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Executive summary  

 

In addition to the already existing pressure on our freshwater resources, climate change may further decrease 
water availability. In this study, projections of future water resources, due to climate change, land use change 
\i_ ^c\ib`n di r\o`m ^jinphkodji c\q` ]``i \nn`nn`_ pndib EM>½n GDNAGJJ? r\o`m m`njpm^`n hj_`g)  

The results presented are based on 11 climate models which project current and future climate under two 
Representative Concentration Pathways (RCPs): RCP4.5 and RCP 8.5 emission scenario. RCP4.5 may be viewed 
as a moderate-emissions-mitigation-policy scenario and RCP8.5 as a high-end emissions scenario. A 30-year 
window around the year that global warming reaches 1.5oC, 2oC and 3oC above preindustrial temperature has 
been analysed and compared to the 1981-2010 control climate window (baseline). The 1.5°C and 2°C 
warming scenarios are explicitly considered in the Paris Agreement, while a 3°C global warming is a scenario 
that could be expected by the end of the 21st century if adequate mitigation strategies are not taken. 

First, we performed future projections without socio-economic developments to show the effect of climate 
change only. Next, an integrated assessment is performed including future changes in land use, water 
demand and population. This allows us to disentangle the effects of climate and socio-economic changes.       

In general, the climate projections reveal a typically North-South pattern across Europe for water availability. 
Overall, Southern European countries are projected to face decreasing water availability, particularly Spain, 
Portugal, Greece, Cyprus, Malta, Italy and Turkey. Central and Northern European countries show an increasing 
annual water availability. 

 

Current pressures on water resources are exacerbated in Southern Euro pe 

To demonstrate the ratio between water demand and consumption versus total water availability, we use the 
Water Exploitation Index Plus (WEI+) (consumption ratio) as an indicator for water scarcity. The WEI+ is 
defined as the total water net consumption divided by the freshwater resources of a region, including 
upstream inflowing water. WEI+ values have a range between 0 and 1. Different gradations of water scarcity 
are determined. Values below 0.1 _`ijo` ºgjr water scarcity»' values between 0.1 and 0.2 denote ºhj_`m\o` 
water scarcity»' ºwater scarcity» rc`i ocdn m\odj dn larger than +)-' \i_ ºn`q`m` water scarcity» da oc` m\odj 
exceeds the 0.4 threshold (Faergemann, 2012). 

Results show an intensification and a longer duration of water scarcity in the EU under global warming, 
specifically in the Mediterranean countries. To demonstrate this, the change in water scarcity days (WEI+ > 
0.2) relative to the current climate is presented in Figure 1 for the three warming levels. Water scarcity is 
projected to gradually increase in duration from current climate towards the 3oC warming level in the 
Mediterranean regions, especially in the Iberian Peninsula. Here, water scarcity can increase up to more than 1 
month per year for the 3oC warming levels compared to current climate. Furthermore, many areas in the 
Mediterranean regions are projected to have a WEI+ close to 1.0 (not shown here), meaning that all possible 
(annual renewable) freshwater is being used. In several of these areas, groundwater amounts are depleting.  
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Figure 1. Projected change in water scarcity days (WEI+ > 0.2) in a year compared with present day for a global 

temperature increase of (a) 1.5oC, (b) 2oC, and (c) 3oC. The results of both the 1.5oC and 2oC warming levels are based on 
the average of the 11 climate model simulations from both the RCP4.5 and RCP8.5 emission scenarios, while the results 
of the 3oC warming level are solely based on the 11 simulation of the RCP8.5 emission scenario.   

