 
water strategies, such as the German National Water Strategy, can open up further interfaces.
Source: WBGU

Figure 8.1-4
Proposal for an International Water Strategy with governance on blue and green water. Procedurally, the International Water 
Strategy provides an institutional framework for this. In terms of content, it should refer to existing conventions and global 
standards. Such an International Water Strategy would offer the international community an opportunity to move from a hith-
erto fragmented water governance to one that is as coherent as possible (Herrfahrdt-Pähle et al., 2019: 9).
Source: WBGU
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meet the 1.5ºC climate target would almost double the 
anthropogenic water footprint” (Rosa et al., 2021: 1).

Biodiversity interface
In addition to the above-mentioned negotiations on the 
post-2030 Agenda (Section 8.1.1.1), biodiversity gov-
ernance offers another window of opportunity for the 
further development of water-related biodiversity targets. 
The Kunming-Montreal Global Biodiversity Framework, 
adopted in 2022, is implemented through national strat-
egies and action plans, which are currently being revised 
in many countries. In this context, integrated landscape 
and mosaic approaches can facilitate the integration of 
water (Section 8.5).

The Global Biodiversity Framework (GBF) sets four 
long-term targets up to 2050 and 23 action-oriented 
global targets to be achieved by 2030 in order to halt bi-
odiversity loss and conserve biodiversity. The first three 
targets of the GBF address anthropogenic area use on 
land and at sea, one of the main causes of the loss of 
water-related ecosystems. However, the realization of 
the other targets is also essential for the conservation of 
water-related ecosystems and ecosystem services (CBD, 
2023). This includes, for example, the sustainable use 
of biodiversity and sustainable production in agriculture, 
fisheries and forestry, and sustainable consumption de-
cisions (Targets 10 and 16); the reduction of ecosystem 
pollution (Target 7); the expansion of green-blue infra-
structure in urban areas (Target 12), the management 

of invasive species (Target 6) and the use of synergies 
between climate protection and biodiversity conserva-
tion (Target 8).

Interface with desertification and land degradation
The prevention of land degradation, the restoration of 
degraded land and the management of drought impacts 
through sustainable land use are enshrined in the UN 
Convention to Combat Desertification (UNCCD). This 
makes the UNCCD a key component in safeguarding 
the water-storage capacity of soils and preserving green 
water. The Convention’s scope extends beyond drylands. 
With the inclusion of the goal of Land Degradation Neu-
trality (LDN) in the list of SDGs, the target of achieving 
a ”land-degradation-neutral world” by 2030 was agreed 
in 2015 (SDG 15 and 15.3). Land degradation should be 
compensated, for example, by restoration measures so 
that no further degradation occurs overall and the net 
effect in terms of land degradation is zero (Wunder et al., 
2018). These goals are also set out in the UNCCD’s Stra-
tegic Framework 2018 – 2030, which forms the basis for 
implementing the Convention’s goals at the national level.

Interim conclusion: make the most of windows of 
opportunity in the coming years
The WBGU is convinced that a new impetus is needed 
for international water governance, which to date has 
been too fragmented and ineffective to recognize and 
adequately take into account the limits of controllability 

Table 8.1-1
Interfaces between water governance and ongoing processes of international environmental policy. In the WBGU’s view, the 
most relevant interfaces at international level are the 2030 Agenda for Sustainable Development and the processes of the three 
Rio Conventions on climate change, biodiversity and desertification/land degradation.
Source: WBGU
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and the regional water emergencies with a planetary di-
mension. The international windows of opportunity will 
open in the coming years. This impetus should result in 
an international strategy that can build on the results 
of the UN Summit of the Future. In particular, the new 
impetus should also inform the UN Water Conference 
planned for 2026.

8.1.1.4
Design of an International Water Strategy
Like the Global Biodiversity Framework (GBF), which 
supplements the Convention on Biological Diversity as 
soft law for the target horizon up to 2030, international 
water governance also requires long-term policy planning 
at least up to 2030 that takes the 2030 Agenda into ac-
count. International water governance can build on ex-
isting targets, content and measures of international wa-
ter law, but it must also go further. By analogy with the 
GBF, which is accepted by the international community, 
this soft-law strategy could be called the International 
Water Strategy. It has its starting point in the recogni-
tion of the protection of water resources as a common 
concern of humankind, which is flanked by a universal 
human right to water (Box 8.1-1).

The proposed soft-law process follows on directly from 
the UN General Assembly resolution, which stated the 
intention to ”consider further ways to actively engage 
governments, civil society, the private sector, the United 
Nations system and other actors to drive progress and 
support the realization of internationally agreed wa-
ter-related goals and targets […]” (UNGA, 2023, para. 3).

It is important to emphasize here that the main purpose 
of an International Water Strategy is initially to provide 
an exchange platform for states and other relevant actors 
to agree on non-binding standards of water governance. 
As illustrated by the low ratification figures for the two 
international treaties – UN Watercourses Convention and 
the UNECE Water Convention (Section 2.4.2.1) – there is 
a lack of consensus among states on key issues relating to 
the transboundary regulation of blue water; in the case 
of green water, there is even a lack of data and empirical 
knowledge in some cases. The International Water Strat-
egy therefore consists of both a process and key points 
of content (Section 8.1.1). On the one hand, the aim is to 
avoid parallel structures, on the other to institutionalize 
current processes. Since, as shown, several discussion and 
dialogue forums on water already exist, the International 
Water Strategy should therefore provide a platform for 
exchange and coordination, but also go beyond this and, 
as an international, coherent strategy, develop concrete 
regulations – albeit not reinforced by sanctions – as well 
as goals and principles. These include procedural rules 
such as reporting obligations on voluntary commitments, 
like those made as part of the Water Action Agenda at the 

2023 World Water Conference. Quantifiable targets and 
reporting obligations make it possible to monitor compli-
ance with the commitments. Due to the lack of binding 
force, a failure to meet the target would not be subject 
to sanctions, but comparisons between states would be 
possible and ‘naming and shaming’ would be available as 
a soft enforcement mechanism (von Bogdandy and Gold-
mann, 2009). At the same time, countries should be giv-
en incentives to participate in the international strategy. 
This could be achieved through a mechanism that pro-
vides scientific and technical expertise, offers additional 
water-specific cooperation opportunities and financing 
options for the implementation of common goals, and 
promotes mutual learning and new networks.

A further advantage of this soft-law approach is that 
non-binding standards serve as a trailblazer and cata-
lyst for subsequent binding regulations (Gurreck, 2023). 
In addition, the non-binding mode of action makes a 
higher degree of flexibility and reversibility possible, so 
that regulations can initially be trialled and, if necessary, 
adapted by mutual learning (Chinkin, 2000).

The International Water Strategy should initially ad-
dress the least controversial issues so that a sense of 
identification and ownership can be established. Sub-
sequently, issues that are the subject of conflict should 
also be addressed step by step and, in the longer term, 
the binding character of the agreements reached under 
the International Water Strategy should be increased. 
After 2030, this process should lead to a more legally 
binding framework for international water governance, 
similar to the CBD on biodiversity or the Paris Agree-
ment on climate change.

In addition to the interfaces with sustainable develop-
ment, climate, biodiversity and land degradation, there 
are also numerous discussion and dialogue forums on 
water within the United Nations, but up to now their 
coordination and effectiveness has been insufficient. 
The landscape of actors is highly fragmented: there are 
over 30 UN organizations whose mandate includes wa-
ter. UN-Water is a technical coordination mechanism be-
tween 35 UN institutions that is intended to counteract 
fragmentation, but has not yet been able to do so effec-
tively. As an inter-institutional mechanism, UN- Water 
also supports the Water Action Decade process and the 
monitoring of SDG 6.

The UN General Assembly adopted a resolution in 
2023 that sets an important course for the development 
of better coordinated cooperation between UN agencies 
in the field of water (UNGA, 2023). UN-Water was man-
dated to develop a new ”system-wide UN strategy for 
water and sanitation” in coordination with the member 
states, and aims to have an integrative effect in the hith-
erto fragmented UN system. The strategy was published 
in July 2024 (UN, 2024).
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8.1.1.5
Institutional framework for UN water conferences
In order to strengthen UN water governance institution-
ally, the WBGU recommends a partial reorganization. A 
dedicated secretariat at UN level should be established, 
supported by a scientific Expert Panel that is part of a 
Water Mapping Initiative (Section 8.4). The proposed 
UN Water Secretariat should prepare the internation-
al conferences (2026, 2028 and beyond). The aim here 
is to draw on scientific expertise from the Expert Panel, 

which is made up of scientists from all regions of the 
world and various specialist disciplines. The composition 
of the scientific committee should be as diverse as pos-
sible; this would offer an opportunity to communicate 
and explain climate-resilient water governance – which 
is yet to be developed – to the respective regional and 
national actors, thereby increasing their level of owner-
ship. In addition, the many different perspectives from 
different regional and institutional contexts with which 
the experts are in dialogue could enrich the consultations. 

Box 8.1-1

The human right to water as part of the human 
right to a healthy environment

To date, international treaty law does not explicitly mention a 
general human right to water, i.e. one that is not restricted to 
specific groups of people. However, it is sometimes assumed 
that such a right can be derived from the International Covenant 
on Economic, Social and Cultural Rights (UN Social Covenant) 
of 1966 (Cullet and Koonan, 2017; Laskowski, 2010). The UN 
Social Covenant has been ratified by 172 states, although but 
not by the USA. Under the UN Social Covenant, the human 
right to water includes a right to ”sufficient, safe, acceptable, 
physically accessible and affordable water for personal and 
domestic use” (UN, 2002, para. 2). The amount of water should 
be sufficient ”to prevent death from dehydration, reduce the 
risk of water-related diseases and provide for consumption, 
cooking, personal and domestic hygiene requirements” (UN, 
2002, para. 2). The right includes appropriate and non-dis-
criminatory access to water. According to the Committee on 
Economic, Social and Cultural Rights, adequacy means supply 
(at least 20 litres per person per day according to WHO recom-
mendations), quality (freedom from micro-organisms, chemical 
substances and radiological hazards in quantities hazardous to 
health) and accessibility (physical and economic accessibility, 
non-discrimination and access to information on water issues; 
UN, 2002). The right to water in the UN Social Covenant is 
seen holistically, i.e. it includes not only the right to drinking 
water but also to sanitation and wastewater disposal. Water 
is seen as an essential resource that is relevant not only for 
the supply of drinking water but also for personal use in the 
household and for addressing health aspects (Laskowski, 2010).

The law contains rights to freedom and benefits. The for-
mer include access to existing supply systems, especially the 
water infrastructure, and protect against interventions such as 
arbitrary interruption or contamination of the water supply. 
The latter grant an entitlement to the establishment of supply 
schemes (UN, 2002), such as drinking fountains and an adequate 
wastewater infrastructure. The core obligations of the states also 
include the adoption of national planning instruments such as 
strategies or plans to implement the right to water. In addition, 
indicators must be defined, and monitoring of compliance with 
the obligations must be ensured. Furthermore, the states should 
also provide water-related environmental information and 
introduce legal protection options in the event of violations 
of the right to water (UN, 2002). Since the states must there-
fore create and maintain a sufficient framework that makes it 

possible for the right to be exercised, the human right also has 
an objective-legal dimension of protection (Kirschner, 2020).

General Comment No. 15 of the Committee on Economic, 
Social and Cultural Rights from 2002 was a significant further 
development of the law. The hitherto rather general statements 
on what the right entails are specified here as the right to ade-
quate and non-discriminatory access to water for personal and 
domestic use. The fact that this right is implicitly contained in 
the UN Social Covenant can be deduced from an interpretation 
of Articles 11 and 12 of the UN Social Covenant. Article 11 
guarantees the right to an adequate standard of living, including 
food, Article 12 the right to health (UN, 2002).

Although General Comment No. 15, as a legal commentary 
by a panel of experts, is not binding, the General Comments 
have a considerable influence on state practice. Moreover, 
General Comment No. 15 has not been contradicted (Kirsch-
ner, 2020). Its influence is particularly visible in the fact that 
national courts refer to it (High Court of South Africa, 2008), 
and the right to water has been subsequently included in several 
national constitutions (Thielbörger, 2014). Several resolutions 
of the UN General Assembly also recognize a human right to 
water and refer to General Comment No. 15 (UNGA, 2010, 
2013, 2015b). The same applies to the UN Human Rights 
Council (UN, 2010), which also led to the appointment of a 
UN Special Rapporteur on access to safe drinking water and 
sanitation (UN, 2008, 2011).

Neither the resolutions of the Human Rights Council nor 
those of the UN General Assembly are legally binding. Whether 
a human right to water exists under general international law, 
i.e. under customary international law and also outside the UN 
Social Covenant, is therefore controversial. This presupposes (1) 
general execution in state practice, which (2) is supported by 
a corresponding legal opinion (Art. 38 para. 1b, ICJ Statute). 
The process of normative consolidation, which has now been 
ongoing for decades, may indicate a growing international 
consensus, i.e. the existence of the second condition. However, 
the existence of general execution in state practice in relation 
to the existence of a human right to water under customary law 
is less clear, especially since the right is indeed often not guar-
anteed (Kirschner, 2020; Laskowski, 2010; Thielbörger, 2014).

For almost two decades, Germany and Spain in particular 
have been key supporters of recognizing the human right to 
water under international law, although the German Basic Law 
itself does not contain a fundamental right to water. The WBGU 
also advocates recognition of a general human right to water, 
which includes not only access to clean drinking water but also 
the participation of civil society in water-related decision-mak-
ing processes and access to environmental information and 



International responsibility and cooperation   8.1

211

The Secretariat and the Expert Panel could also continu-
ously review whether jointly agreed water-policy goals 
resulting from the UN Conferences in 2026 and 2028 
are being achieved and the measures submitted for this 
purpose implemented.

In order to design and implement this future interna-
tional water governance, greater use should be made of 
forecast and real-time data based on climate modelling 
and models of the water balance, as well as on the col-
lection of current data on water availability and demand. 
Artificial intelligence (AI) and digital methods should be 
increasingly used in the implementation and evaluation 
of intended impacts. The use of big data and AI must 
be accompanied at all levels by measures for data pro-
tection, data security, freedom from manipulation and 

informational self-determination, as well as for ensuring 
data quality. The protection of privacy and the demo-
cratic public sphere in the digital age should therefore 
be systematically taken into account in the implementa-
tion of the SDGs, and firmly established in a post-2030 
process (WBGU, 2019).

Intensifying cross-border cooperation to strengthen 
resilience is essential. A lack of cross-sectoral coordi-
nation on water issues and operational agreements in 
international cooperation jeopardizes the achievement 
of targets for food, energy, health, climate, life on land 
and under water, and peace (UN, 2023c). Germany and 
other high-income countries should support lower-in-
come countries in water management.

legal protection. This recognition should also make it clear that 
the human right to water is a manifestation of the human right 
to a healthy environment, which is not yet codified either 
(WBGU, 2023). This right was recognized by the UN General 
Assembly in 2022 in a non-binding resolution, which in par-
ticular calls for the inclusion of this human right in national 
constitutions (UNGA, 2022). As a rights-based enforcement 
mechanism, this is more than just a symbol and should be 
enshrined in constitutional law and catalogues of human rights 

with enforcement mechanisms, particularly in the Basic Law 
and the EU Charter of Fundamental Rights. This could close 
substantive and procedural gaps: in substantive terms, the 
recognition of a claim strengthens the interests of environ-
mental protection in governmental deliberation processes via 
health protection. Procedurally, the human right makes it 
possible for individuals to exercise environmental rights before 
the courts and to assert them for themselves and the environ-
ment (WBGU, 2023).

Box 8.1-2

FAO process on water tenure

Global water-related ‘soft norms’ include the FAO initiative on 
water tenure, which is supported by the German government. 
Water tenure is defined as “the relationship, whether legally 
or customarily defined, between people, as individuals or 
groups, with respect to water resources” (FAO, 2020b: 3) and 
responds to the fact that over 70 % of the world’s freshwater 
is used by agriculture. The FAO has founded a practice-based 
community on this topic. On behalf of the FAO Committee 
on Agriculture and the FAO Council, the FAO has committed 
itself to organizing a global dialogue on water rights with the 
member states and partners from civil society, academia and 
the private sector (FAO, 2024a). In the FAO project entitled 
‘Knowing Water Better – KnowWat’, successful consultations 
on water tenure have been carried out in pilot projects in Sri 
Lanka, Rwanda and Senegal with the involvement of interest 
groups from various sectors and state institutions (UNESCO, 
2023). Building on the water-tenure approach, in 2012, the 
Committee on World Food Security adopted the Voluntary 
Guidelines for the Responsible Governance of Tenure of Land, 
Fisheries and Forests in the Context of National Food Security 
(FAO, 2022a). The Voluntary Guidelines on the Responsible 
Governance of Tenure (VGGT) are an international soft-law 
instrument dealing with the tenure of land and natural resources 

(FAO, 2020b). Discussions are being held on extending these 
land-related guidelines to water tenure (Heck et al., 2022). On 
the one hand, this would address the issue of access to water 
and region-specific distribution issues. On the other hand, it 
would pick up on the inseparability of the land-water nexus. 
Traditional concepts of property rights are only partially suited 
to understanding the complex interrelationships involved in 
access to and the use of natural resources. This applies espe-
cially to water, whose dynamics are even more complex due to 
the relationship between water and land (Srigiri et al., o.J.). In 
addition, there is the idea of extending the VGGT to green water 
or rainwater, and including rainwater as part of water tenure.

Since the issue of water-use rights links various SDGs, it 
has the potential to promote the implementation of the 2030 
Agenda. This would increase the protection of vulnerable 
groups by improving access to water, increasing water securi-
ty and improving climate resilience (FAO, 2024a). For example, 
water-use rights are an important field of action in relation to 
food security (Srigiri et al., o.J.). The relationship between 
formal and informal water allocation also plays a role in this 
context (Section 2.4.3); it could influence food security and 
aggravate inequality; it is exacerbated by climate change. 
Taking water tenure into consideration could support the inte-
gration of formal and informal relationships, e.g. in the context 
of integrated water resource management (IWRM; Section 8.2; 
FAO, 2024a).
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8.1.1.6
Strengthen water conventions: integrate green 
water, dovetail water-related conventions and 
encourage states to join them
The UN Water Convention and the UNECE Water Con-
vention have sustainability- and precaution-oriented 
objectives and a set of instruments that focuses in par-
ticular on regional cooperation (Section 2.4.2.1). Up to 
now, however, these conventions have only been ratified 
by about a quarter of all states (UN Water Convention: 
38 ratifications; UNECE Water Convention: 52 ratifica-
tions). An International Water Strategy, as proposed by 
the WBGU, could motivate states to accede to the wa-
ter conventions under international law, for example by 
providing a platform for clarifying the controversial is-
sue of the relationship between the rules on reasonable 
and prudent use on the one hand and the prohibition of 
harm on the other. This could then result in the adop-
tion of an interpretation guideline for the conventions 
in which the different interests are reflected.

What the UN Water Convention and the UNECE Wa-
ter Convention also lack is a focus on green water in ad-
dition to blue water. In future, the scope of application 
should be extended to include the regulation of green 
water. This is because local interventions in the water bal-
ance can also lead to quantifiable negative transbound-
ary changes in the form of fundamental disruptions to 
precipitation and evaporation patterns. There are also 
various dependencies between states and regions, which 
is why action must also be taken between states. For ex-
ample, evaporation over Central Africa is responsible for 
two thirds of the rainfall in Nigeria; Egypt’s water supply 
is dependent on use by the upper-Nile riparian states 
of Sudan, South Sudan, Egypt and Uganda; Argentina is 
dependent on atmospheric water transport from updraft 
areas, especially in Brazil (Rockström et al., 2023b: 795; 
Section 2.2.1). Trade, particularly international trade in 
agricultural products and the associated virtual (green 
and blue) water flows, also creates interdependencies 
between countries and regions that offer opportunities 
for water-scarce regions, but can also exacerbate prob-
lems such as water overuse (Section 2.3.1; Chapter 3).

The maxims of the principles under international 
law of fair and reasonable use and the prohibition of 
harm – that the use of a shared resource obliges states 
to weigh up the interests of all user states and that the 
use of one’s own territory must not lead to any signif-
icant impairment of foreign territory – can be applied 
to atmospheric water transport. However, the interac-
tions between land-use changes and precipitation are 
much more complex than in the case of transboundary 
rivers, for example. Further research is therefore need-
ed to regulate the use of green and atmospheric water 
appropriately (te Wierik et al., 2020). An International 

Water Strategy can offer a forum for regular information 
exchange to promote corresponding scientific coopera-
tion with a view to subsequent appropriate regulation. 
Legal control of the handling of green and atmospheric 
water could – as soon as sufficient knowledge is availa-
ble – take the form of information, consultation and ap-
proval obligations for projects such as extensive land-use 
changes that have a significant impact on transbounda-
ry water transport (te Wierik et al., 2020). Finally, there 
is also a need for dovetailing with other treaties under 
international law, treaties that also affect green water, 
at least indirectly, such as the Convention on Biologi-
cal Diversity (Fig.  8.1-4). These interlinkages should be 
strengthened through appropriate dialogue forums in 
order to avoid contradictions and increase the coherence 
and effectiveness of water governance.

In order to take account of the fundamental impor-
tance of water for life and health on Earth (as regards 
supply and quality), the protection of water as a resource 
should be internationally recognized as a common con-
cern of humankind. This concept is based on the finding 
that the protection and use of the resource concerned 
cannot be achieved by individual states alone, but that 
it requires joint efforts and is in the common interest of 
the international community (Cottier et al., 2014: 296). 
This does not lead to the loss or modification of the sov-
ereign rights of states, nor can binding rights and obli-
gations be derived from it. Rather, it serves as a guiding 
principle, promotes cooperation, favours a fair distribu-
tion of benefits and burdens (UNEP, 1991: 254), and can 
thus influence the interpretation of norms under interna-
tional law, such as world trade law (Strank, 2019: 435).

In this respect, it is possible to build on the conven-
tions in the climate and biodiversity sector, which cate-
gorize the protection of the climate and biodiversity as a 
common concern of humankind (UNFCCC, 1st Preamble; 
CBD, 3rd Preamble). Water scarcity and pollution, like 
biodiversity loss, have the most direct impact locally, so 
that protective measures must also be taken mainly lo-
cally. By way of contrast to the principle of the common 
heritage of mankind (e.g. ‘the Area’ in the deep seabed 
regime, Article 136 of UNCLOS), the common concern 
of humankind principle applies to matters within the 
territory of sovereign states (Brunnée, 2007: 552 f.), 
which would be another parallel to the Convention on 
Biological Diversity and the Framework Convention on 
Climate Change.

Overall, there is a need for institutional changes, not 
only to ensure long-term and continuous globally rep-
resentative monitoring by an international institution, 
but also to guarantee a long-term and continuous frame-
work, intergovernmental cooperation and dispute set-
tlement. The precise organization of this should be one 
of the goals of an International Water Strategy. It is also 
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conceivable that UN-Water could be given a stronger 
mandate to help determine the programmatic direction 
of UN organizations.

8.1.1.7
Consideration of the International Water Strategy 
in UN processes and outside of UN bodies
Not only the implementation of voluntary state commit-
ments under the Water Action Agenda (UN, 2023b: 21) 
but also the proposed International Water Strategy should 
be followed up in future at the annual High-Level Po-
litical Forum on Sustainable Development, and through 
further follow-up and review processes in intergovern-
mental, private-sector and non-governmental forums. In 
this context, the UN Special Envoy for Water can take 
on a hinge function and contribute to the necessary in-
tegration of different policy areas.

However, institutions outside the UN system should 
also be involved in order to promote this integration 
with other international organizations and processes. 
How important is the reorganization of the World Bank, 
International Monetary Fund, New Development Bank 
and Asian Infrastructure Investment Bank, for example? 
What role do regional banks play in financing water pol-
icies in their implementation?

8.1.1.8
Create policy coherence internally  
and externally
As part of their international political actions, Germany 
and the EU should establish policy coherence between 
the various external policy fields relating to water as 
well as between the external and internal fields. This is 
particularly important for Europe’s and Germany’s credi-
bility and ability to act internationally, which depend on 
the expansion of strategic alliances with countries on all 
continents and from all income groups. In the context of 
their international relations, Germany and the EU pursue 
a wide range of goals that result, on the one hand, from 
international agreements on climate and environmental 
policy and, on the other, are made up of economic inter-
ests or geopolitical strategic interests and values. Polit-
ical measures to promote these goals must be checked 
for compatibility and coherence. This can affect a wide 
variety of water-related areas, e.g. securing Germany’s 
energy requirements (e.g. gas extraction in Senegal and 
hydrogen production in Namibia), agricultural subsidies 
that are incompatible with the protection of water re-
sources, or the impact of investment agreements on sus-
tainable water use and management. Particularly against 
the background of geopolitical power shifts, the impor-
tance of trusting partnerships and ensuring Germany’s 
credibility in its own political actions is increasingly mov-
ing to the centre of attention of political considerations. 

Also in preparation for the upcoming processes to ne-
gotiate a new post-2030 Agenda, the promotion of Eu-
ropean and German credibility in the eyes of strategic 
partner countries worldwide is also of key importance.

8.1.2
Promote regional assumption of responsibility 
and coordination

Alongside the international and national assumption of 
responsibility, there is above all a lack of accountabil-
ity and coordination at the regional level (Box 8.1-4): 
although the EU’s water-legislation instruments (Water 
Framework Directive and its daughter directives) pro-
vide good legal regulations, there is a lack of adequate 
implementation by the member states. However, the EU 
Commission can secure redress for non-implementation 
before the ECJ by instigating infringement proceedings.

The growing relevance of a European, climate-resilient 
water policy has been increasingly evident since 2023. 
The European Economic and Social Committee (EESC) 
proposed a Blue Deal in 2023, quoting 15 principles to 
emphasize the urgency of a cross-sectoral, sustainable 
European water policy (EESC, 2023). The proposal was 
supported by members of the European Parliament from 
the ‘MEP Water Group’ (MEP Water Group and EESC, 
2023). The European Commission announced a water-re-
silience initiative in 2024, which has so far only resulted 
in informal discussions and has not yet led to the devel-
opment of a European water strategy (Canas, 2024; Eu-
ropäisches Parlament, 2024b). In addition, existing EU 
legislation, such as the EU Water Framework Directive 
and the EU Urban Waste Water Directive, which aims to 
protect water quality, should be effectively implemented 
in the member states (Section 7.5.1).

Regional organizations such as the African Union, 
ASEAN and MERCOSUR lack the kind of comparable 
coordination mechanisms and law-enforcement instru-
ments vis-à-vis the member states that are characteristic 
of a supranational organization such as the EU.

Institutionally, international water governance should 
be organized through intergovernmental meetings at both 
global and regional level. Regional governance platforms 
have proved their worth in the Sendai Agreement on Dis-
aster Risk Reduction (Box 8.1-3), where they regularly 
assess implementation progress and share approaches 
and knowledge, e.g. on policies, programmes or invest-
ments. Similar to the water sector, achieving the Sendai 
goals requires improving the implementation capaci-
ty and capability of low- and middle-income countries, 
especially the least developed countries (LDCs), small 
island states and African countries, since they face spe-
cial challenges. Regional platforms are well suited for 
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highlighting regional differences. They make it possi-
ble for affected countries to develop their own regional 
strategies on which to base implementation measures.

Multilateral cooperation communities can serve as a 
bridge between the different levels of governance (WBGU, 
2020: 277). They can bring together ‘coalitions of the 
willing’, both globally and regionally, to exchange ide-
as on effective solutions and provide mutual support.

8.1.3
Use the opportunities of economic 
and trade relations

In line with the new guiding principle described in the 
proposed International Water Strategy, water should 
be understood as a common concern of humankind and 
taken into account accordingly in economic and trade 
relations. The overarching goal should be to use and 
strengthen the potential for the protection of water re-
sources, growth, development and food security, and to 
avoid negative effects such as pollution, overuse and the 
associated environmental impacts.

Trade and economic relations are drivers of growth and 
development, employment and poverty reduction (En-
gel et al., 2021; Europäische Kommission, 2016). Trade 
can contribute to food security (Section 2.3.1). Trade 
and economic relations can also have a positive impact 
on environmental protection and resource conservation. 
Experience shows, for example, that traded agricultural 
goods can be produced where they require less water, 
and that trade thus leads to water savings from a global 
perspective (d’Odorico et al., 2019; Section 2.3.1). Trade 
can contribute nationally to the protection of the en-
vironment and resources, for example by favouring the 
spread of technologies, products or management practic-
es that enable more efficient water use or a reduction in 
pollution. Trade can also offer incentives to adopt stricter 

environmental standards, which in turn encourage the 
development of cleaner production processes and tech-
nologies (OECD, 2019b; WTO, 2023). Moreover, trade 
can lead to the adoption of water-saving technologies 
and thus to improved water-use efficiency and water 
savings (Kagohashi et al., 2015; Dang and Konar, 2018).

International trade also harbours risks, e.g. for food 
security and for environmental and resource protection, 
including the supply and quality of water resources (Sec-
tion 2.3.1). For example, the EU imports water-inten-
sive products such as animal feed, alcohol and tobacco, 
vegetables, soya and coffee, as well as meat and other 
animal products, from the Mercosur countries of Ar-
gentina, Brazil, Paraguay and Uruguay, with potentially 
negative spillover effects on water resources in the ex-
porting countries.

The positive effects described above are therefore 
neither automatic nor do they necessarily apply to all 
trade flows. In order to maximize the positive potential 
of trade and economic relations for climate-resilient wa-
ter management, water scarcity needs to be adequately 
reflected in economic decisions. Furthermore, the design 
of trade and economic relations is crucial.

8.1.3.1
Increase the integration of water into economic 
decisions at the international level
Integrating the protection of water resources into eco-
nomic decisions is highly relevant. A basic prerequisite 
for this is recording the impacts of economic activities 
on water resources and making water-related risks trans-
parent for actors and investors, e.g. due to changes in 
water supply as a result of climate change (Section 8.2).

In recognition of an International Water Strategy, 
states should therefore work towards strengthening and 
further developing this transparency within the frame-
work of corporate reporting and disclosure obligations, 
both nationally and internationally. Germany is already 

Box 8.1-3

Example of regional governance platforms:  
Sendai Framework for Disaster Risk Reduction

The experience of the Sendai Framework can serve as a model 
for the water community to translate the regional and global 
dimension of water into an appropriate governance archi-
tecture. The Sendai Framework (2015–2030) was adopted 
in Sendai, Japan, in 2015 and pursues the overarching goal 
of reducing the scale of disasters and associated risks, and 
improving public preparedness (Sendai Framework, para. 17). 
The Sendai Framework is coordinated by the United Nations 
Office for Disaster Risk Reduction (UNDRR), which is an office 
of the United Nations Secretariat and headed by a Special 

Representative of the United Nations Secretary-General for 
Disaster Risk Reduction.

