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Executive summary

In addition to the already existing pressure on our freshwater resources, climate change may fdehbezase

water availability. In this study, projections of future water resources, due to climate change, land use change
\'i_ ~c¢c\Vib n di rVo " m ~jinphkodji ¢c\q" > ] i \nn>nn’ _
The resultspresentedare based on 11 climatanodels which project current and future climate undsvo
Representative Concentration Pathways (RORSP4.5 and RCP 8.5 emission scen&{©P4.5 may be viewed

as a moderateemissionsmitigation-policy scenario and RCP8.5 as a higid emissions scenar. A 30-year

window around the year that global warming reaches %C52C and 3C above preindustrial temperaturbas

been analysed and compared to the 1984010 control climate window(baseline) The 1.5°C and 2°C
warming scenarios are explicitly consied in the Paris Agreement, while a 3°C global warming is a scenario

that could be expected by the end of the 2tentury if adequate mitigation strategies are not taken.

First, we performed future projections without sockeconomic developmentt 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 secdmomic changes.

In general, tle climate projections reveal a typically NorBouth 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 &yriCentral 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 vetsted 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 inflowingwater. WEI+ values have a range between 0 andDifferent gradations of water scarcity

are determinedValuesbelow 0.1 " i | o watér gcareity values between 0.1 and 0.8denote® hj _ ~ m\ o~
water scarcity 'watet scarcitp r ¢ T i o dadger tham\+g d j' dn watet scarqtyp mda o c m\ o
exceeds the 0.4 thresholfFaergemann, 2012)

Results show an intensification and a longer duration wéter scarcityin the EU under global warming,
specifically inthe Mediterranean countries. To demorage this, he changein water scarcitydays (WEI+ >
0.2) relative to the current climate is presented iRigurel for the three warming levelsWater scarcityis
projected to gradually increase in duration from current climate towards tH&€ 3varminglevel in the
Mediterranean regions, especially in the Iberian Peninsula. exer scarcitycan increase up to more than 1
month per year for the 3C warming levels compared to current climate. Furthermore, many areas in the
Mediterranearregions are priected to have a WEI+ close to 1.0 (not shown hemeganing that all possible
(annual renewable) freshater is being usedin several of these areas, groundwater amounts are depleting



Figure 1. Projected change imvater scarcitydays (WEI+ >0.2) in a year compared with present day for a global

temperature increase of (a) 1°6, (b) 2C, and (c) &. The results of both the 1°6 and 2C warming levels are based on

the average of the 11 climate model simulations from both the RCP4.5 and FsG#Bission scenarios, while the results
of the 3°C 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 puttingwater scarcityinto a societal perspective is to eshate how many peopleand
economic activies are exposed todifferent gradationsof water scarcity Averagesof monthly WEI+values

are calculatedfor current climate (19812010) and for the30-yr warming periods centred on the year global

mean temperature exceeds 1°6, 2C and 3C for both the RCP4.5 and RCP8.5 emission scendridke case
of the simulations without socieeconomic developments the results are overlaid with the populatzom

Gross Added Value (GV#A) 2010. The results of the simulations with soececonomic developments are

overlaid with the populatiorand GVAof 2050. As a3°C scenario is not realistic in 2050, only th&.5°C and
2°Cwarming period are considered within the simulations with see@mnomic developmentsiere, inFigure

population (million)

100 4

80 1

(22}
o

N
o

20+

ncjrn

2, we show theensemblemeay a oc~ Y“nolod”% ndhpg\lodjin oc\o
2500
(a) (b)
1
1.1
0.2
2000 A
1 27
E
29.9 =
27.4 28.9 . 617
28.4 <>‘: 1000 1 548 573 583
0]
500 1
31.3 28.6 31.2 30.9 756 710 788 784
baseline 15T 2°C 3°C baseline 1.5 2% 3¢
moderate WS WS severe WS
x 0.1-0.2 0.2-03 mmm 04-0.5
= Iw 0.3-04 HEE 05-06

Figure 2. Projected number of (a) people liviagd (b) economic activity exposed to different gitions ofwater scarcity
(WS)in the EUFUKSsolely due to climate change for the baseline and under the different warming levels.