 

Number of people exposed to water scarci ty  

An example of putting water scarcity into a societal perspective is to estimate how many people and 
economic activities are exposed to different gradations of water scarcity. Averages of monthly WEI+ values 
are calculated for current climate (1981-2010) and for the 30-yr warming periods centred on the year global 
mean temperature exceeds 1.5oC, 2oC and 3oC for both the RCP4.5 and RCP8.5 emission scenarios. In the case 
of the simulations without socio-economic developments the results are overlaid with the population and 
Gross Added Value (GVA) of 2010. The results of the simulations with socio-economic developments are 
overlaid with the population and GVA of 2050. As a 3oC scenario is not realistic in 2050, only the 1.5oC and 
2oC warming period are considered within the simulations with socio-economic developments. Here, in Figure 
2, we show the ensemble mean ja oc` ¼no\od^½ ndhpg\odjin oc\o ncjrn oc` `aa`^o ja ^gdh\o` ^c\ib` jigt)  

 

Figure 2. Projected number of (a) people living and (b) economic activity exposed to different gradations of water scarcity 

(WS) in the EU+UK solely due to climate change for the baseline and under the different warming levels.  

Our projections show that in the EU climate mitigation can considerably reduce the number of people and 
economic activity exposed to severe water scarcity (WEI+ > 0.4), which is in accordance with stress or even 
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clearly unsustainable use of water resources. In the EU+UK, around 51.9 million people and 995 Õ]dggdji 
economic activity are at present exposed to water scarcity (WEI+ larger then 0.2), and 3.3 million people and 
75 Õ]dggdji economic activity to severe water scarcity) @q`i da r` h\i\b` oj ¼kpmnp` `aajmon½ oj ,)0®> bgj]\g 
warming the people and economic activity exposed to water scarcity could still increase with 7.4 million and 
134 Õ]dggdji compared with present climate, but the number of people and economic activity exposed to 
severe water scarcity, although facing intensified and longer duration of severe water scarcity, remain 
constant. If not, with unmitigated climate change (3°C), an additional 7.7 million people and 99 Õ]dggdji 
economic activity are projected to be exposed to severe water scarcity.  

When demographic changes are taken into account, in general the additional number of people exposed to 
water scarcity is increasing due to population growth in some countries (such as France), but decreasing in 
other countries due to a projected population decline in countries which are also exposed to severe water 
scarcity (such as Greece). The projections of the economic activity have a major effect in amplifying the water 
scarcity in the EU as the economic activity is growing in all EU countries. In general, the number of economic 
activity exposure can increase to two-fold compared with static economic activity.  

If water demand stays at current usage levels and without significant water saving efforts, the warming 
climate and reduced precipitation in the Mediterranean will cause extreme increases in water scarcity. The 
people already exposed to water scarcity in current climate will encounter much more intense water scarcity. 
In addition, many people are projected to be exposed to severe water scarcity in an unmitigated climate. 

 

Adaptati on 

The severity of impacts under the 1.5°C, 2°C and 3°C warming levels suggests that various adaptation 
mechanisms will be needed to lessen the effects of climate change on European water resources, in particular 
in the Mediterranean region. A number of planned adaptation strategies could be targeted at irrigation 
practices to lower pressures on water resources, e.g. increase irrigation efficiency. Several irrigation efficiency 
increase efforts are planned within the Water Framework Directive (WFD) Programs of Measures. Water 
pricing for irrigation water ̧ groundwater, surface water, or re-use of treated waste water, as well as pricing 
for industrial water and public water, could create incentives for users to consider water savings. Irrigation 
efficiency could be increased by changing irrigation methods (e.g., from sprinkling to drip irrigation), but this is 
likely to only be feasible when irrigation water has a price. Furthermore, deficit irrigation strategies may lead 
to substantial water savings, with only limited reductions in crop yields. More efficient cooling technologies 
could lead to a reduction in water use for producing energy. In addition, shifts from conventional energy 
production (coal) to renewable energy production could reduce cooling water demand and net water 
consumption (Magagna et al., 2019). Changing national or regional water allocation regulations could 
alleviate water scarcity episodes. In more extreme cases, one might consider stimulating a change to crops 
that have a smaller (irrigation) water requirement, and critically evaluate subsidising crops in water scarce 
areas. 
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1. Introduction  

 

Growing human water demands, due to projected population, socio-economic and climate, change pressures 
on our water supplies in many regions of the world (Wada et al., 2013; Schewe et al., 2014). Moreover, it is 
expected that water scarcity is increasing in the coming decades (Gossling and Arnell, 2013). As water is a 
primary need for all (Vanham, 2016), access to clean water is one of the key factors of the Sustainable 
Development Goals (SDGs) as agreed by the United Nations in 2015 (UN-GA, 2015).  