The Sendai Framework builds on the positive experiences 
made with combining global and regional governance levels. It 
has a global platform as well as regional platforms for Africa, 
North and South America, the Arab countries, Asia-Pacific and 
Europe-Central Asia (UNDRR, 2024b). The regional intergov-
ernmental organizations are expected to play an important role 
here. The EU’s role in the regional platform for Europe-Central 
Asia shows that this can be achieved (UNDRR, 2024a, Sendai 
Framework, 2019, German version, para. 28c). Regional plat-
forms can act as an interface for development and climate issues 
and promote integration into other sectors (Sendai Framework 
2019, German version, para. 28c).
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taking up this goal in its National Water Strategy and 
emphasizes the need to strengthen the concept of the 
water footprint and to take the water footprint and water 
risks into consideration in production using global sup-
ply chains and in the consumption of products (BMUV, 
2023b). Private and municipal companies should ”vol-
untarily review their global production sites, supply and 
production chains for sustainability criteria, their water 
footprint and water risks and disclose the results in sus-
tainability reports” (BMUV, 2023b: 73 f.). As concrete 

actions for implementing the strategy, Germany’s Fed-
eral Government proposes a further development of the 
concept of the water footprint and an examination of 
other concepts, e.g. water risks, as well more inclusion of 
water use and water risks in EU sustainability reporting 
(BMUV, 2023b, Actions 72 and 74). The further devel-
opment of the water footprint concept aims to ”devel-
op national resource indicators for the water footprint, 
taking supply chains into account, and to provide prod-
uct-related data on water use (differentiated according 

Box 8.1-4

Positive example: the Mekong Agreement

The Mekong Agreement between Cambodia, Laos, Thailand 
and Vietnam is a positive example of regional cooperation. It 
came into force in 1995 and serves as a legal framework for 
cooperation between the signatory states to achieve, among 
other things, optimal use of the Mekong as well as environmental 
protection, especially the maintenance of the ecological balance 
in the river basin and the optimization of multifunctionality. 
Article 3 obliges signatory states to protect the environment, 
natural resources, aquatic life and the ecological balance of 
the river from pollution or other adverse effects resulting from 
development plans and the use of water and related resources 
in the river basin. Thanks to these regulations, the Mekong 
Agreement is regarded as the most progressive treaty for the 
management of a transboundary water body (Bearden, 2010).

The Mekong River Commission (MRC, Art. 11–33), with a 
Council (ministerial level), Joint Committee (technical working 
level) and Secretariat, is responsible for reifying these general 
treaty objectives and obligations. One of the responsibilities of 
the Council, which meets regularly, is to decide on plans for the 
river’s sustainable development. The Council’s current planning 
instruments, the Basin Development Strategy 2021–2030 and 
the Strategic Plan 2021–2025, which reifies this, also name 
environmental protection and climate adaptation as two out of 
five priorities. The plans also explicitly serve to implement the 
SDGs (MRC, 2021b; 2021–2030). Furthermore, the Mekong 
River Commission has to prepare status reports and monitor 
the measures adopted.

International water law is determined by the tension between 
the two central rules of international law – the appropriate and 
reasonable use of the water resources and the prohibition of 
causing significant damage to foreign territory through this use 
(Section 2.4.2.1). The interests of upstream and downstream 
riparians are usually diametrically opposed. In this context, 
Article 5 of the Mekong Agreement includes several notification, 
consultation and consent obligations. According to Article 7, a 
state must make every effort to avoid, minimize and mitigate 
adverse effects on the environment, particularly on the quantity 
and quality of water, the aquatic ecosystem and the ecolog-
ical balance of the river system, which could result from the 
development and use of the Mekong’s water resources or the 
discharge of wastewater. In addition, use must be immediately 
discontinued if another state can provide sufficient evidence 
that another state is causing substantial damage to one or more 
riparians. In this case, the signatory states concerned are to 

clarify the facts of the case and address any damage suffered 
in accordance with the general rules of international law on 
state responsibility. Disputes are to be settled at the level of 
the Joint Committee wherever possible (Art. 34 f.).

There are sometimes tensions within the Mekong River 
Commission, particularly in connection with dams and hydro-
power plants, which are not always effectively addressed by the 
planning instruments (Paisley et al., 2016). The effectiveness 
of the Mekong River Commission is diminished by the fact that 
China and Myanmar, as upstream riparians, have not ratified 
the Mekong Treaty (Chakravarty, 2023; Kinna and Rieu-Clarke, 
2017). The lack of participation by local and Indigenous pop-
ulation groups is also in need of reform.

Nevertheless, it can be assumed that the Mekong River 
Commission has an overall positive influence on the governance 
of the Mekong, i.e. it contributes to a form of integrated 
water-resource management that is sustainable, and it facilitates 
a fair balance of interests among the signatory states. The 
reasons for this are the functioning data exchange, for exam-
ple on water quality, flow rates and flood forecasts, and the 
more detailed organization of the rights and obligations of the 
signatory states (Schmeier, 2013). The Mekong Agreement is 
therefore also seen as a model for other transboundary rivers 
such as the Brahmaputra – the most water-rich river in Asia 
(Chakravarty, 2023). The fact that the Agreement explicitly 
delegates the reification of Agreement standards to the Coun-
cil and the Joint Committee in Articles 5, 6, 18 and 26 has 
made a significant contribution to this. This includes the appro-
priate and reasonable use of water resources, the regulation 
of flow rates, including a time schedule for the dry and rainy 
seasons, monitoring, joint activities and projects, and environ-
mental protection. One of these arrangements is the Water 
Utilisation Programme, which was drafted by the Joint Com-
mittee and adopted by the Council. Among other things, it 
specified the procedures for the notification, consultation and 
agreement of projects, and created a framework for decisions 
by the signatory states on the basis of precise scientific and 
socio-economic data, for example through modelling and mutu-
al experimental learning (Paisley et al., 2016). Furthermore, 
various aspects – such as the procedure for data exchange 
(MRC, 2001), transboundary environmental impact assessments 
(MRC, 2023) and water quality (MRC, 2021a) – have been 
successfully reified in guidelines. Although these are not legal-
ly binding, they nevertheless make an important contribution 
to effective cooperation. In addition, the dovetailing of the 
MRC Secretariat with the national bodies, the National Mekong 
Committees, promotes the implementation of the measures 
adopted in the signatory states (Kinna and Rieu-Clarke, 2017).
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to green/blue/grey water or water-scarcity-weighted) 
as uniform labelling for relevant products and services” 
(BMUV, 2023b, Action 72). Environmental labels that 
explicitly display this information could create incen-
tives for a more sustainable use of water in supply chains.

The WBGU welcomes these approaches by the Ger-
man government. Water-related indicators from supply 
chains can not only encourage more sustainable imports 
and consumption in Germany, but also inform exporting 
countries about the water-related implications of their 
economic activities. The information obtained can fur-
thermore be combined with data on regional water short-
ages and the expected future effects of climate change 
and used explicitly to create the right conditions for cli-
mate-resilient water management. Supply-chain-based 
indicators are furthermore an important basis for bet-
ter understanding the effects of trade activities on other 
countries, also in the water context (so-called spillover 
effects), and for integrating them into economic deci-
sions, for example on trade agreements.

The annual Sustainable Development Report pub-
lished by the Sustainable Development Solutions Net-
work (SDSN) records progress made towards achiev-
ing the SDGs as well as international spillover effects 
that could jeopardize achievement of the SDGs in other 
countries. Specifically in the context of water, the re-
port recognizes that most European countries, as well as 
North America and Australia, still face major challenges 
in avoiding the consumption of scarce water resources 
via imported goods and services.

However, appropriate global efforts and standard-
ised procedures for reporting obligations are required 
to prevent the addressing of spillovers (by policy-mak-
ers or due to the costs of disclosure requirements) from 
merely leading to exports being diverted to countries 
with lower requirements (Weko and Lahn, 2024). Co-
operation with and support for exporting countries is 
also essential to improve the documentation of spill-
overs and the implementation of monitoring (SDSN, 
2023; Section 8.3.3.3).

8.1.3.2
Align economic relations and trade policy with the 
objectives of the International Water Strategy
International economic relations and trade policy should 
promote sustainable water use and not exacerbate water 
scarcity in regions suffering from water stress (GCEW, 
2023b). Current practice, in which, for example, agricul-
tural subsidies that are incompatible with the protection 
of water resources lead to distortions in international 
trade flows, is often not in accord with this principle. 
A further challenge here is that the effects of trade or 
investment agreements on water use and management 
(spillover) are not taken into account in the context of 

trade agreements (Section 8.2.3.1). Yet, fundamentally 
different ways of improving the integration of water-re-
lated impacts and risks in international trade policy are 
conceivable, for example within the framework of the 
World Trade Organization (WTO), regional trade agree-
ments or investment-protection agreements.

World Trade Organization
In the World Trade Organization (WTO), the protection 
of the environment and resources is currently anchored 
not so much proactively but primarily in the definition 
of exceptions (Art. XX, GATT; Zengerling, 2020). Article 
XX of the General Agreement on Tariffs and Trade (GATT) 
authorizes WTO members to adopt policies and measures, 
even if they violate WTO principles, as long as they are 
necessary to protect human, animal and plant life and 
health (Art. XX (b), GATT) and/or to protect exhaustible 
natural resources (Art. XX (g), GATT). Countries must 
demonstrate that the measures they choose fall into one 
of these categories and that they are not applied in such 
a way as to constitute arbitrary or unjustifiable discrim-
ination between countries or a disguised restriction on 
international trade. Water is not explicitly mentioned. It 
is often difficult for member states to assess whether a 
measure will ultimately be categorized as compliant or 
non-compliant. This lack of legal certainty can have a 
deterrent effect on the planned introduction of meas-
ures (Zengerling, 2020). Several WTO agreements also 
permit the adoption of measures to protect the envi-
ronment under certain conditions, e.g. the Agreement 
on Technical Barriers to Trade. Trade and the environ-
ment are also addressed at the institutional level in the 
WTO through the Committee on Trade and Environment. 
Among other things, it is responsible for negotiating the 
relationship between WTO law and potentially conflict-
ing provisions of multilateral environmental agreements 
such as the CBD, and maintains collaborations with their 
secretariats. The WTO also cooperates with UNEP (Ze-
ngerling, 2020).

WTO negotiations with the aim of removing barriers 
to trade in environmental goods (Environmental Goods 
Agreement) – thus facilitating, for example, the spread 
of drought-resistant crops or technologies to improve use 
efficiency or wastewater treatment – were interrupted 
in 2016 and not resumed (Zengerling, 2020). The Trade 
and Environmental Sustainability Structured Discus-
sions, which have been ongoing since 2021, could work 
towards a better integration of water in the WTO. The 
aim is to define and coordinate Best Practices in envi-
ronmental and trade policies (Weko and Lahn, 2024) – 
although water is not one of the core topics, but rather 
has the role of a cross-cutting issue.
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Regional trade agreements
Regional free-trade agreements sometimes contain more 
extensive regulations on environmental protection than 
WTO law and also address issues on which the WTO has 
been unable to reach agreement or which have not been 
negotiated at the WTO (Zengerling, 2020). These include 
agreements to promote trade in environmental goods 
and services (e.g. EU-Georgia or New Zealand-Taiwan; 
Morin, 2019) or the application of environmental safe-
guards (e.g. EFTA, Article 112 (1); Morin, 2019). How-
ever, regional environmental agreements also show the 
dangers that a lack of integration of water-related spillo-
ver effects can have on participating countries. Examples 
are effects of the North American Free Trade Agreement 
NAFTA on groundwater supplies in parts of northern 
Mexico (Gladstone et al., 2021) and the reduction of 
tariffs on water-intensive agricultural products as part 
of the Andean Trade Preference Act on water scarcity 
in Peru (Weko and Lahn, 2024).

The Trade and Environmental Database of the Ger-
man Development Institute and the University of Laval, 
Canada, lists about 300 different environmental regu-
lations in 775 trade agreements worldwide (Berger et 
al., 2017). However, very few of them are explicitly re-
lated to water as a resource and its protection, use and 
management. Many regulations are also rather weakly 
formulated and their effectiveness is therefore question-
able (Zengerling, 2020).

Investment-protection agreements
Foreign direct investment has great potential for support-
ing climate-resilient development, for example through 
investment and knowledge transfer in water manage-
ment, but also in agriculture or urban planning. However, 
attempts to protect these investments by intergovern-
mental agreements and clauses in regional trade agree-
ments can also have the opposite effect if, for example, 
states are sued for high damages because they enforce 
environmental law (Zengerling, 2020). Regulations on 
environmental protection have only recently been in-
cluded in investment-protection agreements, but have 
so far been rather weak (Zengerling, 2020). The inte-
gration of commitments for the protection of water re-
sources and sustainable water management on the part 
of investors could increase direct investment. However, 
the role of the International Centre for the Settlement 
of Investment Disputes (ICSID) should also be re-eval-
uated, especially its relationship to national jurisdiction. 
Of around 950 investor-state arbitration proceedings 
documented at ICSID and other arbitration tribunals up 
to the end of 2018, almost 400 were related to the en-
vironment or resources (Zengerling, 2020).

To sum up, it seems necessary to anchor the protection 
of water resources more firmly in existing agreements. 

If possible, this should be done under WTO law in order 
to achieve coherent regulations for a maximum group of 
countries – but also in bilateral and multilateral agree-
ments, since reforming WTO law is likely to be difficult 
in the short and medium term (Zengerling, 2020; Sec-
tion 8.5.1.3).

8.1.3.3
Strengthen cooperation with low- and  
middle-income countries
When implementing the measures mentioned (Sections 
8.3.3.1, 8.3.3.2), the special situation of low- and mid-
dle-income countries must be taken into account, as the 
protection of water resources should be compatible with 
their other growth and development goals. Overall, the 
water sector accounted for only around 4–5 % of devel-
opment cooperation funding in OECD countries between 
2002 and 2018 (OECD, 2022a: 43). Closer cooperation 
on water-related issues through development coopera-
tion, but also subnationally and at company level, can 
help low- and middle-income countries to achieve their 
development goals as well as a more sustainable use of 
water, and to avoid negative impacts of economic and 
trade relations on the availability, supply or quality of 
water. Support is particularly relevant for countries whose 
vulnerability to water scarcity, water pollution and wa-
ter-related extreme events makes it especially difficult to 
guarantee a human right to water and achieve the goals 
of an International Water Strategy. Support can be pro-
vided not only in the form of financial assistance, but 
also in particular via partnerships for the development 
and implementation of new technologies or for capaci-
ty building. Depending on the context, objectives could 
include improving water-use efficiency in water-inten-
sive economic sectors such as irrigated agriculture, e.g. 
by changing irrigation and cultivation methods, prevent-
ing pollution, developing alternatives to products and 
services with a large water footprint for export, or by 
strengthening local and regional markets and marketing 
systems. At the same time, effects on water resources – 
for example in the expansion of renewable energies and 
the promotion of green hydrogen – should also be con-
sidered. It may prove useful to build on existing formats 
and to develop them further. The following formats can 
be used, for example:
	> The World Bank’s Global Water Security and Sanita-

tion Partnership (GWSP), which promotes technical 
expertise and capacity building to support the 
water-related Sustainable Development Goals.

	> The WTO’s Aid for Trade Initiative: Germany could 
generate impetus here as one of the countries that 
could provide a large proportion of the pledged EU 
contributions to Aid for Trade (Europäische Kommis-
sion, 2023a; WTO, 2024).
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	> Bi- and multilateral cooperation in development coop-
eration: the BMZ already maintains climate and devel-
opment partnerships, e.g. with countries in the MENA 
region.

	> Water partnerships and Just Water Partnerships: fol-
lowing the example of energy partnerships and Just 
Energy Transition Partnerships, support could be 
provided to countries where it seems particularly 
difficult to guarantee a human right to water or to 
achieve the goals of an International Water Strategy 
(GCEW, 2023b: 23 f.).

	> Collaborations based on regional policies and meas-
ures such as the African Union’s Common Agricultural 
Policy, which regards the expansion of areas under 
sustainable land and water management as one of its 
priorities.

	> Financial institutions (e.g. regional or multilateral 
development banks): these can promote multilateral 
sustainable water regulation and supply, and include 
them in funding instruments.

	> The expansion of cooperation at sub-national and 
company level is also important for increasing knowl-
edge and capacities as well as developing technologies. 
The key factor here is that the cooperation should 
pay off for both sides. There are already a number of 
existing initiatives in this area:

	> The WWF’s Water Stewardship Approach (WWF, 
2020): with the support of the WWF, companies can 
identify water risks for their business activities as 
well as their financial impact, and have countermeas-
ures explained, which they can implement on their 
own or with local partners.

	> The United Nations’ Global Water Operators’ Partner-
ship (GWOPA): the aim here is to bring together 
water-infrastructure operators from high- and low-in-
come countries. GWOPA’s activities include the mobi-
lization of financial resources, advocacy, capacity 
development and support for monitoring, documen-
tation and research.

	> In Germany, the German Water Partnership (GWP) 
promotes international partnerships between operators, 
as well as professional and trade associations. It also 
devotes itself to developing solution strategies and 
best-practice examples for various water-related issues 
worldwide – from agricultural irrigation to urban resil-
ience. The GWP endeavours to open up new markets 
and improve market access for its members, thus offer-
ing them an incentive to join the network. The Federal 
Ministries for Economic Affairs, Development, the 
Environment, Research and Foreign Affairs are among 
the founding members of GWP.

	> ‘Export Initiative Environmental Protection’: since 
2016, the Federal Ministry for the Environment, 
Nature Conservation, Nuclear Safety and Consumer 

Protection (BMUV) has been supporting German 
Green Tech companies in the international dissemi-
nation of green innovations, products and services, 
primarily in low- and middle-income countries with 
a large requirement for technologies and services in 
the fields of environmental and resource efficiency 
(BMUV, 2024). The initiative is also supported by the 
German Water Partnership GWP, for example.

8.2
Proactive state and promoting self-organization 
in climate-resilient water management

The interaction between a proactive state and self-or-
ganized structures and units offers an opportunity to 
effectively implement climate-resilient and socially bal-
anced water management (WBGU, 2011). According to 
the subsidiarity principle, local organizations are to be 
supported and prepared for regional water emergencies 
with a planetary dimension. The following section uses 
various examples to show how this can be achieved.

8.2.1
Self-organized water governance in the context 
of a proactive state

States have the international and national function of 
being the main guardians of water supply and quality, 
and of guaranteeing the provision of public services. 
They have the obligation to adequately regulate water as 
a common good, i.a. by establishing instruments based 
on the precautionary principle and the polluter-pays 
principle. Examples include producer responsibility, ze-
ro-pollutant regulation and a corresponding form of wa-
ter management targeting the health of humans, animals 
and ecosystems (Box 8.2-1).

Water governance – and in particular its practical im-
plementation in the form of climate-resilient and socially 
balanced water management – is always an interaction 
between political assertiveness and practical water man-
agement, dependent on technical infrastructures as well 
as personnel and control capacities. In other words, wa-
ter governance always involves an interaction between 
top-down and bottom-up governance. If the local in-
frastructures, personnel capacities and local implemen-
tation potential are not fully taken into account in the 
planning of allocation and distribution, there will be fric-
tion in the management process – or even misallocations 
and, for example, distribution patterns that disadvan-
tage certain societal groups, usually at the expense of 
the quality of water management (Chapter 7) and with 
it the sustainability of the management of the resource. 
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The interaction between state and self-organized water 
governance – i.e. a combination of top-down and bot-
tom-up approaches in the planning and implementation 
of water management that corresponds to the societal, 
infrastructural and ecological realities on the ground – 
is of key importance for the sustainable management of 
the resource (Pulido-Velazquez et al., 2022; Girard et al., 
2015; Klassen and Evans, 2020; Hornidge et al., 2011).

The role of the state in this context should always be 
that of a proactive state. The WBGU argues that, in the 
field of water governance, retreating to a moderating 
and after-care role is not an option for the state. This is 
because self-organized non-state actors, complement-
ing and interacting with state actors, can only exploit 
their potential if the state actively shapes the interaction 
with self-organized water governance (Section 2.4). An 
adequate integration of lived, in some cases traditional 
practices of water management into the formal structures 
can be ensured in this way. At the same time, however, 
it is also possible to prevent a situation where, because 
inadequate state and formalized control structures are 
cushioned within the framework of self-organization, 
this contributes to reform needs of the state not being 
remedied (since they are informally compensated), with 
the result that ‘systems of scarcity management’ (Müller, 
2000) are perpetuated instead of successively bringing 
about systemic change (Box 8.2-2).

The example of Uzbekistan is quoted here to illustrate 
what non-state self-organization can look like in the con-
text of state and hierarchical (top-down) governance. It is 
not a best-practice example, but it shows that the interplay 
between a proactive state and self-organization must be 
set up in a context-specific manner. If the interface and 
framework between the duties and responsibilities of the 
proactive state and the dynamics of self-organization are 
missing, the latter may remain merely a gap-filler of state 
tasks or, conversely, informal, non-state-organized water 
governance may run counter to the goals of the common 
good and equitable distribution.

As in other areas of the transformation to a sustaina-
ble society, the WBGU is therefore also in favour of the 

model of a proactive state in climate-resilient water gov-
ernance (WBGU, 2011: 203). This is defined as a state 
that takes active, targeted and participatory measures 
to promote sustainable development and manage global 
environmental change. Although civil society and com-
panies sometimes take on key tasks of water governance, 
especially in situations where water management by the 
public sector is inadequate (Chapter 2), the state must 
fulfil its responsibility to guarantee the provision of wa-
ter, sanitation and disaster risk management.

To this end, it can act as a service provider itself or as 
a regulator that leaves the water supply to companies or 
civil-society organizations and other non-governmental 
institutions within a legal framework with ultimate state 
responsibility. The example of water user associations in 
India (Box 8.2-3) shows what such hybrid governance 
can look like, with the state acting as regulator.

8.2.2
Hybrid governance in dealing with exacerbated 
risks – national practical examples

The hybrid interlocking of state and self-organized wa-
ter governance exists in high-, middle- and low-income 
countries, as well as in all types of societies and regimes. 
At the same time, the degrees of state and self-organized 
governance differ, depending on the societal penetra-
tion of state control systems. The following examples of 
existing hybrid governance formats show the extent to 
which state and self-organized formats can complement 
each other. They are therefore neither purely examples of 
best practice nor one-sidedly negative examples. Rather, 
the aim here is to provide insights into the context-spe-
cific organization of hybridity. A future climate-resil-
ient water-management regime requires controlled and 
planned interaction between the proactive state with all 
its framework-giving responsibility (top-down) and his-
torically evolved self-organization (bottom-up) in water 
management, which is already practised in some cases; 
this kind of governance does not arise out of necessity 

Box 8.2-1

UNECE Water Convention: Protocol on  
Water and Health

The Water and Health Protocol of the UNECE Water Conven-
tion – which obliges the contracting parties to take measures to 
prevent, control and reduce water-related diseases on the basis 
of the polluter-pays principle and the precautionary principle 
– can serve as a model for linking water and health (UNECE, 

1999). The Protocol requires states to set national and local 
targets for drinking-water quality and the quality of discharges, 
as well as for water-supply and wastewater-treatment services. 
Furthermore, they are to guarantee non-discriminatory access 
to drinking water and sanitation. This also represents a contri-
bution to granting the human right to water (Box 8.1-1). How-
ever, the fact that the protocol has been ratified by fewer than 
30 states to date also shows that the proposed soft-law process 
is needed before a binding regulation can be accepted by a 
significant number of states (Section 8.1.1.4).
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but from the opportunity for improved water govern-
ance, which can accelerate the implementation of the 
goals of climate-resilient water management.

Bottom-up or self-managed water organization in Eu-
rope – as in many other countries in Asia, Africa or the 
Americas – often takes place in cooperatives or in forms 
of municipal co-management. Cooperatives in particular 
have a long tradition in many European countries and 
have been widespread there since the beginning of the 
19th century (Deane, 2021; Box 8.2-4). There are water 
cooperatives in Europe, for example in Austria, Finland, 
Denmark, Germany, Ireland and Spain, for example, es-
pecially in rural areas. Water cooperatives are charac-
terized by the fact that the owners are both responsible 
for and the beneficiaries of the water supply and are 
not profit-oriented. They have charitable status and are 

based on the principles of solidarity-based cooperation 
(OÖ Wasser, 2024a).

Water cooperatives in Austria and Finland, for ex-
ample, show that a self-managed water supply can be 
successful, especially in rural areas (Box 8.2-4). In Ger-
many, the multi-actor platform Emschergenossenschaft 
(Emscher cooperative) is an example of successful wa-
ter-resource management.

Apart from cooperatives, self-organized water gov-
ernance can be observed in many countries in situations 
where the state structures of water management have 
reached their limits due to insufficient implementation 
capacity or historically evolved societal scepticism to-
wards state actors and large companies.

One of the fundamental problems in Europe, for exam-
ple, is pollution from agriculture, mining and residential 

Box 8.2-2

Water management in Uzbekistan’s agricultures

As part of a BMBF-funded ten-year research project in the 
‘Integrated Water Resources Management’ funding line under 
Research for Sustainability, it has been empirically documented 
over a period of years how, in times of severe water scarcity, 
water users and farmers ensure the conservation of water for 
their fields not only through legally prescribed channels but 
also through other channels which, although strategically 
effective, run contrary to formal institutions and guidelines.

Post-Soviet irrigation farming in Central Asia is still charac-
terized today by the division into centrally controlled large farms 
and individually managed small farming units. The production 
systems, which largely stand side by side – in the isolation of the 
respective laws determining them – represent two self-contained 
units in the sense of parallel agricultural worlds (Oberkircher 
and Hornidge, 2011; Veldwisch, 2008). While the centrally 
controlled, large-scale production of cotton, wine and wheat 
is regulated by the state via agricultural production plans and 
generates high yields, smallholder production is largely subject 
to individual decision-making and creativity (Boboyorov et al., 
2009; Herbers, 2006). However, both production systems are 
dependent on water and therefore on a functioning irrigation 
infrastructure and water governance (Tischbein et al., 2013).

Since historic times, the two main tributaries of the Aral 
Sea, the Amu Darya and the Syr Darya, have supplied the 
water needed to create large irrigation landscapes throughout 
Central Asia. On the territory of the former Central Asian Soviet 
republics, the irrigated area supplied by the Aral Sea tributaries 
was drastically expanded from 4.5 million hectares in 1960 to 
7.6 million hectares in 1990 and 8.1 million hectares in 2004 
(SIC-ICWC, 2010). For example, in the province of Khorezm, 
which uses this water directly, the water is channelled to the 
fields via a complex network of irrigation canals with a length 
of 16,000 km. Some 275,000 hectares are equipped with irri-
gation and drainage infrastructure. Around 265,000 hectares 
of this is used when sufficient water is available (Tischbein et 
al., 2013). In total, irrigated agriculture accounts for around 
95 % of water abstraction.

Agricultural production is dependent on centralized admin-
istrations, due to the legacy of the Soviet era and many years 
of centralized farming with extensive irrigation and drainage 
systems. The provision of irrigation water is formally the respon-
sibility of state administrative hierarchies, which are responsible 
for the allocation and distribution of water from the Amu Darya 
to the transfer points of the water user associations (WUAs). 
Allocation is the term used for determining limit values for the 
units and sub-units of the irrigation system.

The first step is to determine the required amounts depending 
on the size of the area, the soil and the groundwater situation 
on the basis of static norms. Based on information from the 
water users, these demand figures are determined via the levels 
of the WUA, the Sub-Basin Irrigation System Authority (UIS), 
the Lower Amu Darya Basin Irrigation System Authority (BUIS) 
and aggregated up to the level of the national Ministry of 
Agriculture and Water Resources (MAWR). The MAWR defines 
limit values to determine the quantities of water allocated to 
the respective system units in a second step from the national 
to the WUA level (Martius et al., 2009). In the international 
catchment area of the Amu Darya, it is necessary to harmonize 
the limits with the water-sharing agreements in the Interstate 
Commission for Water Coordination of Central Asia (ICWC) 
between Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan 
and Uzbekistan.

In Khorezm – as in the whole of Uzbekistan – there are 
serious deviations between the official water allocation and 
the actual quantities of water provided, which in real-life 
irrigation operations not only depend on the limit values, but 
are also subject to the influence of a variety of factors (Bek-
chanov et al., 2010; Hornidge et al., 2011). Individual claims 
are met using technical aids and social connections, leading to 
strategic practices that bypass state water management. At 
least for socially influential actors, this makes it possible to 
effectively compensate for the limited human, technical and 
infrastructural capacities of formal water organizations 
(Hornidge et al., 2013; Oberkircher and Hornidge, 2011; Veld-
wisch, 2008). The authors argue that this breaking of the rules 
laid down by the state is socially enabled – by being discur-
sively embedded in the locally accepted political narratives of 
natural resource management.
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buildings that are not connected to a sewage system. In 
2017, around 11 % of the EU population was not con-
nected to the wastewater-collection system (Grebot et 
al., 2019). In remote regions and in the centre of Europe, 
for example, water is extracted from the groundwater by 
households for private and agricultural use. Wastewater 
is also collected in a similar way and disposed of on site 
(e.g. in a slurry pit) or channelled into rivers (Grebot et 
al., 2019). In Spain, where surface water is over-allocat-
ed in river catchment areas, groundwater resources are 
overexploited in many water-scarce regions. To reme-
dy the water shortage, Law 46/1999 introduced water 
markets into Spanish law, allowing farmers to exchange 
public water and conclude trading agreements. These two 
mechanisms have been used sporadically, especially in 
times of drought (De Stefano et al., 2016).

Current research on socio-technical innovations in ur-
ban areas in low- and middle-income countries indicates 
that universal access to drinking water and wastewater 
disposal can best be achieved not through centralized, 

large-scale infrastructure but through a small-scale, 
self-organized water supply (Blomkvist et al., 2020: 1). 
The example of Nairobi shows that the formal urban wa-
ter-supply system is increasingly incorporating practices 
for water supply in informal settlements. Water users are 
reached through adaptive innovations, such as vending 
machines for water, and not – as in the traditional way – 
via vertical integration and expansion of the official water 
system (Blomkvist et al., 2020: 10). State and self-or-
ganized water infrastructures and practices complement 
each other here. In Dar es Salaam in Tanzania, local wa-
ter-supply practices in settlements on the outskirts of 
the city are replacing the centralized, dysfunctional wa-
ter system – in practice, there is no clear dividing line 
between the two systems (Dakyaga et al., 2021: 112). A 
study on water supply and sanitation provision in Zim-
babwe further shows how the involvement of society in 
planning and designing the water infrastructure can en-
able the social embedding of this infrastructure and thus 
also its sustainable use and maintenance (Box 8.2-5).

