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SFDRR   Sendai Framework for Disaster Risk Reduction 

SNA   UN System of National Accounts  

SoE   State of Environment  

SPA   Shared Climate Policy Assumptions 
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UWWTP   Urban wastewater treatment plant  

WB  
WEFE Nexus  

 Water body 
Water, Energy, Food, Ecology Nexus 

WEI  Water Exploitation Index 

WEI+  Water Exploitation Index Plus 

WELF Nexus  Water, Energy, Land, Food Nexus 

WF   Water footprint 

WFD  Water Framework Directive 
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WISE   Water Information System for Europe 

WISE 3   Water Information System of Europe ς Water quantity  

WS&D  Water Scarcity and Drought 

WSI   Water scarcity index 
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Glossary 

 
Summary overview schema 

 
Duration 

or 
frequency 
of water 
stress  

Causes of water stress 

 
volumetric water availability is 
lower than long-term average 

 
 

 
water demand exceeds the exploitable available water 

 
 

natural anthropogenic anthropogenic 

due to 
meteorological 
conditions 

due to 
changing 
climate 
conditions 

volumetric 
water demand 
for 
environmental 
flows not fully 
met 

volumetric 
water demand 
of socio-
economic 
sectors not 
fully met 

water quality 
requirements 
of socio-
economic 
sectors not 
fully met 
 

accessibility is 
a limiting 
factor for 
socio-
economic use 

Temporary 
or 
incidentally 

 
Drought 

 

 
Water shortage 

Mid-term 
or  
frequent 
 

 
Drought / Aridity 

 
Water scarcity 

Long-term 
or 
permanent 

 
Aridity / Desertification 

 
Desertification 

 
Terms used in this report for different types of water stress situations, as determined by their primary causes 
and their duration/frequency. 

 
Drought  A drought refers to a temporary water shortage which starts with 

reduced levels of precipitation compared to normal (meteorological 
drought). A drought may then propagate to reduced levels of soil 
moisture on agricultural land (agricultural drought), reduced levels of 
natural water flows to surface and groundwater (hydrological 
drought), and reduced capacity of water resources systems to supply 
adequate water to water users to meet their normal demands, thus 
causing losses and damages to socio-economic activities (socio-
economic drought). The propagation from one stage to the other is 
not immediate. There are different lag times before the next stage 
happens and the capacity to mitigate the propagation depends on 
the preparedness of each society and the sophistication of its water 
technology. The duration of droughts may also vary from shorter to 
prolonged periods of droughts.  
 

Water scarcity Water scarcity occurs when the water demand for human needs 
frequently (though not necessarily year-round) exceeds the supply 
capacity of the natural system in river basins. Water scarcity is the 
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consequence of anthropogenic impacts on the availability of water 
resources.  

 Combination of water scarcity and drought occurrence in river basins 
exacerbates the impacts of water scarcity not only on ecosystem 
conditions but also on the maintenance and development of socio-
economic life. 

 
Water shortage Water shortage occurs when the water demand for human needs 

exceeds the supply capacity of the natural system in river basins. 
When this happens frequently the term water scarcity is used. 

 
Water stress Water stress refers to the ability, or lack thereof, to meet human and 

ecological demand for water. Compared to scarcity and shortage, 
water stress is a more inclusive and broader concept. It considers 
water scarcity, but also water quality, environmental flows, and the 
accessibility of water(Schulte, 2020). 

 
Water consumption The water that is captured by the plants and exploited in plant 

processes for generating biomass and the drinking water being 
absorbed by humans and animals.  

 
Water supply Delivery of water to final users including abstraction for own final 

use (EC 2015). 
 
Water use Water that is used by the end users for a specific purpose, such as 

for domestic use, irrigation or industrial processing. This is usually 
the basis for paying fees. Returned water (at the same place and in 
the same time period) and recycling is excluded. (EC 2015) 
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Key messages 

What is the current problem? 

¶ Water stress occurs on 20 % of the EU territory and affects 30 % of the EU population on 
average per year, impacting environment, society and economy.  

¶ The milestone set in the 2011 EU resource efficiency roadmap τ by 2020, water abstraction 
should stay below 20 % of available water in Europe τ has not been reached in 19 % of EUΩǎ 
territory in 2017. 

¶ 5ŜǎǇƛǘŜ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ 9¦Ωǎ /ƻƳƳǳƴƛŎŀǘƛƻƴ ƻƴ ǿŀǘer scarcity and drought in 2007 
ŀƴŘ ǘƘŜ .ƭǳŜǇǊƛƴǘ ǘƻ {ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ƛƴ нлмнΣ 9¦ ǇƻƭƛŎȅ ƻƴ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ŀƴŘ 
drought remains scattered and implementation has been slow. 

How will this problem develop over the coming decades?  

¶ Water stress in Europe varies depending on location. Southern Europe faces persistent or 
aggravated water stress problems throughout the year. In other parts of Europe water stress is not 
permanent, but tends to increase in frequency, magnitude and impact.  

¶ Water stress shows a tendency to concentrate in three types of areas: urban areas, irrigated 
agricultural areas, and coastal areas with intense tourism. The latter two are mainly found in, but 
not restricted to, southern Europe. 

¶ A positive trend is that water use efficiency is increasing in Europe: water abstractions in the 
EU27+UK in 2017 have decreased by 24 % since 2000, while in the same period the gross value 
added has increased by 52 %. 

Which actions are required?  

¶ Renewed or continued efforts must be made by EU Member States to develop Drought 
Management Plans (DMPs), based on long-term strategies for pro-active water management, and 
making the transition from crisis management to risk management.  

¶ The data collection and information flows must be further refined and tailored to the spatial 
and temporal scale at which water stress makes itself felt, capitalizing on the results of current 
innovation programmes and lessons learned in sectors where decoupling is already being 
accomplished, such as the manufacturing sector. Based on this, a renewed analysis of the future 
water stress at EU scale is called for. 

¶ A key factor contributing to the effectiveness of the EU water directives in progressing 
towards their objectives are the (binding) cross-references to thŜ ²ŀǘŜǊ CǊŀƳŜǿƻǊƪ 5ƛǊŜŎǘƛǾŜΩǎ 
objectives in other EU policies. Sectoral policy interventions must not only work in synergy with 
water policies but also actively support them.  

¶ Impacts of water stress are felt at local and regional scale, while the drivers act from regional 
to global scale. Connection of these levels of analysis requires operationalised nexus approaches and 
systemic thinking. A practical first step is to foster projects with ecosystem service approaches and 
nature-based solutions in drought management, because these approaches inherently 
accommodate such thinking. 
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Executive Summary 

Water stress in Europe 
Water stress occurs when there is not sufficient water available to meet the demands of the 
environment and of the water-dependent socio-economic functions, in terms of quantity or quality. 
Water stress is a general term combining drought, quantitative scarcity, water quality and water 
accessibility. Drought reflects the shortage of water due to short or long-term precipitation deficits, 
while water stress is a combined effect of drought and socio-economic pressures. Water stress 
occurs when the water demand is higher than the availability of water in the environment.  
 
There is a vast amount of fresh water on the planet, but it is not evenly distributed in space and 
time. In many areas short term abundance of water causes floods during parts of the year, while in 
other parts droughts may occur at the same location. Lack of water in other areas may result in 
desertification. Climate change is exacerbating the frequency, magnitude and geographical expanse 
of such events. In some cases, floods and droughts are experienced in the same area, due to 
increasing variability of hydro-climate conditions as result of the climate change impacts.  
  
Since decades, many areas on the planet have been suffering from the climate change impacts in 
different forms of the droughts and water scarcity. In some places water stress is experienced due to 
changing climate conditions, whereas in other areas simply society could not access to good quality 
of sufficient water because of socio-economic shortages.  
  
Droughts and water scarcity were not perceived as a Europe-wide problem until the early 2000s. It 
was regarded as a problem only occurs in southern Europe due to regional climate conditions. 
However, the improving information and data shows that droughts and water scarcity are no longer 
rarely experienced extreme events in Europe. Frequency and the area affected by either droughts or 
water scarcity are increasing and continuously expanding towards to central and western Europe as 
well as to those areas important for industry, electricity production and cities hosting millions of 
inhabitants. Today, on average, every year around 20 % of European territory and 30 % of total 

population is affected by water scarcity conditions (EEA, 2018b).  
 
Water stress has already become a limiting factor on human well-being in general, socio-economic 
life and ecosystems in Europe not only because of shortage in the volume of water available, but 
ŀƭǎƻ ŘǳŜ ǘƻ ŘŜǘŜǊƛƻǊŀǘƛƻƴ ƻŦ ǘƘŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ tƻƭƭǳǘŜŘ ǿŀǘŜǊ ŎŀƴΩǘ ōŜ ǳǎŜŘ ŦƻǊ ŎŜǊǘŀƛƴ ŜŎƻƴƻƳƛŎ 
sectors e.g. for drinking.  
 
Water stress causes several adverse effects on the environment such as decreasing groundwater 
levels, salt-water intrusion, lowering river discharges and loss of wetlands.  
 
Water stress, overall, is a local or regional issue limited where it occurs. But drivers causing water 
stress are usually a combination of geographically wider factors such as climate change, tourism, 
food production and consumption chains, electricity production and population density. This cross-
cutting nature of the water stress issue calls for coordinated actions among different policy areas.  
 
This report aims to update our knowledge on water stress in the European context to inform policy 
makers and interested stakeholders in regard to the current state of the art; and to present 
arguments for shifting from crise management to risk management by giving more emphasis on 
demand-side measures. The effectiveness of the implementation the policy measures for increasing 
the resilience of European ecosystems needs to be improved and more efficiency of socio-economy 
in order to prevent ourselves and our ecosystems from the unpredictable consequences of droughts 
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and water scarcity. As pointed out in the SOER 2020 (EEA, 2019j) the tipping point for this transition 
has already been reached. 
 