Our projections show that in th&U climate mitigation can considerably deice the number of people and

economic activity exposed to seveveater scarcity(WEI+ > 0.4), whicks in accordance witlstress or even
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clearly unsustainableuse of water resourcesin the EBtUK around51.9 million people and 95 O] dggdj i
economic activity areat present exposed tovater scarcity(WEIHarger then0.2), and 3.3million people and

75 O] d gegodojmic activity to severgvater scarcity ~ @q i da r° h\li\lb> oj Yak pmnp°
warming the people and economic activity exposedwater scarcitycould still increase with 4. million and

134 O] d gcgmpareéd with present climate, but the number of people and economic activity exposed to

severe water scarcity although facing intensified and longer duration of seveveater scarcity remain

constant. If not, with unmitigated climate change (3°C), andiéidnal 7.7 million people and 990] dggdj i
economic activity are projected to be exposed to sevewrder scarcity

When demographic changes are taken into account, in general the additional number of peqmsedto
water scarcityis increasing due to population growth sBome countriegsuch asFrance), but decreasini
other countries dueto a projectedpopulation declinein countries which are also exposed to sevexater
scarcity(such asGreece)The projections of the economactivity have a major effect in amplifying thevater
scarcityin the EUas the economic activity is growing in élUcountries. In general, the number of economic
activity exposurecanincrease totwo-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 Mediterraneaiil cause extreme increases iwater scarcity The
people already exposed twater scarcityin current climate will encounter mucmore intensewater scarcity

In addition many peopleare projected to be exposed to sevenater scarcityin an unmitigated climate.

Adaptati on

The severity of impacts under the 1.5°C, 2°C and 3°C warming lesefgiests that various adaptation
mechanisms will be needed to lessen the effects of climate oba on European water resources, in particular

in the Mediterranean regionA number of planned adaptation strategies could be targeted at irrigation
practices b lower pressures on water resources, e.g. increase irrigation effici@myeral irrigation efficiency
increase efforts are planned within th&Vater Framework Directive\FD Programs of MeasuresWater
pricing for irrigation water, groundwater, surfacevater, or reuse 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 ghanging irrigation methods (e.drpm sprinklingto 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, witlonly limited reductions in crop yielddlore efficient cooling technologge
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 andvatet
consumption (Magagna et al.,, 2019)Changing natioal or regional water allocation regulations could
alleviate water scarcityepisodesIn more extreme cases, one might consider stimulating a change to crops
that have a smaller(irrigation) water requirement, and critically evaluate subsidising crops irtexnacarce
areas.



1. Introduction

Growing human water demangdsdue to projectedpopulation, socieeconomicand climate, change pressures
on our water supplies in many regions of the world (Wada et al., 2013; Schewe et al., 20b4¢over,t is
expected that water scarcity is increasing in the coming decades (Gossling and Arnell, 2& @)ater is a
primary need for all (Vanham, 2016gcces to clean water is one of the key factors of the Sustainable
Development Goals (SDGSs) as agreedhuy United Nations in 2015 (LHGA, 2015.

In view of ongoing global warmingother international commitmenthave also beenmade to reduce
greenhouse gas emissions and to find strategies for climate change adaptatiot disaster risk reduction
such as theUi d o’ Parie AlgreenmefUNFCC, 2015and the Sendai Framework for Disaster Risk

Reduction2015 -2030 (UNISDR2015% ) Oc Pido™ _ 1\odjin% K\mdn <bm °

global warming well below 2°C and pursuing efforts to limit to wil.5°C above préndustrial levels.

The protection of European freshwatefsas been the subject of several EU legislatioas the Water
Framework Directivé WFD) and itsspecific 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
droughs.

The understanding of future water scarcity is essenti@ inform and support climate policy makerf®r
mitigation and adaptation strategiesWater use malules have been already embedded into a number of
large-scale hydrological models to investigate wateavailability on catchment (Bisselink et al., 2018a),
European(Aus van der Beek et al., 201Bisselink et al., 2018kFl6rke et al., 2012andglobal sale (Florke et
al., 2013). Howeverthere is still need to better assess future water consumption related to water scarcity
(Wada et al., 2013).

Therefore in this study,an integrated assessmenis performedconsidering both soci@conomic scenarios
and dimate changescenarios in relation to water scarcity in Europe under global warming.