Box 8.2-3

Water user associations in India

Agricultural irrigation management in India offers an example 
of water management by self-organization. For a long time, 
it was centralized in state hands and generally regarded as 
inefficient. The main deficits were seen in the insufficient 
involvement of farmers, which is why a participatory approach 
has increasingly been pursued since the late 1980s and espe-
cially since the early 2000s (Upadhyay, 2006). To this end, the 
task of irrigation management was transferred to water user 
associations (WUAs) in line with the concept of integrated 
water resource management (IWRM; Mollinga et al., 2006; 
Meran et al., 2021a). Their tasks generally include promoting 
and ensuring the distribution of water among users, guaran-
teeing the maintenance of the irrigation system, ensuring the 
efficient and economical use of water to optimize agricultural 
production, and guaranteeing environmental protection and 
ecological balance. One example is the Andhra Pradesh Farmers’ 
Management of Irrigation Systems Act of 1997; Chapter III. 
Another task is to settle disputes between WUA members and 
to provide further training in the field of irrigation.

The legal basis for the work of water user associations can 
be found in the laws of India’s individual federal states and 
varies accordingly from case to case. The same applies to the 
agro-ecological and agro-economic conditions and evolved 
structures in various parts of India. The ultimate responsibility 
for water management always lies with the competent authori-
ties. These can determine the spatial scope of the WUAs’ powers 
and divide or combine them (Cullet and Koonan, 2017). The 
state supports the WUAs’ work financially, at least immediately 
after they are founded.

One of the strengths of this form of self-organization is that 
it involves the farmers, thus encouraging them to take respon-
sibility for the irrigation system and to accept the management 

measures. In this respect, this type of water-management 
decentralization can be seen as progress compared to the cen-
tralized state control previously practised (Madhav, 2009). It 
has led to more effective and efficient irrigation management 
in parts of India and helped to minimize conflicts over water 
distribution (Bassi et al., 2010). An important prerequisite for 
this is trust between the WUA members and their leadership 
(Keremane and Mckay, 2007).

On the other hand, various deficits can be observed in the 
precise organization of WUAs and their institutional process 
capacities, as well as in their infrastructural equipment. These 
include insufficient WUA involvement in the decision-making 
structures of village self-administration (Panchayat Raj) and 
the integration of constitutional principles, e.g. the granting of 
special rights to members of particularly disadvantaged castes, 
the so-called Scheduled Castes (Cullet and Koonan, 2017). At 
the same time, however, inadequate means of transport (cars or 
bicycles) repeatedly lead to a limited capacity for practical water 
management in geographically extensive irrigation systems. In 
addition, WUA users and members are exclusively landowners 
or land leaseholders who practise agriculture. Although, under 
formal law, these can also be women, women are often de facto 
not recognized as members due to traditional role perceptions 
(Meinzen-Dick and Zwarteveen, 1998). Occasionally, cases 
of misappropriation of funds and other forms of a possible 
abuse of power have been observed as a result of insufficient 
transparency and accountability obligations (Madhav, 2009).

The Indian WUAs thus illustrate the ambivalence inherent 
in forms of self-organization. They are not always preferable 
to top-down state regulation, and their design must be adapt-
ed to the respective socio-economic contexts in order to guar-
antee minimum requirements under the rule of law (Keremane 
and Mckay, 2007). If there is appropriate regulation and per-
haps also state financial support, self-organization can increase 
the effectiveness and efficiency of water management, as well 
as its acceptance.
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Against the background of exacerbated water-related 
challenges (Chapter 3) with negative impacts on water 
supply and distribution, the need to consider state and 
self-organized water governance together in a targeted 
manner is increasing significantly. The urgently need-
ed, accelerated implementation of forward-looking and 
sustainable water governance should therefore be un-
derstood not only as a top-down promoted measure but 
also as a targeted and bottom-up hybrid interaction of 
state and self-organized water governance. Guided by 
the principle of a proactive state, the WBGU advocates 
the targeted promotion of the systemic interlocking of 
both forms of governance. This can also particularly in-
volve states providing financial support for self-organ-
ization units. The WBGU refers to this as hybrid imple-
mentation governance for climate-resilient water man-
agement (Chapter 7).

Dialogue forums with deliberative elements are pro-
posed below as an instrument for shaping successful 
hybrid governance (Box 8.2-6). Recommendations are 
then made regarding scientifically informed dialogue 
forums at all levels.

8.2.3
Dialogue forums with deliberative elements  
as instruments of hybrid, climate-resilient  
water governance

With regard to the global water crisis and possible ad-
aptation options, there is a need for a scientifically in-
formed, inclusive discourse on the limits of controlla-
bility in the face of regional water emergencies with a 
planetary dimension (Chapter 4). Participatory dialogue 
platforms – or a structure of forums at multiple levels – 
can provide the framework for such a discourse. This re-
quires the inclusion of specialist and scientific expertise 
and the administration’s knowledge, and the integration 
of diverse societal perspectives and multiple lifeworlds. 
The forums should be as inclusive and have a composi-
tion that is as balanced as possible.

The experience gained with the two-year water di-
alogue in the run-up to the German water strategy can 
serve as a model. In structured discussion forums, ac-
tors from the water industry and other sectors together 
discussed the challenges and strategic goals, and devel-
oped initial ideas for solutions (Fleischmann and Dworak, 
2022). Furthermore, randomly selected citizens from 
various regions of Germany were included, and their 
recommendations were taken up in the National Water 

Box 8.2-4

Forms of self-administration in  
water management in Europe

Austria, with approx. 6,000 cooperatives, is the country with the 
most water cooperatives in the EU (data from 2024); about 30 
new cooperatives are founded every year (OÖ Wasser, 2024a). 
The Gramastetten water cooperative is an example of a decen-
tralized, democratically organized water supplier (Hachfeld et 
al., 2009). It was founded in 1947 and, with 728 members, it 
is one of the largest water cooperatives in Austria (data from 
2023; WGG, 2024). The cooperative’s infrastructure is fed from 
21 springs in four headwaters (OÖ Wasser, 2024b). Members 
have access to all relevant information, e.g. on water quality 
or planned projects, and make important decisions jointly at 
the general meeting. The fact that it is based on voluntary 
work results in low administrative costs, enabling low prices 
for the water supply. The water quality is good and the tariffs 
are lower than average (Hachfeld et al., 2009).

There are around 1,500 water cooperatives in Finland, and 
they supply 13 % of the population with water. They operate 
primarily in rural, sparsely populated areas that were not 
covered by the networks of urban companies due to a lack 
of profitability (Luukkonen, 2013, Pietilä et al., 2020). Most 
Finnish water cooperatives are small and have only a few active 
members. However, there are also a number of larger, very well 
organized water cooperatives that are comparable to municipal 
utilities (Pietilä et al., 2020). The water cooperatives in Finland 

are very diverse and vary depending on local conditions and 
requirements (Arvonen, 2017). Many small cooperatives in 
Finland are facing the challenge of ageing active members 
and an imminent generational change. There is a risk that 
undocumented knowledge will be lost, e.g. the knowledge of 
older active members about the exact position of the supply 
networks (Pietilä et al., 2020). Small Finnish cooperatives 
usually have no access to low-threshold counselling services. 
The structures in Denmark are exemplary in this field. In 2015, 
the Danish water cooperatives founded an association of 15 
experts to advise the cooperatives (Danske Vandværker, 2024; 
Pietilä et al., 2020).

While cooperatives have been founded mainly in rural 
areas, in cities there have been positive experiences with other 
organizational forms such as participatory co-management. 
One example is the water supplier in Córdoba, Andalusia. Since 
1969, the water supply in Córdoba has been provided by the 
public utility EMACSA, whose services are considered to be 
of high quality and whose prices are low.

EMACSA’s structure is that of a public company that is 
wholly owned by the municipality. Since 1979, the company 
has developed a widely accepted and well-functioning structure 
of participatory co-management. Irrespective of the municipal 
election results, each party nominates two representatives to 
the board. The two major trade union groups also nominate 
two representatives each, and civil-society movements nom-
inate one person. According to surveys, there is a high level of 
satisfaction with the utility company (Hachfeld et al., 2009; 
Di Marco, 2023).
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Strategy (BMUV, 2023b: 6). The evaluation of the wa-
ter dialogue suggests a multi-phase procedure for future 
dialogue processes. Initially, small, highly specialized 
groups could explain activities and challenges in the field 
of water and prepare the content. A second phase could 
consist of a variety of inclusive forums in which these 
proposals are discussed on a broad basis (Fleischmann 
and Dworak, 2022: 46). Selected actors and randomly 
selected citizens could participate in this. Representa-
tives of the younger generation, who will be particular-
ly affected by regional water emergencies in the future, 
could be invited in larger numbers (BMUV, 2024).

It would make sense to link the dialogues conducted 
at the national level via an interface with the regional 
governance platforms (Section 8.1.2). Elected delegates 
from the forums could contribute their experience, ex-
change ideas and develop joint positions.

Scientifically informed dialogue forums could be estab-
lished at all levels as an instrument of sustainable hybrid 
governance (Table 8.2-1). In order to draw attention to 
the planetary dimension of regional water emergencies 
(Chapter 4), the topic and negotiation of (water-) ad-
aptation measures should be placed on the national, re-
gional and international agendas. Dialogue forums with 
deliberative elements at all levels should be institution-
ally set up and interlinked. In this way, different actors 
from all areas of society can be motivated and spurred 
into action to actively contribute in a context-related way 

to the search for solutions and effective implementation.
The G20 dialogues on sustainable and resilient wa-

ter management already exist at the intergovernmental 
regional level, enabling countries to share experience 
(G20 Water Platform, 2024).

The successes in sustainable, integrated, climate-re-
silient and socially balanced water management in re-
cent decades – in some cases following the concept of 
integrated water resource management (IWRM), the 
water-food-energy nexus or polycentric water-govern-
ance approaches (Chapter 2), in others following the 
2030 Agenda and the recently launched UN water pro-
cess – repeatedly point to the fact that sustainable wa-
ter management that meets today’s mutually exacerbat-
ing challenges of climate change and geopolitical power 
shifts, social inequalities and major financial shortages 
(e.g. debt crises) requires close interaction, coordination 
and harmonization between top-down and bottom-up 
water governance. This also means close interaction 
between state water governance and practised – but 
also explicitly promoted – self-organization of water 
management. The precise details of this interlocking of 
different approaches in different regions of the world 
and socio-political contexts varies greatly (Chapter 4; 
Boxes 8.2-2–8.2.5). Governments, civil society and the 
private sector are called upon to work together closely 
to shape implementation governance, i.e. to tackle the 
exacerbated challenges in the water sector by means 

Box 8.2-5

Water supply and sanitation provision 
in Zimbabwe

In many low- and middle-income countries, traditional gen-
der roles mean that women continue to bear the brunt of 
water activities: they are the ones who collect, transport and 
use water. They also usually bear the main responsibility for 
health and childcare, are responsible for the water supply in 
the household, and promote domestic and municipal water, 
sanitation and hygiene provision (WASH) (Chihanga, 2019). 
However, women are often prevented from contributing their 
points of view and interests politically, e.g. due to a lack of 
participation in decision-making bodies.

Among other things, the We-Care programme (Davies, 
2017) for women’s empowerment has studied changes in the 
water sector in local communities. A key finding was that 
technical measures alone are not enough, but that technical 
measures to achieve sustainable-development goals should go 
hand in hand with social improvements as well as counselling 
and training services. In the project, the women primarily 
identified measures that they could implement themselves in 
the village community, such as opportunities to be trained as 
pump operators. Many of the once extensively installed pumps 
in Zimbabwe are defective. Extensive WASH programmes have 

reduced the percentage of defective pumps from 75 % (out of 
47,000) to 30 % (Chihanga, 2019; UNICEF, 2018). Functioning 
pumps are an important time saver for the women in their 
daily work – time that can be better used on different tasks; 
it also protects them from the uncertainties and dangers of 
fetching water. Functioning pumps give women more choice in 
how they organize their time and more opportunities to claim 
their rights and get involved in social, personal, economic and 
political activities.

As a result, some changes are already becoming apparent 
in the municipalities analysed: men and boys are now getting 
actively involved in looking after the village drinking-water 
and sanitation facilities, which is seen as a first sign that social 
norms in the communities are changing. Novel approaches 
could contribute to the empowerment not only of women but 
also of entire village communities and, at the same time, lead 
to better and more sustainable implementation and maintenance 
of the necessary infrastructure. In order to better understand 
the role of women as pioneers of change, behavioural research 
(e.g. on social and behavioural change) should be promoted. 
Another study from Zimbabwe shows that the implementation 
of measures for drinking-water and sanitation provision (WASH) 
in a refugee camp without the participation of women as the 
main actors fails to achieve its goals in implementation and, in 
addition, women’s sanitation and protection needs are ignored 
(Sibanda et al., 2023).
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Box 8.2-6

Citizen participation and the promotion  
of self-organization

A democratic culture of participation, both through parties and 
elected representatives and through innovative, inclusive dia-
logue processes, is fundamental to the sustainability of political 
change. Participation reduces the potential for conflict between 
different actor groups and in this way defuses conflicts of use 
that can arise, for example, when water is scarce (Kittikhoun 
and Staubli, 2018; Markowska et al., 2020). The water-specific 
dialogues should facilitate understanding-oriented discussions 
on as equal a footing as possible, and support decision-making 
and self-organization. The more varied the living environments 
and perspectives of those involved, the greater the potential for 
understanding and learning. The dialogues should be scientifically 
informed and can enable social learning in both directions via 
direct exchange between scientists and citizens (Blum, 2024).

A successful deliberation leads to an experience of political 
self-efficacy among the majority of participants. The intro-
duction of experience-based attitudes and values by means 
of argumentation makes it possible for ethical aspects to be 
included in the discussion. A greater awareness of water as a 
resource can be developed here through deliberative dialogue 
forums and a public discourse (Große Hüttmann, 2020; Haber-
mas, 1992), which could trigger a public discourse on a new 
water ethic (Gerten, 2018; Kowarsch, 2012; Meisch, 2019).

One of the strengths of deliberation is its flexibility. Partic-
ipation procedures can be adapted to a wide variety of issues 
and contexts as required (Blum et al., 2022). Depending on 
the regional problem situation and initial question, either 
non-affected interested citizens or affected actors, e.g. different 
water users, can be invited to a dialogue forum. Mixed proce-
dures with randomly selected individuals and organized actors 
are also possible, as shown by the example of the municipal 
development councils (Pannke et al., 2024). Dialogue-oriented 
participation differs from traditional stakeholder participation 
in that it follows a logic based on understanding rather than 
interests. The arguments presented are usually developed by 
the participants in moderated small groups during several 
workshops, then jointly developed into recommendations. 
The dialogue forums have an advisory function vis-à-vis the 
administration and politicians. At the beginning, there needs 
to be clarity about how the results will be used in the further 
course of the project.

Dialogue-oriented participation processes can have different 
orientations – for example in the composition of those involved, 
who seek a path that works for everyone – usually in iterative 
processes. Citizens of small, sometimes informal settlements 
can develop solutions in workshops that can be implemented 
directly on site, as shown by the example of improving the 
drinking-water and sanitation situation in Zimbabwe (Chihanga, 
2019). Furthermore, interest groups and local-government 

associations can be involved, as shown by the examples from 
Brandenburg and Schleswig-Holstein.

Participatory procedures involving voluntary working 
groups in Schleswig-Holstein under the European Water Frame-
work Directive are a good example of how organized actors with 
different perspectives can enter into a dialogue. The example 
also illustrates that power asymmetries and conflicting goals 
in the water sector have occurred time and time again, and 
that these should be better understood and researched. An 
active role, e.g. as ‘guardians of green water, water bodies and 
groundwater’ (Blackstock et al., 2010; McGonigle et al., 2012), 
could turn them into ambassadors and active players in a water 
transition that pays off both economically and ecologically.

Article 14 of the European Water Framework Directive 
calls on the member states to already promote active public 
participation during the planning process. However, the member 
states must ensure that comprehensive information is made 
publicly available for the river basin districts and that everyone 
is given an opportunity to comment. This does not mean that 
the possibility of active participation is necessarily exhausted 
with a statement.

A report by the Helmholtz Centre for Environmental Research 
(UFZ) on the participatory process in Schleswig-Holstein outlines 
how all decisions made by the working groups were reached by 
consensus and thus supported by all those entitled to vote 
(Petersen and Klauer, 2014). ”The participants considered it 
essential that an atmosphere of mutual respect and trust should 
prevail in the working groups” (Petersen and Klauer, 2014: 12). 
However, the responsible Ministry of Agriculture, Environment 
and Rural Areas reserved the right to make a decision inde-
pendently if no viable solution or consensus could be found, 
but did not have the right to vote during the process itself. As 
a rule, the recommendations of the working groups were then 
implemented unaltered by the ministries (Petersen and Klauer, 
2014). The working groups, made up of representatives of 
regional authorities, corporate entities and associations, had 
already come together in advance to assess the status quo of 
the water bodies before the measures were taken. According to 
the UFZ report, this initiated an early familiarization with the 
water bodies and the EU directive, and enabled the actors to 
get to know each other personally. With the incentive of offer-
ing the chair of the working groups, Schleswig-Holstein suc-
ceeded in actively involving the water and land associations in 
the implementation of the Water Framework Directive and 
committing them to compliance with the agreed objectives. This 
can be seen as a success insofar as the water and land associa-
tions mainly pursue economic interests, such as the drainage of 
agricultural land. However, the UFZ report also emphasizes that 
this has led to a devaluation of the objectives of the European 
Water Framework Directive. This can often be observed in 
participation processes: compromises based on differing inter-
ests often lead to a reduction in the environmental requirements 
down to the minimum consensus. 
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of the hybrid interaction of state control and practical, 
everyday water management. In doing so, they should 
be guided by the goal of ensuring climate-resilient and 
socially balanced water management.

8.3
Mobilize and organize funding –  
also for local approaches

The protection of water resources, resilient water infra-
structures and the safe provision of water and sanitation 
need more – and more effective – investments world-
wide in order to achieve (far greater) positive effects 
such as avoided harm, better health, economic develop-
ment and higher environmental quality. While the public 

sector continues to play the decisive role, private capital 
should also be mobilized to a greater extent. Apart from 
developing the skills and capacities of primarily public 
companies and regulators, this requires greater trans-
parency about water-related risks in financial markets, 
a stabilization of revenue sources in the water sector and 
for water-related projects, and better mediation between 
water actors and financial actors.

The investment requirement, also in view of socio-
economic trends and climate change, is estimated at 
US$ 6,700 billion and US$22,600 billion by 2030 and 
2050 respectively (Khemka et al., 2023, based on wide-
ly varying estimates: WWC and OECD, 2015). Although 
the proportion of the world’s population with safe ac-
cess to drinking water rose from 61 % to 73 % and with 
safe sanitation facilities from 32 % to 57 % between 

Table 8.2-1
Dialogue forums on regional water emergencies with a planetary dimension. Proposal on the structure of dialogue forums for 
dealing with water emergencies and possible limits of controllability at different levels.
Source: WBGU

Level Focus Issue Actors

Local level,  
cities, municipali-
ties, districts

Discussion of  
implementation  
options

What do the limits of 
controllability mean for 
our landscape, our village 
or our city?

	> Scientists
	> Farmers
	> Randomly selected citizens
	> Nature conservation
	> Industry
	> Provider

Sub-state level Discussion of options  
for (construction) planning  
of infrastructure and  
adaptation strategies

What do the limits of 
controllability mean for 
our federal state?

	> Scientists
	> Administration
	> Municipalities
	> Associations
	> Randomly selected citizens

State level Discussion on options for 
preparedness, disaster 
prevention and early- 
warning systems

What do the limits of 
controllability mean for 
our region of the world?

	> Scientists
	> Administration
	> Municipalities
	> Associations
	> Randomly selected citizens

Regional level Discussion on options for 
preparedness, disaster 
prevention and early-warning 
systems

What do the limits of 
controllability mean for 
our region of the world?

	> Scientists
	> Delegates from the EU/ Asia/

North Africa/
	> Americas/etc.

Global level Discussion of global adap-
tation goals and adaptation 
financing, as well as IWRM, 
with as many countries as 
possible

What do the limits of 
controllability mean for 
our world?

	> Scientists
	> Delegates from state and 

regional forums
	> Scientists
	> SDG actors
	> UNFCCC actors
	> CBD actors
	> UNCCD actors
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2000 and 2022 (UN Water, 2024), even today 2.2 and 
3.5 billion people respectively still have to live without 
these services (UNESCO, 2024). In 2016, it was estimat-
ed that in 140 countries with a low provision of WASH 
services, a tripling of annual investments to US$114 
billion would be required in order to achieve SDGs 6.1 
and 6.2 by 2030 (Hutton and Varughese, 2016). Wa-
ter-related investments come mainly from the public 
sector (Alaerts, 2019). At US$9.1 billion, global official 
development assistance (ODA) for the water sector in 
2022 was more than 4 % below its 2018 maximum (UN 
Water, 2024). Private actors invest little in the water 
sector compared to other infrastructure sectors (Alaerts, 
2019), partly due to the perceived low creditworthiness 
and poor  efficiency of water suppliers (Khemka et al., 
2023; Section 2.5.1). This applies even more in low-in-
come countries, where, for example, the percentage of 
the water and sanitation sector in private funding lev-
eraged with official development assistance (ODA) was 
only 1.4 % between 2012 and 2017 (compared to 26 % 
for the energy sector and 29 % for banking and financial 
services, for example; OECD, 2019a). The public share 
is also particularly high for nature-based approaches: 
in 2017, it accounted for 99 % of all watershed invest-
ments in Europe, for example (Bennett et al., 2017). In 
Germany, some important activities of the National Wa-
ter Strategy, such as the planned funding programme 
called ‘Climate-related measures in the water sector 
and watercourse development’, are financed from the 
Action Plan on Nature-based Solutions for Climate and 
 Biodiversity (ANK; BMUV, 2023a). This is one of more 
than 20 measures linked to funding by the ANK, which 
runs from 2023 to 2026 and has a budget of €3.5 billion 
following budget cuts (NABU, 2024). An earlier draft of 
the water strategy included a separate ”immediate action 
programme for water development and the adaptation 
of water management to climate change” with a volume 
of €1 billion over ten years (BMU, 2021).

This is despite the fact that such investments in  basic 
public services pay off several times over: thanks to bet-
ter health, educational opportunities and higher employ-
ment, the global average benefit-cost ratio is 3.4 and 
6.8 for drinking-water supply in urban and rural areas 
respectively, and 2.5 and 5.2 for basic sanitation pro-
vision (UNESCO, 2024). In 2019, safe drinking-water, 
sanitation and hygiene provision could have prevented 
1.4 million deaths worldwide from diarrhoea, respirato-
ry diseases, worm infections and malnutrition (Wolf et 
al., 2023). For example, cholera is transmitted through 
water and spreads especially quickly under poor hygien-
ic conditions, which are exacerbated during periods of 
drought. The World Economic Forum (WEF, 2024) esti-
mates that cholera alone will cost global healthcare sys-
tems US$51 billion between 2023 and 2050. Investments 

in early-warning systems, climate-resilient infrastructure, 
dryland farming, mangrove protection and more resilient 
water resource management totalling US$1,800 billion 
by 2030 to avoid water-related risks of climate change 
could yield benefits of US$7,100 billion i.a. in the form 
of avoided harm, productivity gains, social benefits and 
ecosystem services – a ratio of 1:3.9 (GCA, 2019). Na-
ture-based solutions such as wetland restoration often 
require less investment than technical solutions (but need 
regular maintenance and corresponding skills; Caretta et 
al., 2022: 652). In low-income countries, early-warning 
systems costing US$800 million could prevent losses of 
US$3–16 billion per year; an advanced-warning time of 
just 24 hours before an event could reduce longer-term 
losses by 30 % (UN Water, 2023).

In order to close the investment gap, many strategies 
emphasize a combination of public and private approaches, 
for example the World Bank’s strategy for scaling up in-
vestment in the water sector (Khemka et al., 2023). Also 
in the current programme to reform the World Bank as a 
whole, strengthening cooperation with the private sector 
in order to mobilize investment for sustainable develop-
ment is one of the cornerstones (BMZ, 2024). This is in 
line with the Addis Ababa Action Agenda on Financing 
for Development (UNGA, 2015a). The core idea here is 
to increase the impact of public funds by attracting ad-
ditional private investment, e.g. with hybrid financing 
instruments. To date, the water sector in many countries 
has been perceived by private investors as less attractive 
and water companies as less creditworthy, partly due to 
technical inefficiencies, governance deficits and political, 
market and currency risks (Alaerts, 2019; Money, 2022; 
Khemka et al., 2023). As a key prerequisite for great-
er involvement by private investors, the World Bank 
(Khemka et al., 2023), Germany with the Urban Water 
Catalyst Initiative (UWCI, 2024) and others are therefore 
supporting low- and middle-income countries to build 
the skills and capacities of public companies and insti-
tutions for efficient planning, investment management 
and operation, supervision, regulation and, for example, 
the enforcement of water prices. These efforts remain 
important and also form the basis for investment in cli-
mate-resilient water management (Fig. 8.3-1).

However, because of the described exacerbated  wa-
ter-related challenges, regional water emergencies with 
a planetary dimension (Chapters 3, 4) and the resulting 
need for change (Chapters 6, 7), the following priori-
ties should be added, and this chapter focuses on these 
(Fig. 8.3-1): First, greater transparency about water-re-
lated risks is needed for companies (in the water sector 
and outside), municipalities and national economies in 
order to mobilize and steer investments (Section 8.3.1). 
Second, more should be invested in locally adapted pro-
jects with systemic, often nature-based approaches that 
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also have an impact outside the water sector. This means 
smaller projects – with higher transaction costs from 
the point of view of large investors – whose returns 
are also more dependent on political decisions due to 
multiple benefits that are more difficult to ‘monetize’ 
(e.g. government remuneration for the conservation 
of ecosystem services). Sources of income, especially 
for sustainable water-related projects and measures or 
business models, must therefore be stabilized as a whole 
(Section 8.3.2). Furthermore, better intermediation is 
necessary between water-related investment projects 
on the one hand and potential investors on the other – 
from international and public donors to large water 
consumers and the private capital market – as well as 
structured financing models in each case (Section 8.3.3).

8.3.1
Make water-related risks transparent  
in order to mobilize and steer investments

Many companies are directly affected by water-related 
risks as water consumers or through water-related ex-
treme events, but also indirectly through supply chains; 
conversely, they influence the water balance and quality 
themselves. In addition to water utilities and agriculture 
(Section 6.3), this also applies to electricity generation 
(Box 7.4-2) and industry. Many of these companies (and 
their respective financiers) have reasons to adjust their 
production, investment and financing decisions, and to 
invest in the conservation and sustainable use of water 
resources and disaster-risk reduction. This can be done 
independently or by participating in joint solutions, e.g. 
as part of local water funds or international climate ad-
aptation funds (Section 8.1). However, for this capital to 
be sufficiently mobilized and used efficiently, financial 
risks – for example from water-related extremes or the 
effects of economic activities on the water cycle – must 
be sufficiently known and transparent (‘double mate-
riality’). The latter cause costs for the general public, 
which in turn can lead e.g. to public resistance or stricter 

regulations, so that taking them into account is also in 
the interests of the company (Table 8.3-1). In a similar 
way, the public sector must also be informed about risks, 
e.g. in infrastructure planning and tendering processes 
or large aggregated economic risks.

The potential damage caused by water-related risks 
is significant. At company level, in a study by CDP (for-
merly the Carbon Disclosure Project) and Planet Tracker, 
69 % of the participating listed companies stated that 
they were affected by water-related risks – involving 
economic losses of up to US$225 billion (CDP and Plan-
et Tracker, 2022). Together, the water-related impacts 
of climate change can lead to significant reductions in 
economic output, potentially exceeding 10 % in some 
regions of the world (Chapter 3; World Bank, 2016b). 
This also leads to risks for financial institutions, but only 
a third of these institutions recorded and assessed these 
risks in 2021 (CDP and Planet Tracker, 2022). The Eu-
ropean Central Bank (ECB), for example, estimates that 
10.6 % of bank loans to non-financial companies across 
the EU are subject to increased flood risk, and 11.2 % 
and 12.2 % to heat and water-stress risk respective-
ly, which, furthermore, may be concentrated in a small 
number of banks (ECB, 2021). Since then, a rethink by 
financial institutions in the EU can be seen, but, even 
in 2022, none of them comprehensively recorded their 
climate and environmental risks, and 55 % did not ef-
fectively implement formulated targets and plans (ECB, 
2022). Yet it is also true for companies that a reduction 
in risk is often economically worthwhile. For example, 
a survey by CDP (2021) of 357 companies showed that 
water risks of US$300 billion compared with reduction 
or avoidance costs of US$55 billion.

In view of the high investment requirements and the 
interest of companies, investors and local authorities in 
minimizing water risks and preserving water bodies, a 
new market for the private financing of water-related 
economic activities has emerged worldwide in recent 
years. The issue volume of ‘blue’ bonds most recent-
ly grew strongly to US$6 billion in 2023, also due to 
low-income countries such as Uzbekistan, where the 

Mobilize and steer
private capital:

make water-related
risks more transparent

Organize funding:
strategically strengthen

intermediary institutions

Make water sector
more attractive:
stable sources

of revenu

Ensure efficient planning, operation & regulation:
Improve capabilities of public companies & institutions

Figure 8.3-1
Selected fields of action in the financ-
ing of water-related investments. The 
focus of the chapter is on the top three 
areas of action.
Source: WBGU
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government issued a sustainability-related bond total-
ling US$348 million in 2023 to finance sanitation and 
the conservation of water resources and water man-
agement. However, despite high demand for financing, 
‘blue’ financing instruments still represent a niche mar-
ket (CBI, 2024; Morgan Stanley, 2023). In order to mo-
bilize private capital even better, improved information 
on water-related risks and a strengthening of reporting 
obligations for companies are necessary.