Policy context 
The EU Water Framework Directive (WFD) established a legal framework at the EU level targeting to 
ǇǊŜǾŜƴǘ ǘƘŜ ŦǳǊǘƘŜǊ ŘŜǘŜǊƛƻǊŀǘƛƻƴ ŀƴŘ ŀŎƘƛŜǾŜ άƎƻƻŘ ǎǘŀǘǳǎέ ŦƻǊ ŀƭƭ ǿŀǘŜǊ ōƻŘƛŜǎ ƛƴ 9ǳǊƻǇŜΣ ǘŀƪƛƴƎ 
into account the water needs of aquatic ecosystems, and promoting sustainable water use. The WFD 
supports integrated water management; and sets provisions to improve efficiency of water use and 
water services. Through specific provisions laid out in its Article 1, the WFD creates a flexible and 
suitable frame for action against water stress, underscoring the relation between water quantity, 
water quality and ecological status. 
 
Since 2000, overall, water use efficiency has improved and resulted in decreasing total water 
abstraction in Europe. However, issue of water stress continues escalating. Climate change drives 
seasonal variations in water availability. At the same time, water demand is increasing for sectors 
such as agriculture in certain periods of the year e.g. increasing irrigation demand in spring and 
summer, when water availability is at its lowest level, particularly in southern Europe. This causes 
increasing competition for water among the economic sectors, often pushing users to shift from 
surface to groundwater resources and ultimately exerting pressure on water bodies and the 
ecosystems depending on them.  
 
In order to properly respond to various aspects of water stress from the supply and demand side of 
water resources management, in 2007 the EU adopted a Communication on water scarcity and 
drought in an effort to bring clarity on policy priorities on how to tackle water stress. 
Implementation of the Communication was reviewed in several stages and in 2012 the Blueprint to 
{ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ǿŀǎ ǇǳōƭƛǎƘŜŘΦ !ƭƻƴƎ ǿƛǘƘ ǘƘŜ ǇƻƭƛŎȅ ǇǊƻǾƛǎƛƻƴǎ Ǉǳǘ ŦƻǊǿŀǊŘ ōȅ 
these two strategic documents, the EU resource efficiency roadmap, the CAP and the 7th 
Environmental Action Program also provided a number of policy mechanisms aiming to protect and 
enhance European natural capital and water resources.  
 
The implementation of those policies has resulted in some positive developments e.g. decreasing 
the total water abstraction at the European level. Nevertheless, policies addressing water stress 
remain scattered and overall progress has been slow. Building on a paradigm shift that originated in 
the 1980s, EU water scarcity and drought policy activated a transition from crisis management to 
proactive risk management approaches. Yet, this transition has been mostly a conceptual one, as in 
its implementation, the change of paradigm exposed a lack of institutional capacity across many 
Member States. So far, not in all river basins could water abstraction be reduced below 20 % of total 
water availability.  
  
Today, some Member States develop and implement flood risk management plans and drought 
management plans complementary to the river basin management plans under the EU WFD and 
Floods Directive. Nevertheless, the effectiveness of the implementation of these plans remain 
questionable.  
 
The WFD recognizes the crosscutting character of water as a vital resource for social, environmental 
and economic systems, which places water policy in the middle of developments in other policy 
areas. Similarly, the 2030 Agenda for Sustainable Development has pointed to the need for systemic 
change that permeates recent EU policy, highlighting the importance of collaboration and policy 
integration and coherence. Concretely in this regard, SDG 6.5 promotes integrated water 
management and SDG 6.4 highlights the need to increase water use efficiency across all sectors and 
decoupling economic growth and water use. In this context, several new policy initiatives in Europe 
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are at the eve of being implemented. The European Green Deal sets ambitious targets and 
objectives -among others- ǘƻ ǇǊƻǘŜŎǘΣ ŎƻƴǎŜǊǾŜ ŀƴŘ ŜƴƘŀƴŎŜ ǘƘŜ 9¦Ωǎ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭΦ ¢ƘŜ ƴŜǿ 
Circular Economy Action Plan explicitly appeals to water stress and includes provisions for improving 
resource efficiency in the context of water resources management. Similarly, the EU Biodiversity 
Strategy 2030 acknowledges the importance of natural capital to industry and agriculture and sets 
quantitative targets for ecosystem restoration including 25 000 km of free-flowing rivers. The new 
Climate Change Law, Sustainable Finance, Farm to Fork Strategy, the new CAP Pillar II and the 8th 
Environmental Action Program -among many others- appeal to increasing resource efficiency, 
protecting the natural capital and improving the human well-being by means of transitioning the 
European economy to be more sustainable by 2030-2050.  
 
In the context of water stress, all these policy provisions and initiatives require strong coordination 
and collaboration at the implementation phase across sectors and ecosystems. So far, a major gap to 
achieve more effective implementation was the lack of adequate institutional frameworks and 
capacity to promote coordinated, cross-sectoral action and measure progress in tackling water 
stress. The European Green Deal and the upcoming new EU Strategy on Adaptation to Climate 
Change represent fresh opportunities to integrate water stress and drought policy objectives into 
other areas, increase coherence and propel implementation.  
 
Renewable freshwater resources under a changing climate  
Climate change is a major factor influencing the availability of renewable freshwater resources. The 
last decades recorded a series of the hottest and driest years over the last centuries and the annual 
average temperature for Europe has already increased 1.6 to 1.7 °C above the pre-industrial level 

(EEA, 2018b). Temperature rise increases potential and actual evapotranspiration, causes more 
frequent extreme drought occurrences, intensifies heavy precipitation, attenuates snowpack build-
up and triggers early snow melting. These effects have led to a decrease of the annual precipitation 

in parts of southern Europe (EEA, 2020c), which, combined with increasing actual 
evapotranspiration, leads to increasing water stress. In contrast, in north-eastern and northern 

Europe, precipitation and intensity of heavy precipitation in winter and summer increases (EEA, 
2020c). Decreasing snowpack on the Alps and Carpathians and earlier snow melting in lower 
attitudes of the Alps are already observable, while recent summer droughts have struck areas 
reaching up to the Arctic circle.  

Monitoring indicates considerable shifts are already occurring in the frequency and the temporal 
and spatial distribution of precipitation in many parts of Europe. The consequences of these shifts 

are observable in decreasing river discharges in the south and an increase in the north(EEA, 2016g).  

 
Water demand for environment and economy 
The population of European urban centres increases further, while the population in rural areas 
decreases. This leads to the development of more peri-urban land to meet the additional needs for 
residence and work space. Moreover, tourism in Europe has reached record-levels over the last 
decade and this has resulted in rapid land conversion for the development of touristic facilities and 
supporting transport infrastructure. Urban sprawl accelerates in coastal areas, which are also 
vulnerable to future sea level rise. The expansion of impervious areas and land sealing increases the 
risks of urban floods and drains away water that could otherwise recharge local aquifers.  
 

Every year about 230 000 million m3 of freshwater corresponding to 13 % of the available water is 
abstracted in Europe for socio-economic purposes. Agriculture (58 %), cooling water for electricity 
production (18 %), mining, quarrying, construction and manufacturing (11 %) and public water 
supply (10 %) are the major water users.  
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After use, treated or untreated water is returned to the environment. The difference between water 
abstraction and return is regarded as water consumption (water use). The average return ratio of 

water by cooling is around 80 %(1), while agriculture returns around 30 % of total water abstraction 
back to the environment. 

In many European basins, water is either over-abstracted with insufficient water left for 
environmental needs or returned with high pollution. Only three EU Member States (Cyprus, 
Hungary and the Netherlands) implemented ecological flows in all RBDs in 2016, whereas France 

implemented the ecological flows in 2 RBDs (EC, 2019b). In 2015, 58 % of river water bodies did not 
achieve good ecological status, for which water abstraction (8 %) has been reported as one of the 
main pressures  and groundwater levels have already lowered in some of the EU Member States 

(Kristensen et al., 2018). Groundwater is often seen as cheap buffer resources, which can be used 
to supply high quality drinking water, especially when local surface waters are not suitable for 
exploitation or at times of water stress. Insufficient legal enforcement and incomplete tariff systems 
in the agricultural sector are still responsible for unauthorised water abstractions, over-exploitation 
of groundwater, which leads to saline intrusion in coastal aquifers. Meanwhile, around 84 % of 
freshwater habitats in Europe was found in unfavorable conditions according to the EU habitats 

directive assessment in 2015 (EEA, 2020b).  
 
The EU27+UK has made substantial progress and has decreased water abstraction by 24 % in 2017 
compared to the level of 2000, while in the same period its Gross Value Added (GVA) has increased 
by 52 %. Although the volumetric pressure on renewable freshwater resources has started to 
decline, significant improvements are not yet visible in the quantitative status of water bodies, 
partly because recovery can be a slow environmental process, and also because climate change and 
socio-economic development can offset volumetric gains and aggravate local pressures. The 
milestone set in the EU resource efficiency roadmap τ i.e. water abstraction should stay below 20 % 
of available water resources in Europe τ has not been achieved yet in 19 RBDs according to the 
estimate in 2015. According to estimations, 20 % of territory and 33% of permanent population were 
affected by water stress conditions in the summer of 2015, with water abstraction exceeding 20% of 

available water resources (EEA, 2018b).  

There is a significant water saving potential across all economic sectors, but large investments are 
needed to unlock it. Monitoring, metering and authorisation of water abstractions and 
understanding of environmental interactions in river basins has progressed overall. Environmental 
flow requirements (e-flows) are better defined than they were, even though still not to a satisfactory 
level. Enforcement has improved; yet, there is a long distance to cover until full implementation of 
WFD requirements regarding e-flows across all EU water bodies. Leakages in the conveyance 
systems are still higher than 25% of total water supply in many eastern and southern European 
countries(EC, 2013b). Furthermore, attention is needed to avoid rebound effects.  
 
As local water resources are getting more stressed or depleted, urbanisation also causes higher 
demand, which is often met by the implementation of storage and water transfer projects. Such 
projects have significant impacts on hydromorphology and environmental concerns have led to 
stricter permitting procedures. 
 