In view of ongoing global warming other international commitment have also been made to reduce 
greenhouse gas emissions and to find strategies for climate change adaptation and disaster risk reduction 
such as the Uido`_ I\odjin½ Paris Agreement (UNFCC, 2015) and the Sendai Framework for Disaster Risk 
Reduction 2015 -2030 (UNISDR, 2015$) Oc` Pido`_ I\odjin½ K\mdn <bm``h`io di^gp_`n oc` \dh ja gdhdodib 
global warming well below 2°C and pursuing efforts to limit to only 1.5°C above pre-industrial levels. 

The protection of European freshwaters has been the subject of several EU legislation, as the Water 
Framework Directive (WFD) and its specific Directives. Managing and coping with the extremes of water  ̧
floods and droughts ̧  are covered under the Floods Directive (FD) and EU Action on water scarcity and 
droughts.  

The understanding of future water scarcity is essential to inform and support climate policy makers for 
mitigation and adaptation strategies. Water use modules have been already embedded into a number of 
large-scale hydrological models to investigate water availability on catchment (Bisselink et al., 2018a), 
European (Aus van der Beek et al., 2010; Bisselink et al., 2018b; Flörke et al., 2012) and global scale (Flörke et 
al., 2013). However, there is still need to better assess future water consumption related to water scarcity 
(Wada et al., 2013). 

Therefore, in this study, an integrated assessment is performed considering both socio-economic scenarios 
and climate change scenarios in relation to water scarcity in Europe under global warming.   
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2. Methodology  

 

The results of this study are j]o\di`_ pndib EM>½n GDNAGJJ? r\o`m m`njpm^`n hj_`g (De Roo et al., 2000; Van 
der Knijff et al., 2010). Driven by climate projections, LISFLOOD calculates a complete water balance at a 
daily timestep and every grid cell, here 5x5 km. Freshwater resources are determined under global warming 
levels (GWLs) of 1.5°C, 2°C and 3°C above preindustrial temperature and the results are compared with those 
under the baseline (1981-2010) climate. The Water Exploitation Index Plus (WEI+) indicator is used to 
estimate the intensity, duration and the socio-economic impacts of water scarcity on population and Gross 
Value Added (GVA). The WEI+ is implemented by the European Environmental Agency (EEA) for identifying 
water scarcity and regularly updated with data from the EEA member countries in the framework of the State 
of environmental (SoE) data flows (ETC/ICM, 2016).   

The WEI+ is defined as the ratio of the total water net consumption divided by the available freshwater 
resources in a region, including upstream inflowing water. The total water net consumption is the difference 
between the water abstraction and the return flow. Water abstractions in LISFLOOD consist of five 
components from which the irrigation water demand is estimated dynamically within the model as it is driven 
by climate conditions. The other four sectorial components are used as input data. These are (manufacturing) 
industrial water demand, water demand for energy and cooling, livestock water demand and domestic water 
demand. In general, water use estimated for these four sectors are derived from mainly country-level data 
(EUROSTAT, AQUASTAT) with different modelling and downscaling techniques. Output of the LUISA platform 
(see Annex A1.2) is used for the spatial downscaling of both present and future water use trends to ensure 
consistency between land use, population and water demand. Improved water efficiency, based on historical 
trends, is only taken into account for the industrial water demand. The WEI+ includes return flow, resulting 
from drained irrigation water, (warmed up) cooling water returned to the river, and (treated) wastewater 
returned to surface waters. Per sector, water consumption factors are used and applied to split water 
abstraction into net water consumption and return flow (Bisselink at al., 2018).  

Water abstractions take place at regional level, and also the WEI+ is therefore calculated at this regional level 
at a monthly timescale to avoid averaging skewed results. However, in this report the results are converted to 
a daily scale. 