8.3.1.1
Improve available information on  
water-risk assessment
A good information base is crucial to enable private ac-
tors (such as companies, banks, institutional and oth-
er investors, auditors, insurance companies) and pub-
lic actors to correctly assess water-related risks and, in 
response, become more active and invest in the water 
sector themselves. There is room for improvement here. 
For example, an analysis by ECB Banking Supervision 
found that fewer than 10 % of EU financial institutions 
use sufficiently detailed and forward-looking informa-
tion on climate-related and environmental risks (ECB, 
2022). This is partly due to a lack of effort. However, it 
is questionable whether data with sufficient spatial and 
temporal resolution on water availability, abstraction 
and storage would be available across the board. Since 
fluctuations in the water balance are becoming more 
frequent and more pronounced due to climate change, 
exceeding limits observed over many years, and there 

are still major local uncertainties even with mean values 
(Caretta et al., 2022; Milly et al., 2008; Chapter 3), bet-
ter and finer-resolution projections and corresponding 
modelling capacities and scenarios are required, which 
very few private and public actors are able to develop.

The German Federal Government should therefore im-
prove the collection and collation of daily updated data 
and long-term projections on local water volumes and 
water use – and ensure access to such data – as well as 
the knowledge of local actors on interregional or inter-
sectoral linkages, and also support other countries in this 
endeavour. Local conditions and the needs of affected 
and involved actors should also be taken into account. 
This includes site data, projections on water consump-
tion and pollution in supply chains and production net-
works, as well as sufficient expertise to analyse and use 
this information. Corresponding climatological, meteor-
ological and hydrological public services and research 
institutions may need to be strengthened, networked 
and their offerings improved for local actors. One pos-
sible platform for such data at the European level is the 
European Single Access Point (ESAP; EU, 2023), which 
the EU aims to set up in 2027 so that private individu-
als and potential donors will in future be able to view 
sustainability information disclosed by companies free 
of charge, centrally and in machine-readable form, bet-
ter recognize the potential risks of vulnerable water in-
frastructures and take advantage of opportunities for 
water-saving economic activities. At the national level, 
the improved information on water-related risks and the 

Physical risks

Flooding, drought, declining water quality, ecosystem
vulnerability, increased water scarcity and/or stress,
and inadequate infrastructure.

Regulatory risks

More stringent water withdrawals and/or discharge permits,
mandatory water efficiency, recycling, conservation, or process
standards, regulatory uncertainty, and higher water prices.

Reputational &
markets risk

Community opposition, increased stakeholder concern or
negative stakeholder feedback, litigation, and changing
consumer behavior.

Technological
risks

Data access/availability, transition to water-efficient and low-
water intensity technologies and products – where companies
may be left behind if not adopting these new technologies – and
unsuccessful investment in new technologies. 

Table 8.3-1
Water-related risk factors that can lead 
to losses in company values and even 
turn them into burdens.
Source: CDP and Planet Tracker, 2022
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risk assessments by companies (Section 8.3.1.2) and mu-
nicipalities should be used to better recognize systemic 
risks in the context of stress tests.

8.3.1.2
Strengthen sustainability reporting on  
water-related impacts, risks and opportunities
Companies and investors can assess water-related risks on 
the basis of information that is already available today – 
and will be improved in the future. Increasingly, this in-
formation is also requested. The EU has been engaged in a 
comprehensive transparency initiative since 2018, which 
includes the Taxonomy Regulation (Box 8.3-1), the Cor-
porate Sustainable Reporting Directive (CSRD) and the 
Sustainable Finance Disclosure Regulation (SFDR), which 
are all part of the EU Action Plan on Sustainable Finance 
(Europäische Kommission, 2018). The CSRD aims to com-
prehensively increase the availability of information on 
the sustainability of corporate activities, and the SFDR 
is intended to increase the provision of information to 
investors. The EU taxonomy is to operate at the inter-
face between the financial markets and the real econo-
my with a common classification system for sustainable 
‘green’ economic activities and, at the same time, eliminate 
ambiguities in the assessment of sustainable economic 
activities. The EU’s overarching aim is to involve private 

investors more in the financing of sustainable economic 
activities, i.a. in relation to water and marine resources 
(Europäische Kommission, 2021a).

At the same time, there are areas where there is need 
for improvement: initial experience with the application 
of the new reporting standards indicate practical imple-
mentation hurdles in data collection, verifiability, cover-
age and international compatibility (Arnold et al., 2023; 
PSF, 2024; Lötters-Viehof et al., 2023). Due to the inter-
nationally patchy and fragmented landscape of reporting 
standards (Box 8.3-1) and the effort involved in using 
several standards, investment projects are more difficult 
to access for international investors, and networked capital 
markets cannot be used optimally. Efforts are already be-
ing made to harmonize climate-change-related standards 
internationally, for example through initiatives such as the 
International Platform on Sustainable Finance (IPSF) and 
the International Sustainability Standards Board (ISSB). 
The recommendations on climate reporting adopted by 
the Task Force on Climate-related Financial Disclosures 
(TCFD) in 2017 now form the basis of numerous cli-
mate-related standards in Europe (as part of ESRS E1; 
EFRAG, 2022) and  internationally (e.g. as part of IFRS 
S2; IFRS, 2023). Similarly, legal sustainability standards 
relating to water should be harmonized internationally, 
and Germany and the EU should commit to this.

Box 8.3-1

EU taxonomy for sustainable economic activities 
related to water and marine resources

The EU Taxonomy Regulation (EU, 2020) is a core component 
of the EU Action Plan on sustainable finance, which aims to 
involve the financial markets more closely in the financing of 
long-term environmental and water targets as part of the EU 
Green Deal (Europäische Kommission, 2021a). The EU taxonomy 
enables companies to better communicate their sustainability 
ambitions to external financiers, and enables financial insti-
tutions to assess the sustainability of economic activities and 
projects and launch suitable financing instruments.

The EU taxonomy follows the principles of uniformity, 
transparency and bindingness. For an economic activity to be 
considered taxonomy-compatible (with regard to water and 
marine resources), it must (a) make a significant contribution 
to the sustainable use and protection of water and marine 
resources according to technical criteria, (b) not significant-
ly impair any other environmental objective, and (c) meet 
minimum social standards. After the EU Taxonomy Regula-
tion came into force in 2018, the EU Commission issued a 
delegated legal act on taxonomy-eligible economic activities 
(Europäische Kommission, 2023b). This includes activities such 
as the manufacture and installation of technologies for leakage 
control in water-supply systems, construction, expansion or 
modernization measures for municipal wastewater infrastructure 

– such as wastewater-treatment plants, sewerage systems or 
rainwater-management systems – and planning, construction 
or expansion measures for nature-based flood and drought 
management and the restoration of coastal or inland water 
ecosystems (Europäische Kommission, 2023b).

In future, the EU Sustainability Reporting Directive will 
oblige up to 50,000 EU companies to analyse the materiality 
of water-related risks for their business model, and thereby 
report on the taxonomy-eligible and -compatible shares of their 
turnover as well as their capital and operating expenses. These 
companies include all large corporations in certain sectors with 
more than 250 employees, more than €50 million turnover and 
a balance sheet total of more than €25 million, whereby two 
of the three criteria must be met. In addition, the regulation 
also applies to public corporations if they are also obliged to 
report as large corporations in accordance with country-specific 
regulations. The reporting obligation will therefore also apply to 
many water-management companies in Germany and Europe.

Sustainability taxonomies have been launched by many 
governments in recent years, including in China, South Africa, 
Japan and Colombia, in order to establish standardized legal 
regimes with regard to the impact of economic activities on 
water cycles alongside various voluntary standards (IPSF, 2023). 
In some cases, such as in South Africa, the EU taxonomy served 
as a template (Lötters-Viehof et al., 2023). While EU taxonomy 
reporting will also cover non-European companies in certain 
cases in the future, there is currently no basis for mutual rec-
ognition between different legal classification regimes.
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In order to lower the entry barriers to debt financing, 
especially for companies, and to make nature-based in-
vestments more attractive for investors, initial or volun-
tary reporting could be made easier for small and medi-
um-sized enterprises (SMEs). For example, in 2024 the 
Singapore government announced grants to cover the 
costs of initial sustainability reporting in line with new 
mandatory standards, up to 30 % for large companies 
and up to 70 % for SMEs (Segal, 2024).

Germany can also share experience on support pro-
grammes and capacity-building measures with other EU 
countries. For example, Denmark provides open-source 
software, the Czech Republic offers support and appoints 
‘administrative experts’, and Poland offers training and in-
formation programmes (Europäische Kommission, 2024b).

8.3.2
Make the water sector more attractive via  
more stable sources of revenue

Investments by private, commercial actors in water-re-
lated projects require reliable revenue inflows that can 
be used to cover operating and maintenance costs and 
pay investors a return. In view of tight budgets, stable 
sources of income are also important for public actors. 
This also applies to – and is often particularly difficult 
for – locally adapted and nature-based solutions that 
take particular account of the multifunctionality of wa-
ter and the importance of green water, and yield eco-
logical, social and economic multiple benefits, which 
are difficult to record. The following three levers seem 
particularly promising for stabilizing revenue inflows. 
The first two in particular generate income for the pub-
lic sector, which can be invested in the water sector, e.g. 
in nature-based solutions. The third lever is aimed at 
rewarding measures with externalized multiple bene-
fits for private actors.

8.3.2.1
Polluters and users must share more of the costs
According to the German Federal Government’s National 
Water Strategy (BMUV, 2023b: 62), ”greater user and 
polluter responsibility˝for costs ”can help relieve the 
financial burden and ensure that the state fulfils its du-
ties adequately for the long term” and have a steering 
effect. The polluter-pays principle should for example 
play a bigger role in covering the costs of operating the 
water-supply and -disposal infrastructure and of pollu-
tion control. This also seems necessary in view of the 
often limited creditworthiness of infrastructure oper-
ators (Khemka et al., 2023). Greater user and polluter 
responsibility for costs can be achieved through the fol-
lowing measures, among others:

Differentiated tariff structures for drinking-water sup-
ply and wastewater disposal: Water and wastewater tar-
iffs based on usage volume with higher prices for large 
consumers generate revenue and offer an incentive to 
reduce high consumption. Consumption-based subsi-
dies can ensure that poor households too can afford wa-
ter-supply and wastewater-disposal services (e.g. many 
water suppliers in California offer ‘lifeline rates’, i.e. low 
prices for consumption volumes corresponding to basic 
needs). However, studies show that such subsidies do 
not always reach poor households in many low- and mid-
dle-income countries. One reason for this is that poor 
households are often not connected to the water mains 
(Komives et al., 2005; Abramovsky et al., 2020). Alter-
natives for reaching households without a connection or 
water meter are, for example, low basic charges for the 
water connection or non-consumption-related grants 
to households to help them pay water and wastewater 
charges (Komives et al., 2005; Pierce et al., 2020), e.g. 
with funds from development cooperation.

Appropriate charges for water abstraction, also for large 
consumers: Water-abstraction charges can also be used 
to systematically involve large consumers in the costs of 
measures for water protection, for example, if revenues 
are earmarked accordingly. The prerequisite, however, 
is that exemptions for water-intensive industries such 
as mining and agriculture are abolished; these still exist 
extensively in many German federal states and OECD 
countries (Section 2.5.2). In its National Water Strategy, 
the German government plans to examine the harmoni-
zation of abstraction fees charged by the federal states 
and, if necessary, to introduce uniform federal regula-
tions (BMUV, 2023b). However, it is unclear to what ex-
tent this will also reduce exemptions. One problem with 
the reform of abstraction charges is the partial lack of 
water-use documentation, e.g. in agriculture. A reform 
must therefore go hand in hand with improved docu-
mentation of abstractions and with demand management.

Charges on water-polluting products and substances: 
Producers and distributors of water-polluting products 
and substances should bear a greater share of the costs 
associated with their disposal and the conservation of 
water bodies. One important example is levies on pes-
ticides in industrial agriculture. Denmark, for example, 
has introduced a quantity- and risk-based pesticide tax. 
According to Möckel et al. (2021), the legal basis for 
an EU-wide introduction of a pesticide levy is in place. 
However, water is not only at risk from pesticides and 
chemicals but also from climate change. Climate-change 
levies should be set at a level that includes water-related 
damage. Accordingly, revenue from climate-change levies 
could be used proportionately to finance the water sector.

Tax revenues from environmental taxes (excluding cli-
mate-change levies) accounted for 2.2 % of gross domestic 
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product and 5.5 % of total government revenues from 
taxes and social contributions in the EU in 2021; of this, 
only 3.6 % is attributable to taxes on pollution and re-
sources, which also includes the above-mentioned Danish 
pesticide tax. Germany reported no taxes that fell into 
the latter category in 2021, and had one of the lowest 
shares of revenue from environmental taxes relative to 
total government revenue EU-wide (EuroStat, 2023).

Extended producer responsibility: One way of mak-
ing those responsible for water pollution contribute to 
the costs of cleaning is through extended producer re-
sponsibility. The reform of the EU Urban Wastewater 
Treatment Directive provides, among other things, for 
extended producer responsibility for pharmaceutical 
and cosmetics manufacturers (Sections 2.4.2.3, 7.1.2). 
Depending on the quantity of substances they put into 
circulation and their toxicity, they are to participate in 
the financing of a fourth purification stage and new 
monitoring measures. How exactly this participation is 
realized – whether through taxes, contributions or lev-
ies of another kind – is left to the member states. The 
German Water Strategy (BMUV, 2023b), too, mentions 
extended producer responsibility for manufacturers and 
distributors of water-polluting substances and products 
as an objective to be pursued at EU level.

Benefit-based cost sharing in the financing of public 
goods: Many measures in the water sector have the char-
acter of public goods. This means, among other things, 
that users can enjoy the benefits of these goods even 
if they do not contribute to the costs. Examples include 
technical water- and flood-protection measures such as 
the construction of dykes and dams, retention basins or 
infiltration systems, as well as nature-based measures 
such as the creation of urban green spaces for the reten-
tion and evaporation of rainwater. Different actors ben-
efit to different degrees from such measures and should 
share in the costs in accordance with the benefits they 
derive. Differentiated levies (Toxopeus and Polzin, 2021) 
offer one possibility for this. These could, for example, be 
used to finance flood-prevention measures such as the 
maintenance and strengthening of dykes and dams, and 
place a greater burden on property owners who benefit 
directly from the structures. In Germany, for example, the 
renovation and construction of dykes is partly financed 
by differentiated membership fees to dyke associations 
(e.g. section 79 of the North Rhine-Westphalia Water Act).

Positive side effects of the provision of public goods 
that can be measured in monetary terms could also be 
skimmed off via heterogeneous levies (e.g. property tax, 
service connection charges) and used for financing, e.g. 
increases in the value of land and property in the vicin-
ity of newly created green spaces (Toxopeus and Polzin, 
2021). However, there are often limits to the powers of 
cities and municipalities to levy charges (Section 8.3.2.2).

8.3.2.2
Strengthen the ability to raise and use funds  
at the local level
One barrier to the financing of water-related local pub-
lic goods is the often limited competences of local gov-
ernment and administrative levels to collect their own 
revenues and decide freely on their use. In order for 
them to be able to contribute to climate-resilient water 
management, it seems necessary to strengthen their op-
tions in raising funds and in decision-making authority 
regarding fund use (Section 8.3.4).

Cities and municipalities often have little leeway to 
levy their own taxes, either because taxes are generally 
levied centrally or because, in federal countries such as 
Germany or the USA, the same things may only be taxed 
once and this is already done by higher levels, or also 
because tax rates may not be set decentrally in order to 
avoid differences between municipalities (Droste et al., 
2017). In Germany, for example, the municipalities enjoy 
financial autonomy (Article 28, para. 2, p. 3 of the Ba-
sic Law). However, this only applies within the scope of 
their right to local self-government, i.e. it must concern 
matters of the local community, and is limited by feder-
al and state laws, such as the municipal tax laws of the 
federal states (WD, 2022). An example of such a limita-
tion in Germany is the property tax. Although the loca-
tion of properties is included in the calculation of prop-
erty tax, e.g. via standard land values, local authorities 
cannot influence these values and therefore cannot use 
them to specifically allocate the costs of providing local 
public goods. It is similarly not possible via the assess-
ment rates, as they must be standardized for properties 
and agricultural and forestry businesses located within 
a municipality (Section 25 (4) of the Property Tax Act; 
Petersen, 2024).

The example of the Cloudburst Plan in Copenhagen 
(Section 6.4.1) shows that it may be necessary to adapt 
local or national ordinances and regulations to enable 
the allocation of costs. With an amendment to the Wa-
ter Sector Act 2012, Denmark created the conditions at 
national level for wastewater companies, e.g. in Copen-
hagen, to invest in measures to adapt to climate change 
and to include the costs for this in wastewater charges 
(The City of Copenhagen, 2012; TFCCA, 2012).

In general, the use of revenue at local level is restrict-
ed in many countries by the fact that a large proportion 
of revenue is already tied up in a number of mandatory 
public tasks. Local administrations then only have lim-
ited funds available for free use (Droste et al., 2017). 
Revenues, e.g. from pesticide taxes or extended produc-
er responsibility, can provide relief if they flow at least 
proportionately to cities and municipalities for the im-
plementation of local measures (Section 8.3.2.1).
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Low-income countries often face particular challenges 
in the collection and efficient use of government reve-
nue, not only at local level. This is shown, for example, 
in a study by the World Bank for 28 countries with the 
lowest incomes worldwide (World Bank, 2023a). Be-
tween 2011 and 2019, government revenue accounted 
for only 18 % of gross domestic product, compared to 
39 % in high-income countries. Deficits were particularly 
evident in tax revenues, especially taxes on goods and 
services, but also income and corporate taxes. Accord-
ing to the World Bank, the reasons for this include the 
size of the informal sector and the associated limited tax 
base, as well as institutional and structural weaknesses 
such as a lack of capacities and corruption, which make 
it difficult to collect taxes. The collection of taxes linked 
to land ownership is also more difficult in low-income 
countries, as land rights are often unclear or uncertain. 
This also limits, for example, the options for financial-
ly supporting the provision of water-related ecosystem 
services (WBGU, 2020). At the same time, institutional 
and structural weaknesses also lead to a comparative-
ly inefficient use of tax revenues (World Bank, 2023a).

8.3.2.3
Make use of multiple benefits and remunerate 
private actors better
Taking multiple benefits into consideration, also beyond 
the water sector, can open up additional sources of in-
come for public and private actors. However, one prob-
lem with private actors implementing and financing wa-
ter-related measures with multiple benefits is that po-
tential multiple benefits often materialize as social and 
ecological benefits, and also as indirect economic bene-
fits, which are not – or not fully – taken into account by 
private actors in their cost-benefit assessments. Projects 
like nature-based solutions are then less attractive for 
private actors. Up to now, private investment has thus 
represented only a small proportion of the financing of 
nature-based solutions. According to UNEP estimates, 
around 86 % of nature-based solutions are publicly fund-
ed globally (UNEP, 2021). According to an EIB study, 
only 3 % of the 1,364 projects surveyed across Europe 
reported private participation covering more than 50 % 
of the costs (EIB, 2023a).

The integration of multiple benefits into private-sec-
tor decisions can increase the willingness to invest. The 
aim here is not to crowd out state involvement in the 
area of basic public services, but to open up new sourc-
es of funding for supplementary financing under clear 
political and legal framework conditions, and to support 
and guide private-sector investment towards measures 
with multiple benefits.

Use of monetizable multiple benefits: Potential for 
multiple benefits that can be used to generate revenue 
arises in the water sector but also in other sectors such 
as energy or food. Consideration of the ‘water-ener-
gy-food ecosystem nexus’ can help to identify and use 
these benefits. For example, wastewater-treatment plants 
could use wastewater and digester gas as renewable en-
ergy sources to generate heat, and feed this energy into 
the grid. Facilities that already process heat from waste-
water in this way exist in Switzerland, e.g. in Zurich, but 
there are only a few in Germany, e.g. in Lemgo. A study 
of the potential in Baden-Württemberg shows that this 
kind of use is economically interesting, but requires the 
expansion of local and district heating networks (Blömer 
et al., 2023). In general, there is still little knowledge 
about the possibilities and potential in Germany. Legal 
issues also need to be clarified, e.g. levying charges for 
wastewater use (UBA, 2023c). With regard to sewage 
gas, the UBA (2018a) refers to the possibilities of using 
the gas in the energy sector, in transport or for heating 
and refrigeration, over and above the production of elec-
tricity by sewage-treatment plants themselves. It goes 
on to say that policy-makers must further develop the 
technical, legal and economic framework conditions so 
that local authorities can use them.

Rewarding measures with multiple benefits that are 
difficult for private actors to monetize: Many measures 
that can increase climate resilience, such as nature-based 
solutions, do not have easily monetizable benefits in the 
form of yields or avoided costs. In other cases, the mon-
etizable benefits are too small to cover investment costs 
and make them attractive for private actors. In this case, 
the public sector can step in and support projects, e.g. by 
co-financing projects or with public-private partnerships 
with blended finance (Calliari et al., 2022; Section 8.3.3).

An alternative way to finance measures with multiple 
benefits such as nature-based solutions is to pay for the 
provision of ecosystem services (EIB, 2023a). This can be 
achieved, for example, through targeted payments from 
the public sector, which could be financed by a subsidy 
reform or the sources of revenue mentioned in Section 
8.3.2.1. For example, the EIB recommends reforming 
the CAP in the EU from 2028 so that it promotes na-
ture-based measures in agriculture more strongly and 
does not create harmful incentives for the expansion of 
agricultural activities into marginal agricultural areas (EIB, 
2023a). Particular attention should be paid to measures 
that benefit the conservation of water resources. The EIB 
regards the financial resources of the CAP as sufficient 
on the whole to finance a significant expansion of na-
ture-based solutions in the EU (EIB, 2023a).

Alongside payments by the public sector, measures 
with multiple societal and environmental benefits can be 
made attractive relative to other approaches by means of 
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tax relief and reductions in charges (Toxopeus and Polzin, 
2021; EIB, 2023a). For example, the city of Hamburg pro-
motes the installation of green roofs via public subsidies 
and a reduction in the rainwater charge (BUKEA, 2024).

Debt swaps (WBGU, 2023, 2024), which could be 
specifically linked to water-related measures, could also 
be a way of providing funds to promote measures with 
multiple benefits in low- and middle-income countries. 
The lender – often, but not always, a state – waives re-
payment of a loan that has been granted. In return, the 
borrowing state agrees to use a predetermined sum to 
finance a domestic development project to protect water 
resources or implement climate-resilient water manage-
ment. Water-related debt swaps could be an option in 
cooperation with countries whose governance systems 
fulfil the necessary requirements in terms of account-
ability, transparency and issue-oriented management 
(WBGU, 2024).

However, compensation for multiple benefits that are 
difficult to monetize is not necessarily linked to pay-
ments from the public sector, even though it often re-
sults from state regulation: nature-based solutions and 
ecosystem services could, for example, be financed via 
water funds to which private actors contribute. This can 
happen on a voluntary basis if appropriate incentives 
exist, for example because water suppliers benefit when 
landowners take measures that contribute to the pro-
tection of water resources (Section 8.3.3), or it can be 
enforced by means of regulation.

Another option for establishing payments for wa-
ter-related ecosystem services is credits, for example 
for CO2 compensation, biodiversity, wetlands or – espe-
cially in the context of water – thematic certificates, e.g. 
for the conservation of marine and coastal ecosystems 
or compensation for water pollution. The sale of credits, 
possibly in conjunction with cap-and-trade systems, can 
generate significant revenues for nature-based solutions 
and thus enable the measures to be scaled (EIB, 2023a), 
but it also involves challenges and risks (Box 8.3-2).

8.3.3
Organize funding: strategically strengthen 
intermediary institutions

In addition to a lack of awareness of water-related risks 
(Section 8.3.1) and uncertainty about revenue sources 
and the political and economic environment in many 
countries where there is a great need for investment, and 
thus uncertainty about the ability to repay investments 
(Section 8.3.2), there are other reasons why water-relat-
ed projects often do not find financing and investors do 
not find suitable projects (Alaerts, 2019; Money, 2018, 
2022; Laubenstein et al., 2023): actors in the water sector 

are not sufficiently aware of the requirements of differ-
ent types of investors and have difficulties in preparing 
suitable projects; in the financial sector there is a lack of 
knowledge about the water sector, especially about eval-
uating projects and their risks, which are characterized 
by high initial investments and long repayment periods; 
the water sector is highly fragmented and projects are 
often context-specific and small, which means relative-
ly high transaction costs for investors. Especially in the 
case of ‘new’ approaches, such as non-sewered sanita-
tion or nature-based solutions (NbS) for regulating the 
water balance and water quality, a lack of experience in 
the formal water sector and even lock-ins (in planning, 
technology, economic networks, regulation, practices, 
etc.) play an important role. In some cases, NbS also lack 
mechanisms or institutions through which water actors 
could invest in other land uses or make payments for 
this to farmers (Section 6.3.3; Table 8.3-2).

Mediation, a better exchange between actors and a 
bundling of activities are therefore key – for the provi-
sion of suitable financing, but also for long-term strategic 
cooperation between different water actors and lenders 
or investors, as well as for bundling smaller projects and 
scaling up successful approaches. Appropriate cooper-
ation platforms can play an important role here, bring-
ing together, for example, water suppliers, water users 
in agriculture, energy, industry and commerce, land us-
ers like agriculture and forestry, settlements and trans-
port, environmental and other NGOs, as well as the re-
spective regulators and actors with public-sector donors, 
ODA, foundations and private investors (for a typology 
of investors, see Money, 2018). These platforms can be 
used to create a shared knowledge base and transparency, 
bring together existing expertise, coordinate strategies, 
plan and implement measures or commission, monitor 
and evaluate them – and also to agree on business and 
financing models in each case (Trémolet et al., 2019). 
There are already many examples of such platforms, e.g. 
the water funds of Quito, Nairobi, San Antonio in Texas 
and many other cities with their catchment areas (TNC, 
2018; Vogl et al., 2017). Water cooperatives also exist 
in some European countries (Section 8.2.3).

Various financing models can be negotiated or pre-
pared for investors within the framework of such plat-
forms. On the one hand, compensation contracts can 
be concluded between actors on the platform who have 
direct access to water – e.g. water suppliers and compa-
nies that rely on clean water – and farmers who are paid 
by water suppliers and companies for not using certain 
pesticides or heavy fertilization. Examples of this in-
clude green-water credit systems developed in Kenya, 
Morocco and Algeria (ISRIC, 2024; Section 6.3) and co-
operation between water suppliers and farmers in Ba-
varia (LfU Bayern, 2024), e.g. the ‘Augsburg model’, in 
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which farmers agree to limit their use of fertilisers and 
pesticides and are rewarded for doing so (swa, 2021).

On the other hand, public donors, foundations or banks 
can be involved in financing large or several bundled pro-
jects. If financing cannot be obtained at market conditions 
because the sources of revenue or refinancing are too low 
or risky, public or philanthropic donors can assume part 
of the financing costs or risks for sustainability-oriented 
water projects within the framework of blended finance 
(Box 8.3-3), so that private sources of funding can still 
be mobilized. Particularly for financing nature-based 

solutions or other projects in which non-commercial 
objectives or environmental and social multiple benefits 
play a significant role, results-based blended-finance ap-
proaches can be particularly interesting. One example are 
‘environmental impact bonds’, where the public sector 
sets environmental targets for a project, private investors 
initially finance the project and are remunerated plus in-
terest for their efforts, e.g. with public funds, if the tar-
gets are met. In the USA, such models have been used to 
finance green urban infrastructure as protection against 
flooding, measures against forest fires and nature-based 

Box 8.3-2

Trading systems for reducing nutrient 
inputs into water bodies and financing 
nature-based solutions

The potential, challenges and risks of trading in pollution rights 
and the financing of nature-based solutions on this basis can 
be illustrated with the example of schemes to reduce nutrient 
inputs into water bodies. In principle, trading in pollution rights 
can either (1) take place within a framework of mandatory 
pollution reductions or (2) enable contributions to be made 
towards achieving voluntary targets.

The basic idea of a trading system with mandatory pol-
lution reduction is, as with European emissions trading for 
greenhouse-gas emissions, to achieve a specified reduction in 
pollution as cost-effectively as possible (EPA, 2024). Typically, 
companies are subject to legal requirements to limit pollution 
(e.g. nutrient discharges into water bodies). If they succeed in 
reducing their pollution further, they can sell unneeded pollution 
allowances to other companies that do not meet their targets. 
In this way, a given reduction target for overall pollution is 
realized by those companies that can do so at the lowest cost.

In the USA especially, the trade in such pollution rights for 
water pollution is widespread (EPA, 2024). Authorizations for 
nitrogen and phosphorus in particular are traded. Companies 
such as industrial or municipal wastewater-treatment plants 
(so-called point sources) must limit their nutrient discharges into 
water bodies and can sell their authorizations if they achieve an 
additional reduction in pollution. In some cases, diffuse sources of 
pollution, for example in agriculture, which are often not obliged 
to reduce pollution, can have reductions in their nutrient inputs 
securitized in the form of so-called credits, and sell these credits 
to regulated companies to fulfil their obligations. Such credits 
can be used by regulated companies or municipalities, e.g. in 
Virginia and Pennsylvania in the Chesapeake Bay river basin, 
subject to further conditions (Stephenson and Shabman, 2017).

In this way, measures in the unregulated agricultural sector 
are financed by the regulated companies. Farmers and other 
landowners can be compensated for the creation or preserva-
tion of wetlands, afforestation or the conversion of arable land 
into grassland, for example, by participating in the trade. The 
stricter the legal requirements for point sources in relation to 
the technological possibilities, the greater their incentives to 
exploit reduction potential where it is cheap, for example in 
agriculture (Stephenson and Shabman, 2017).

In addition to reaching statutory targets, voluntary targets 
can also to be reached by trading in credits. Companies, organ-

izations or municipalities that are not subject to regulation 
can use credits, e.g. for pollution reductions by agriculture, 
to compensate for nutrient inputs into water bodies, and thus 
comply with voluntary commitments to limit nutrient inputs. 
Here, too, payments for the credits finance measures to limit 
nutrient inputs.

Trading credits for best-practice methods in agriculture, for 
restoration or land conversion is also interesting for compen-
sation measures with multiple benefits, such as nature-based 
solutions. Overall, the inclusion of agriculture in the trade 
with credits has the potential to generate contributions to 
financing nature-based solutions, but this also involves risks 
and challenges:

	> Fundamental risks arise from uncertainties in the determi-
nation and reliable monitoring of the reduction of nutrient 
inputs from agriculture. The lack of additionality, i.e. the 
risk of remunerating measures that would be implement-
ed without such remuneration (Stephenson and Shabman, 
2017), also poses a challenge. These challenges are familiar 
from other systems of tradable credits, e.g. CO2 certificates.