                                                 

 

 

 

 
1
 However, it is responsible for thermal pollution and risks for hypoxia due to its heat load 
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Promising approaches and measures 
The analysis of the future gap between water availability and water demand points to increasing 
impact of the water stress issue in southern Europe, and in some parts of the other regions of 
Europe. This finding is consistent with earlier studies (JRC, 2020b). 

Increasing water demand of socio-economic activities under a changing climate forces Member 
States to explore additional measures for water supply and water demand. Innovative approaches to 
supply water using non-conventional resources (e.g. desalination, water reuse, rainwater harvesting) 
are already implemented in many Member States.  

The EU is dedicated to innovation as a means to tackle future challenges giving particular focus on 
better monitoring of the earth and its climate; better data management; better socio-environmental 
modelling; improvements in hydrological and drought forecasting; better technologies for increasing 
technical water efficiency; better tools for controlling water demand; and better technologies for 
enabling and promoting alternative water sources. 
 
For the analysis of water stress related issues, the water-energy-land-food nexus (WELF nexus) 
provides a holistic conceptual framework. Adopting this approach leads to the acknowledgement 
that the nature of water, energy, land and food systems is interdependent. This facilitates the 
identification of synergies and trade-offs between these resources, i.e. additional benefits from 
simultaneous management of both resources or necessary sacrifices to one resource to gain the 
benefits from the other resource (Psomas et al., 2018; Ringler et al., 2013). 
 
The application of nature-based solutions needs to be explored further. While the number of specific 
options for water stress is limited, the associated approach and stakeholder involvement offer a way 
forward for integrative solutions to complex problems. Natural water retention measures and 
aquifer recharge are promising options, but to be effective they must be implemented at sufficient 
scale. This requires precise assessments (models) and co-ordination.  

Needs for integrated policy responses 
Mainstreaming water considerations into other environmental and sectoral policies and finding 
synergies across them are key to enabling sustainable water management and ǊŜŘǳŎƛƴƎ ǎƻŎƛŜǘȅΩǎ 
exposure and vulnerability to water stress. The recent WFD fitness check has highlighted that one of 
the key factors contributing to the effectiveness of the EU water directives in progressing towards 
their objectives were the (binding) cross-ǊŜŦŜǊŜƴŎŜǎ ǘƻ ǘƘŜ ²C5Ωǎ ƻōƧŜŎǘƛǾŜǎ ƛƴ ƻǘƘŜǊ 9¦ ǇƻƭƛŎƛŜǎΦ 

The recent adoption of the Water Reuse Regulation is a good example of integrated thinking. The 
new CAP programming cycle for 2021-2030 provides fresh opportunity to integrate more ambitious 
environmental safeguards that acknowledge local water resource limitations and scarcity situations.  

The new Farm-to-Fork Strategy illustrates how the Green Deal aims to support integrated and 
systemic thinking, and promote more sustainable food systems. Such systemic thinking to reduce 
9ǳǊƻǇŜΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ǿŀǘŜǊ ǎǘǊŜǎǎ ǎǘƛƭƭ Ƙŀǎ ǘƻ ǇŜǊƳŜate policies of other economic sectors such as 
energy and industry, although some safeguards already exist.  

Several EU initiatives support the use of nature-ōŀǎŜŘ ǎƻƭǳǘƛƻƴǎ ǘƻ ŜƴƘŀƴŎŜ 9ǳǊƻǇŜΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 

water stress and risk of droughts. The EU Adaptation Strategy 2013 (EC, 2013a), to be updated 
soon, recognises the importance of integrated solutions to tackle water stress, by scaling up 
environmental mainstreaming in sectoral policies and climate-proofing investments, and by 
improving the protection and restoration of European ecosystems. However, recent assessments 
indicate that synergies between water stress policies and climate change adaptation strategies are 
not fully exploited at Member State and river basin levels (EC, 2019e).  
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 Introduction 1.

 

1.1. Setting the scene 

Water is vital for the three pillars of 9ǳǊƻǇŜΩǎ sustainable growth: its society, its economy and its 
environment. All three depend on the adequate availability and supply of water of sufficient quality 
at the right time and in the right location. 
 
As it is, in many parts of Europe, a mismatch has evolved between the demand for water and the 
volume of available water, resulting in water stress. This report addresses the existing and future 
water stress conditions and risks in Europe, their impacts on the environment, society and economy, 
and the perspectives for action that are open for exploration. 
 

 
Box 1.1 Terms related to water stress 
 
Water stress is the general term used in this report for the situation where the available water does not cover 
the local demand (including environmental demand). Water stress can be caused by a volumetric shortage, by 
insufficient water quality, by droughts or by insufficient accessibility. See the Glossary for further explanation.  
 

 
In southern Europe and in densely populated areas across the EU water stress is a permanent, year-
round problem. In other parts water stress occurs only temporarily or even incidentally. This is a 
result of the varying water availability and demand in time, with meteorological conditions (average 
seasonal and year-to-year variability, extreme events in the form of droughts) and with economic 
activities.  

When water stress occurs structurally or frequently, ǘƘŜ ǘŜǊƳ Ψwater scarcityΩ ƛǎ ǳǎŜŘ. In water 
stressed regions the environment usually suffers first (from low river flows or low groundwater 
levels), but economic sectors may also experience shortages, at least during parts of the year.  

The term used for conditions of irregular or incidental water stress is water shortage. Droughts and 
water shortages hit hitherto unexpected locations, as occurred in Western and Northern Europe in 
2018 (Box 1.2). Some more recent drought events in areas which are normally not perceived as 
prone to droughts are the Arctic circle and Siberia in 2020 and 2019, the Elbe river basin in summer 
of 2015 and the Black Sea area in 2007.  
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Box 1.2  The drought of 2018 in Central and Northern Europe 
 
During the spring and summer of 2018, central and northern Europe experienced severe drought conditions, a 
combination of exceptionally warm temperatures and low precipitation (Map 1.1). Indeed, many Member 
States in these areas recorded one of their three hottest and driest summers, ever. In contrast, southern 
Europe and particularly the Iberian Peninsula recorded a wetter than usual spring and summer (Eurostat, 
2019b). 
 
Map 1.1 The Combined Drought Indicator (CDI) for the last dekad of July 2018 (left) and the second dekad of 
September 2018 (right) 
 

 
Source: (JRC, 2020a) 
 
The 2018 drought has impacted farmers throughout Northern Europe. The 2018 yields of cereals, potatoes and 
sugar beets, crops in which northern European countries have a large share, showed a marked decline 
compared to 2017. Drought also heavily affected pasture (generally not irrigated) with detrimental effects on 
the livestock/dairy sector.  
 
The drought also had severe impacts on other socioeconomic sectors (Toreti et al., 2019; Harris, 2018), for 
example, higher than usual death rates among elderly people, difficulties in power plant cooling, stability 
issues in the Dutch dike system due to lack of freshwater, extremely low river levels with negative impact on 
the transport sector industries dependent on water way transport and forest fires. 
 

 
 

According to the estimation of the water exploitation index (WEI+)(2) about 13 % of the European 
territory suffers from all year round water stress conditions, and at least 120 million people are 
affected permanently by significant water stress in these areas. Assessments in this report 
underlines that the seasonal and structural water stress might be exacerbated in the future as well. 

                                                 

 

 

 

 
2
 WEI+: the Water Exploitation Index Plus. The WEI+ is defined as the total water net consumption 

(abstractions minus returns) divided by the freshwater resources of a region, including upstream inflowing 
ǿŀǘŜǊΦ ²9LҌ ǾŀƭǳŜǎ ƘŀǾŜ ŀ ǊŀƴƎŜ ōŜǘǿŜŜƴ л ŀƴŘ мΦ ±ŀƭǳŜǎ ōŜƭƻǿ лΦм ŘŜƴƻǘŜ άƭƻǿ ǿŀǘŜǊ ǎǘǊŜǎǎέΣ ǾŀƭǳŜǎ 
between 0.1 and 0.2 denotŜ άƳƻŘŜǊŀǘŜ ǿŀǘŜǊ ǎǘǊŜǎǎέΣ άǿŀǘŜǊ ǎǘǊŜǎǎέ ǿƘŜƴ ǘƘƛǎ Ǌŀǘƛƻ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ лΦнΣ ŀƴŘ 
άǎŜǾŜǊŜ ǿŀǘŜǊ ǎǘǊŜǎǎέ ƛŦ ǘƘŜ Ǌŀǘƛƻ ŜȄŎŜŜŘǎ лΦп (Feargemann, 2012). 
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Further information on the current state and future projections on water stress in Europe is 
provided in  Chapter 5 of this report.  

 

1.2. Scope and outline of the report 

The overall aim of this report is, in accordance with Article 1 of the Water Framework Directive 
(WFD), to promote sustainable water use based on a long-term protection of available water 
resources. The report overall addresses to the trends in water availability, water abstractions and 
water use efficiency, including their impacts on the environment and on the main water-dependent 
economic sectors (agriculture, electricity production, manufacturing and domestic water supply). 

The report also explores the decoupling
3
 of sectorial water abstraction from growth, future water 

availability and water demand, and evaluates the potential of current responses to water stress.  

 
The DPSIR (Drivers-Pressures-State-Impact-Responses) framework has been followed as analytical 
framework in developing the report. Hence, the analytical framework followed in this report starts 
from climate change and socio-economic development as key drivers for water availability and 
water demand. An overview of water stress related EU policy responses is included in this report. 
Measures and policy responses can seize on any of the DPSIR steps. This is illustrated in a detailed 
schema in Section 4.10. 
 
This report has been built on 6 different chapters in line with the DPSIR framework to address 
various aspects of the water stress issues, impacts of multi-drivers on European water resources and 
EU policy responses (Figure 1.1) 
 
Figure 1.1 Structure of the report 
 

 
 
Chapter 2 describes the European policy context, i.e. the policies implemented in the field of water 
scarcity and drought management, sectoral and environmental policies with a link to water use or 

                                                 

 

 

 

 
3 Decoupling refers to the ability to sustain economic growth while reducing the amount of resources such as 
water or fossil fuels used, delinking environmental deterioration at the same time. 
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management, and cross-cutting integrative policies. It also highlights some links between the 
European policy landscape and recent global policy developments. 
 