WEI+ values have a range between 0 and 1. For distinguish water scarcity gradations across Europe, we used 
the water scarcity values as applied by the EEA Values between 0-+), _`ijo` ºgjr water scarcity»' ºmoderate 
water scarcity» da oc` m\odj gd`n di oc` m\ib` +),-+)-' ºwater scarcity» rc`i ocdn m\odj dn di larger than 0.2, and 
ºn`q`m` water scarcity» da oc` ratio exceeds the 0.4 threshold (Faergemann, 2012).  

First, we performed future projections without socio-economic developments to show the effect of climate 
change only. Next, an integrated assessment is performed including future changes in land use, water 
demand and population. This allows us to disentangle the effects of climate and socio-economic changes. 
More details on the methodology can be found in Annex 1.       
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3. Results 

 

In this chapter, we first evaluate the projected changes in water availability (section 3.1) and how these are 
reflected in terms of water scarcity (section 3.2). In section 3.3, we put the future projections of water scarcity 
into a societal perspective by estimating how many people are living in water scarcity areas (section 3.3.1) 
and how much GVA is exposed to water scarcity (section 3.3.2). 

 

3.1 Change in average water availability  

In Figure 1 the projected change in water availability, expressed as the median streamflow (50th percentile, 
Q5O), under the 1.5oC, 2oC and 3oC GWLs is presented. Southern European countries are projected to face a 
progressively decrease in water availability, particularly Spain, Portugal, Greece, Cyprus, Malta, Italy and 
Turkey. Central and Northern European countries show an increase in the average annual water availability.     

 

Figure 1. Projected change in average Q50 (median streamflow) compared with the baseline (1981-2010) for a global 

temperature increase of (a) 1.5oC, (b) 2oC, and (c) 3oC.  

 

3.2 Present and future water scarcity  

In present climate, southern regions of Europe already face water stress conditions, with the annual average 
WEI+ varying between 0.1-0.3 (Figure 2a) in the Mediterranean region1. During up to 4 months per year the 
WEI+ value is higher than 0.2 in the most southern parts of Europe (Figure 2b). The highest average WEI+ 
values, up to 0.5, are found in Spain. These regions presently experience water stress up to 6 months a year. 
During summer WEI+ can be close to 1.0, meaning that all possible water is being used, and often also a 
substantial amount of non-renewable groundwater. 

Under the 1.5oC GWL, the WEI+ values are increasing. In Figure 3, we consider the spatial pattern of change in 
average WEI+ for the GWLs relative to the baseline. The largest increases take place in the Mediterranean 
region.  

For the 2oC and even more pronounced for the 3oC GWL, the WEI+ values are exacerbating in already existing 
water scarce areas and moreover new water scarce areas are created in countries further north like Germany, 
Bulgaria, Romania and France. 

 

                                           
1 Note that environmental flow is taken into account in the LISFLOOD model, but is not reflected in the commonly used 

definition of WEI+. LISFLOOD uses an environmental flow threshold equal to Q10. Thus, if local discharge falls below 
the 10th percentile Q, further water abstractions from that location are not allowed, and the model flags those 
amounts. The WEI+ reflects the real net water consumption versus total water availability, so not putting aside an 
amount of environmental flow not part of this total availability. 
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Figure 2. (a) Estimated average WEI+ and (b) the number of days per year in areas with a WEI+ exceeding 0.2 for the 

baseline scenario (1981-2010).  

 
Figure 3. Projected change in average WEI+ compared with the baseline (Figure 2a) for a global temperature increase of 

(a) 1.5oC, (b) 2oC, and (c) 3oC.  

 

Apart from an intensification of water scarcity under global warming, the duration of the water scarcity period 
in a year is projected to increase as well. In Figure 4, the change in water scarcity days relative to the baseline 
is presented for the three GWLs. Water scarcity is projected to gradually increase in duration from present 
climate towards the 3oC warming levels in the Mediterranean regions, especially in the Iberian Peninsula. Here, 
the number of water scarcity days can increase up to more than 1 month per year for the 3oC warming levels 
compared to the present day climate baseline. 
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Figure 4. Projected change in water scarcity days (WEI+ > 0.2) in a year compared with the baseline (Figure 2b) for a 

global temperature increase of (a) 1.5oC, (b) 2oC, and (c) 3oC.  