	> Furthermore, experience with existing markets shows that 
the trading volumes for credits that reward farmers and 
landowners for nature-based measures are low (Stephen-
son and Shabman, 2017). This may be due to barriers to 
the participation of farmers and landowners in trading or a 
lack of demand for agricultural credits from companies and 
local authorities (Stephenson and Shabman, 2017). In the 
US markets analysed by Stephenson and Shabman (2017), 
trading with farmers is essentially limited to cases where ur-
ban developers use credits to offset phosphorus or nitrate 
inputs into water bodies from stormwater runoff from new 
construction projects. Markets focusing on trade between 
property developers and farmers or landowners have been 
emerging in the UK since 2022. Two examples that explic-
itly aim to accelerate the implementation of nature-based 
measures are the Somerset Catchment Market (SCM, 2024) 
in the south-west and the Solent Catchment Market in the 
south of England (Solent Catchment Market, 2024), which 
has just completed its pilot phase.
The approaches to trading with credits described leave 

pollution in agriculture mostly unregulated and rely on vol-
untary reductions that use financial incentives. However, it is 
questionable whether ambitious targets for reducing nutrient 
inputs into water bodies or catchment areas can be achieved 
through these incentives alone when agriculture is by far the 
largest source of nutrient inputs (Stephenson and Shabman, 
2017). In this respect, options for including diffuse sources in 
such a trading system should be examined.
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Table 8.3-2 
Potential barriers to the implementation of nature-based solutions for improved water security, according to actors in the water 
sector, and ways to remove these barriers.
Source: based on Trémolet et al., 2019

Water actors Potential barriers to  
nature-based solutions for  
improved water security

Ways to address the barriers

National governments/ 
political decision-makers

	> Limited awareness of what can 
be achieved in this way (observed 
among all actors listed, partly due 
to a lack of proper advice)

	> Perception that nature-based solu-
tions for improved water security 
are riskier than conventional ‘grey’ 
solutions, and concerns about 
compliance

	> Uncertainty about effectiveness  
and cost-effectiveness

	> Establish global, regional or national sup-
port structures that provide 
specific information

	> Define and apply a common framework  
for evaluating effectiveness and cost- 
effectiveness

	> Disseminate knowledge across sectors 
about technical solutions and levers for 
their adoption (policy, governance,  
financing)

Local governments 	> Existing procurement rules for 
water services focus excessively on 
grey infrastructure

	> Evaluation rules in procurement 
processes do not include options to 
assess nature-based solutions

	> Limited knowledge of how to plan, 
adopt and monitor nature-based 
solutions 

	> Local policy documents on sev-
eral areas that can influence 
nature-based solutions for im-
proved water security are not well 
coordinated (e.g. urban planning, 
biodiversity, water)

	> Define contracts based on outcomes  
rather than technical specifications  
or specific outputs

	> Supplement auditing criteria to allow  
nature-based solutions for improved  
water security

	> Improve the capacity of city decision-
makers to develop plans that integrate 
nature-based solutions into systemic 
approaches to urban resilience

	> Participate in city networks and alliances 
that can help disseminate good practices

	> Develop guidelines to maximize  
co-benefits

Water service providers 	> Operating model focuses on 
building grey infrastructure

	> Focus on regulatory compliance, 
limited potential for experiments 
and risk-taking

	> Systematically consider combinations of 
green and grey infrastructure in optimized 
investment plans

	> Cooperate with other entities (local 
governments, water users) to invest 
in nature-based solutions in upstream 
catchment areas

Water regulators 	> Short-term results and regulatory 
certainty rated higher than sustain-
able long-term results

	> Accept greater uncertainty of short-term 
results in return for higher and better 
distributed benefits over time

Water regulators 	> Reluctant to sell land or water-
abstraction rights for conservation 

	> Reluctant to modify farming 
practices for fear of yield and 
income losses

	> Lack of land that could be set aside 
for nature conservation

	> Provide incentive payments or easier ac-
cess to credit to finance transition

	> Disseminate information on improved 
agricultural practices and impact on yields

	> Assign resources to buy and convert land 
for conservation
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solutions to improve water quality (Trémolet et al., 2019). 
In contrast to financing models that are tied to the use of 
a predetermined technique, results-focused models allow 
for readjustment, increase effectiveness and efficiency, 
and improve the data basis for further projects by focus-
ing on measurability and transparency.

A third model that is not yet very widespread is to pool 
many small investors, for example via special crowd-fund-
ing approaches to finance public-private partnerships. 
When locally affected people or users of the respective wa-
ter-related project take part in this way and transparency 
is created, this can increase local acceptance (Ross, 2017).

Local cooperation platforms can be complemented 
by overarching funding mechanisms and institutions at 
national or regional level, to which individual projects 
or local platforms can have recourse. Examples include 
specialized banks or so-called revolving funds, which 
pool various sources of financing, transfer them to wa-
ter projects (usually as blended finance) and use the 
repayments for new financing in the water sector (re-
volving). These specialized financing institutions and 
other institutions that act as intermediaries between 
those seeking and those providing financing in the wa-
ter sector, such as consulting firms, NGOs, universities 
or research institutions (Lardoux de Pazzis and Muret, 
2021), often also play a key role in setting up local plat-
forms (Lardoux de Pazzis and Muret, 2021; Laubenstein 
et al., 2023; Alaerts, 2019). Such institutions have been 
established for decades in some high-income countries, 
such as the publicly owned Netherlandse Waterschaps 
Bank (NWB Bank, 2024), Aquafin in Belgium or Agenc-
es de l’eau along river basins in France. One example of 
an international NGO that acts as an intermediary is The 
Nature Conservancy, which supports the establishment 

of water funds (TNC, 2018). There are also initial exam-
ples in low- and middle-income countries, such as the 
Philippine Water Revolving Fund (Word Bank, 2016c) 
and the Kenya Pooled Water Fund (van Oppenraaij et 
al., 2022), which are supported by international donors 
among others. However, the focus in these countries is 
often on safe water supply and wastewater disposal. Na-
ture-based approaches to the use and conservation of 
water-related ecosystem services are still given too little 
consideration. Such structures should be further expand-
ed in a targeted manner (Lardoux de Pazzis and Muret, 
2021) and strategically used as public institutions for 
the necessary change of direction in the water sector – 
for achieving SDG 6 but also for environmental, climate 
and climate-adaptation goals. This can also support the 
new orientation of the World Bank in the water sector.

8.4
Science and education

The science system has a key role to play in dealing with 
the exacerbated challenges and problems described in 
this report.

8.4.1
Science

The WBGU defines science  comprehensively – in line 
with the Humboldtian ideal of the inseparability of re-
search and teaching – as research, education and teach-
ing as well as policy advice and cross-border scientific 
cooperation. 

Box 8.3-3

Blended finance: definition, typical structures 
and challenges

Blended Finance is generally defined as “the use of catalytic 
capital from public or philanthropic sources to increase private 
sector investment in sustainable development … a structuring 
approach that allows organizations with different objectives to 
invest alongside each other while achieving their own objectives 
(whether financial return, social impact, or a blend of both)” 
(Convergence, 2024) or, more specifically in the development 
context, as “strategic use of development finance and philan-
thropic funds to mobilize private capital flows to emerging and 
frontier markets, resulting in positive results for both investors 
and communities” (OECD and WEF, 2015).

Typical structures include (Convergence, 2024):
(1) direct financing, where private funds are provided at 

standard market conditions, and public or philanthropic funds 

are provided at concessional conditions in order to reduce 
financing costs;

(2) guarantees or insurance schemes against loan defaults 
that commercial lenders receive on favourable terms (credit 
enhancements);

(3) technical support for the project on the basis of non-re-
payable grants in order to reduce risks or increase returns;

(4) non-repayable grants for the design or structuring of 
the project.

One of the challenges is that efficiency incentives should 
be maintained even when shares of subsidized loans are high-
er and, if possible, the concessions should be successively 
reduced in order to increase the reach and effectiveness of 
limited public funds (see also the principles developed by a 
working group of various development banks on ‘Blended 
Concessional Finance’; DFI BCF, 2023). Ideally, local investors 
should also be involved in order to reduce exchange-rate risks 
and develop financial markets.
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8.4.1.1
Science in the light of the exacerbated challenges
The WBGU emphasizes the importance of interdiscipli-
nary and transdisciplinary forms of research that ena-
ble knowledge production from multiple perspectives. 
This includes the disciplines of natural sciences, social 
and cultural sciences, medicine, computer science and 
engineering. In this understanding, science comprises 
basic research, applied research and research that ac-
companies change processes, as well as teaching and 
advisory services.

Science produces, disseminates and contextualizes 
knowledge and expertise on water cycles and hydrolog-
ical regimes as well as the diverse interactions between 
them, ecosystems and human use. At the same time, sci-
ence is a key building block in innovation systems that 
develop technological, institutional and social solution 
approaches to safeguard the water needs of people and 
ecosystems, as well as the quality of water. The spec-
trum of solution approaches ranges from methods for 
recovering raw materials from wastewater to the inno-
vative interweaving of technology and nature for water 
management in cities, the development of new meth-
ods of agricultural land use, and new financing and legal 
instruments in environmental policy. Furthermore, on 
the one hand water research can only ensure its appli-
cation orientation and potential suitability for the prac-
tical context of water management by interweaving it 
with teaching, postgraduate training and the promotion 
of young talent, as well as the exchange with the pub-
lic and science-based policy advice. On the other hand, 
the above-mentioned interactions – as part of the re-
search process – develop the broader societal expertise 
structures, awareness and detailed understanding that 
are essential for the subsequent application of the sci-
entific results.

In Chapters 3 and 4, the WBGU has argued that ex-
acerbated challenges in the water sector can lead to re-
gional water emergencies with a planetary dimension. 
Science plays a decisive role in maintaining an appro-
priate distance from the limits of controllability. This is 
particularly important because of the non-stationarity 
of hydrological regimes as a result of anthropogenic cli-
mate change.

The end of stationarity leads to considerable uncer-
tainty with regard to future precipitation and extreme 
events, as bandwidths for the amount and temporal dis-
tribution of precipitation and the frequency and inten-
sity of extreme weather events derived from experience 
are no longer reliable, and forecasts of future develop-
ments derived from models are fraught with uncertainty.

Uncertainties in modelling the hydrological impacts 
of climate change can be reduced by improving data 
availability and enhancing both climate and hydrological 

models (Banda et al., 2022). Another necessary response 
to the exacerbated challenges is the significant expansion 
of scientific monitoring of water levels and abstractions 
in Germany and in close cooperation for the whole of 
Europe and worldwide. Scientific monitoring is needed 
to close knowledge gaps on stocks in the water balance 
and in consumption as a basis for planning. This helps 
to recognize emerging, serious problem constellations 
caused by changes in the hydrological regime and in 
water use at an early stage.

It also includes developing scenarios for climatic, eco-
logical, socio-economic and geopolitical developments 
and their interactions with each other, as well as par-
ticipatory, bottom-up approaches for the preparation 
of adaptation strategies. Participatory bottom-up ap-
proaches in science make it possible to recognize threats 
to the water supply for people and ecosystems as well 
as risks from extreme weather events at an early stage. 
They also support the development of locally integrat-
ed solution approaches, thereby making robust, con-
text-specific and flexible decision-making processes 
possible (UNESCO, 2020).

On this basis, water-related science can support pol-
iticians, authorities and the water industry in respond-
ing to the expected changes in the water balance and 
the resulting greater uncertainties in the planning and 
management of water resources. One example is the 
funding programme of the Federal Ministry of Edu-
cation and Research entitled ‘Regional information on 
climate action’, which was completed in 2023. Its aim 
was to ”build up decision-relevant knowledge on climate 
change in municipalities and regions and, based on this, 
to develop suitable measures for adapting to climate 
change” (BMBF, 2021b).

The continuous production of new scientific knowl-
edge necessitated by non-stationarity in conjunction with 
the collection of new data should be taken into account 
in all developments of organizational, social and tech-
nological innovations for securing water requirements 
(Smith et al., 2023). Otherwise, there is a risk that the 
planning and development of new solution approaches 
will be based on incorrect hydrological assumptions and 
thus be unsuitable for implementation. The increased 
application of digital monitoring technology for exist-
ing and planned infrastructure can optimize its use, es-
pecially in the case of extreme events.

Structural demands on science:  
inter- and transdisciplinarity
Safeguarding the water requirements of people and eco-
systems and avoiding exacerbations require interdiscipli-
nary cooperation between the natural, engineering and 
social sciences. Social sciences, economics and law play 
an important role in ensuring that water-management 
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systems are subsequently embedded in the existing 
governance systems. If these systems are not integrated 
into research projects, it is not possible to understand 
the complex and diverse ways in which individuals and 
society deal with water, and how the political control 
mechanisms based on this develop. However, water-re-
lated research in the fields of social sciences, economics 
and law is still often underfunded. Furthermore, these 
fields are often assigned a subordinate role in the project 
design and are not involved in the key decision-making 
processes regarding research design and implementation 
(Martin-Ortega, 2023).

In addition to interdisciplinarity, it is necessary to 
link basic and applied research and to develop solution 
approaches in a transdisciplinary manner together with 
stakeholders from the private sector, politics and civil 
society. This can be illustrated by the role of science in 
climate-resilient water management (Chapter 6). For ex-
ample, successful management of the landscape water 
balance requires the integration of fundamental knowl-
edge into the application-orientated planning of human 
interventions in the household that builds on this knowl-
edge. This knowledge includes, in particular, findings on 
the interactions between the water balance and differ-
ent types of landscape. The BMBF strategy ‘Water: N’ 
takes up both aspects very prominently (BMBF, 2021a).

The comparison of different solution approaches in 
the context of climate-resilient water management, too, 
combines basic and application-orientated research with 

the integration of relevant stakeholders. Scientific capa-
bilities for forecasting local water balances with a view 
to climate change serve as a basis for evaluating the 
available solutions in terms of technical feasibility, costs, 
societal acceptance and possible contributions to  locally 
defined goals and targeted multiple benefits. Stakehold-
er integration is essential, for example, for identifying 
conflicts of use and evaluating multiple benefits (Turkel-
boom et al., 2021). The BMBF funding programme ‘Wa-
ter Extreme Events’ (WaX), which enables research into 
innovative concepts for blue-green infrastructure and 
its management (BMBF, 2024a), is a forward-looking 
example in this context.

Furthermore, the use of innovative research meth-
ods, such as transdisciplinary real-world laboratories 
in which scientists conduct joint research and develop 
solution approaches together with representatives of 
civil society, politics and practice, is advantageous for 
testing the effects and acceptance of climate-resilient 
infrastructure. For example, depending on the research 
design, real-world laboratories for urban reorganization 
not only make it possible to test new blue-green infra-
structures. By integrating stakeholders, they also allow 
mutual learning in an experimental and simultaneously 
public space under real operating conditions and sup-
port further-reaching societal change processes (Paton 
et al., 2021; Box 8.4-2). Real-world laboratories can also 
be used to  identify in a practical way existing capacity 
deficits in politics, administration and water-management 

Box 8.4-1

Protecting and promoting democracy via  
international scientific cooperation on water

Water-related science also plays an important role in dealing 
with exacerbated societal and political challenges. For some 
time now, an area that used to be focused on technology and 
the infrastructure has been dominated by the understand-
ing that systemic and societally embedded approaches are 
necessary in order to make water management sustainable 
in its long-term practical design. Core principles of societal 
integration, inclusion, transparency, accountability, and gender 
and age equality are of key importance in the further develop-
ment and safe implementation of existing water-management 
systems. Especially in water-related scientific collaborations, 
it therefore makes sense to incorporate cooperation formats 
that promote and protect democracy. The aim is to promote 
democratic principles such as participation, accountability and 
transparency in selected political processes at the micro and 
meso level in the field of water management. The centralized 
structure of many water-management systems means that 
the degree of state involvement is generally high, so that 
positive spillover effects are also possible in other areas of 
state control.

Some time ago, the Federal Ministry of Education and 
Research supported projects in non-democratic contexts 
(Borchardt et al., 2016) as part of its research funding for 
integrated water-resource management. These projects have 
been repeatedly criticized: it was necessary to weigh up the 
extent to which they were more likely to strengthen or weak-
en authoritarian regimes, e.g. in Uzbekistan, Mongolia or 
Jordan. Since the projects successfully compensated for defi-
cits in existing local water management, the improvements 
that were achieved were mostly attributed to the national 
governments and rarely to the German Federal Government. 
At the same time, many of these projects showed that, as 
part of the cooperative research, spaces for reflection and 
exchange on different governance approaches were created 
by the participatory and inclusive governance instruments 
of Integrated Water Resources Management. Progressive 
representatives were able to use these spaces to boost trans-
parency, accountability, self-organization and involvement 
(Hornidge et al., 2016; Ibisch et al., 2016b). In North Africa, 
too, researchers in the field of water management have 
observed how water-related cooperation has been able to 
strengthen basic elements of democratic governance (Frey-
burg, 2012; Houdret, 2021).
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organizations, and to develop concrete approaches for 
capacity building. The networking and transfer approach-
es designed together with societal stakeholders are a 
good starting point for the diffusion of research results.

Science-based policy advice
To prevent global water crises and when selecting lo-
cal adaptation options, science is increasingly playing 
an advisory and supporting role in the policy-making 
process. As emphasized above, science is of key impor-
tance in the development of solution approaches, the 
selection and implementation of which must be decid-
ed with the involvement of those affected in accordance 
with basic democratic principles. The complexity and 
speed of change of the relevant socio-ecological pro-
cesses, exacerbated by climate change, simultaneously 
demand forward-looking, adaptive and adaptable local 
and global water governance. Independent, critical sci-
ence is essential as a basis for all advisory activity. The 
aim is to provide scientifically based policy advice from 
an outside perspective, uninfluenced by power dynam-
ics driven by party politics or other interests, and to act 
as a kind of ‘sparring partner’. This freedom of science 
(Basic Law, Art. 5 III) and the independence of thought 
that results from it, the ability and willingness to ques-
tion what is accepted as the truth, while at the same time 
remaining true to the constitution, must be preserved in 
the political consultation process and ensured time and 
again. This is just as much the responsibility of science 
funders as it is the responsibility of scientists and policy 
advisors. At the same time, science-based policy advice 
needs a recipient structure in the executive and legislative 
branches. Recipient structure refers to institutionalized 

mechanisms in which water-related scientific findings 
and arguments are heard and incorporated into the fur-
ther policy process. This includes systematic exchange 
processes between science and politics, through which 
the mutual dialogue and exchange of expertise is possible, 
and the advisory products of science are systematically 
passed on within the ministries or the Bundestag (Ger-
man Parliament). Science can only inform decision-mak-
ing processes in a meaningful way if the advisory prod-
ucts are actively used.

The WBGU is in favour of further developing such re-
cipient structures in the ministries responsible for water 
management at the federal level. Important points of ref-
erence for the further structural development of recip-
ient structures can also be developed as part of the ad-
visory-board dialogue under the auspices of the Science 
Platform for Sustainability and the Sustainable Devel-
opment Solutions Network (SDSN) Germany, funded by 
the Federal Ministry of Education and Research (BMBF).

Chapter 6 also underlines that water infrastructure 
and its management must become more modular, er-
ror-friendly and flexible in order to deal appropriately 
with the exacerbated challenges. The role of science is 
to accompany the necessary reflective, learning plan-
ning processes by reviewing the effectiveness of the 
decisions made and, if necessary, proposing technolog-
ical alternatives or new options for action. The intend-
ed and unintended effects of political decisions should 
also be scientifically determined on a permanent basis 
in order to enable faster learning and, if necessary, rap-
id readjustment.

Box 8.4-2

Examples of successful citizen labs

Citizens can actively participate in scientific research projects in 
citizen labs. Using crowdsourcing methods, they help to collect 
and analyse data in order to gain scientific knowledge. In view 
of water scarcity, water monitoring tasks (water availability and 
quality) can be undertaken with those involved, and solution 
approaches and implementation measures can be developed 
for better water storage and more efficient consumption. This 
information can be evaluated and used together with scientists, 
stakeholders and politicians (Bonn et al., 2022; Wagenknecht et 
al., 2021). By involving the population in the decision-making 
process, citizen labs, like deliberative participation processes, 
can contribute to more resilient structures in municipalities 
by revealing customized solutions for local challenges – such 
as water shortages – which are accepted via transparent deci-
sion-making.

In the ‘How much water does my soil store’ project at Bonn-
Rhein-Sieg University of Applied Sciences, citizens were able 
to determine the green-water content and filtration capacity 
of the soil in their garden. Under the motto ‘Climate protection 
and biodiversity – what potential does my garden have?’, every 
citizen could learn how to increase the contribution of their 
own soil (H-BRS, 2019).

In the ‘LassWissen’ project in the Lower Lusatian Heath 
Nature Park, experts and citizens are jointly researching the 
water balance of the post-mining landscape in the Lusatian 
mining area (Naturpark NLH, 2024). The aim of the project is 
to build a data network with citizens in order to better under-
stand the water balance in the post-mining landscape. The 
project is funded by the German Federal Ministry for the 
Environment’s programme of Municipal Model Projects for the 
Implementation of Ecological Sustainability Goals in Regions 
undergoing Structural Change (‘KoMoNa’; Naturpark NLH, 
2024).
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8.4.1.2
International science cooperation for  
climate-resilient water management
Science systems continue to differ greatly across the 
world. In particular, there are differences in terms of 
personnel and financial resources, research infrastruc-
ture, disciplinary versus thematic organization, the fo-
cus on basic versus applied research and performance. 
Expenditure on research and development in high-in-
come countries averaged 2.8 % of gross domestic product 
(GDP) in 2021. In middle-income countries, it amount-
ed to between 1.2 and 1.6 % of GDP and in low-income 
countries to between 0.2 and 0.5 % (UIS, 2024). The ex-
penditure includes both public and private investment 
in research and development and the funding areas of 
basic research, applied research and experimental devel-
opment projects in publicly and privately organized sci-
ence, tertiary education and civil-society organizations.

The differences in strength of the science systems are 
also reflected in the geographical distribution of research 
expenditure. North America (27.4 %), the European 
Union (18.7 %) and East and Southeast Asia (40.4 %) 
account for most of global research expenditure. Latin 
America has a share of just 2.7 % and sub-Saharan Af-
rica a mere 0.4 % (UNESCO, 2021). The unequal distri-
bution of scientific capacities reinforces existing differ-
ences. Scientific capacities are a key lever for developing 
locally adapted solutions to deal with the exacerbated 
challenges, and they play an important role in national 
innovation systems, which in turn are an important el-
ement in mobilizing private capital.

Scientific capacities are also a key factor in the inte-
gration of local knowledge, e.g. in the form of local stake-
holders’ experiential knowledge, in the development and 
review of solutions. Strengthening the opportunities for 
equal science is a prerequisite for finding locally viable 
transformation paths to avoiding greenhouse-gas emis-
sions. Scientific collaborations are therefore an impor-
tant instrument for jointly dealing with the exacerbated 
challenges described in Chapter 3.

External, bilateral and multilateral science funding can 
make an important contribution to expanding scientific 
capacities, especially in middle and low-income coun-
tries (Dean et al., 2015; Mormina, 2019; Blicharska et 
al., 2017). The International Science Council estimates 
that only 15 % of all science projects worldwide are car-
ried out in bilateral cooperation, and only 5 % in mul-
tilateral cooperation (ISC, 2021). Measured in terms of 
co-authorship of scientific publications, only 0.6 % of 
all publications from high-income countries have been 
published in cooperation with scientists from low-income 
countries (Aksnes and Sivertsen, 2023; DUK, 2024).

In international collaborations, care should be taken 
to ensure that they are characterized by a high degree 

of equality between the partners. Without such equality, 
neither the sustainability of cooperation nor the local 
suitability of the knowledge, innovations or management 
approaches developed can be ensured. It is therefore im-
portant in project design and during project implemen-
tation to ensure that cooperating countries are given a 
say, personal responsibility and substantial resources. 
For the successful development and long-term applica-
tion of local solutions, as a first step research agendas 
and research questions should be developed jointly. A 
good example of this is the BMBF funding line ‘Water 
Security in Africa’ (WASA), which began in 2021 and 
was developed in a consultation process with the partic-
ipation of, among others, the Council of African Water 
Ministries and the water ministries of Angola, Botswa-
na, Namibia, Zambia and South Africa (BMBF, 2024e).

However, the joint development of a research agen-
da does not automatically ensure the equally necessary 
equality in the cooperation within the project period 
(Schwachula, 2019). The operationalization of the re-
search questions, the implementation and the evaluation 
of the results should also be carried out in cooperation 
with local stakeholders. The integration of Indigenous 
and local knowledge is necessary in order that solution 
approaches for overcoming or preventing water crises 
can do justice to the context-specific problems and de-
velop customized solutions. This means that the possible 
existence and suitability of local and Indigenous knowl-
edge must be determined before knowledge is produced.

Initial meta-analyses of adaptation projects to climate 
change in the water sector clearly show that, for exam-
ple in Africa, measures that include indigenous and lo-
cal knowledge show a higher degree of risk reduction 
than measures without it (Filho et al., 2023). Commu-
nication with the population, as well as the (further) 
training of users and other relevant stakeholders, are 
also necessary for the dissemination and long-term ap-
plication of solutions.

To increase local research capacities, scientific in-
stitutions in partner countries must participate and be 
provided with substantial funding to create scientific 
jobs and research infrastructure. In addition, scientific 
qualification opportunities and the provision of funds 
for local research administrations strengthen local sci-
entific capacity. Measures to achieve both goals rein-
force each other in practice. As part of the BMBF fund-
ing programme ‘Water Research in the Near and Middle 
East’ (MEWAC), for example, joint applications with local 
partners were a prerequisite, and cooperation with com-
panies was actively sought. However, partner countries 
were only allowed to apply for a maximum of 50,000 
euros in funding. They were therefore only able to act 
as equal partners to a limited extent (BMBF, 2020). One 
example is the BMBF funding of two competence centres 
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for climate change and adapted land management in Af-
rica (BMBF, 2024d). The funding has been in place since 
2012 and is open-ended, with funds totalling more than 
250 million euros up until 2024.

In order to substantially increase funding for research 
cooperation in the future, a stronger emphasis on sci-
ence policy in international forums such as the G20 or 
regional organizations such as the Association of South-
east Asian Nations (ASEAN) or the African Union (AU) 
is also necessary. At these levels, funding flows and work 
processes for the partnership-based development of re-
search agendas and the necessary research infrastructure 
could be coordinated, and regional science policy could 
be strengthened in a similar way to that of the EU’s Eu-
ropean Research Council for the development and expan-
sion of regional science landscapes (DUK, 2024; Taylor 
et al., 2022, Hornidge et al., 2023).

In international cooperation, research funders have the 
role of transnational systemic intermediaries in addition 
to guaranteeing the fulfilment of the above criteria. This 
means that funded research enables interactive learning 
processes between the scientific systems involved, inte-
grating all the actors taking part in the creation of new 
knowledge (Heiberg and Truffer, 2022).

8.4.1.3
Water Mapping Initiative
The existing landscape for water-related scientific co-
operation is characterized on the one hand by a high 
degree of fragmentation and the primacy of national-
ly organized scientific systems which cooperate at best 
regionally and selectively internationally. On the other 
hand, recent research is increasingly pointing to region-
al water emergencies with a planetary dimension, some 
of which are expected and some of which are already 
unfolding (Chapter 4). However, research is still in its 
infancy with regard to the potential extent, regional 
distribution, the range of its specific manifestations and 
possible societal reactions.

At the same time, extensive research findings are 
available on the global water balance and its changes, 
which, despite their increasing relevance for political 
decision-making processes, continue to be insufficiently 
collated and put to effective use. In order to counteract 
the gap between knowledge and action, the WBGU ad-
vocates establishing a Water Mapping Initiative whose 
planning and implementation is internationally shared. 
Its aim is to recognize impending regional water emer-
gencies in advance, and to use the results of its work to 
inform decision-making processes. In this way, the ini-
tiative can help maintain the necessary distance to the 
limits of controllability.

Figure 8.4-1
WBGU proposal for a Water Mapping Initiative to prevent imminent regional water emergencies. The scientific platform aims to 
recognize imminent water emergencies as early as possible by integrating scientific principles. On this basis, the panel of experts 
would inform and support international, regional and local policy processes.
Source: WBGU

Scientific basis

 > IPCC and IPBES projections; 
when available: results of 
International Panel on  
Chemical Pollution currently 
under negotiation

 > Data and findings of national 
water research

 > Local and regional data  
and experience with past 
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 > High-resolution data from 
forecasting models at  
the local level (river  
catchment areas) and at  
the intermediate level  
(world regions, e.g. Europe)

 
Water Mapping Initiative 

Goal: to identify and communicate imminent  
water emergencies to keep the limits of controllability  

at a safe distance

Scientific platform  
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 > Collates existing scientific expertise  
in order to identify imminent 

water emergencies

Expert panel 
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 > Draws up scenarios on the development  
of the water balance in emergency regions

 > Lays down principles for exchange of informa-
tion with business, policy-makers, stakeholders 

Addressed political 
processes

 > At the international level: 
informs UN Water Confe-
rences 

 > At the regional level: 
informs water-related  
dialogue platforms of the 
world regions (under the 
proposed International 
Water Strategy)

 > At the local level:  
supports water authorities 
in emergency regions in  
the implementation of 
climate-resilient water 
management
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Scientific working principles
Recognizing water emergencies at an early stage and 
being able to appropriately limit them regionally, or 
develop plans for dealing with them, requires the con-
solidation of global water data series and monitoring 
capacities (Fig. 8.4-1). This comprises long-term data 
series, monitoring and observation data from nation-
al monitoring facilities, as well as time-limited, diverse 
interdisciplinary quantitative and qualitative databases 
from regional and national research projects. The aim here 
is to establish binding standards for appropriate water 
monitoring worldwide. These standards for data collec-
tion, processing and storage would not only create the 
knowledge base for global water availability (green and 
blue water), they could also make it possible to develop 
them further and to integrate them into the operational-
ization of the largely nationally or regionally organized 
science systems worldwide (WBGU, 2023).

On the scientific side, the platform should continue 
to integrate the findings on the consequences of climate 
change, biodiversity loss and environmental pollution 
with data on and experience of past emergencies, the re-
sults of national and supra-regional water research, and 
local data and local experience of current emergencies. In 
addition, there are high-resolution spatial and temporal 
data from observations and forecasting models at the local 
level (river catchment areas), at the national or regional 
level (at the level of world regions, e.g. from EU Coper-
nicus) and at the global level (e.g. IPCC and IPBES). With 
increasing temporal and spatial resolution, the platform 
should also provide relevant information for local water 
authorities to implement climate-resilient water manage-
ment. For successful forecasts, the data should be eval-
uated both retrospectively (hindcasting) and prognosti-
cally by modelling, taking into account different climate 
models. As soon as the Science-Policy Panel on Chemicals, 
Waste and Pollution Prevention set up by the UN Envi-
ronment Assembly has started its work (Section 7.1.3.2), 
its findings should also be taken into account.