2. Methodology

The results of thisstudyar¢ ] o\ di ° _ pndi b EM>%n GD(DARaD atal, 2000pVamm m™ nj [

der Knijff et al., 2010) Driven by climé& projections, LISFLOOD calculates a complete water balance at a
daily timestep and every grid cell, here 5x5 kireshwater resources are determined under global warming
levels (GWLs) of 1%, 2°Cand 3°C above preindustrial temperature and the results are compared with those
under the baseline (1982010) climate. The Water Exploitation Index Plus (WEI+) indicator is used to
estimate the intensity, duration and the socieconomic impacts of watescarcity on population and Gross
Value Added (GVAJhe WEI+ is implemented e European Environmental AgendyEA for identifying
water scarcityand regularly updated with data from the EEA member countries in the framewortkefState

of environmenal (SoB data flows ETC/ICM, 2016)

The WEI+ is defined as the ratio of the total water net consumption divided by dhailable freshwater
resources in a region, including upstream inflowing wafEnetotal 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 compats 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 celewey data
(EUROSTAT, AQUASTAT) with different modelling and downscaling techniques. Output of the LUISA platform
(see Annex Al.2y used for the spatial downscaling of both present and future water use trends to ensure
consistency between land use, poputat and water demandimproved water efficiency, based on historical
trends, is only taken into account for the industrial water demaiithe WEI+ includes return flow, resulting
from drained irrigation water, (warmed up) cooling water returned to the rivaand (treated) wastewater
returned to surface watersPer 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 Elyand also the WEI+ is therefore Icalated at this regional level
at a monthly timescale to avoid averaging skewed results. However, in this report the resultsoarerted to
a daily scale.

WEI+ valus have a range between 0 and 1. For distinguishter scarcitygradationsacross Europe, we used

the water scarcityvalues as applied by the EEValues between 8+ ) , _ ° i \ater scafcifypj ‘'moderate

water scarcitp da oc~ m\ odj-+ ) evater Scaldity orc ¢~ im\ 0 & dargernAn 6.2l pndd n  d i
° n " gvatenScarcity d aatioexcéeds the 0.4 threshol@Faergemann, 2012)

First, ve performed future projections withut socieeconomic developments to show the effect of climate
change only Next, an integrated assessment is pErmed including future changes in land use, water
demand and population. This allows us to disentangle the effects of climate and semimomic changes.
More details on the methodology can be found in Annex 1.



3. Results

In this chapter, we firsevaluate the projected changes water availability(section3.1) and how these are
reflected in terms ofwater scarcity(section3.2). In section3.3, we put thefuture projections ofwater scarcity
into a societal perspective by estimating how many péopre livingin water scarcityareas (section3.3.1)
and howmuchGVAis exposed towater scarcity(section3.3.2)

3.1 Change in average water availability

In Figure 1 the projected change in water availabilitgxpressedas the median streamflow 50" percentile,
Q50),under the 1.8C, 2C and 3C GWLSs presentedSouthern European countries are projected to face
progressively decrease iwater availability particularly Spain, Portugal, Greece, Cyprus, Malta, Italy and
Turkey. Central and NortheEuropean countries show an increase in theerage annualvater availability.

(%]

40

Figure 1. Projected change in average Q50 (median streamflow) compared with the baseline {208Q) for a global
temperature increase of (a) 1°€, (b) 2C, and (c) .

3.2 Present and future water scarcity

In present climate,southern regions of Europe already face water stress conditions, thighannual average
WEIl+varying between0.1-0.3 (Figure2a) in the Mediterranean regidnDuringup to 4 months per year the
WEI+ valueis higher than 0.2in the most southern parts of Europ@-igure2b). The highest average WEI+
values, up to 0.5, are found in Spaithese regiongresently experiencevater stressup to 6 months a year.
During summerWEI+ can be close to 1.0neaning that all possible water is being used, and often also a
substantial amount ofnon-renewablegroundwater.

Under the 1.8C GWL, the WEI+ values are increasingzigure3, we consider the spatial pattern of change in
average WEI+ for the GW.Ls relative to the baseline. The largest increases take place in the Mediterranean
region.

For the 2C and even more pronounced for theGBGWL, the WEI+ values aneagerbating in already existing
water scarce areas and moreover nemater scarce areas are created in countries further north like Germany,
Bulgaria, Romania and France.

1 Note that environmental flow is taken into account in théSFLOOD 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 10" 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 parof this total availability.