Chapter 3 presents climate change as the first of the two key drivers of water stress. The chapter 
addresses the meteorological parameters that have an impact on droughts and water availability 
and then illustrates how these are reflected in the stages of the hydrological cycle. The focus is given 
on precipitation and evapotranspiration patterns as determinants of water availability, and on the 
frequency and intensity of droughts. A drought starts with reduced levels of precipitation compared 
to normal. From there, a drought may propagate through the hydrological cycle and from there 
impact the environment and the economy. The time horizon varies around 2050-2100. 
 
Chapter 4 starts off with the current state of water abstractions. It then highlights how water 
abstractions are guided by socio-economic developments, including land-use changes. The chapter 
gives an overview of how water is abstracted and used in the major water-dependent economic 
sectors: energy, agriculture, households, tourism and industry, and for the environment. The socio-
economic development at large determines how the economic water-dependent sectors are 
developing, as a result of such underlying trends as population growth, technological innovations, 
and market relations from local to global levels. The key issue in this report is, how this will 
eventually affect the water demand of the sectors. The chapter concludes with an overview of 
existing policies and measures. 
 
Chapter 5 provides a consolidated overview on the findings of Chapters 3 and 4 to sketch the future 
trend in water stress.  
 
Chapter 6 Ways of dealing with the future water stress include innovative technologies, policy 
responses, nexus approaches and nature-based solutions. These options are introduced and their 
relevance for water stress management is explored. The chapter concludes with an outlook. 
 
Chapter 7 presents the main conclusions of this report. 
 

 
Primary stakeholders 
Traditionally water stress concerns water users and water managers as they are the principal 
stakeholders. First at local to regional level, then at national level, and since the publication of the 
EU Communication on Water Scarcity & Drought in 2007 explicitly at EU level. In parallel, the 
diversity of the audience increases. Water stress and its expected adverse economic consequences 
increasingly draw the attention of the financing world and insurance companies (EEA, 2019c). The 
World Economic Forum has ƭƛǎǘŜŘ ΨŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊΩ ƛƴ ƛǘǎ ǘƻǇ-5 of risks with the highest likelihood 
since 2014, and in its top-5 of risks with the highest impact since 2017. The urgency and magnitude 
of the challenge is also stated in a recent World Bank report (World Bank, 2016) which, amongst 
others, indicates that water scarcity could cost some regions up to 6 % of their Gross Domestic 
Product (GDP). The adverse impacts of water abstractions on the environment have driven water 
stress and drought issues up the priority list of societal organisations such as Right2Water Citizen 
Initiative (Anonymous, 2020) and of nature protection NGOs such as the WWF and IUCN (Trémolet 
S. et al., 2019), while scarcity risk is addressed in the year plans of multinational companies such as 
Intel (Aquatech, 2019), Coca-Cola and Unilever. The Water Footprint Assessment has played an 
important role in raising awareness of the implicit role of water in global production and trade. 
Several networks of private enterprises (such as the WBCSD, the Carbon Initiative,  Beverage 
Industry Environmental Roundtable (BIER)) have made steps to incorporate water as part of the 
scope of their corporate social responsibility (CSR) initiatives, as does the European Water 
Stewardship scheme. All this goes to demonstrate that water stress is no longer the sole concern of 
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water managing authorities and direct water users. The ΨƴŜǿƭȅ ƛƴǾƻƭǾŜŘΩ stakeholders can have a 
crucial role in the design and implementation of nature-based solutions, as illustrated in the NAIAD 
project (Section 6.4).  
 
 

1.3. Relevance to the EEA activities 

This report builds on a long chain of earlier EEA assessments and reports. A prominent predecessor 
is the 2009 report on Water resources across Europe τ confronting water scarcity and drought 
(EEA, 2009). The current report is the updated version of 2009 report, hence, titled Water resources 
across Europe τ confronting water scarcity and drought-II. Compared to 2009 report, the current 
report adds recent data, an update of determining trends and of the cross-links with adjacent 
sectors and disciplines, updates of policies and measures, and proposals for solutions.  
 
Among many others, the following reports have been used as inputs in developing this report: 
Effectiveness of urban wastewater treatment policies in selected countries: an EEA pilot study (EEA, 
2005), Towards the efficient use of water resources in Europe (EEA, 2012a),  Water resources in 
Europe in the context of vulnerability (EEA, 2012b) , Assessment of cost recovery through water 
pricing Economic instruments (EEA, 2013a), National adaptation policy processes in European 
countries ς 2014 (EEA, 2014),  Water-retention potential of Europe's forests: a European overview to 
support natural water retention measures (EEA, 2015), Public participation, contributing to better 
water management: experiences from eight case studies across Europe(EEA et al., 2014),  Climate 
change adaptation and disaster risk reduction in Europe -Enhancing coherence of the knowledge 
base, policies and practices (EEA, 2017a), Water management in Europe: price and non-price 
approaches to water conservation (EEA, 2017g), European waters- Assessment of status and 
pressures (Kristensen et al., 2018), Landscapes in transition-An account of 25 years of land cover 
change in Europe (EEA, 2017e), Industrial waste water treatment: pressures on Europe's environment 
(EEA, 2019d), Climate change adaptation in the agriculture sector in Europe(EEA, 2019a), State of 
nature in the EU (EEA, 2020f) and finally The European environment: state and outlook 2020 : 
knowledge for transition to a sustainable Europe (EEA, 2019j) presents a comprehensive analysis of 
the above elements and opens perspectives towards a systems approach. 
 
Over the past years the EEA has put a large effort into the organisation and collection of data for the 
development of water accounts and indicators supporting the assessment of the state of European 
waters (EEA, 2019l). Furthermore two important reports have been published by European Topic 
Centre of Marine and Inland Waters on the establishment of water accounts (ETC/ICM, 2016; Zal et 
al., 2017). This report makes ample use of the results of that effort, most notably the Core Set of 

Indictors (CSI) on Water and Climate change (4).  
 

Along with the above-mentioned reports, assessment from a number of the EEA water, climate, land 
and biodiversity related indicators have been intensively used in relevant chapters which have been 
referenced throughout the report.  Databases of State of Environment, EEA dashboards on various 

                                                 

 

 

 

 
4
 All EEA indicators can be seen on: https://www.eea.europa.eu/data-and-maps/indicators/#c0=30&c12-

operator=or&b_start=0 

https://www.eea.europa.eu/data-and-maps/indicators/#c0=30&c12-operator=or&b_start=0
https://www.eea.europa.eu/data-and-maps/indicators/#c0=30&c12-operator=or&b_start=0
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topics (EEA, 2018c, 2019i) and Eurostat database have also provided facility for quantified 
assessment on status and pressures around the European water resources.   
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 Policies on water scarcity and drought 2.

 

Key messages 
 

¶ Globally, as well as in Europe, policy instruments, measures and strategies being devised to 
address water stress are transiting from crisis management to proactive risk management 
approaches. 

 

¶ The WFD provides a flexible and suitable frame for action against water scarcity and 
drought, underscoring the relation between water quantity, water quality and ecological 
status. 

 

¶ Despite the publication of the 9¦Ωǎ /ƻƳƳǳƴƛŎŀǘƛƻƴ ƻƴ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ŀƴŘ ŘǊƻǳƎƘǘ ƛƴ нллт 
ŀƴŘ ǘƘŜ .ƭǳŜǇǊƛƴǘ ǘƻ {ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ƛƴ нлмнΣ EU policy on water 
scarcity and drought remains scattered and implementation has been slow. 

 

¶ In the second RBMPs, sixteen Member States reported that water abstraction is a significant 
pressure for their surface water or groundwater at least in some parts of their national 
territory. However, only eight Member States reported DMPs as accompanying documents 
to all or part of their RBMPs whereas only three Member States developed ecological flows 
in all water bodies. 

 

¶ The European Green Deal, the new Circular Economy Action Plan and the upcoming new EU 
Strategy on Adaptation to Climate Change represent fresh opportunities to integrate water 
stress and drought policy objectives into other areas, increase coherence and proper 
implementation.  

 

 
 
2.1. Context: water scarcity and drought in EU water policy 

Water stands amongst the oldest and most advanced policy areas in the EU environmental acquis 
(Josefsson, 2012; Giakoumis and Voulvoulis, 2018). Since 2000, the EU Water Framework Directive ς 
WFD (2000/60/EC) ƛǎ 9ǳǊƻǇŜΩǎ ŦƭŀƎǎƘƛǇ ƭŜƎƛǎƭŀǘƛƻƴ ƻƴ ǿŀǘŜǊΣ ǳƴŘŜǊ ǿƘƛŎƘ ǘƘŜ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ 9¦ 
regulatory instruments, strategies and policy mechanisms that have emerged and evolved over 
ŘŜŎŀŘŜǎ ŀǊŜ ŎƻƻǊŘƛƴŀǘŜŘΦ ¦ƴŘŜǊ ǘƘŜ ²C5Σ ǘƘŜ 9¦ Ƙŀǎ ǎŜǘ ŀƴ ƻǾŜǊŀƭƭ ŀƛƳ ǘƻ άŜƴǎǳǊŜ ŀŎŎŜǎǎ ǘƻ ƎƻƻŘ 
quality water in sufficient quantity for all Europeans, and to ensure the good status of all water 
ōƻŘƛŜǎ ŀŎǊƻǎǎ 9ǳǊƻǇŜέ (EC, 2000). Article 1 of the WFD requires the Member States to "promote the 
sustainable use of water resources based on the long-term protection of available water resources" 
and "ensure a balance between abstraction and recharge of groundwater, with the aim of achieving 
good status of groundwater bodies". Through these requirements the WFD sets the basis for action 
against water stress and drought, and it underscores the relation between water quantity, water 
quality and ecological status. The Fitness Check of EU Water Legislation also concluded that the WFD 
provides a flexible and suitable frame for the planning and management of drought risk and the 
impacts of water scarcity events (EC, 2019f).  
 