Panel of scientific experts
A panel of experts is to be set up to oversee and manage 
the platform; it will be responsible for the following ad-
ditional tasks: developing binding standards and indica-
tors for the necessary water monitoring worldwide, eval-
uating data analyses and graphical representations, and 
preparing the work results for feeding into political pro-
cesses. Once imminent regional water emergencies with 
a planetary dimension have been identified, the panel 
of experts will draw up forecasts for regions that are at 
risk. At the same time, it could promote the exchange of 
information between science, politics and stakeholders.

At the international level, the panel of experts should 
inform the UN Water Conferences. At the regional level, 

the initiative should initiate and inform water-related 
dialogue platforms in different regions of the world, as 
well as policy dialogues in different country allianc-
es (e.g. G20, BRICS, OECD, Commonwealth of Nations, 
MIKTA – a consultation and coordination platform in-
volving Mexico, Indonesia, South Korea, Turkey and 
Australia) and regional organizations (EU, ASEAN, AU, 
MERCOSUR, etc.) for designing an international water 
strategy and with a view to the UN Water Conferences 
in 2026 and 2028. Locally, the committee should also 
cooperate with water authorities in the implementation 
of climate-resilient water management.

For local, national and regional strategy development 
and implementation, the panel of experts should also pro-
vide the necessary science-based expertise on advancing 
changes in the availability of water worldwide and with 
the respective regional and local characteristics. However, 
the design of dialogue and cooperation processes based 
on this would go beyond the capacities of the Initiative 
and should instead be the responsibility of nation states 
and regional associations. The science platform and the 
panel of experts should be institutionally based at UN 
Water. The databases and the scientific analysis should 
be hosted by internationally commissioned national re-
search institutions. It could be set up in a similar way to 
the IPCC and IPBES data centres.

Ideally, funding should be provided primarily by G7 
and G20 countries. Other countries would be able to 
participate on a voluntary basis. Co-funding from mid-
dle and high-income countries is particularly important 
against the background of the growing global crisis of 
confidence between the ‘south’ and the ‘north’, and could 
also strengthen the perception of science as a factor in 
international negotiations.

A delegitimization of the Initiative’s water scenarios 
based on a possible perception as ‘western science’ and 
the associated devaluation of the political process must 
be counteracted by the very architecture of the initiative. 
The same requirements should apply to the composition 
of the scientific staff and the implementation of scien-
tific activities, as well as for the international scientif-
ic collaborations described in Section 8.4.1.2. Science 
should be organized in an inter- and transdisciplinary 
way and be carried out by scientists from high-, middle- 
and low-income countries in equal measures.

8.4.2
Education

Education is essential for the transition to a sustainable 
society in general and for the prevention of water crises 
in particular. Measures such as information, education, 
and knowledge acquisition through practical experience 
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and public dialogue raise people’s awareness of the im-
portance of water as a resource. A better understanding 
of, for example, the connections between the production 
of goods and water quality, the new challenges in water 
management resulting from climate change, or global 
governance makes self-determined action and informed 
participation in political processes possible.

Education passes on the necessary knowledge for the 
individual development of competences that enable pur-
poseful action in the sense of sustainable development 
and a life in harmony with nature. To this end, educa-
tion promotes an awareness of water as a resource. The 
necessary change in educational institutions and content 
on the topic of water is based on the concept of Educa-
tion for Sustainable Development (ESD). ESD supports 
the ability to criticize previous forms of education and 
demands an integrative perspective on problems and 
societal action. Education in the sense of ESD conveys 
systemic thinking and the ability to reflect on the eco-
logical, social and economic effects of human behaviour 
in an integrative and independent manner, and to inte-
grate different bodies of knowledge through participation 
(WBGU, 2023). The importance of the topic is reflected, 
among other things, in the National Action Plan ESD of 
the National Platform ‘Education for Sustainable Devel-
opment’ and the ESD campaign ‘Learning. Taking Action. 
Shaping the future together. Education for Sustainable 
Development’, both of which are managed by the Fed-
eral Ministry of Education and Research (BMBF, 2017).

Although the importance of education for critical 
thinking and the transition to a sustainable society is 
fundamentally undisputed, the concept of ESD has also 
been criticized. Empirical social research has long estab-
lished that awareness of environmental crises is grow-
ing, but that the patterns of behaviour and consump-
tion that contribute to environmental crises are hardly 
changing. While the so-called ‘knowledge to action gap’ 
was initially explained primarily by a lack of long-term 
planning and risk aversion (e.g. WBGU, 2011), more re-
cent criticism emphasizes that sustainable action finds 
its limits in unsustainable material and institutional in-
frastructures. These cannot be changed by increasing 
knowledge and expertise but only via political process-
es. The need for democratically legitimized political de-
cisions to initiate societal change as a prerequisite for 
successful environmentally oriented action is, however, 
largely ignored in the context of ESD, the criticism con-
tinues (Christ and Sommer, 2023). For ESD, this means 
that the connection between action-enabling framework 
conditions and individual action, as well as the impor-
tance of democratically legitimized political decisions 
to change them, must be more strongly integrated into 
the content taught.

As a key global and locally relevant topic, water has 
always been part of ESD (Rieckmann, 2020). The Na-
tional Water Strategy includes far-reaching measures 
for communication, education, training and advice, the 
implementation of which is supported by the WBGU. 
Plans include a comprehensive communication strate-
gy, further-training programmes for experts and man-
agers from different sectors and political decision-mak-
ers, as well as giving the topic of water a higher profile 
in schools (BMUV, 2023b). For some time, the Federal 
Ministry of Education and Research, too, has support-
ed further training on the subject of water as part of its 
research-funding programmes. For example, the fund-
ing measure ‘GRoW – Global Resource Water’ promotes 
education and training programmes to improve the man-
agement of water resources (BMBF, 2024c). However, 
the exacerbated challenges described in Chapter 3 and 
the threat of regional water emergencies with a plane-
tary dimension described in Chapter 4 justify devoting 
even more attention to this topic.

8.5
Recommendations for action

This section offers recommendations for action to 
strengthen a system of international water governance 
(Section 8.5.1) that makes use of the interfaces and op-
portunities of economic and trade relations, and improves 
cooperation with low- and middle-income countries. The 
following recommendations for action aim to promote 
the interaction between a proactive state and self-organ-
ization in civil society (Section 8.5.2) and to encourage 
more investment in the protection of water resources 
and resilient water infrastructures (Section 8.5.3). The 
section concludes with recommendations for a proac-
tive role for science that brings actors and stakeholders 
together (Section 8.5.4).

8.5.1
Strengthen international water governance

At the international level, the WBGU proposes gener-
ating fresh impetus by means of an International Wa-
ter Strategy, which should be compatible with existing 
international water-policy processes. Germany, the EU 
and companies with transnational supply chains should 
fulfil their international responsibility.



8  Development of climate-resilient water governance

244

8.5.1.1
Advance water diplomacy at the international  
and regional level

An International Water Strategy to create a new 
impetus for international water diplomacy
The WBGU recommends developing an International Wa-
ter Strategy. As an exchange and coordination platform, 
this should aim to help institutionalize the current pro-
cesses. In terms of content, it should address the least 
controversial topics first and initially rely on non-bind-
ing instruments to increase consensus. Drinking water, 
integration, education and research as well as coopera-
tion should be given priority. Furthermore, the Interna-
tional Water Strategy should help to address the pos-
sible regulation of green water under international law, 
and endeavour to better dovetail the water conventions 
with other water-related international treaties. Finally, 
the protection of water resources should be recognized 
as a common concern of humankind.

New water secretariat and scientific  
panel of experts to consolidate regular 
UN water conferences
The WBGU recommends the establishment of a UN Wa-
ter Secretariat, which could in future be headed by the 
Special Envoy on Water, as well as a scientific panel of 
experts to support it in an advisory capacity. The scien-
tific panel of experts should be diverse in terms of coun-
tries of origin and specialist expertise. It should coop-
erate with the Water Mapping Initiative platform (Sec-
tion 8.5.4), which is also recommended by the WBGU.

Capacity building supported by an internationally 
funded task force
The aim should be to promote the capacities of low- 
and middle-income countries for data analysis, and to 
make relevant water data as freely accessible as possible 
(open access). Government authorities in all countries 
should be put in a position to plan and work out their 
water policy in such a way that it is no longer based on 
assumptions of stationarity. Climate-resilient planning 
can only be implemented if capacities are built up lo-
cally in the respective countries. Low-income countries 
should be given financial support and advice, e.g. from 
an internationally financed task force.

Promote the regional level and regional 
organizations: establishment of regional platforms 
as part of an International Water Strategy
In order to strengthen regional organizations, regional 
governance platforms for multilateral meetings could be 
set up as part of an International Water Strategy. The 
Sendai Framework for Disaster Risk Reduction can serve 

as a model (Box 8.1-3). Regional platforms could be 
used to formulate goals and measures for regional water 
strategies that address such issues as land use (WBGU, 
2020). The management of forest areas of supra-region-
al importance, such as the Amazon rainforest, could be 
included in regional strategies, e.g. for South America. 
Protection measures could also be promoted by interna-
tional funding or international cooperation. In Europe, 
a regional water strategy could relate to the European 
Green Deal and the European Biodiversity Strategy. As 
part of the proposed International Water Strategy, the 
regional governance platforms would be scientifically 
informed by the Water Mapping Initiative.

European Blue Deal
In view of increasingly frequent extreme weather events 
within Europe and the EU’s credibility as an actor in 
international negotiations, the efforts made to date to 
integrate a climate-resilient European water policy, e.g. 
the EESC’s EU Blue Deal and the EU Commission’s Wa-
ter Resilience Initiative, should be further pursued and 
prioritized. Germany should work to ensure that the 
European Green Deal and the Clean Industrial Deal are 
supplemented by a European Blue Deal.

Multilateral cooperation communities
In order to boost cooperation on sustainable land and 
water management, the WBGU proposes multilateral 
cooperation communities for ‘coalitions of the willing’. 
These could fulfil three functions for their members: (1) 
implement integrated approaches to water and land use 
across national borders and exchange know-how, (2) ad-
vocate transformative land and water governance at the 
international and regional level, and (3) jointly protect 
valuable ecosystems by means of cooperative mecha-
nisms (WBGU, 2020: 277).

8.5.1.2
Strengthen and make use of interfaces

Strengthen capacities at the interfaces for an active 
role in the International Water Strategy
The greater need for coordination at the national and 
global level should be met by an increase in adminis-
trative capacities. The capacities of administrations at 
the supranational, state and sub-state levels, which are 
 already working at interfaces and have water-specific 
networks and expertise, should be expanded so that they 
can play an active role in negotiating an International 
Water Strategy, as proposed by the WBGU. To achieve 
this, financial and human resources should be increased 
in (ministerial) administrations working on water- related 
issues, e.g. in the areas of agriculture, economy and trade, 
environment, foreign policy and sustainable development.
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Biodiversity governance based on  
integrated approaches
In order to implement the biodiversity targets of the 
Kunming-Montreal Global Framework Agreement (GBF), 
the WBGU recommends the integrated mosaic approach – 
which is based on the integrated landscape approach – 
and the reallocation of subsidies (WBGU, 2020, 2024). 
The implementation of the GBF area-based targets should 
be used as an opportunity to stabilize landscape water 
balances and restore the storage capacity of the land-
scape (Section 7.2).

Combine water governance with biodiversity 
protection: the example of shrinking glaciers
The melting of glaciers as a result of climate change is 
leading to the creation of new ecosystems. The protec-
tion of these new post-glacial ecosystems could make 
an important contribution to achieving the GBF’s glob-
al biodiversity goals. By 2100, new aquatic and terres-
trial ecosystems up to the size of Finland could emerge 
(Bosson et al., 2023). The newly emerging ecosystems 
can, for example, play a role as carbon sinks, and also re-
tain glacial meltwater in some regions. These areas were 
previously inaccessible to humans, but the pressure to 
use them, e.g. for infrastructure development, is already 
increasing. These ecosystems should therefore be placed 
under protection as soon as possible.

Integrate and reify water as a separate  
component in the goals of climate adaptation  
and climate financing
Germany should work to further flesh out the water-re-
lated global adaptation target that was adopted in 2023 
at the climate conference in Dubai (COP 28; UNFCCC, 
2023b). Financing climate-resilient water management 
should play a key role in the negotiations on the new 
climate-financing target of the Paris Agreement.

8.5.1.3
Use the opportunities of economic  
and trade relations

Strengthen the protection of water resources  
in the WTO and regional trade agreements
The protection of water resources should be strength-
ened in the WTO, in regional trade agreements and in 
investment-protection agreements. Among other things, 
Germany should advocate the resumption of negotiations 
under the Environmental Goods Agreement on the re-
moval of tariff and non-tariff barriers to trade in envi-
ronmental goods and services: in the context of water, for 
example, technologies for treating wastewater, improving 
water productivity or drought-resistant grain varieties. 
Efforts should also be made to ensure that WTO law and 

regional and bilateral agreements encourage countries to 
introduce and implement measures that serve to protect 
water resources, or at least grant them sufficient room 
for manoeuvre, e.g. through clearly defined exceptions. 
It may also make sense to agree on safeguards allowing 
unilateral restrictions on free trade to protect water re-
sources in urgent or serious cases. WTO law and region-
al trade agreements should provide for the elimination 
of subsidies that run counter to the protection of water 
resources, and for exemptions for beneficial subsidies 
(Zengerling, 2020; WBGU, 2020; GCEW, 2023b). Cor-
responding objectives in international agreements can 
be found, for example, for the protection of biodiversi-
ty in the Kunming-Montreal Global Framework Agree-
ment (CBD, 2024). Regional trade agreements should 
specifically strengthen regional and international trade 
in sustainable products and services and the develop-
ment of corresponding business models, for example 
through certification (Zengerling, 2020). Regulations 
agreed in regional agreements should be adopted by as 
many countries as possible for their trade relations in 
order to avoid a shift of negative environmental impacts 
to countries outside the agreements.

Make companies more responsible internationally 
and support countries with the introduction of 
reporting obligations
The goals and measures formulated in the German Na-
tional Water Strategy can serve as a model for other 
countries. As part of the International Water Strategy, 
further countries should be encouraged and enabled to 
introduce reporting obligations on water use and risks, 
and to apply uniform standards wherever possible. Based 
on such reporting, companies and investors should be 
encouraged to take measures to avoid negative impacts 
of their activities on water resources. Low- and mid-
dle-income countries should furthermore be supported 
when introducing reporting obligations, e.g. with capac-
ity-building measures (Section 8.1.3.3).

Consider making the protection of water resources 
and the documentation of risks an integral part of 
the Supply Chain Act
Germany should examine the extent to which protecting 
water resources and recording water risks can be more 
closely integrated into the German Supply Chain Act. For 
example, risks to ecosystems and biodiversity have not 
been documented up to now. Consideration should be 
given to the possibly limited data basis and the method-
ology for documentation, as well as the effort involved 
for companies in documentation.
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Review and further develop  
certification programmes
It should be examined to what extent existing certifica-
tion programmes can be improved in terms of design and 
implementation, or whether new certifications should be 
developed to promote the sustainable use of water more 
strongly. Relevant examples here include the Ecolabel at 
the EU level, the Blue Angel for products and services 
in Germany, and the Water Stewardship Standard of the 
Alliance for Water Stewardship, which certifies compa-
nies. In the case of a further or new development, care 
must be taken to ensure that producers in low-income 
countries also benefit as much as possible from partic-
ipation in certification programmes – through higher 
producer prices or supporting measures, e.g. for capac-
ity development (WBGU, 2020).

8.5.1.4
Cooperation with low- and  
middle-income countries

Internal and external policy coherence
Germany and the EU should establish policy coherence 
between the various external policy fields relating to wa-
ter, as well as between the external and internal fields. 
This is particularly important for Europe’s and Germa-
ny’s international credibility, and for the expansion of 
strategic alliances with countries on all continents and 
from all income groups, and thus for Europe’s ability to 
act at the international level.

Confidence-building measures in cooperation  
with partners
When supporting confidence-building measures, espe-
cially in conflict areas, it is important to pay attention 
to trust, institutional capacities and a sustainable dia-
logue, and not to concentrate solely on technological 
solutions and data availability. All too often, material 
infrastructure projects are prioritized. Changing norms, 
thought patterns and habits is more difficult. What is 
needed, therefore, is a focus on confidence-building 
measures in institutions, long-term partnerships and a 
genuine dialogue with partners – also in the funding of 
research projects.

Promotion of gender-sensitive water management
In international cooperation, it should be ensured that 
there is cooperation with large and small water users, 
for example both with industrial agriculture and with 
smallholder farms, and that attention is paid to gen-
der-specific role distributions in project developments. 
For example, land-intensive agriculture and production 
for export is male-dominated in many countries, while 
vegetable and fruit production for local food security 

and diversity is small-scale and in women’s hands. Ac-
cordingly, it is important to organize international co-
operation and scientific cooperation in the field of sus-
tainable water management in such a way that women 
in particular are empowered to secure, adapt and further 
develop their (often small-scale) agricultural activities.

Further research is also needed on opportunities and 
barriers to the implementation of WASH measures, which 
aim to ensure universal safe and efficient access to water 
and sanitation, have a positive impact on human health, 
reduce poverty and inequality and improve the safety 
of girls and women (UNWC, 2023).

Expand water-related cooperation with  
low- and middle-income countries, promote  
local and regional marketing systems
Low- and middle-income countries should be supported 
by capacity building and technical cooperation in using 
the potential of international trade and economic rela-
tions for growth, development and food security, while 
at the same time protecting domestic water resources 
from negative spillover effects. Sub-national and entre-
preneurial cooperation should also be promoted. In addi-
tion, local and regional markets and marketing systems 
for food should be strengthened to create alternatives 
to the cultivation of water-intensive monocultures for 
export such as maize and soya. The Committee on World 
Food Security (CFS) could play a coordinating role in 
cooperation with the World Trade Organization (WTO). 
Smallholder organizations in particular should be con-
sulted and closely involved (Tups, 2022).

Document spillover effects, reduce disincentives 
and promote the switch to water-saving  
economic models
EU trade relations should be analysed specifically for 
transregional spillover effects in the water sector. False 
incentives that exacerbate negative spillover effects – e.g. 
from regulations in trade agreements or the long-distant 
effects of European regulation – should be dismantled. 
Trade relations should be used to promote the switch to 
water-saving production and cultivation methods or al-
ternative sources of income.

8.5.2
State policy and self-organization  
by civil society

In the WBGU’s view, climate-resilient water governance 
requires interaction between a proactive state and self-or-
ganized actors. It should be structured in a context-spe-
cific way and enable effective implementation. Preparing 
for future water-related challenges on an unprecedented 
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scale requires cooperation and understanding between 
state, sub-state and non-state actors.

Proactive state
The state should play a proactive role in the field of water 
governance. In order to do justice to the precautionary 
and polluter-pays principles, democratic processes are 
needed to negotiate, conceive and implement strategies 
and instruments for water policy. Cooperation with mul-
tiple actors is important (”with and not against society”), 
but this must not mean that the state withdraws and re-
mains passive vis-à-vis the challenges of water govern-
ance. The WBGU recommends increasing administrative 
capacities and resources so that states can assume their 
role and responsibilities appropriately.

Promotion of self-organization and bottom-up 
structures in the IWRM context
Especially in regions of the world that are severely af-
fected by exacerbated water-related challenges (Chap-
ter 4), the WBGU advocates the targeted promotion 
of structures that enable self-organization at the local 
and regional level (bottom-up), compensate for possible 
weaknesses in formal water governance, which is often 
designed by the state, but, at the same time, point these 
out and ensure their rectification in the formal system. 
In the past, the promotion of bottom-up self-organiza-
tion, especially in line with IWRM principles, has also 
proved its worth in expanding participatory and inclusive 
forms of decision-making. Especially in times of grow-
ing autocratization processes at the political level in the 
majority of countries worldwide, this promotion of in-
clusive governance approaches at the local level and in 
the supposedly apolitical field of water management is 
important and – based on experience – promising.

Further develop a systemic perspective  
and promote interaction between state and  
self-organized governance
An explicitly systemic perspective on water governance 
and management which involves both the different gov-
ernance levels and the different actor groups and recog-
nizes state and self-organized water governance as part 
of one and the same water-management system, makes 
it possible to successively further develop the system 
as a whole. Fragmentation, frictional losses and unclear 
responsibilities that are counteractive to management 
can be reduced by consciously promoting interaction 
between bottom-up and top-down water-governance 
approaches. The efficiency and sustainability of water 
management can be improved.

Promote dialogue forums to prevent conflicts and 
enable a collective search for solutions
The WBGU recommends dialogue forums on water to 
prevent water conflicts between different actors. This 
promotes democratic practice and contributes to peace-
keeping both within countries and internationally. Di-
alogue forums also offer an opportunity to involve di-
verse forms of knowledge and actors in the search for 
solutions. Participation at the local level is an important 
component of polycentric water governance, and sup-
ports the networking and self-organization of the actors.

8.5.3
Mobilize and arrange financing

The realization of water-related goals requires exten-
sive investment, so that the financial sector has an im-
portant enabling role to play. Increasing the efficiency 
and creditworthiness of water utilities as well as the 
attractiveness of the sector as a whole and the respec-
tive market environment (e.g. local financial markets) 
continue to be of key importance for the sustainable fi-
nancing of water-related investments. This involves ca-
pacity building in public companies and institutions for 
efficient planning, investment and operation, as well as 
for supervision and regulation. Strategies of the World 
Bank (Khemka et al., 2023) and the BMZ (2017), as well 
as the German National Water Strategy (BMUV, 2023b) 
are already pursuing these goals. The following recom-
mendations for action therefore emphasize aspects that 
have so far received less attention, yet also have a steer-
ing effect towards climate-resilient water management. 
The recommendations are grouped according to the three 
main topics in Section 8.3. Corresponding research rec-
ommendations follow in Section 8.6.3.

8.5.3.1
Increase willingness to invest, reduce financing 
costs: better transparency on water-related risks

Strengthen sustainability reporting through 
harmonization, support and data provision
The German government should promote the consider-
ation of water-related risks in investment decisions by 
national and international companies, investors and lo-
cal authorities in order to encourage the redirection of 
capital flows into the conservation of water resources, 
resource-compatible economic activities, water-resilient 
infrastructure and early-warning systems. To achieve this, 
first, the harmonization of non-financial reporting cri-
teria for the implementation of SDG 6 should be driven 
forward at the international level. Building on the ex-
perience of German financial institutions in the design 
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of ‘blue’ financial instruments such as NRW.Bank with 
the issue of green bonds to finance the restoration of 
the Emscher river, and initial practical experience with 
EU taxonomy reporting, Germany can play a pioneering 
role internationally (NRW.Bank, 2024). This also includes 
supporting the efforts of the International Platform on 
Sustainable Finance (IPSF) to harmonize international 
sustainability taxonomies, and advocating for this at 
its own events. Second, the conditions for applying the 
EU framework for sustainability reporting in Germany 
should be improved: existing public support services, 
knowledge platforms and contact points, such as the 
German Sustainability Code (DNK), should be strength-
ened and expanded in order to create more transparen-
cy with regard to water-related risks and opportunities, 
and to mediate between companies and private donors. 
In an early phase of their first or voluntary reporting 
by SMEs, it may also make sense to subsidize the ad-
ministrative costs of preparing, reporting and market-
ing taxonomy-compliant water projects (in the sense of 
a ‘taxonomy turbo’, similar to the subsidy in Singapore, 
for example). Experience with support programmes and 
capacity-building measures should be exchanged with 
other EU countries (examples in Section 8.3.1.2). Third, 
the German government should ensure that better data 
(in some cases in real time) and long-term projections on 
local water volumes and water use, as well as knowledge 
on interregional and intersectoral linkages, are collected, 
made available and, if necessary, skills for their use im-
parted; it should also support other countries in doing 
so – depending on local conditions and the needs of the 
actors. In this context, efforts at EU level to establish a 
digital and free European Access Portal (ESAP) should 
also be supported, and corresponding requirements for-
mulated in order to create transparency with regard to 
the sustainability of economic activities in relation to 
water and marine resources. The required disclosure in-
formation should be merged in national collection cen-
tres based on existing sources of information; duplicate 
data-collection processes should be avoided (file-once 
principle). In addition to disclosure information for assess-
ing water-related financial risks as part of the European 
Sustainability Reporting Standards (ESRS), other sus-
tainability-related frameworks could also be harmonized 
and further data points provided within the framework 
of the ESAP. Examples include the European Emissions 
Trading System for greenhouse gases and the Industri-
al Emissions Directive on the release of pollutants. This 
would raise the value and usability for financial market 
players but also for private individuals and social inter-
est groups. At the national level, the improved informa-
tion on water-related risks and the risk assessments by 
companies and municipalities should be used to better 
recognize systemic risks in the context of stress tests.

8.5.3.2
Stabilizing revenues of public and private investors

Strengthen comprehensive and socially balanced 
pricing of water
Water prices and charges should at least cover costs. 
Costs to be covered should also include environmental 
and resource-related costs, as required by the EU Water 
Framework Directive. The German government should 
support low-income countries in planning and implement-
ing price reforms, e.g. via capacity building. The resulting 
revenues open up financial scope for the countries to in-
vest in water infrastructure and nature-based solutions. 
The pricing structure and the use of revenue should be 
socially balanced. Low-income households should be 
given financial relief – with low prices for consumption 
volumes in line with basic needs, low basic charges for 
the water connection, or even user-independent grants 
where the water and wastewater charges contain incen-
tives for an efficient use of water. Exemptions from ab-
straction charges for water-intensive industries such as 
agriculture should be abolished. A reform of water prices 
may initially require better data gathering in the field of 
water consumption and withdrawals.

Water-related support and subsidy reforms,  
in particular CAP 2028+
Activities and measures, especially (but not only) in ag-
riculture, which have positive water-related effects for 
the general public – for example by stabilizing the water 
balance as a whole – can be co-financed by the public 
sector (e.g. with blended finance instruments), charged 
less in taxes and levies or directly subsidized. Subsidies 
that run counter to water and groundwater protection 
and sustainable water management, especially in the 
agricultural sector, should be abolished. In Europe, the 
Common Agricultural Policy (CAP) is the most important 
example – it should be reformed as from 2028 in such a 
way that it promotes the conservation of water resourc-
es and nature-based measures with multiple benefits, 
and does not offer disincentives. Specifically, Germany 
should work to ensure that the eco-regulations provid-
ed for in the first pillar of the CAP are further expanded 
and provided with additional financial resources from 
2028. Funds could be deducted from the area-based 
direct payments for this purpose (WBGU, 2024). In 
low- and middle-income countries with governance sys-
tems that fulfil the necessary requirements in terms of 
accountability, transparency and proper management, 
water-related debt swaps can release funds to promote 
climate-resilient water management.
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Avoiding indirect subsidies that 
damage water bodies
In order to safeguard public budget planning from possi-
ble water-related risks, and to avoid cross-subsidization 
that is harmful to water, public subsidies in water-in-
tensive sectors such as industry, energy and agriculture, 
as well as in the field of international climate financing, 
should be aligned with water-related minimum standards, 
e.g. agricultural subsidies, climate treaties and NDCs. The 
Do No Significant Harm principles of the EU taxonomy, 
which are based on minimum technical criteria with re-
gard to the protection and conservation of water and 
marine resources, could serve as the basis for a possi-
ble screening of investments that are supported by the 
state. Where conflicts of objectives between ecological, 
societal and economic interests are identified in public 
budget and subsidy planning, public expenditure at the 
expense of water quality can be avoided, for example, 
by taking account of environmental and water-related 
minimum standards (‘green budgeting’).

Generate revenue by extending  
producer responsibility
As part of an extended producer responsibility, distrib-
utors of water-polluting substances or products should 
be made more liable for the costs of measures to elimi-
nate water pollution and/or for water protection. Such 
a participation could be achieved, for example, through 
levies on water-polluting products and substances. In Ger-
many and at the EU level, there are already approaches 
for extended producer responsibility, which should be 
widened to cover more substance and product groups 
(e.g. household chemicals), as well as substance proper-
ties (classification according to persistence in the aquat-
ic environment in addition to toxicity) (Section 7.5.1). 
Also from a global perspective, extended producer re-
sponsibility should be used more to finance measures. 
This could make a significant contribution to financing 
infrastructure in low- and middle-income countries. The 
German government should create the institutional ca-
pacities for this within the framework of its bilateral and 
multilateral partnerships.

EU-wide pesticide levy
Germany should advocate an EU-wide pesticide levy, 
e.g. in the form of a tax. It should cover both environ-
mental and health risks, and put a higher price on sub-
stances that involve greater risks (Section 7.5.2). The 
revenue generated could be used on the one hand to 
finance water-protection measures (preventive meas-
ures and removal, and/or paying compensation for the 
effects of residual pesticides) and, on the other, to mit-
igate exceptional financial burdens caused by the levy, 
e.g. on farmers. It could also finance training measures 

and advisory services for farmers on the use of alter-
native crop-protection techniques. A proposal to intro-
duce a pesticide tax at the EU level has already been 
submitted (Europäisches Parlament and Committee on 
the Environment, 2023).

Strengthen revenue generation and use 
at the local level
The implementation of many measures for a climate-re-
silient water-management system lies with the municipal-
ities and cities. However, their powers to collect and use 
revenues are limited in many countries (Section 8.3.2.3). 
Germany should strengthen the opportunities for rev-
enue generation at local level. At the EU level and be-
yond, such a step can also help to finance local meas-
ures in the water sector if accountability, transparency 
and standards of good governance are also observed 
when collecting the taxes. In Germany, for example, a 
reform of property or trade tax should be examined 
(Section 8.3.2.2) to enable municipalities to use it spe-
cifically to finance local water-related public goods, e.g. 
nature-based flood-prevention measures (see Section 
8.6.3). The political incentive structure for the increased 
use of taxes to generate revenue at the local level should 
also be analysed and reformed if necessary. For exam-
ple, poorly designed fiscal transfers from the national 
level can mean that opportunities to generate revenue 
at the local level are not used (von Haldenwang, 2017). 
In contrast, revenue from centrally levied charges, e.g. 
on pesticides, or charges as part of extended producer 
responsibility that are linked to tasks to be fulfilled at 
the local level (e.g. water treatment), should be allocat-
ed proportionately to cities and municipalities for the 
fulfilment of these tasks. Water-related compensatory 
payments between different regional or local authori-
ties should also be considered. These could contribute to 
economic efficiency if other municipalities, cities or fed-
eral states also benefit from local measures because, for 
example, restoration measures on a river’s upper reaches 
have a positive effect on flood protection in the river’s 
lower reaches. However, considerations of fairness could 
also justify such compensatory payments, determined on 
the basis of previously defined financial requirements to 
ensure a climate-resilient water supply and the financial 
strength of federal states and municipalities.