 

3.3 Socio-economic impacts of future water scarcity  

Section 3.3.1 describes the amount population affected by different gradations of water stress. Section 3.3.2 
describes the amount of GVA exposed to different gradations of water stress. We present one series of 
analysis of the climate impact under un-changed land use, population, and water demand changes. Another 
series of analysis shows the simulations including the effect of climate change with socio-economic 
developments, so including future changes in land use, water demand and population. 

 

3.3.1 Population  

In this section, we aim to put the water scarcity projections into a societal perspective by estimating how 
many people will be living in areas with different gradations of water scarcity. The results from Figure 5 are 
based on simulations including the effect of climate change but without socio-economic developments, while 
in Figure 6 and integrated assessment is performed including future changes in land use, water demand and 
population. This allows us to disentangle the effects of climate and socio-`^jijhd^ ^c\ib`n) Oc` ¼no\od^½ 
ndhpg\o`_ r\o`m n^\m^` \m`\n \m` jq`mg\d_ rdoc oc` kjkpg\odji ja oc` t`\m -+,+ \i_ oc` ¼_ti\hd^½ ndhpg\odjin 
are overlaid with the population of 2050. As a 3oC scenario is not realistic in 2050, only the 1.5oC and 2oC 
warming period are considered within the simulations including socio-economic developments. 

In the present climate, 51.9 million people in the EU+UK are living under water scarcity (WEI+ > 0.2) , which is 
10.5% of the total population. The most people exposed to water scarcity are living in the Mediterranean 
region (48.1 million) from which almost half are in Spain (22.4 million; Annex 2). The other exposed people are 
living in the Atlantic region (3.6 million; France). In the Continental region very few people are living under 
water scarcity and in the Boreal region people are not exposed to water scarcity, but solely to low (WEI+ 0-
0.1) or moderate water scarcity (WEI+ 0.1-0.2).  

Under global warming levels, the number of people living under water scarcity in the EU+UK is gradually 
increasing up to 59.3 million when limiting global warming to 1.5oC. This is an increase of 7.4 million as 
compared to baseline climate. 

Under the 2oC GWL the number of exposed people to water scarcity increases up to 60.5 million people, an 
increase of 8.6 million as compared to the baseline. Under the 3oC GWL the number of exposed people to 
water scarcity increases up to 64.6 million people, an increase of 12.7 million compared to the baseline. The 
number of people living under severe water scarcity is projected to remain more or less constant for present 
climate, 1.5oC and the 2oC GWLs, but increases with 7.7 million under the 3oC GWL.  

In the EU people affected by water scarcity mostly live in Mediterranean countries.  
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Figure 5. Projected number of people living in different gradations of water scarcity (WS) solely due to climate change for 

the baseline and under the different warming levels2.  

  

For the Atlantic countries, the number of people living in water scarce areas remain constant under the GWLs 
compared with present climate. In both the Atlantic and Continental countries we do project a gradual shift of 
people who live nowadays in low water scarce areas to moderate water scarce areas under the different 
GWLs.  

When we consider also population projections (Figure 6), an additional 0.6 and 0.8 million people are living in 
water scarce areas under the 1.5oC and 2oC GWLs, respectively. 

Due to the projected population growth in France and Italy our estimated number of affected people by water 
scarcity increases. However, the population living in severe water scarcity is projected to decline under global 
warming compared to the simulations that do not consider the socio-economic developments. In the countries 
where the people are the most exposed to severe water scarcity, like Spain and Greece, the population is 
projected to remain constant or declining, and therefore the amount of people exposed to severe water 
scarcity is also remaining constant or declining. As indicated in section 3.2 however, the magnitude and 
duration of the severe water scarcity is projected to increase considerably. 

                                           
2 Mediterranean: Portugal, Spain, Italy, Croatia, Greece, Malta and Cyprus. Atlantic: France, Belgium, Netherlands, UK and 

Ireland. Continental: Germany, Luxembourg, Austria, Czech Republic, Denmark, Poland, Slovakia, Slovenia, Bulgaria, 
Romania and Hungary. Boreal: Sweden, Finland, Latvia, Estonia and Lithuania 












