6



180

150

120

90

Figure 2. (a) EstimatedaverageWEI+ and (b) thewumber of daysper yearin areaswith a WEI+ exceedin@.2 for the
baselinescenario (19812010).
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Figure 3. Projected change in average WEI+ compared with the basdfigrie2a) for a global temperature increase of
(a) 1.8C, (b) 2C, and (c) X.

Apart from an intensification ofvater scarcityunder global warming, the duratioof the water scarcityperiod

in a year is projected to increase as well.Figure4, the change irwater scarcitydays relative to the baseline

is presented for the three GWL8Vater scarcityis projected to graduallyricrease in duration from present
climate towards the 3C warming levels in the Mediterranean regions, especially in the Iberian Peninsula. Here,
the number ofwater scarcitydays can increase up to more than 1 month per year for tH€3varming levels
compared to thepresent day climatéaseline.



Figure 4. Projected change imwater scarcitydays (WEI+ > 0.2) in a year compared with the baseliRigre2b) for a
global temperature increase of (a) 1°G, (b) 2C, and (c) .

3.3 Socio-economic impacts of future water scarcity

Section3.3.1 describes the amount population affected tifferent gradations ofwater dress. Section3.3.2
describes the amount of GVéxposed tadifferent gradations ofwater gdress. We present oneexies of

analysis of the climate impact under uohanged land use, population, and water demand changes. Another
series of analysis shows the simulations including the effect of climate change adtticeconomic
developments, so including future changesland use, water demand and population.

3.3.1 Population

In this section we aim to put thewater scarcity projections into a societal perspective by estimating how

many people will be living in areas wittlifferent gradations ofwater scarcity The results fronFigure5 are

based on simulations including the effect of climate change but witheatioeconomic developments, while

in Figure6 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 saCio* j i j hd” ~c\i b n) Oc
ndhpg\o>_ rVo m n*\m»" \\m \'n \'m  jg mg\d_ rdoc oc  kj
are overlaid with the population of 2050. As &@ <enario is not realistic in 2050, only the G and 2C

warming period are considered within the simulations including s@tonomic developments.

In the present climate, 51.9nillion people in theEUrUKare living undemwater scarcity(WEI+> 0.2) , whech is
10.5% of the total population. The most people exposedwater scarcityare living h the Mediterranean
region (48.1million) from whidch almost half are in Spain (22.#illion; Annex 2). The other exposed people are
living in the Atlantic region (8. million; France). In the Continental region very few people are living under
water scarcityand in the Boreal region people are not exposedaater scarcity but solely to low (WEI+-0
0.1) or moderatevater scarcity(WEI+ 0.10.2).

Under global warmindevels, the number of people living undevater scarcityin the EUrUK is gradually
increasing up to 59.3million when limiting global warming to 1. This is an increase of 7#illion as
compared to baseline climate.

Under the 2C GWL the number of erped people tovater scarcityincreases up to 60.5million people, an
increase of 8.6million as compared to the baseline. Under th€C3GWL the number of exposed people to
water scarcityincreases up to 64.6nillion people, an increase of 12.million conpared to the baseline. The
number of people living under severgater scarcityis projected to remain more or less constant for present
climate, 1.83C and the 2C GWLs, but increases with tilllion under the 3C GWL.

In the EUpeople affected bywater scarcitymostly live in Mediterranean countries.



Figure 5. Projected number of people living different gradations ofwater scarcity(\WS)solely due to climate changéor
the baselineand underthe different warming levels.

For the Atlantic countries, the number of people livingnater scare 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 lowater scar@ areas to moderatewater scare areas under the different
GWLs.

When we considealso population projectiongFigure6), an additional0.6 and 0.8 million peoge are living in
water scarceareas under the 1.8 and 2°C GWLgsrespectively

Due to the projected population growth in France and Italy our estimated number of affected peoplatsyr
scarcityincreases. However, the population living in sevemger scarcityis projected to decline under global
warming compared to the simulationthat do not consider the socieconomic developments. In the countries
where the people are the most exposed to sevavater scarcity like Spain and Greece, the population is
projected to remain constant or declining, and therefore the amount of peoplposed to severewater
scarcity is also remaining constant or declining. As indicatedsaction 3.2 however, the magnitude and
duration of the severavater scarcityis 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, Btllgaeiaa,
Romania and Hungary. Boreal: Sweden, Finland, Latvia, Estonia and Lithuania
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