In order to address the challenges relating to the col-
lection and use of revenue in low- and middle-income 
countries, institutional and structural reforms are nec-
essary in addition to increasing their capacity for trans-
parent tax collection. This should involve expanding the 
tax base and improving the efficiency of revenue use, 
for example by combating corruption or reducing inef-
ficient exemptions, as well as taking action against tax 
avoidance (World Bank, 2023a: 123 ff.; Redonda et al., 
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2021; von Haldenwang et al., 2024). Taxpayers should 
be informed about how the funds are used, and legal 
certainty should be created.

8.5.3.4
Strengthen intermediaries and local  
cooperation platforms

Strengthen intermediary institutions that bring 
together water actors, land users and financial 
actors, and can mediate between them
Intermediary institutions can play a key role in medi-
ating between locally adapted, smaller approaches and 
projects on the one hand and the requirements of finan-
cially strong investors on the other. They can pool both 
public and private investors as well as different projects: 
they also have the necessary knowledge of the finan-
cial and water sector – as well as the environmental and 
climate sector – to arrange structured financing (in line 
with risk appetite, maturities, expectations of returns or 
public benefits, etc.; for example, long-term measures 
often require up-front or bridge financing). Correspond-
ingly specialized banks, revolving water funds, NGOs 
or research institutions should be set up or supported.

Create comprehensive local governance and 
financing platforms involving water, land-use, 
environmental and financing actors
With the help of the intermediaries, the EU, national 
and sub-national governments should institutionalize 
‘across the board’ local exchange and cooperation for-
mats (e.g. in cities and their respective catchment are-
as) – for example between water utilities, water users, 
land users, environmental and other NGOs, as well as 
public, public-welfare and commercial donors. A com-
mon knowledge base and transparency can be created 
in such a format, strategies and measures coordinated, 
and financing organized. Climate-adaptation and bio-
diversity-conservation actors should also be involved 
here, firstly because synergies with projects for a resil-
ient water supply already exist in some cases, and sec-
ondly because public water utilities, which have a lot of 
influence and a good reputation in many places, can be 
valuable partners in transforming the way land is used.

Build up skills and monitoring capacities  
for implementing results-oriented blended- 
finance approaches
For the success of results-oriented financing approach-
es, e.g. for nature-based solutions or other projects with 
environmental and social multiple benefits, it is crucial 
that the projects and remuneration model are carefully 
defined and planned, and that the success criteria can 
be precisely measured. Corresponding expertise and 

advisory capacities should be developed, for example 
in public institutions or agencies in cooperation with 
research institutions. Best-practice examples should be 
collected and developed into transferable/scalable fi-
nancing models in cooperation with financial players.

8.5.4
Proactive role of science: bring policy-makers 
and stakeholders together

In the WBGU’s view, the proactive and international-
ly cooperating role of science is essential in order to 
improve the way in which regional water emergencies 
with a planetary dimension are dealt with in the future. 
The establishment of a Water Mapping Initiative aims 
to strengthen the interface between science and politics.

Establish a Water Mapping Initiative
The WBGU recommends setting up a Water Mapping 

Initiative to identify and avoid local and regional wa-
ter emergencies with a planetary dimension. It would 
consists of two units: a science platform and a panel 
of experts. The science platform aims to bring togeth-
er existing scientific expertise and to record regionally 
specific changes in order to identify imminent regional 
water emergencies.

The WBGU continues to recommend the establishment 
of a panel of experts to direct the platform and feed the 
results of its work into political processes. With the re-
sults of the platform’s work, the panel of experts can 
create the basis for dialogue between science, politics 
and other stakeholders, and develop forecasts for regions 
threatened by water emergencies. It can also inform the 
UN Water Conferences and water-related dialogue plat-
forms in the world’s regions, and cooperate with water 
authorities on the implementation of climate-resilient 
water management.

The platform and the panel of experts should be in-
stitutionally based at UN Water. The databases and the 
scientific analysis should be hosted by international-
ly commissioned national research institutions. Ideally, 
funding would be provided by the G7 and G20, as well 
as by other countries on a voluntary basis.

Promote inter- and transdisciplinary science for 
climate-resilient water management
Climate-resilient and socially balanced water manage-
ment requires the continuous further development, re-
newal and the maintenance of infrastructures, as well as 
human and institutional capacities, in order to be able to 
meet the growing demand for water in an increasingly 
variable water supply. Management systems alone can-
not achieve such a necessary innovative objective. In-
stead, interdisciplinary and transdisciplinary research, the 
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promotion of young talent and policy advisory services, 
which are among the core tasks of science, are of key 
importance. The WBGU emphasizes the need to regard 
climate-resilient water management as a guiding principle 
for science policy in Germany. Inter- and transdiscipli-
nary research approaches in relation to the water cycle 
and water management, which pursue both basic and 
applied research, should be promoted. This includes en-
gineering and scientific research, as well as legal, social, 
cultural and macroeconomic disciplines, united by the 
guiding interest of providing all people worldwide with 
water of sufficient quantity and quality in the future.

Different actors from water management, agriculture, 
industry, etc. should be enabled to exchange knowledge 
on dealing with water-related challenges on an equal, 
inclusive and multidirectional basis on platforms and in 
working groups. This exchange should include new knowl-
edge about non-stationarity and exacerbated challenges, 
as well as local knowledge and experience, for example 
from farmers and foresters. The WBGU continues to re-
gard citizen science and citizen labs as important instru-
ments of transdisciplinary research and advocates the 
further expansion of these forms of citizen participation.

Promote international scientific cooperation
Intergovernmental, international cooperation is a fun-
damental prerequisite for dealing with the exacerbated 
water-related challenges described in this report. It is 
necessary in order to recognize the systemic changes 
in water availability, provision and management, and 
to develop technological, social and institutional inno-
vations for climate-resilient and socially balanced wa-
ter management. Innovations must be adapted to the 
different societal and ecological contexts in which they 
are used if they are to be successful and promote cli-
mate-resilient water management. International scientific 
cooperation on water continues to be an instrument for 
exchanging societal and political norms, including the 
promotion of democracy through Integrated Water Re-
source Management, and for the further development 
of scientific standards.

Against this background, the WBGU recommends ex-
panding bi-, tri- and multilateral scientific funding in the 
field of water. This comprises joint funding lines in the 
field of water-related science, designed and financed by 
research funders from different countries and regional 
organizations, as well as the promotion of multilateral 
funding formats, e.g. via the Belmont Forum, Future 
Earth and the recommended Water Mapping Initiative. 
Furthermore, the German government should espouse 
science-policy issues and the funding of science systems 
by national governments worldwide – but especially in 
middle-income countries and regional powers – at the 
level of the United Nations and club-governance formats, 

particularly the G20 and G7 (Hornidge et al., 2023; Tay-
lor et al., 2022). In the multilateral context, science pol-
icy is still far too often dismissed as a ‘purely western/
northern affair’. This enables large regional powers and 
middle-income countries with large, young populations 
such as Indonesia, Nigeria, India, Brazil and South Africa 
in particular to continue investing comparatively small 
sums in science and the education and training of their 
populations as a proportion of their gross national product.

However, when jointly dealing with the multilater-
al exacerbated challenges described in Chapter 3, this 
means that negotiations are conducted from very dif-
ferently structured and efficient scientific systems. Joint, 
science-based approaches to solutions are only found to 
a limited extent and are even less likely to gain majority 
support. This should be specifically addressed by jointly 
developing scientific solutions for climate-resilient water 
management, and by building and expanding scientif-
ic capacity, particularly in the major regional powers of 
Asia, Africa and Latin America, also through their own 
national policy-making, supported by science-policy 
objectives at the G20 level.

Set up a global information system
Moreover, the WBGU recommends the creation of a 
global information system for water, climate, land and 
environmental sustainability. To this end, the standardi-
zation and integration of databases should be expedited. 
There is also a need for joint analysis hubs, e.g. through 
the extension of science policy. This global information 
system is the basis for improving early-warning systems 
for extreme weather events. Early-warning systems are 
key, but in conventional thinking and application they 
usually do not cover the ‘last mile’. This needs to be fo-
cused on. Here, too, it is important to concentrate more 
on planetary water emergencies and situations beyond 
the limits of controllability. This should also serve to 
improve modelling capacities in relation to drought and 
flood events, from which low- and middle-income coun-
tries in particular can benefit.

Improving the data situation also supports better im-
plementation of the water-energy-food-ecosystem nex-
us (WEFE-Nexus) concept. As explained in Chapter 2, 
this concept aims to improve policy coherence and to 
better understand and manage the interdependencies 
between the Sustainable Development Goals (Srigiri 
and Dombrowsky, 2021, 2022). Implementation defi-
cits arise i.a. because of the inadequate data situation, 
which prevents the measurement of interrelationships 
and conflicting objectives. In this context, the Interna-
tional Water Strategy should also address the necessary 
transformation of food and energy systems.
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Create the legal conditions for direct fund 
management in partner countries
Up to now, the legal framework for international re-
search collaborations has stipulated that all personnel, 
material and travel funds must be managed by the re-
search institutions of the donor countries. As a way of 
boosting research capacities, the WBGU recommends 
creating the legal conditions for direct fund management, 
including accounting and auditing, in partner countries. 
This strengthens the role of the scientists conducting re-
search there and generates skills in the administration 
of funds. The WBGU agrees with a recommendation by 
the German Commission for UNESCO to create the legal 
conditions in the German science-funding landscape to 
enable onward transfers to partner institutions outside 
Europe without transferring both liability risk and au-
diting activities entirely to the German scientific insti-
tutions. This is unaffordable particularly for non-univer-
sity research institutions without private-sector income 
and with low staffing levels in the service areas. These in 
turn, e.g. Leibniz Institutes or non-university research 
institutions with close links to government departments, 
are often the type of interdisciplinary and international 
scientific institutions that carry out these forms of scien-
tific cooperation with partner institutions in Africa, Asia 
or Latin America. In this context, the WBGU continues 
to recommend that shared liability be made possible be-
tween the research-funding organization, the German 
and forwarding institute and the foreign partner insti-
tute (DUK, 2024).

8.5.5
Education as the basis for an informed society

The chance to educate oneself about current and future 
water issues and contexts is the basis for a well-informed 
discourse on dealing with water and water emergencies 
for society as a whole. Societal interest in water issues 
can be strengthened via references to one’s own living 
environment and by dealing with local water problems.

Specifically promote education, advisory and 
training programmes
The WBGU recommends initiating more targeted ed-
ucational programmes at the national and interna-
tional level, and launching an international discussion 
on new forms of economic activity and the apprecia-
tion of ecosystem services. In this context, knowledge 
should be exchanged globally among equals and with 
the involvement of all relevant actors. Support and 
education programmes should be jointly coordinated 
nationally and internationally and follow a common 
thread, so that people from different professions and 

backgrounds can be informed, addressed and can par-
ticipate in equal measure.

Targeted advisory and training programmes – also 
based on the results of knowledge exchange – should 
be carried out at the regional level and tailored to lo-
cal conditions in order to raise awareness of local water 
problems and to make solutions available. This would em-
power local actors to tackle the exacerbated challenges in 
the water sector. Digital technologies should also be used 
for this purpose, e.g. joint portals for sharing knowledge, 
or apps that can provide up-to-date information on wa-
ter consumption, nitrate levels or groundwater levels.

Give the topic of water a higher profile  
in school curricula
Launching real-life lessons on the topic of water enables 
children and young people to learn more about water 
cycles, the water supply, water’s importance for people 
and nature, and the consequences of climate change. 
A considerable amount of teaching material is already 
available for all ages and school types. Because the topic 
of water is of such paramount importance, the WBGU 
recommends that it becomes obligatory for curricula to 
take up the topic on an interdisciplinary basis across the 
entire school spectrum.

8.6
Research recommendations

There are already many future-oriented research pro-
jects on the subject of water that address the complex-
ity of water governance both conceptually and empir-
ically, such as the funding programmes ‘Water: N’ and 
‘Global Resource Water’ (GRoW; BMBF, 2021a, 2024c). 
In order to develop an international water strategy and 
make it as participatory and effective as possible, fur-
ther research is needed that looks at both blue and green 
water, as well as possible governance approaches on the 
subject. In order to trigger higher investments, poten-
tial water-related damage should be better quantified 
and financing approaches for nature-based solutions 
further developed.

8.6.1
Understanding and communicating  
international contexts

There is a need for basic research on the interdependen-
cies of regional water emergencies of planetary dimen-
sions, methodological innovations, research on policy 
integration, and dealing with interfaces between sev-
eral policy areas.
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Scientifically analyse the scale and dynamics 
of regional water emergencies with a planetary 
dimension and research options for action
The dynamics of global climate change and its impacts 
on the availability and distribution of water will confront 
the global community with medium and long-term chal-
lenges that transcend the range of experience of human 
societies. In some cases, this will also test the limits of 
controllability. Recent research has already identified 
the first planetary water emergencies. Research on the 
potential extent, regional distribution and range of their 
specific manifestations is still in its infancy. There is also 
a need for research into dealing with uncertainty and 
integrating long-term, potentially critical developments 
into today’s decisions (policy, planning, prevention). The 
WBGU therefore recommends promoting such issues in 
national and international research agendas.

Exploring the cross-border dimension of green water
The complex international interactions and interdependen-
cies between green and atmospheric water – e.g. through 
land-use changes, the effects on evaporation flows and 
precipitation in other countries – urgently need to be re-
searched. On the one hand, this requires basic research on 
the cross-border effects of green water using modelling 
and scenarios (hydrology, physics, climate research) and, 
on the other hand, research in the fields of jurisprudence, 
political science and economics on the principles and op-
tions of cooperation, as well as applied research on regu-
latory options and the effectiveness of policy instruments.

Water and climate scenarios at the middle level
For global and regional climate-resilient water governance, 
water and climate scenarios at the middle level (meso- 
rather than micro-level) are particularly needed in order 
to recognize changes at the level of world regions such as 
Europe, North Africa or South-East Asia. As the majority 
of water research to date has focused on river catchment 
areas, there is an increased need here to further develop 
modelling methods and research approaches.

Socio-hydrological and social-science research
Dealing with the global water crisis requires a better un-
derstanding of the systemic relationships and interac-
tions between nature and humans. Socio-hydrological 
research is highly relevant here as it makes it possible 
to study the complex interplay of scientific and societal 
factors in aquatic systems. Socio-hydrology is the com-
bination of hydrological and sociological research, pri-
marily using quantitative approaches and models. The 
WBGU furthermore recommends the promotion of so-
cial-science water research that analyses economic, po-
litical, social and legal aspects, particularly with regard 
to options for adaptation in different regional contexts.

Research on effective interfaces
There is a need for policy-related and jurisprudential re-
search into whether and how effective interfaces between 
different policy areas can be designed or institutionally 
established. There is a need for research into the design 
both of interfaces for negotiations in the Conferences of 
the Parties and of the associated science-policy interfac-
es (e.g. in the areas of climate, biodiversity, plastics and 
pollution). Challenges of previous interface governance 
and possible institutional innovations should be discussed.

8.6.2
Expand bilateral and multilateral  
research funding

Create and promote new regional research  
alliances to initiate learning processes at the 
regional and global level
New regional research alliances could inform regional 
platforms. Scenarios at the middle level (meso rather 
than micro level) that show changes in the water cycle 
in regions of the world such as Europe, North Africa or 
the Middle East will be highly relevant here.

Regional and multilateral funding organizations should 
set up funding lines to which scientists can apply regard-
less of their geographical location and with special funding 
for South-South and South-North scientific cooperation, 
such as Future Earth or the Belmont Forum. At present, 
the EU is a global exception as a regional science-fund-
ing organization. According to the International Science 
Council, over 80 % of research worldwide has so far been 
organized on the basis of a national logic of science fund-
ing (ISC, 2021: 13). Bi- and multilateral science fund-
ing to achieve jointly defined funding objectives and for 
dealing with global challenges should be urgently and 
substantially expanded. Developed solution approaches 
and transformation paths are taking too little account 
of regional and transregional spillover effects. There is 
also a need to explicitly promote transregional science 
and innovation networks to enable and target mutual 
learning processes in the design of water governance 
and with regard to sustainability and quality standards.

Science funding should be strengthened via joint bi-
lateral and trilateral funding lines, on all continents and 
with countries of all income groups (low-, middle- and 
high-income countries), as in the case of the cooperation 
between the BMBF and funding organizations of nation 
states. This means, for example, expanding funding lines 
jointly between the BMBF and the science ministries of 
other countries, like those that already exist e.g. in co-
operation with South Africa, Poland and Israel, or with-
in the framework of science funding by the European 
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Union. The same applies to the respective research or-
ganizations, e.g. the German Research Foundation (DFG) 
or the Academic Council of the United Nations.

Promotion of inter- and transdisciplinary projects 
on sustainable water management
The German and European science-funding landscape 
should specifically promote interdisciplinary and trans-
disciplinary projects in the field of sustainable water 
management in different regions of the world that face 
different management challenges. This includes scien-
tific and locally adapted innovation development in 
the field of irrigated agriculture, as well as urban water 
supply and disposal, wastewater treatment and hydro-
power generation. It is important in this context to pay 
attention to transdisciplinary research designs in which 
the transformative co-production of water-management 
knowledge is promoted in close cooperation among sci-
entists and practitioners. Particular attention should be 
paid here to ensuring that the institutional structures 
and capacities are also developed, in addition to inno-
vations and new areas of knowledge in the field of sus-
tainable water management, so that this knowledge can 
be implemented in the local systems.

Further development of methods for documenting 
and assessing water-related environmental impacts 
and spillovers
To strengthen the positive impacts of trade on water 
supply and quality and to avoid negative spillovers, the 
methods for documenting and evaluating water-related 
environmental impacts and spillovers must first be fur-
ther developed, e.g. by further developing the concept of 
an impact-based water footprint. This can be based, for 
example, on the results of the ‘WELLE’ research project 
to determine the water footprint of companies as part 
of the BMBF’s ‘Global Resource Water (GRoW)’funding 
programme (TU Berlin, 2020) and a research project 
funded by the Federal Environment Agency on the con-
ceptual development and documentation of Germany’s 
water footprint (UBA, 2022b). The further development 
of models for environmental impact assessment in bi- or 
multilateral trade agreements should also be considered. 
The EU presented a new concept for this in 2021 (IEEP, 
2021), although it does not take into account any im-
pact-based documentation of the water footprint, for 
example. Environmental impacts, too, are not compre-
hensively assessed in many countries. Furthermore, re-
search is needed on governance mechanisms that effec-
tively integrate these environmental impacts into private 
and governmental decisions.

Strengthen international relations through 
scientific cooperation and research alliances
When setting up funding lines in the field of water man-
agement and water research, specific attention should 
be paid to promoting cooperative research projects with 
different countries. The following three groups of coun-
tries should be considered: (1) countries that face in-
creasing challenges in water management (e.g. droughts, 
floods), such as Jordan, Lebanon, Mongolia or Uzbekistan, 
(2) countries that are affected by social polarization and 
political autocratization processes, and (3) countries that 
are of high strategic relevance as partners and alliances 
for Germany and Europe at the level of geopolitical ne-
gotiation processes.

The scientific cooperation recommended here should 
embrace all scientific actors, including universities, ad-
visory institutes and think tanks. This offers extensive 
opportunities to engage in close dialogue with very dif-
ferent societal actors (NGOs, semi-governmental wa-
ter-user communities, women’s organizations, etc.). The 
joint technical and knowledge-oriented cooperation work 
enables a very close and trust-building exchange. Partic-
ipatory and socially inclusive approaches to cooperation 
can be practised, thereby improving water management 
and simultaneously developing and establishing broad-
er institutional structures and cultures for inclusive and 
accountable governance.

For funding lines in the field of sustainable water gov-
ernance, care should be taken to ensure that both the for-
mal and informal, i.e. ‘de jure’ and ‘de facto’ aspects of the 
water-management system are empirically surveyed and 
analysed for weaknesses or adaptability in dealing with 
water emergencies. This requires inter- and transdiscipli-
nary project designs and a correspondingly interdiscipli-
nary composition of the social-science parts of the project 
teams (law, sociology and ethnology). Building on this, the 
development of institutional innovations and solutions 
for forms of management that integrate bottom-up and 
top-down systems should be secured and implemented.

8.6.3
Research for sustainable financing

Greater commitment by companies, financial-market 
players and the public sector to mitigating water-related 
risks and conserving water resources and climate-resil-
ient infrastructure requires a solid information base on 
such risks and on the multiple benefits of nature-based 
measures in particular. Financing models should be fur-
ther developed for the latter. The possibilities for im-
proving the financing of local public goods, as well as 
the impacts and reform requirements of water-related 
levies should be comprehensively analysed.
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Improve projections or data and modelling on 
potential water-related damage, adaptation costs 
and multiple benefits
Estimates of possible regional damage caused by wa-
ter-related climate risks, the costs of adaptation meas-
ures and any remaining residual risks and possible ad-
ditional benefits (e.g. for health and the environment) 
are still subject to great uncertainty. The empirical data 
basis should be improved and projections and the mod-
elling of uncertainties further developed (Caretta et al., 
2022: 652 f.) – also to determine the best time for often 
irreversible adaptation investments in view of conflict-
ing aims of timely precautions and an information base 
improved by a longer wait (Ginbo et al., 2021). In addi-
tion to infrastructure measures, the costs and benefits 
of nature-based solutions, efficiency measures on the 
consumption side and changes in regulations and wa-
ter prices should also be analysed (Caretta et al., 2022: 
652 f.; Section 6.5.1).

Assessment of the economic and financial costs of 
inaction: ‘stress testing’ of national economies with 
their global interdependencies
The impacts of possible physical damage to the econo-
my and the financial sector caused by ‘too little’ or ‘too 
much’ water should also be better analysed at the lev-
el of entire national economies. International impacts 
of national crises, e.g. via trade, transport routes and 
financial markets, should be included. The time scales 
considered should take into account the sometimes dec-
ades-long lifespans of many capital stocks and especially 
infrastructures. The analysis should include direct im-
pacts due to capital-stock losses, indirect economic re-
strictions and cross-sector effects, as well as the asso-
ciated credit-default risks for banks and the impacts on 
the insurance industry.

Develop hybrid financing instruments and new 
business models for nature-based approaches
In view of the high investment requirements, there is 
also a need for increased private participation in the fi-
nancing of nature-based approaches. Hybrid financing 
together with state actors can play an important role 
here. Transdisciplinary research involving financial sec-
tor players and local investors is required to develop and 
implement corresponding business models. The research 
should cover the design of the financing forms and in-
struments, as well as monitoring and an impact analysis 
of social and ecological benefits. There should also be 
analysis of the best incentive and steering effects, espe-
cially on institutional investors, that can be achieved by 
disclosing water-related risks and external costs.

Further develop and implement the valuation  
of multiple benefits
Nature-based approaches lead to societal and ecological 
multiple benefits, the monetization and compensation of 
which can lead to reliable sources of income for private 
investors. Despite existing efforts to value ecosystem 
services, and despite discussions about their remuner-
ation, for example in the forest context, these additional 
benefits have not yet been systematically incorporated 
into state funding. As in the past, the data situation is 
one reason for the lack of implementation. Ecosystem 
services are locally differentiated and diverse. Further 
research is needed, particularly with regard to water-re-
lated multiple benefits – from their documentation and 
evaluation to their efficient and effective integration 
into policy and government measures.

Impact analysis of an extended reform of levies
Countries should analyse the impacts of a possible re-
form of water-related levies in line with the approach-
es discussed in Chapter 8.3.2 on ecosystems, private 
households and important economic sectors such as 
agriculture and industry. Undesirable side effects of 
the measures – such as unintended burdens on actors 
outside the target group, or displacement effects, e.g. 
migration of pollution-intensive economic activities – 
should be taken into account and analysed to deter-
mine how they can be prevented. To this end, a reform 
or introduction of water-related levies should be seen 
systemically in the context of a reform of other taxes, 
fees or contributions: e.g. Denmark refunds some of 
the revenue from the pesticide tax to farmers by re-
ducing other taxes.

8.6.4
Research on the challenges of  
political communication

A general decline in the popularity of topics related to 
sustainability and transformation can be observed in 
line with the social polarization and political autocra-
tization processes described in Chapter 3. This includes 
topics on dealing with the climate and biodiversity cri-
sis as well as shaping the necessary structural change 
in production systems and consumption patterns with 
the aim of climate stabilization. The EU Commission’s 
Green Deal and the Global Gateway, which was origi-
nally intended as a response to China’s Belt and Road 
Initiative, are perceived as ‘green colonialism’ in parts of 
southern Africa. Ursula Van der Leyen’s guidelines for 
2024 – 2029 will determine the European Commission’s 
political action in the coming years. However, they do 
not adequately address the international dimension of 
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sustainable development. The 2030 Agenda was con-
sidered to be too complex, and there was no mention 
of a post-2030 agenda in the guidelines (von der Ley-
en, 2024).

Promote research on political communication
Because climate-resilient water management requires 
majorities, the WBGU recommends promoting research 
into the communicative challenges of dealing with multi-
ple exacerbated challenges. What is needed is the ability 
to react to political communication, which is currently 
characterized by fake news, and to enable fair, public, 
democratic discourse. The focus should be on the follow-
ing research questions: what can be empirically proven 
and communicated to make the communication of cli-
mate-resilient water management and other sustainabili-
ty issues more effective, in order to reach those affected 
and to make majorities possible for transformative water 
management by means of a fair democratic debate? In 
order to strengthen democracy, research should also be 
conducted into how highly complex and difficult issues 
relating to regional exacerbated challenges that develop 
global-scale dynamics can be reflected on with voters in 
such a way that climate-stabilizing and socially accept-
able policies are possible.
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Maintain a safe distance from the limits  
of controllability

Water crises are already common today all over the world. 
In the future, the global hydrological cycle is expected to 
undergo ongoing, accelerated changes, further exacerbat-
ing the effects of climate change, the overuse of water 
resources, the unequal distribution of water, the loss of 
ecosystem services, and the threats posed by water-relat-
ed health risks. This will increasingly lead to threatening 
situations that lie beyond the spectrum of human experi-
ence. In combination with existing  water-use challenges, 
they could escalate into regional water emergencies. In 
extreme cases, situations will arise in which the limits 
of controllability are exceeded, societal structures and 
ecosystems are substantially destabilized, and there is 
simply no longer any room for manoeuvre. Life-support 
systems will be being lost.

In order to maintain some leeway for action, maximize 
the distance from the limits of controllability and create 
greater resilience, forward-looking adaptation measures 
will increasingly be needed to safeguard water supply 
and water quality. In concrete terms, this means a will-
ingness to radically change direction, which also requires 
the initiation and monitoring of structural change, for 
example via policies on land use, industry, settlements 
and infrastructure. If this does not succeed and trans-
formative measures no longer help either, an orderly and 
timely retreat may be the only option left.

These are threatening scenarios with a planetary di-
mension. It is therefore of the utmost urgency to place 
the issue of water higher on the international agenda. 
The current strong momentum from the UN Water Con-
ferences in 2023, 2026 and 2028 should be used by gov-
ernments to maintain a sufficient distance from the lim-
its of controllability worldwide by taking comprehensive 
precautions. In the short term, effective strategies for 
resilient water management should be developed that 
strengthen global cooperation in the medium term and 
lead to a water agreement supported by the internation-
al community in the long term.

Anticipate and avert regional water emergencies 
with a planetary dimension 

Regional water emergencies are looming on all continents, 
affecting a large number of people and adversely affecting 
large natural areas and their biodiversity. Everywhere – 
from glacial melting in the Himalayas, massive flash floods 
in Brazil, the steady progression of land degradation in 
Sub-Saharan Africa, extreme heat waves and long peri-
ods of drought in Canada and southern Europe, to the 
depletion of North American freshwater aquifers and 
flooding events in Europe, including Germany – various 
patterns can be recognized that are also being repeat-
ed in other regions of the world. Through shared river 
catchment areas and aquifers, altered evaporation and 
precipitation patterns, trade relations or migration, each 
of these patterns can have far-reaching, even transre-
gional consequences and, if combined, lead to a global 
emergency (e.g. a food or refugee crisis).

A Water Mapping Initiative should therefore be 
launched internationally in order to recognize and con-
tinuously monitor crisis developments at an early stage, 
inform the global community, and develop precautionary 
action strategies within the UN framework. Furthermore, 
there should be a systematic international exchange on 
effective adaptation and resilience strategies. These chal-
lenges confront all countries, and an International Water 
Strategy should be sought to meet these challenges as 
a global community. 

Implement climate-resilient water management 
and maintain near-natural water quality

Infrastructures and management approaches must be 
adapted to changes in local water balances and the in-
creasing occurrence of extreme events. This means that 
not only present-day data are relevant for planning 
and operation; rather, the evaluation of measures also 
requires a long-term view that takes into account the 
continuous dynamics of change in the hydrological cycle 
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and the new quality of uncertainty. Essentially, the aim 
is to locally slow down the globally changing hydrolog-
ical cycle and to establish more climate-resilient solu-
tions in the long term through transformative adaptation 
strategies. Green water – and with it the restoration and 
preservation of a climate-resilient landscape water bal-
ance – plays a key role in stabilizing local and region-
al water supplies. It should be included as a protected 
good in international and German water law. Green wa-
ter should therefore become an elementary component 
of water-law management in Germany. This means that 
we cannot think in terms of grey infrastructure and blue 
water alone. The portfolio of possible measures and their 
combinations should be expanded even further. Infra-
structure and natural and technological water-man-
agement systems need to be much more capable than 
before of avoiding path dependencies, buffering water 
volumes, continuously adjusting them and thus react-
ing flexibly to changes. These new challenges for water 
management must also be reflected in the allocation of 
budgets and competences. 

To safeguard water quality, it is necessary to imple-
ment the zero-pollution approach and the model of a cir-
cular water economy and to involve healthy ecosystems. 
The core elements are the need to effectively reduce the 
input of persistent pollutants, strengthen the self-puri-
fication capacity of natural and artificial water bodies, 
develop purification and circulation processes in parallel 
with the development and application of new substances, 
and improve the availability of data on material cycles in 
the transport medium of water. There is also a need to 
develop testing procedures independent of animal test-
ing for assessing the effects of new substances on nature 
and humans – in particular automated biotest procedures 
and AI-supported computer models. These must take into 
account the complexity of mixtures and keep pace with 
chemical innovations. Economic actors should be specif-
ically supported in the development and market launch 
of necessary processes and substances for purification 
by creating innovation-friendly framework conditions.