The management of water stress across Europe has traditionally focused on supply-side measures, 
while drought management has been characterized by crisis management measures. Driven by shifts 
in the study of vulnerability and risk that originated in the 1980s (Vargas and Paneque, 2017), and 
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underpinned by global developments like the Yokohama Strategy for a Safer World (UN, 1994) and 
its successors, the last three decades have increasingly seen the adoption of strategies that shift the 
focus more on water demand management. In addition, there is increased emphasis on the need for 
a more proactive risk management approach against droughts, calling for a drought management 
approach articulated around the aspects of preparedness, crisis management and resilience 
building. 
 

Box 2.1 Important terms 
Preparedness: long-term water resources monitoring to evaluate the water-related risks and corresponding 
planning to manage effectively the anticipated water deficits, considering also the risks from probable drought 
events. 
 
Crisis management: activation of pre-defined emergency plans and measures to deal with critical water 
deficits during the occurrence of drought events. 
 
Resilience building: development of the necessary knowledge base, awareness, governance structure and 
technical infrastructure to support preparedness and crisis management against drought risks (e.g. raising 
awareness on water security concerns; providing capacity building and training; climate-proofing of socio-
economic activities and areas; employing nature-based solutions for climate change adaptation; integrating 
ecosystem services in finance and insurance schemes dealing with water scarcity and droughts) 

 
 
Overall, EU policy for water scarcity and drought has evolved around three supplementary pillars: EU 
directives (e.g. Water Framework Directive, Groundwater Directive, Floods Directive), policy 
initiatives (e.g. Communication on Water Scarcity and Drought, Circular Economy Action Plan, 
Resource Efficiency Roadmap) and sectoral policy instruments (e.g. Pillar II of the CAP and Regional 
Environmental Policy) as shown in Figure 2.1. 

Figure 2.1 EU policy pillars in relation to water stress and droughts 

 

 



 

 

 

 

 

Water stress report Final Draft v2.2  Page | 26 

The WFD itself establishes, at river basins scale, an integrated planning framework to enhance 
protection and improvement of the aquatic environment with the final goal of achieving the good 
environmental status of European waters. A key product of the WFD planning process is the River 
Basin Management Plan (RBMP), which is accompanied by a relevant Programme of Measures 
(PoM). The WFD recognizes the crosscutting character of water as a vital resource for social, 
environmental and economic systems, which places water policy in the middle of developments in 
other policy areas. To tackle water stress and droughts, the WFD puts more importance on acting on 
the drivers underpinning water demand (i.e. reducing demand from economic sectors consuming 
water) than increasing water supply. The WFD encourages abstraction control through permitting, 
water demand management, and efficient water use. However, supply-oriented measures, including 
reservoirs or diversions (inter-basin transfers), have also been planned in recent years by several 
Member States to meet their concerns on water security or shift their local water supply to 
alternative sources, because of the depletion and degradation local groundwater (Buchanan et al., 
2019). 
 
Nevertheless, despite their overall alignment with the above policy lines, several EU Member States 
(e.g. France, Greece) have reported their intention to further construct supply-oriented measures, 
such as reservoirs or diversions (inter-basin transfers), because they consider (whether or not 
correctly justified) that these measures could contribute to various goals, including water and 
energy security, adaptation to climate change, achievement of ecological flows in water-stressed 
aquatic ecosystems and protection of over-exploited groundwater bodies from further deterioration 
 
In 2007, the European Commission published its Communication on Water Scarcity and Drought (EC, 
2007), which outlines seven concrete policy options to address water scarcity and drought at 
European, national and regional levels: 

- Putting the right price tag on water  
- Allocating water and water-related funding more efficiently  
- Improving drought risk management  
- Considering additional water supply infrastructures  
- Fostering water efficient technologies and practices  
- Fostering the emergence of a water-saving culture in Europe  
- Improve knowledge and data collection 

¢ƘŜ /ƻƳƳǳƴƛŎŀǘƛƻƴ Ŏŀƭƭǎ ŦƻǊ ŀ άǿŀǘŜǊ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ǿŀǘŜǊ ǎŀǾƛƴƎ ŜŎƻƴƻƳȅέ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜǎ άǿŀǘŜǊ 
ƛǎǎǳŜǎ ƛƴǘƻ ŀƭƭ ǎŜŎǘƻǊŀƭ ǇƻƭƛŎƛŜǎέΦ ¢ƘŜǊŜ ƛǎ ŀƴ ŜȄǇƭƛŎƛǘ ǊŜŎƻƎƴƛǘƛƻƴ ǘƘŀǘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴ ǘƘŜ 
form of e.g. new urban areas, industrial production capacities or irrigation perimeters, must take 
into account the availability of local water resources in order to avoid exacerbating water stress and 
the risk of damaging droughts. The implementation of the policy options promoted by the 
Communication was assessed in three yearly follow-up reports and a policy review (EC, 2008, 2010b, 
2011b). 
 
Two additional policy documents have since been published addressing water stress and droughts 
(Figure 2.2):  

- The .ƭǳŜǇǊƛƴǘ ǘƻ {ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ (EC, 2012) re-emphasized the need to take 
action against scarcity and droughts. It integrates a particular focus on the need to increase 
resource use efficiency and decouple growth from resource use, drawing on the Resource 
Efficiency Roadmap 2011 (EC, 2011a), and recently reemphasized in the new Circular 
Economy Action Plan (EC, 2020a)  under the EU Green Deal (EC, 2019j).  

- The EU Strategy on Adaptation to Climate Change (EC, 2013a), first published in 2013 and to 
be updated in 2021, served to establish reference points and define new aims on increasing 
climate resilience and disaster preparedness. In water management, this has closely linked 
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with efforts in improving drought risk management under the 2007 Communication and 
preparation of Drought Management Plans (DMPs) by Member States.  

 

Figure 2.2 Timeline showing major policy developments related to water scarcity and drought since 

the adoption of the WFD. 

 
 
Undertakings at the EU level have resulted in achievements in the form of research, policy options, 
and technical guidance to deal with water scarcity and drought (Hervás-Gámez and Delgado-Ramos, 
2019). However, the EU policy approach towards water quantity has generally been less elaborate 
than it has been for water quality (Stein et al., 2016; Eslamian and Eslamian, 2017; Trémolet S. et al., 
2019), and the pace of change in this specific policy area has been slow.  
 
Developing comprehensive and incentive regulatory frameworks and pricing mechanisms is equally 
important as developing the necessary technical solutions to facilitate the uptake of new 
technologies (Buchanan et al., 2019). Recently, general considerations on water stress have been 
integrated in the EU Green Deal, as evidenced by the Biodiversity Strategy for 2030, the Farm to Fork 
Strategy, the 2030 Climate & Energy Framework, the new Circular Economy Action Plan and the 
2050 Long-term Strategy. Elements of water security and insurance are also now embedded in the 
9¦Ωǎ {ǳǎǘŀƛƴŀōƭŜ Finance Taxonomy. The challenge will continue to be the transposition of these 
principles and provisions at the operational level. 
 

Implementation challenges 
To this date, the management of water stress remains largely a national policy, but it operates 
within a multi-level governance scheme where different administrative levels play distinct roles. In 
keeping with the subsidiarity principle, the WFD and EU water scarcity and droughts policy provide a 
ŦǊŀƳŜ ǘƻ ƛƴǘŜƎǊŀǘŜ ŀƴŘ ōǳƛƭŘ ǳǇ ƻƴ ǘƘŜ aŜƳōŜǊ {ǘŀǘŜǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ƭƻŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ǿƘƛƭŜ ŀǾƻƛŘƛƴƎ 
that short-term regional or local interests put the future needs of the wider community at risk. This 
effectively means that the EU complements the regulation and management responsibilities of local 
and regional authorities (EU COR, 2011). Nonetheless, there could be cases where the responsible 
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public administration fails to develop a long-term strategy looking beyond the 6-year management 
cycles of the WFD and building effectively on the RBMPs (Buchanan et al., 2019). 
 
On the one hand, authorities and stakeholders in many Member States have scaled up collaboration 
in planning and management, leading to greater policy integration of water stress issues at local and 
regional level. This triggered action from some Member States, and the latest DMPs have been 
accepted in 2018. The compliance assessment of the second RBMPs (EC, 2019b) showed that sixteen 
Member States reported water abstraction as a significant pressure for their surface water or 

groundwater at least in some parts of their national territory(5). However, only eight Member States 

reported DMPs as accompanying documents to all or part of their RBMPs(
6). Furthermore, the 

content of these plans and the depth of the analysis differ greatly among Member States, despite 

the existence of a relevant technical report on the development of DMPs(7). Cyprus and Spain are 
two cases with very detailed and comprehensive DMPs accompanying their RBMPs. Some elements 
of these plans are regarded as novel and promising (Hervás-Gámez and Delgado-Ramos, 2019). 
 
On the other hand, it should be noted that progress in implementation has been slow since the 
Blueprint to Safeguard European Waters back in 2012. The transition from crisis to risk management 
approaches has been mostly a conceptual one, as in its implementation, this change of paradigm has 
exposed a lack of institutional capacity across many Member States (Tsakiris, 2015). Further, to be 
truly effective, the risk management approach has to be adopted by all sectors which have a direct 
or indirect influence on water, e.g. via decisions on land use (EU COR, 2011). It will be important to 
renew the efforts on this, especially in areas with recurrent drought issues, as the impacts of 
temporary drought events can last much longer than the initial phenomenon and their socio-
economic damages can be considerable. The EU Green Deal and the update of the EU Strategy on 
Adaptation to climate change are opportunities to do so. 
 
Between the first and second WFD planning cycle, water pricing has been more widely applied by EU 
Member States, and new pricing schemes were introduced in various sectors (e.g. drinking water & 
sanitation, agriculture, industry). However, although incentive pricing is an explicit requirement of 
the WFD to ensure compliance with its principles and objectives, the current pricing mechanisms do 
not always provide adequate incentives for efficient water use and sustainable water management 
(Buchanan et al., 2019). 
 