The WBGU recommends taking into account four re-
quirements when selecting and implementing measures 
to create climate-resilient and socially balanced water 
management:
1.	 The efficacy of measures should be assessed on the 

one hand with regard to specific objectives and, on 
the other, with regard to their respective contribu-
tion to the restoration of a climate-resilient land-
scape water balance. 

2.	 Furthermore, the suitability and feasibility of meas-
ures should be analysed in a context-specific man-
ner, taking into account technical limitations, their 
need for land and other resources (also in view of 
other conservation objectives, e.g. climate-change 

mitigation and biodiversity protection), and the way 
framework conditions change over time. 

3.	 Possible multiple benefits for climate-change miti-
gation and biodiversity protection, as well as health, 
the social and economic benefits of measures, and 
impacts on the reduction of inequalities should be 
anticipated, evaluated and taken into account in the 
assessment of measures. 

4.	 In order to avoid maladaptation and other unintended 
water-related, ecological, health, social and econom-
ic consequences, all impacts of measures on differ-
ent time scales (from today until 2050 and beyond) 
should be identified, evaluated and taken into ac-
count using a systemic and transdisciplinary approach. 

Policy that integrates climate, biodiversity and 
social policy is effective water policy 

Effective water policy requires limiting global drivers 
that have a direct impact on the global hydrological cy-
cle; an ambitious climate policy, including compliance 
with the goals of the Paris Agreement, is a prerequisite 
for this. This is the only way to limit the changes to the 
global and local water balance caused by climate change. 
Equally important is the implementation of the Kun-
ming-Montreal Global Biodiversity Framework in order 
to protect the fundamental role of nature in the glob-
al hydrological balance. The earlier action is taken, the 
more options there are.

However, integrated governance for climate-resilient 
and socially balanced water management can only suc-
ceed if close coordination between policy areas is ensured 
both in Germany and at EU level, multilaterally within the 
framework of the United Nations and in the G7 and G20 
context. A particular prerequisite for an effective water 
policy is the harmonization of international climate and 
biodiversity policy with global social, economic and trade 
policy. These are the key policy areas for preserving nat-
ural life-support systems and combating social inequali-
ties – between social groups, societies and regions of the 
world. Overcoming the associated challenges will deter-
mine whether labour markets and social security systems 
can survive, livelihood practices that are closely linked 
to nature can be safeguarded, and the preservation of 
natural life-support systems can succeed worldwide, so 
that future options are available locally for younger and 
future generations. In this respect, coordination and co-
operation across departments, policy areas, regions and 
governance levels is of key importance. In a heated-up 
world, integrated policy-making for climate-resilient wa-
ter management, for securing prosperity while reversing 
the climate and biodiversity crises is the prerequisite for 
a WaterFuture without existential threats to human life.



261

Transformative WaterKnowledge:  
practise forward-looking and supporting science

Changes to the global hydrological cycle as a result of 
climate change and increased human demands are con-
tinuing unabated. The assumption of stationarity – i.e. 
the idea that natural systems exhibit predictable var-
iability within a defined time window on the basis of 
empirical observations – is no longer valid. Uncertainty 
about what will be available in the future is increasing. 

This is where science comes in: it should develop 
and make available projections and scenarios on water 
quality and supply, and bring information on expected 
impacts of climate change together with local data and 
projections on water use and context-specific empirical 
knowledge. These assessments can be the basis for a so-
cially balanced approach to ecological, climatic, political, 
social and economic challenges and exacerbations. This 
requires the development of technological, social and 
institutional solutions that are adapted in the respective 
societal implementation contexts and make climate-re-
silient water management possible.

In other words, in addition to interdisciplinary research 
into the exacerbated challenges in the water sector itself, 
transdisciplinary approaches are required in order to 
develop suitable solutions and management approach-
es. As part of transformative adaptation, this requires 
innovative approaches for the continuous monitoring 
of adaptation strategies and for dealing with large-scale 
and disruptive changes in water supply and increasing 
extreme events, as well as precautionary action to pro-
tect water quality. Where the limits of controllability are 
exceeded, the options for action are severely reduced to 
reactive crisis and disaster management. These should 
also be anticipated at an early stage. 

With society, not against it:  
the proactive state and self-organized civil 
society must assume responsibility

The aim of water policy at every policy level must be to 
conserve, sustainably use and regenerate water resources 
as far as possible. Sustainable use in the face of increas-
ingly difficult conditions means, in particular, distribut-
ing the changing resource of water appropriately – also 
between humans and nature. Conflicts of use must be 
resolved with the help of state or self-organized water 
management that opens up trade-offs and involves those 
affected (stakeholders, civil society). Water is a life-giv-
ing resource and must not become a political pawn. Wa-
ter management is therefore an important factor in pro-
tecting democracy and securing peace.

A sustainable WaterFuture requires goals and respon-
sibility to be borne not only by the state but also by 
business and society. The state must create the neces-
sary conditions for this and create a political and reg-
ulatory framework for firmly enshrining the value of 
water at all levels of society and the economy. Such a 
framework includes both an education campaign on the 
responsible use of water and the creation of scope for 
action for climate-resilient water supply and use. Both 
public and private local water actors must be put in a 
position – organizationally and financially – to tackle 
future challenges together. Companies must be provid-
ed with the necessary information and incentives to 
fulfil their responsibility for sustainable water use at 
a supra-regional level. As a valuable resource, water 
should be priced consistently and in a socially balanced 
way in order to promote its efficient and sustainable 
use both locally and globally. Furthermore, incentives 
should be created to attract private capital to supple-
ment public funding. The financial leeway gained by 
activating private investment and increasing public 
revenue is urgently needed for adapting water-related 
infrastructure to climate change. In view of the neces-
sary adaptation strategies and the need for accelerated 
implementation, the existing social self-organization 
for dealing with water should also be strengthened – by 
means of a suitable legal framework, as well as organ-
izational and, if necessary, financial support for non-
state actors. Cooperation platforms can bring together 
local water and land users, government, civil-society 
and scientific actors to share knowledge and develop 
strategies and financial compensation and financing 
models. Examples include water funds in which ac-
tors from cities and/or municipalities and their wa-
ter catchment areas come together. The interplay be-
tween state and self-organized water governance – i.e. 
a combination of top-down and bottom-up approaches 
in the planning and implementation of water manage-
ment that corresponds to the evolved societal, infra-
structural and ecological realities on the ground – is 
of key importance for sustainable and coherent water 
management across all levels of governance. 

In order to attract new actors such as farmers and for-
esters to the protection and management of green wa-
ter in particular, appropriate motivation and incentives 
are required. On the financial side, this involves both 
a reorientation of subsidies and the kind of remuner-
ation models that reflect societal and ecological added 
value. In addition, the value of a climate-resilient water 
supply for people and nature must be better communi-
cated to the relevant actors and the public. Farmers in 
particular, who play a key role in restoring a climate-re-
silient landscape water balance, should be valued and 
supported in this role.
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Assume responsibility internationally – develop 
an International Water Strategy

International water governance must adapt to advancing 
and accelerated changes in the global hydrological cycle 
and the resulting exacerbation of water-related challeng-
es. On the one hand, water must be included and taken 
into account as a cross-cutting issue in many forums – 
e.g. on climate, biodiversity, desertification, pollution, 
social inequality and poverty – but it also needs its own 
process and political attention. Germany should take a 
leading role in international water governance, strength-
en capacities at the interfaces, promote international co-
operation and lead the way with adaptation strategies 
for climate-resilient water management. 

The UN Water Conferences planned for 2026 and 
2028 should be well prepared. At the Federal Govern-
ment level, this means making water a matter for the 
top echelons of government, identifying it as a priori-
ty policy area in the interdepartmental dialogue under 
the leadership of the Federal Ministry of the Environ-
ment, Nature Conservation, Nuclear Safety and Con-
sumer Protection (BMUV) and bringing the German 
strategic priorities to the talks at European Union level 
at an early stage. Here, it makes sense to use the Green 
Deal framework and strengthen it with a focus on wa-
ter in a newly appointed European Commission in 2024, 
while at the same time using the Team Europe initiative 
to promote coordinated EU-wide policy-making in the 
sphere of water. At the multilateral level, it would be ex-
pedient to use the G7 Water Coalition adopted in 2024 
as a platform for reaching early agreement on strategic 
goals, time frames, finances and institutional structures 
in the area of water governance for climate-resilient and 
socially balanced water management. In particular, Can-
ada’s G7 presidency in 2025 should be used to further 
shape the Water Coalition and to successively transfer 
its priorities to the Water Dialogues at the G20. South 
Africa’s G20 presidency in 2025 in particular offers an-
other political window of opportunity here.

The WBGU recommends developing an Internation-
al Water Strategy with regional platforms by 2030. The 
objectives and measures of the Strategy should also be 
incorporated into intergovernmental economic and trade 
relations to make synergies possible between the pro-
tection of water resources and support for climate-neu-
tral development and food security. In the long term, 
the strategy should be developed into a separate global 
agreement for water – comparable to the Rio Conventions.

The aim is therefore to use these various platforms 
to prepare the priorities and strategic design of the UN 
Water Conferences, initially with like-minded countries 
(G7) and then, as the next step, with the major mid-
dle-income countries (G20), and to incorporate them into 
the planning for the UN Water Conferences in 2026 and 
2028 as a comprehensive policy programme for a peace-
ful WaterFuture on a heated planet. These conferences 
require support from an internationally diverse panel 
of scientific experts (Water Mapping Initiative), which 
identifies critical water-related changes for ecosystems 
and settlement areas in different regions of the world 
as well as impending water emergencies. 

In addition to an awareness of the new dimension 
of water-related challenges and the shared concern, in-
centives are also needed for states to participate in in-
ternational cooperation. One such incentive is a better 
understanding of the complex interdependencies that 
exist, for example, through cross-border atmospheric 
water transport between countries (precipitation and 
evaporation effects) or the virtual water trade, but also 
the prospect that these will be regulated in a way that 
is in line with the interests of all parties. Support meas-
ures and financial compensation mechanisms that are 
beneficial to all sides should be developed, with a par-
ticular focus on the land-use sector, which is pivotal for 
green water. 

Introduce the national water strategy into the 
international discourse 

The German government’s National Water Strategy, with 
its vision for the future and the needs for action and the 
measures derived from it, is a major step towards pre-
venting regional water emergencies that deserves in-
ternational attention. However, it will only be effective 
if it is comprehensively resourced and implemented in 
the long term, both at national level and in cross-border 
cooperation. Even the National Water Strategy does not 
yet fully recognize the extent of the challenges that lie 
ahead. This applies above all with a view to recognizing 
and dealing with the limits of controllability, the loss of 
stationarity and the recognition and necessary active 
management of green water. This means that systems 
for the provision and use of water must be kept resil-
ient in the face of hitherto unknown fluctuations and 
ongoing changes that cannot be precisely predicted; they 
should be re-coordinated on a scientific basis. These as-
pects should be included in departmental research and 
the Federal Government’s research programme (e.g. ‘Wa-
ter: N – Research and Innovation for Sustainability’).
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In addition, the National Water Strategy is linked 
to a number of other national strategies and legal reg-
ulations of the Federal Government, whose measures 
could have considerable synergy effects for the water 
sector – such as the Climate Protection Act, the Climate 
Adaptation Act, the German Sustainability Strategy, the 
Nature-Based Climate Action Programme, the Nation-
al Security Strategy and the Research for Sustainability 
Programme. This requires cross-departmental harmoni-
zation and coordination.
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2030 Agenda
The declaration ‘Transforming our World: the 2030 
Agenda for Sustainable Development’ (Agenda 2030) 
adopted by the international community at the United 
Nations in 2015with its 17 development goals represents 
a political orientation framework for global sustainabili-
ty. The goals of the Agenda are to be achieved by 2030. 
Ideas are already being floated under the heading ‘post-
2030 Agenda’ on future development goals to be agreed 
for the subsequent period. 

Aquifer
An aquifer is a body of rock that contains cavities and 
is therefore suitable for conducting groundwater. A dis-
tinction can be made between pore aquifers (unconsoli-
dated or consolidated rock with predominantly perme-
able porosity), fissure aquifers (consolidated rock with 
predominantly permeable fissures) and karst aquifers 
(consolidated rock with predominantly permeable karst 
cavities; DIN, 1994).

Biochemical oxygen demand
is the amount of oxygen dissolved in water that is re-
quired for the biological degradation of dissolved organ-
ic compounds in wastewater (Wasser-Wissen, no date).

Biodiversity
“means the variability among living organisms from all 
sources including, inter alia, terrestrial, marine and oth-
er aquatic → ecosystems and the ecological complexes 
of which they are part”; it encompasses the diversity of 
genes, the diversity of species and the diversity of eco-
systems (CBD, 1992: Art. 2). 

Blue water
includes all water resources in surface waters (streams, 
rivers, lakes, reservoirs) and → groundwater. 

Climate-resilient water management
is an approach to the forward-looking, systemic and ad-
aptable management of local, regional and global water 
cycles that considers both, blue and green water, and can 
react flexibly, particularly to climate change.

Cryosphere
refers to all forms of ice and snow in the Earth’s climate 
system: sea ice, ice shelves, land ice, glaciers, icecaps, 
permafrost ice, seasonally frozen ground, and snow 
(DWD, 2024).

Deliberative participation processes
Deliberative participation processes (also known as dia-
logue-oriented participation) are procedures for a discur-
sive process through which an issue is dealt with collec-
tively in order to inform a political decision. Participants 
can be invited either specifically or by random selection. 
The latter aims to achieve a composition of participants 
that reflects a mini-public with a cross-section of soci-
ety (in terms of age, gender and education). In practice, 
deliberative participation processes should be designed 
in such a way that they really lead to gains in informa-
tion and reflection.

Desertification
is land degradation in arid, semi-arid and dry, sub-hu-
mid areas resulting from various factors such as climate 
variability or human activities (UNCCD, 1994: Art. 1).

Drought
occurs when rainfall is significantly below normal and 
causes a serious hydrological imbalance that affects 
production systems for land resources (Reichhuber et 
al., 2022). 

Ecosystem
“means a dynamic complex of plant, animal and micro-or-
ganism communities and their non-living environment 
interacting as a functional unit” (CBD, 1992: Art. 2). 
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Ecosystem restoration
is a measure aimed at enabling the substantive recov-
ery or restoration of a degraded or destroyed → ecosys-
tem. Restoration does not mean returning to an original 
or ideal state. Rather, the aim is to manage ecosystems 
sensibly and to keep them within sustainable limits, as 
well as to contribute to climate-change mitigation, cli-
mate adaptation, biodiversity conservation and gain and 
→ climate-resilient water management. Examples include 
the rewetting of peatlands and the restoration of natu-
ral river courses and floodplain landscapes.

Ecosystem services
denotes the benefits that humans derive from → eco
systems. 18 ecosystem services have been identified, di-
vided into regulatory, material and non-material services. 
A further development of this term is the concept of na-
ture’s contributions to people (NCP), which encompass-
es “all the contributions, both positive and negative, of 
living nature (…) to people’s quality of life”, also taking 
into account the cultural context and the role of Indige-
nous and local knowledge (Díaz et al., 2018).

Evaporation 
refers to water turning into vapour from open surfaces 
and soils.

Evapotranspiration
is the sum of direct evaporation from the soil and wa-
ter surfaces (evaporation) and the release of water va-
pour from the plant and animal world (transpiration). 

Exacerbated water-related challenges
The WBGU uses the term exacerbated water-related chal-
lenges to describe the consequences of climate change 
for the water cycle, → water availability and → water 
quality, as well as the growing human pressure on wa-
ter resources, which will continue to increase as a result 
of unequal distribution and unsustainable lifestyles. In 
addition, there are geopolitical upheavals that make sus-
tainable water management more difficult. Depending 
on the regional context, these exacerbations can esca-
late into → water emergencies.

Faecal coliform bacteria
are a physiological group of different bacteria from the 
Enterobacteriaceae family. Only the genus Escherichia is 
unequivocally of faecal origin; all other genera can also 
occur in the environment. Faecal coliform bacteria (FC) 
are indicator germs for faecal contamination in water.

Flash droughts
are caused by a heat wave with unusually high air tem-
peratures or as a reaction to an unusually extreme dry 
period due to a lack of precipitation.

Framework agreement
a treaty under international law under which as large a 
group of states as possible agrees to cooperate on a par-
ticular issue; it is most prevalent in international envi-
ronmental law (Bodansky et al., 2017; Sands et al., 2018: 
106). First, general definitions, goals and principles are 
established in framework conventions; then commitments, 
such as scientific research, information exchange and 
cooperation, are agreed, followed by a rough structure 
for legal and institutional frameworks for future coop-
eration (Bodansky et al., 2017: 57). Conferences of the 
Parties provide a forum for the subsequent development 
of a common legal and policy framework.

Governance
encompasses ‘structures, processes and actions through 
which private and public actors interact to pursue soci-
etal goals. This includes formal and informal institutions 
and the associated norms, rules, laws and procedures for 
deciding, managing, implementing and monitoring pol-
icies and measures at any geographic or political scale, 
from global to local’ (IPCC, 2022b: 1803). In the con-
text of sustainability, ‘global governance’ means the in-
stitutions, actors, control processes and policy instru-
ments that shape international cooperation and obsta-
cles standing in the way of the transformation towards 
sustainability (Pattberg and Widerberg, 2015).

Green water
refers to the soil moisture available to plants; when it 
rains over land areas, some of the water is absorbed in 
the soil and is available to plants. The rest evaporates or 
turns into → blue water.

Groundwater
is underground water that fills cavities in the lithosphere 
(outermost layer of the Earth’s crust) and whose abili-
ty to move is determined solely by gravity (DIN, 1994).

High-income countries
→ Low- and middle-income countries

Incremental adaptation measures
→ Transformative adaptation measures
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Limits of controllability
refers to reaching a threshold beyond which humans and 
nature are either deprived of their life-support systems 
or else the risks involved are intolerably high. For ex-
ample, in a city or region affected by a massive water 
shortage, a water emergency may arise due to decreas-
ing adaptability and the narrowing room for manoeuvre, 
and the limits of controllability may be exceeded. The 
aim must be to maintain a safe distance from these limits.

Lock-in effect
describes persistence in a certain situation due to a de-
cision in favour of a certain technology. A change in the 
situation is uneconomical or organizationally unfeasible 
due to high (upfront) investments or other structural lim-
itations. For example, certain technologies may become 
locked in (→ Path dependency) if the subsequent switch 
to alternative technologies would cause high costs or if 
entire production chains and societal structures would 
have to be adapted.

Low-, middle- and high-income countries
The World Bank classifies countries into four income 
groups, with annual updates based on the previous year’s 
data (hereafter data for fiscal year 2023 – 2024; World 
Bank, 2023d): low-income countries (gross national in-
come per capita of US$1,135 or less), lower middle-in-
come countries (US$1,136 – 4,465); upper middle-in-
come countries (US$4,466 – 13,845), and high-income 
countries (US$13,846 or higher).

MENA region
The MENA region (Middle East and North Africa) com-
prises Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, Isra-
el, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qa-
tar, Saudi Arabia, Syria, Tunisia, Yemen, the United Arab 
Emirates, the West Bank and Gaza (World Bank, 2018).

Multidimensional poverty
is a measure of poverty based on the Multidimension-
al Poverty Index of the United Nations Development 
Programme (UNDP). This concept of poverty takes into 
account several indicators from the areas of education, 
health and standard of living. The focus is on elemen-
tary deficiencies, such as a lack of access to long-term 
education or to clean drinking water (Lepenies and Siel-
er, 2010).

Novel ecosystems
are “ecosystems that differ in composition and/or func-
tion from present and past systems” (Hobbs et al., 2009). 
Their emergence is associated with global environmental 
changes, particularly climate change, land-use changes 
and the spread of invasive species. One example is the 
emergence of post-glacial ecosystems as a result of melt-
ing glaciers (Bosson et al., 2023).

Path dependency
is a situation in which an ongoing development is de-
termined by historical developments or decisions and 
thus follows a path whose structure becomes increas-
ingly rigid over time (→ lock-in effect). For example, the 
fact that one technology and not another becomes dom-
inant on the market is not necessarily due to its supe-
riority, but may be the result of historical coincidences 
and a self-reinforcing process. The costs of ‘tradition-
al’ technology are low compared to the upfront invest-
ment in a new technology, since learning effects have 
been used in the application, and compatible technolo-
gies and standards can be used.

Peak water
refers to the turning point between increasing and de-
creasing meltwater runoff due to disappearing glaciers 
(Hock et al., 2019).

Population equivalent 
is a comparative figure commonly used in water manage-
ment to measure the pollution loads contained in waste-
water. One population equivalent (PE) is the product of 
the number of inhabitants connected to the wastewa-
ter system and the daily amount of organic carbon com-
pounds released into the wastewater by one inhabitant.

Regional water emergencies with a 
planetary dimension
The WBGU refers to crises that arise from the interaction 
of → exacerbated water-related challenges as “region-
al water emergencies”. Examples include the imminent 
collapse of a city’s water supply or serious crop failures 
due to drought. The scale of a regional water emergen-
cy can be so severe that the → limits of controllability 
are reached. Water emergencies can be observed as re-
curring, typical patterns worldwide; they therefore of-
ten have a planetary dimension. Several regional wa-
ter emergencies can lead to a planetary emergency (e.g. 
food crisis, political crisis).
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Representative Concentration Pathways – RCPs
are scenarios that were published in the IPCC’s 5th As-
sessment Report of 2014. The Representative Concen-
tration Pathways (RCPs) contain examples of time se-
ries of climate-active gases, aerosols and land covers 
up to 2100, which lead to varying intensities of climate 
change. The four RCPs – RCP 2.6, RCP 4.5, RCP 6.0 and 
RCP 8.5 – are named after their radiative forcing values 
in 2100. Radiative forcing refers to the change in the 
radiation balance (i.e. downward minus upward radia-
tion energy per area) at the tropopause (boundary lay-
er between the troposphere and the stratosphere) and 
is a measure of how much the Earth is heating up. RCPs 
are supplemented by → Shared Socioeconomic Pathways.

Resilience
is defined differently in different disciplines and de-
scribes a property of biological, ecological, social or tech-
nical systems (including individual organisms, groups 
of organisms and organizations). As a rule, resilience is 
understood as a measure of the system’s resistance to 
external influences, i.e. the ability to return to its ini-
tial state after disruptions (or at least close to it, with-
out permanent qualitative changes to the system or its 
state or functions).

Shared Socio-economic Pathways – SSPs
supplement the → Representative Concentration Path-
ways (RCPs). The various manifestations of emissions 
and climate change described by the RCPs can be ex-
plored against the background of different socio-eco-
nomic development paths. The five SSPs range from a 
scenario with a high level of sustainability (SSP1) to a 
scenario with a high level of technological innovation 
and continued heavy use of fossil fuels (SSP5). This in-
tegrative SSP-RCP framework is used in much of the lit-
erature on climate impacts and climate policy.

Soil moisture
is the water content of the upper soil layer in the active 
layer of the soil, as a rule in the upper 1 – 2 metres. It 
is usually the main source of water for agriculture and 
natural vegetation (Robock, 2003).

Spillover effects
at the international level are “the positive or negative ex-
ternal effects that arise from the actions of one country 
on another” (SDSN, 2024a). In the context of the 2030 
Agenda, international spillover effects can weaken the 
efforts of other countries, e.g. if one country’s meas-
ures impose economic or other costs, such as environ-
mental degradation, on another country (SDSN, 2024b).

Sponge city
is a concept of urban planning that aims to retain and 
use as much rainwater and surface water as possible in 
order to improve urban water storage instead of mere-
ly channelling and draining it away. Part of the concept 
is the creation of urban blue and green spaces. The aim 
of the sponge city concept is to make cities more resil-
ient to weather extremes (heat, heavy rainfall, droughts) 
and to promote a healthy urban climate.

Stationarity
describes the circumstance that statistical properties of 
natural systems remain constant within a time frame.

Subsidiarity principle
means performing a task at the lowest suitable level.

Tipping point
is a threshold value beyond which a system reorganises 
itself, often abruptly or irreversibly. Examples include 
losses of function by ecosystems in the case of flooding 
or vegetation falling below a tolerance threshold for soil 
moisture (Fu et al., 2024); or economic or societal down-
turns, e.g. in the case of critical water shortages in cities.

Total dissolved solids
The sum of all solids dissolved in water (TDS) is used as 
a measure of water pollution by salts.

Transformative adaptation measures
describe necessary fundamental system changes when 
conventional approaches or incremental measures are no 
longer sufficient for adaptation to the consequences of 
climate change. The IPCC defines transformative adapta-
tion as adaptation in which fundamental characteristics 
of a socio-ecological system are changed. Incremental 
adaptation measures, on the other hand, are measures 
that do not require a fundamental change to the system.

Virtual water
refers to the amount of water – measured over the en-
tire production chain – that is absorbed, polluted or con-
sumed during the manufacture of a product (e.g. because 
it evaporates; → water consumption). The concept of vir-
tual water is used, among other things, to describe the 
water consumption associated with international trade. 
For example, a country’s virtual water exports refer to 
the amount of water consumed and polluted domesti-
cally for the production of exported goods. Such virtu-
al water flows are also taken into account when calcu-
lating a country’s → water footprint.
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Water availability
An area’s water availability is the usable quantity of 
freshwater available from the natural water cycle for a 
certain period of time (UBA, 2022).

Water consumption 
Water consumption (also known as consumptive use of 
water) refers to water that is withdrawn from freshwater 
sources and not returned to that source after use. Wa-
ter is consumed due to evaporation or being incorporat-
ed into a product (Schulte and Morrison, 2014). The re-
mainder that flows back into the groundwater or surface 
waters is referred to as return flow and is available for 
water use elsewhere. However, the water quality is of-
ten impaired in this context (Bierkens and Wada, 2019).

Water demand 
is a planning figure for the volume of water expected to 
be required for the supply of water in a certain period 
of time for the development of a water supply system, 
e.g. drinking water, process water, domestic water, cool-
ing water, water for firefighting and irrigation, as well as 
the water requirement for public facilities.

Water footprint
measures the amount of water associated with the pro-
duction or consumption of goods and services. It can 
be determined at various levels, e.g. for a single manu-
facturing process, a product, a company, or for the con-
sumption of an individual or a country. A country’s wa-
ter footprint can be calculated, for example, from do-
mestic water consumption, plus the water consumption 
for the production abroad of imports, minus the → vir-
tual water content of exports. The water footprint can 
provide information on how much water is consumed 
in a particular river catchment area or from an aquifer. 
The water footprint is often based solely on the amount 
of water consumed (volumetric).

Water-related ecosystems
are ecosystems whose functions depend on the availa-
bility of sufficient water of adequate quality, but which 
are also of particular relevance for the maintenance and 
stabilisation of the local, regional or global water cycle 
and water balance through balanced water storage and 
release. In addition to inland waters and wetlands such 
as peatlands, this also includes terrestrial ecosystems 
such as forests and grasslands.

Water scarcity 
or water shortage are terms commonly used to describe 
the challenge of limited water availability for humans 
and nature. The lack of blue water describes the state in 
which the demand for surface and groundwater exceeds 
its availability (Savenije, 2000). Based on the principle 
of sustainable use, it is defined as the “ratio between the 
societal demand for blue water and the available amount 
of renewable blue water”. A lack of green water is said 
to occur when soil moisture is insufficient for plant pro-
duction, and irrigation is required (Rosa et al., 2020).

Water shortage
→ Water scarcity

Water stress
The development of water stress due to scarcity de-
pends on the ratio between the total freshwater with-
drawal for all uses and the total renewable freshwater 
resources after taking into account the ecological water 
requirement. In the context of the 2030 Agenda, the FAO 
speaks of water stress when more than 25 % of fresh-
water resources in an area have been abstracted (FAO 
and UN Water, 2021: 9).

Water supply
refers to water that is accessible to humans.

Water withdrawal 
is the amount of → blue water withdrawn to cover the 
total → water demand. If there is a sufficient → water 
availability, water withdrawal corresponds to the gross 
water demand. If this is not the case, water withdrawal 
corresponds to the → water availability (Bierkens and 
Wada, 2019).
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Lake Päijänne is part of the Finnish 
Lakeland, Europe’s largest lake 
district. The region is a habitat for 
many animal and plant species, an 
important recreational area and a 
key source of drinking water, i.a. 
for the capital Helsinki (graphic in 
Chapter 1).

Poyang Lake is the largest fresh
water lake in China. It is an 
important sand mining area, but is 
shrinking as a result of droughts 
(graphic in Chapter 2).

Many people in the Mekong Delta 
live from agriculture; the Delta is 
known as the ’rice bowl‘ of Viet-
nam. However, fluctuating water 
levels, overexploitation and the 
destruction of ecosystems threaten 
the life-support systems for both 
humans and nature (graphic in 
Chapter 3).

The Sacramento River and the 
Feather River flow in the northern 
part of California’s Central Valley, 
which is known for its agricultural 
production. Climate change and 
groundwater overexploitation are 
jeopardizing the drinking water 
supply in the region (graphic in 
Chapter 4).

Yaptik-Sale is located on the 
Siberian Yamal peninsula in Russia, 
which belongs to the Yamal-Nenets 
autonomous region. The thawing 
of the permafrost as a result of 
climate change, overgrazing and 
the extraction of large natural-gas 
reserves are changing the tundra, 
with serious consequences for the 
indigenous population (graphic in 
Chapter 5).

The Pantanal Biosphere Reserve 
is the largest inland wetland in 
the world. It is located mainly in 
Brazil, but also partly in Paraguay 
and Bolivia. The species-rich 
wetland biotope is one of the most 
important natural water reser-
voirs in South America (graphic in 
Chapter 6).

The Rio Paraíba do Sul flows 
through densely populated and 
industrialized areas of Brazil. It 
suffers from contamination and 
pollutant loads. Some sections are 
fragmented by dams, while other 
stretches of bank contain artificial 
lakes as a result of sand extraction 
(graphic in Chapter 7).

The Gulf of Khambhat is located on 
the Indian coast in the Arabian Sea. 
Challenges are posed by natural 
phenomena such as tidal changes, 
as well as strong population growth 
in the coastal regions, changes in 
land use and the erosion of the 
coastline (graphic in Chapter 8).

Lake Bangweulu and the 
neighbouring wetlands in Zambia 
are a Ramsar site and a habitat for 
a wide variety of flora and fauna, 
especially waterfowl. The popu-
lation living within the protected 
area can use the resources sustain-
ably (graphic in Chapter 9).

Explanatory notes on the introductory graphics to the chapters

The graphics used to introduce chapters 1–9 show 
 extracts from high-resolution maps of waterbody 
structures in different regions of the world (source: 
Pekel et al., 2016). Further surface waterbodies can be  
 explored on the Global Surface Water Explorer website:  
https://global-surface-water.appspot.com
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