Furthermore, the key reason for delays in the implementation of measures tackling water stress is 
usually the lack of secure budgets. Measures can rely largely on the public budget, whereas the 
capacity of EU funds is not always fully exploited (Buchanan et al., 2019). The coordination of the 
European Common Agricultural Policy (CAP) and the Rural Development Plans (RDPs) is a good 
example here, as highlighted by EEIG Alliance Environnement (EC, 2020d).  
 

                                                 

 

 

 

 
5 Belgium, Cyprus, Greece, Denmark, Spain, Hungary, Italy, Malta, Portugal, Slovakia, UK, Bulgaria, Croatia, 
Czechia, Germany, France 
6 Cyprus, Greece, Spain, Italy, UK, Czechia, Slovakia, the Netherlands 
7 Expert Network (2008). Drought Management Plan Report - Including Agricultural, Drought Indicators and 
Climate Change Aspects. Technical Report 2008 ς 023 
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Finally, the lack of robust governance on water stress at EU level has left ample space for 
discrepancies between Member States in interpretations, and drought policy has important 
limitations regarding compliance (Stein et al., 2016). For example, most Member States apply 
ŜȄŜƳǇǘƛƻƴǎ ŦǊƻƳ ǊŜƎƛǎǘǊŀǘƛƻƴ ƻǊ ǇŜǊƳƛǘǘƛƴƎ ŦƻǊ ǿŀǘŜǊ ŀōǎǘǊŀŎǘƛƻƴǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άǎƳŀƭƭέ(8) in 
volume. Overall, the accumulation of all these small abstractions over a large area could result in a 
significant pressure (e.g. for local groundwater bodies), which is disregarded. Similarly, in some 
areas, there are issues with over-allocation of water rights which were issued before the adoption of 
the WFD. Although the WFD has provided a significant motivation for local authorities to review the 
pre-existing water rights, and revise them according to the identified over-exploitation problems,  
Member States usually have difficulties to intervene with permits that were granted a long time ago 
and the so-ŎŀƭƭŜŘ άǎŜƴƛƻǊ ǿŀǘŜǊ ǊƛƎƘǘǎέΦ !ǎ ŀ ǊŜǎǳƭǘΣ Ƴƻǎǘ aŜƳōŜǊ {ǘŀǘŜǎ ƘŀǾŜ ōŜŎƻƳŜ ǎǘǊƛŎǘŜǊ ǿƛǘƘ 
issuing newer water permits (EC, 2020d; Buchanan et al., 2019).  
 
/ƻƳōƛƴŜŘΣ ǘƘŜǎŜ ōŀǊǊƛŜǊǎ ǎƭƻǿ Řƻǿƴ ǇǊƻƎǊŜǎǎ ƛƴ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ ²C5Ωǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ƭƛƳƛǘ 
the ambitious implementation of EU WS&D policy. There is thus a continued need to address issues 
like policy integration, coherence and compliance (EC, 2020d, 2015d). 

 
 
2.2. Sectoral policy responses and their links to water stress 

Beyond the dedicated water policies which have been the main focus of this chapter so far, a wide 
range of sectoral and environmental strategies, instruments and measures are in places which 
directly or indirectly address the impacts of water stress and drought. These include policies in the 
fields of agriculture, energy, industry, transport, biodiversity, nature protection and climate change.  
 
The EU Green Deal has largely managed to encapsulate global developments advocating systemic 
change, and its ongoing action plan intends to enable deep transitions in Europe. The strategy 
ǊŜŎƻƎƴƛǎŜǎ ǘƘŜ ƴŜŜŘ ǘƻ άǊŜǎǘƻǊŜ ǘƘŜ ƴŀǘǳǊŀƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ƎǊƻǳƴŘ ŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊέ ŀƴŘ ǘŀŎƪƭŜ ǘƘŜ 
άŜȄŎŜǎǎƛǾŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎέΦ Lǘ ǎŜǘǎ ƻǳǘ ŀ ƴǳƳōŜǊ ƻŦ ƛƴŘǳǎǘǊȅ ǊŜŦƻrms aligned to 
foster the transition towards circularity, and towards a greener and resource-efficient economy. At a 
macro-level, the Green Deal aims to increase sustainable finance and channel public and private 
investments into sustainable activities and projects. The use of crosscutting instruments such as the 
EU Sustainable Taxonomy is highlighted in the Green Deal, as they aim to establish financing 
standards to increase efficient use and protection of ςamong others- water resources across the 
European economy. 
 
Agriculture is the sector with the largest demand for water, and also one of the worst hit in the 
recent drought events of 2018 and 2019. Relevant impacts for the sector include loss of crop yields 
and harvested production; increased costs for water supply and irrigation; and heightened potential 
ŦƻǊ ǘŜƴǎƛƻƴǎΣ ŘƛǎǇǳǘŜǎ ŀƴŘ ŜǾŜƴ ŎƻƴŦƭƛŎǘ ǿƛǘƘ ŎƻƳǇŜǘƛƴƎ ǳǎŜǊǎΦ ¢ƘŜ ǎŜŎǘƻǊΩǎ ŦƭŀƎǎƘƛǇ ǇƻƭƛŎȅΣ ǘƘŜ /!tΣ 
is undergoing a reform process that includes among its aims a readjustment of its focus to 
incorporate better water management into farm practices. Under the Rural Development 
Regulation, also known as Pillar II of the CAP, a set of measures including training and farm 

                                                 

 

 

 

 
8 tŜǊŎŜǇǘƛƻƴ ŀƴŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άǎƳŀƭƭέ ŀōǎǘǊŀŎǘƛƻƴ ŘƛŦŦŜǊǎ ŀƳƻƴƎ aŜƳōŜǊ {ǘŀǘŜǎΣ ŜΦƎΦ CǊŀƴŎŜΥ мΣллл ƳоκȅŜŀǊΤ 
Netherlands (indicative, varies per water board): 100 m3/h (registration is obligatory, but no permit required). 
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modernisation to promote water efficiency are concrete elements widening the scope of the 
agricultural practice to include environmental protection and improvement. 
 
In the energy sector, common impacts include decrease of energy production in thermal plants due 
to low river discharges (and reduced access to cooling water); decrease of electricity production in 
hydropower plants duŜ ǘƻ ƭƻǿ ǊŜǎŜǊǾƻƛǊ ƭŜǾŜƭǎΣ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎΦ ¢ƘŜ 9¦ /ƻƳƳƛǎǎƛƻƴΩǎ 
reiterated commitment to achieve climate neutrality and fully decarbonised power generation by 
нлрлΣ ǿƛǘƘ ул҈ ƻŦ ǘƘŜ ǳƴƛƻƴΩǎ ǇƻǿŜǊ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΣ ƻǇŜƴǎ ŜȄǇŜctations for 
ŦǳǘǳǊŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǎŜŎǘƻǊΩǎ ǿŀǘŜǊ ŘŜƳŀƴŘΦ [ƛƴƪǎ ǘƻ ǿŀǘŜǊ ǎǘǊŜǎǎ ƛƴ ǘƘŜ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 

Directive (EC, 2009) ŀƴŘ ǘƘŜ 9¦Ωǎ 9ƴŜǊƎȅ ¦ƴƛƻƴ {ǘǊŀǘŜƎȅ (EC, 2015a) are indirect and mainly stem 
from integrated climate and energy planning and monitoring of greenhouse gas emissions. The more 
recent EU Strategy for Energy System Integration 2020 (EC, 2020c) includes considerations on the 
water footprint of EU energy production and the potential for sustainable production of bioenergy 
from wastewater. 
 
The industrial sector includes manufacturing operations as well as mining and quarrying, which are 
in many cases activities associated with high water demand levels. Impacts of imbalances in water 
availability include restrictions on production plans and even plant shutdowns in highly water-
dependent operations. Policy responses in this sector have focussed primarily on resource efficiency 
and circularity approaches and include the Resource Efficiency Roadmap (EC, 2011a) and the Circular 
Economy Action Plan from 2015 (EC, 2015b)which was recently updated (EC, 2020a)under the EU 
Green Deal (EC, 2019j). The New Industrial Strategy for Europe (EC, 2020b)that surfaced in March 
2020 does not include any clear references to water quantity issues. 
 
Lastly, the transport sector can also be significantly impacted by water scarcity and drought events. 
The 2018 drought caused restrictions for inland navigation in Central Europe and disrupted supply 
chains along entire river basins.  
 
These are just some examples of the main sectoral impacts and measures that give insight into the 
importance of concerted and coordinated action beyond sectoral silos.  
 
Water stress in European climate change, nature and biodiversity policy 

Worldwide, there is growing awareness of the need for policy responses that address the impacts of 
climate change on water (Quevauviller and Gemmer, 2015). In Europe, climate change and 
population growth are shifting conditions across a wider geographical spread (see Chapter 3). 
Member States like Sweden and Germany have suffered great economic losses stemming from 
droughts in 2018 and 2019, and increased variability in weather patterns is making the existing 
hotspots (e.g. Southern Europe) worse off. This is drawing renewed attention to water availability 
issues at the EU level, once more calling for updates on water scarcity and drought policy and action. 
 
Regarding the consideration of climate change in the second RBMPs, significant progress was 
achieved compared to the first cycle. Most Member States used the CIS Guidance Document (EC, 
2009) and climate change was integrated in a series of actions related to the preparation of the 
RBMPs. However, there are still large gaps to address before climate change can be considered fully 
integrated. In addition, eight Member States reported the planning of specific measures to address 
Climate Change Adaptation (CCA). Various Member States have also reported multi-purpose 
measures, which could be relevant in the context of climate change adaptation, although this is not 
explicitly stated (Buchanan et al., 2019; EC, 2019g). 

 

The current EU Climate Change Adaptation Strategy aims to build capacity and increase resilience to 
extreme weather events, including droughts. In this regard, there have been explicit calls and efforts 
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to explore and further develop adaptation solutions that incorporate natural elements in them, such 
as green infrastructure and nature-based solutions. Commonalities between EU adaptation policy, 
the EU Strategy on Green Infrastructure and the Biodiversity Strategy to 2030, represent another 
interface between policy areas where water plays a central role. Here, progress has been made on 
the study of natural water retention measures that enable the achievement of multiple objectives 
like increasing drought resilience and water security, reducing habitat fragmentation, decreasing the 
emission of greenhouse gases, and providing spaces for recreation. Nevertheless, the primary 
objectives behind the construction of natural water retention measures are currently flood risk 
management, nutrient buffering and wastewater treatment, hydromorphological restoration and 
biodiversity protection (Buchanan et al., 2019). Water quantity and climate change adaptation 
objectives seem to be less influential in motivating their application. The Mission area on Adaptation 
ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǳƴŘŜǊǇƛƴƴƛƴƎ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ 9ǳǊƻǇŜ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳƳŜ ŀƴŘ ǘƘŜ ǳǇŘŀǘŜ ƻŦ ǘƘŜ 
EU Climate Adaptation Strategy are expected to drive more ambitious adaptation action through the 
funding of applied research and innovation and the demonstration of new solutions, including 
nature-based ones.  
 
2.3. Policy developments at the global level 

To tackle water scarcity and drought, the international community has recognized the need for an 
integrated approach between water, energy, food and ecosystems (EC, 2019i).  The approval of the 
UN 2030 Agenda for Sustainable Development (UN, 2015b) invigorated the discussion on systemic 
change that permeates recent EU policy, highlighting the importance of collaboration and policy 
integration and coherence. The own nature of the SDGs is crosscutting and calls for joint 
implementation. As to their coverage of water stress issues, SDG 6.4 highlights the need to increase 
water use efficiency across all sectors and decoupling economic growth and water use and SDG 6.5 
promotes integrated water management. Key sectors include agriculture, energy, industry and 
public water supply. This makes the WEFE (Water, Energy, Food, Ecosystem) Nexus approach 
suitable for the pursuit of the SDGs. WEFE Nexus assessments and projects are gaining traction 
around the world, and the underlying principles of the approach can also be identified in the most 
recent EU policy developments. The collective experience gathered by these projects could become 
instrumental in resolving known issues regarding the differentiation between concepts (e.g. water 
abstractions and water use) and the inclusion of environmental flows in the development and 
reporting of the indicator group on SDG 6.  
 
From a climate resilience perspective, the previously mentioned paradigm shift on vulnerability and 
risk is largely reflected today in the UN Sendai Framework for Disaster Risk Reduction. Since its 
publication in 2015, the global framework has leveraged a transition away from crisis management 
towards risk planning that was already underway in European countries like Spain since the 1990s. It 
has also been effective in creating a frame for international coordination on the management of 
hydrometeorological risks such as droughts. The Sendai Framework will remain in force until 2030, 
and in the context of the current climate crisis that raises citizen awareness but also emboldens 
Member States interest on implementing measures to increase water supply. It will also be an 
important lever to maintain the emphasis on addressing unsustainable water management and 
exploitation practices. 
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 Impacts of climate change on water availability 3.

 

 

Key messages 
 

¶ Climate change is expected to aggravate the existing pressures on the freshwater resources 
in Europe, the most so in southern Europe which already faces severe water stress, but also in parts 
of western and central Europe.  
 

¶ Northern and north-eastern Europe and mountainous areas all across Europe will be 
affected by reduced snow cover and early snow melting. 
 

¶ More frequent and intense droughts are already striking extended areas across Europe. 
Climate change will increase weather extremes, such as droughts and floods, and will trigger more 
frequent seasonal floods and low flows within the same year. 

 

3.1. Freshwater availability in Europe 

The renewable freshwater resources in the European environment per European citizen(9) amount to 
4 560 m3 per year (averaged for the period 1990-2017). However, this freshwater availability is 
highly variable and unevenly distributed in both space and time (Figure 3.1). For example, in 2017, 
the renewable freshwater resources per inhabitant ranged between 120 m3 per year in Malta to 70 
000 m3 per year in Norway. At smaller spatial scales, e.g. when comparing a highly urbanized area 
with its surrounding rural region, even more variation occurs.  
 
The spatial and temporal variation of freshwater resources is affected by numerous factors, such as 
global and regional climate circulation, hydrometeorology and local weather patterns, topography, 
land cover and use, and hydrogeology. Thus, low water availability can be a local issue, which is not 
compensated by high water availability in another part of the same country or region. Similarly, low 
water availability can be a temporary issue, which is not compensated by high water availability in 
another month or season of the year (e.g. a dry summer with a wet winter). National and regional 
aggregates of freshwater availability should therefore be dealt with caution, as they may obscure 
the local or seasonal realities, which are encountered by European citizens. 
 
Freshwater availability alone is not an indication of high or low water stress, as the concept of water 
stress compares the water consumption by all socio-economic activities with the renewable 
freshwater resources over a specified area and period. Thus, the spatial distribution of population 
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 Calculated as the ratio of the total volume of renewable freshwater resources and the total population in EEA 38+UK 
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and socio-economic activities, and the time of their water demand must be factored in as well to 
identify a lack of capacity to meet the local and temporal needs for water.  
 
Figure 3.1  Development of water availability per capita (m3/capita ς 2000-2017) 
 

 
Source: (EEA, 2020j, 2019l; Eurostat, 2020f) 
 
Between 1990 and 2017, the available water per inhabitant decreased in southern, western and 
northern Europe. An increase was observed in eastern Europe. These changes were largely driven by 
trends in population rather than climate change. For example: in western Europe, the annual 
renewable freshwater resources increased by 4 % while the regional population increased by 11 %. 
In eastern Europe there was an increase in renewable freshwater resources, but there was also a 
reduction (-6 %) in the regional population (EEA, 2018b). 
 
Freshwater availability is expected to decrease further in some parts of the continent, such as the 
Iberian Peninsula, due to decreasing precipitation and increasing temperature and 
evapotranspiration (EEA, 2019g, 2017e, 2016h). The situation will be aggravated by random drought 
events, which are becoming more frequent and intense in the context of climate change(EEA, 
2019g). In other parts of the continent, such as northern Europe, freshwater availability is expected 
to increase. This is due to projected increases in precipitation, including heavy precipitation that 
creates problems with excess water (e.g. floods). However, even these areas are projected to face 
higher temperatures and evapotranspiration, less snow, and more frequent and intense droughts 
than at present (Section 3.2). 

 

3.2. Key meteorological impacts of climate change 

 Temperature 3.2.1.

Past trends in temperature 

The mean average annual global near-surface temperature is increasing since the mid-19th century. 
Compared to pre-industrial levels (1850-1900), the global temperature has increased almost 1 °C. 
This increase has accelerated since the 1970s; it is estimated that the temperature increases 0.1 °C 
every 5 to 6 years. To prevent serious environmental, economic and societal impacts of climate 
change, all signatories to the United Nations Framework Convention on Climate Change (UN, 1992) 
committed in the 2015 Paris Agreement to limiting global temperature increase to well below 2 °C 
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above pre-industrial levels by 2050 and to pursuing efforts to limit the increase to 1.5 °C (UN, 
2015a).  The observed warming up so far already amounts to half of the maximum 2 °C increase that 
would be compatible with the Paris Agreement(EEA, 2020c). 

In Europe, the decade 2009-2018 was the warmest ever recorded, with the mean annual land 
surface air temperature being 1.6 to 1.7 °C higher than the pre-industrial levels. Since 2000, Europe 
has been struck by a sequence of extreme heatwaves (2003, 2006, 2007, 2010, 2014, 2015, 2017 
and 2018) (EEA, 2020c), and it has recorded 11 of the 12 warmest years on record (Figure 3.2). The 
warmest year ever recorded in Europe was 2019, followed by 2014, 2015 and 2018 (ECMWF, 2019a). 
Almost the whole European territory is getting warmer; exceptions only cover a few small areas. The 
largest annual temperature increases are observed in central and eastern Europe. Warming is 
observed across all seasons, with changes being more pronounced in autumn (ECMWF, 2019a). The 
number of significantly warm days has doubled between 1960 and 2018 (EEA, 2020c). Water 
temperatures have also increased in European rivers and lakes. In major European rivers such as the 
Danube, Rhine and Meuse, water temperatures have increased by 1 to 3 °C over the last century.  
 
Figure 3.2  Historic trends in annual and summer land surface air temperature anomalies across 

Europe between 1979 and 2019 (compared to the annual average for the 1981-2010 
baseline period) 

 

 
 

Source: (ECMWF, 2019a) 

Future projections for temperature 

Climate change projections comparing the historic period 1971ς2000 with the future period 2071-
2100 (under high-emission RCP scenario 8.5), suggest that the climate could become warmer by 2.5 
°C to 5.5 °C, which is above the agreed UNFCCC threshold of 2 °C for the whole planet (Map 3.1). 
Extreme heatwaves are expected to occur much more frequently in the second half of the 21st 
century (e.g. once every two years) (Russo et al., 2015). In summers, the strongest warming is 
projected to occur in the Iberian peninsula and other parts of southern Europe. In winter, warming 
will affect the most north-eastern Europe and Scandinavia (EEA, 2020c). 

 
Map 3.1  Future projections for annual, summer and winter land surface air temperature 

across Europe up to 2071-2100 (versus 1971ς2000 average) 
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Source: (EEA, 2020c)  

Projections show that the water in the oceans, rivers and lakes will also continue to warm in the 
future (EEA, 2020c, 2016i). 

 

 Precipitation 3.2.2.

For the period 1960ς2015 (EEA, 2017e), in parts of northern Europe, annual precipitation has 
increased by up to 7 mm and summer precipitation by up to 1.8 mm. By contrast, in southern 
Europe, annual precipitation has decreased by up to 9 mm and summer precipitation by up to 2 mm. 
In mid-latitudes of Europe, the precipitation shows no significant changes on an annual scale, but 
significant decreases can be observed in the summer season in parts of central and eastern Europe. 
This applies especially to the Danube river basin district shared by Slovakia, Hungary, Poland and 
Romania (Map 3.2). 

The precipitation patterns are changing significantly within the year. Between 1960 and 2018, heavy 
precipitation in winter and summer has generally become more frequent and intense across Europe, 
especially in northern and north-eastern areas. A decrease is observed in heavy precipitation in the 
Iberian peninsula and southern France in winter and summer, and in the eastern coast of the 
Adriatic in summers  (EEA, 2016e).  

Map 3.2  Historic trends in annual and summer precipitation across Europe between 1960-
2015 
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Source: Source: (EEA, 2017e) 
  
Note: Boxes outlined in black indicate areas with at least three stations, so they are more likely to be 
representative; Areas with significant long-term trends are indicated by black dots. 
 

Future projections for precipitation 

Climate change projections (under high-emission RCP scenario 8.5), comparing the historic period 
1971ς2000 with the future period 2071-2100, suggest that (EEA, 2017e; Feyen et al., 2020) mean 
annual precipitation will decrease by 10-30 % in many parts of southern Europe and by more than 30 
% in the south-eastern and south-western Mediterranean. Furthermore, a stronger decrease is 
expected in the summer season, as summer precipitation is expected to decrease by 20-40 % in an 
extended area that covers southern and western Europe, the Balkans and the Black Sea. In contrast, 
an annual increase by 10-30 % is expected in many parts of central, eastern and northern Europe. 
Especially in the Baltic and Scandinavian countries, significant increases of up to 30 % are also 
expected in the summer season (Map 3.3). 

 
Map 3.3  Future projections for annual and summer precipitation across Europe up to 2071-

2100 (versus 1971ς2000 average) 

 
Source: (EEA, 2017e)  
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Heavy precipitation is expected to become more frequent and intense in the future almost 
everywhere in Europe in winter, with significant increases of up to 35 % in Scandinavia, north-
eastern and eastern Europe, due to more frequent extreme extratropical cyclones. Heavy 
precipitation in summer will remain similar or slightly increase in most parts of Europe. Exception 
are many coastal areas of southern European countries, as well as the Pyrenees and part of the Alps, 
where significant decreases are expected. The projected decrease in cyclone frequency in the 
Mediterranean contributes partly to the phenomena described above (EEA, 2016e). 

 

Glaciers and snow  

Snow accumulates over the colder period of the year and melts slowly in spring. Melted snow and 
glaciers flow as surface or groundwater discharges into streams and rivers with a lag time of many 
months after the initial time of snowfall. The snow cover thus affects significantly the timing of 
hydrological processes in a river basin. In general, snow cover is more common in areas of central 
and northern Europe and in mountain areas across the continent. 

In western, northern and eastern Europe climate change has resulted in a shortening of the snow 
season of up to 25 days. In south-eastern Europe however, the snow season has expanded by up to 
15 days, because the snow season starts earlier nowadays. Furthermore, the extent of the snow 
cover has decreased significantly in the northern hemisphere in the past 90 years, with the greatest 
part of this decline occurring since the 1980s. Overall, it is estimated that the extent of the snow 
cover in Europe (EEA 38+UK) has decreased by 13 % for the average March and April and by 76 % for 
the average June between 1980 and 2015. The equivalent mass of snow in melted water has also 
decreased in Europe (EEA 38+UK) over the same period by around 30 %, which is above the average 
observed reduction in the northern hemisphere, around 7 % (EEA, 2016h). 

Lƴ ǊŜŎŜƴǘ ŘŜŎŀŘŜǎΣ ŜŀǊƭȅ ǎƴƻǿ ƳŜƭǘ ƛǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ !ƭǇǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ άǿŀǘŜǊ 
ǘƻǿŜǊέ ƻŦ 9ǳǊƻǇŜ (Box 3.1). Large European rivers, such as the Danube, the Rhine and the Po spring 
from the Alps. Thus, their flow regimes are affected by the changing patterns of snow fall and 
melting of glaciers and accumulated snow. 

Future projections in snow cover 

Future climate projections (under high-emission RCP scenario 8.5) indicate that the duration of the 
snow season in the northern hemisphere could further decline up to 40 days, the March/April snow 
cover could be reduced up to 25 %, and the respective snow mass could decrease up to 30 % (EEA, 
2016h). 

 

Box 3.1 Glaciers and snow cover are shrinking in the Alps since the 19
th

 century 

Sources: (Petita et al., 2017; Elmi et al., 2018; FOEN, 2020a, 2020b, 2020d, 2020c) 
 

The Alpine region, which covers approximately 190 700 km
2
, extends over eight European countries (Austria, 

France, Germany, Italy, Liechtenstein, Monaco, Slovenia and Switzerland) and it is inhabited by more than 14 
million people. The average temperature in the area has risen by almost 2 

o
C since the 19th century, which is 

twice as fast as the average rate of temperature rise in the northern hemisphere. Furthermore, future climate 
change projections show that the average temperature will increase further by 1-2

o 
C in most parts of the 

region by 2050, which may result in significant impacts. 

The extent of the glacier surface in the Alps now is less than 50 %  of what it was in the mid-19
th

 century, and it 
is projected to decrease further to 30 % or even 10 %, if the temperature increases by another 1 

o
C and 3 

o
C 

respectively (Figure 3.3, left). Furthermore, the Swiss scientists and authorities have observed that the 
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cumulative mass of eight Alpine glaciers shows a decreasing trend which has been accelerated in recent 
decades (Figure 3.3, right). This is related to the increase of the temperature, which causes larger and earlier 
melting within the year. And it is also related to the change of the precipitation patterns, which results in an 
increase of the share of the precipitation falling as rain rather than snow. In the last 50 years, the snowpack in 
Switzerland has shown decreasing trends across all elevation zones from below 1000 m to over 2500 m. 

Figure 3.3 Remaining glacier surface in the Alps (left); annual cumulative glacier mass balance in 
Switzerland (right) 

 

Source: :(Petita et al., 2017)     Source: (FOEN, 2020b) 

 
The flow patterns of the rivers are impacted in various ways. For example, higher rainfall in winters causes 
higher winter discharges, increasing the risk of floods. Furthermore, the lower extent and mass of glaciers and 
snow decreases the storage of equivalent water, which could melt and recharge rivers, especially during the 
spring months. Higher temperatures are also causing higher evapotranspiration. Thus, summer discharges 
tend to become lower on average. As drought events are also occurring more frequently, especially in 
southern and south-eastern Alps, it is expected that climate change will cause further decrease in the 
observed low river discharges annually. River flow observations in the Swiss part of the Rhône (Porte-du-Scex) 
since the start of the 20

th
 century show an amplification of seasonal patterns with increased discharges in 

winter and decreased discharges in summer. 
 
The Alpine landscape constitutes a very diverse ecosystem, where 30 000 animal species and 13 000 plant 
species can be found. As the climate becomes warmer, those species that flourish in colder conditions need to 
migrate. Therefore, shrinking glaciers and snow cover limit the extent of the suitable habitats for traditional 
alpine species. It is projected that 30-50 % of the alpine plant species will lose over 80 % of their suitable 
habitats, resulting in chain effects upon the animal species also. 

 

 Evapotranspiration 3.2.3.

Evapotranspiration is closely related to the type of the land cover and the applied climate conditions 
(e.g. temperature, wind, humidity, solar radiation) over a specified area. The analysis of the 
underlying E-OBS data used for the European water accounts (EEA, 2019l; Zal et al., 2017; EEA, 
2018b) shows that evapotranspiration is increasing across all regions of Europe for the period 1990-
2017. Proportionately, the most significant increases were observed in northern, eastern and 
western Europe (between 9 and 27 %), whereas the increase was lower (4 %) in already water-
stressed southern Europe. These trends show that transpiration from vegetation and evaporation 
from soil and water surfaces in Europe has increased significantly in the past decades. The increase 
of evapotranspiration is mainly attributed to the increase of the transpiration from vegetation, 
which can be further linked with the expansion of agricultural land since the 1980s and the observed 
increase in the land temperature across Europe (Zhang et al., 2016).  
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Future projections for evapotranspiration 

Driven by the projected increase in temperature,  evapotranspiration in Europe will increase further 
in the future. However, the potential increase could be partly offset by reduced transpiration from 
vegetation due to higher atmospheric concentrations of CO2 (EEA, 2016b). Most of the projected 
increase of evapotranspiration will occur during spring and summer, especially in southern Europe 
and southwestern France. In addition, it could also occur in areas of central Europe (e.g. Switzerland, 
Germany, the Netherlands) during summers. Increased evapotranspiration could also be observed in 
northern Scandinavia (Feyen et al., 2020).  

Map 3.5 Evapotranspiration projections: Seasonal change (seasons S1, S2, S3, S4; 
clockwise) for a 3oC temperature scenario 
 

 

Source: underlying data obtained from (Feyen et al., 2020) 

 

 Droughts  3.2.4.

In southern Europe and in most parts of central Europe droughts have become more frequent, with 
up to 1.3 additional droughts per decade, for the period 1950-2015 (Map 3.6). Furthermore, 
droughts have intensified roughly over the same areas, as the minimum discharges during the driest 
month of the year have decreased by between 5 and 20 %. In contrast, droughts have become less 
frequent and less intense in areas of Scandinavia and north-eastern Europe (EEA, 2019g). 

 
Map 3.6 Historic trends in the frequency of meteorological droughts in Europe (1950-2015) 
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Source: (EEA, 2019g) 

 

Future projections for droughts 
 
Climate change projections (under high-emission RCP scenario 8.5), comparing the historic period 
1981ς2010 with the future period 2041-2070, suggest that the frequency of meteorological 
droughts will increase in most parts of Europe, with the exception of several areas in central-eastern 
and north-eastern Europe (Map 3.7). Southern Europe is projected to be the hotspot of more 
frequent and intense droughts in the future. On a seasonal basis, intense droughts will be more 
likely than today in summer, and then in spring and autumn, whereas intense droughts will become 
less likely in winter (EEA, 2019g).  

Map 3.7 Future projections for the frequency of meteorological droughts across Europe up to 
2041-2070 (versus 1981ς2010 average) 

 

Source:(EEA, 2019g) 

3.3. Impacts of climate change on the hydrological cycle 










































































































































































