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Glossary

Summary overview schem

Duration Causes of water stress
or
frequency
of water
stress volumetric water availability is water demand exceeds the exploitable available water
lower than longterm average
natural anthropogenic anthropogenic
due to due to volumetric volumetric water quality | accessibility is
meteorological | changing water demand | water demand | requirements | a limiting
conditions climate for of socio of socio factor for
conditions environmental | economic economic oloi[e3
flows not fully | sectors not sectors not economic use
met fully met fully met

Temporary

or Drought Water shortage

incidentally

Mid-term

or Drought / Aridity Water scarcity

frequent

Longterm

or Aridity / Desertification Desertification

permanent

Terms used in this report for different types of water stress situations, as determined by their primary causes

and their duration/frequency.

Drought

Water scarcity

Water stress report Final Draft v2RPage [LC

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 sail
moisture on agricultural land (agricultural drought), redddevels 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 sagonomic actiities (socie
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 ggpbation of its water
technology. The duration of droughts may also vary from shorter to
prolonged periods of droughts.

Water scarcity occurs when the water demand for human needs
frequently (though not necessarily yeayund) exceeds th supply
capacity of the natural system in river basins. Water scarcity is the



Water shortage

Water stress

Water consumption

Water supply

Water use

consequence of anthropogenic impacts on the availability of water
resources.

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

Water shortage occurs when the water demand for human needs
exceeds the supply capacity of the natural system in river basins.
When this happens frequentthe termwater scarcityis used.

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 broadencept. It considers
water scarcity, but also water quality, environmental flows, and the
accessibility of watd6chulte, 2020)

Thewater that is captured by the plants and exploited in plant
processes for generating biomass and the drinking water being
absorbed by humans and animals.

Delivery of water to final users including abstraction for own final
use (EC 2015).

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 isctuded. (EC 2015)
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Key messages

What is the current problem?

1
average per yeafnmpactingenvironment, society and economy.
1
should stay below 20 % of availablater in Europet has not been reached in 19 % o
territory in 2017

T 5SaLIAGS GKS
FYR GKS . fdzSLINAyYyd G2 {F FS3dzr NR
drought remains scattered and implementation has been slow.

2

9 dzNR LIS Qa

How will this problem develop over the coming decades?

|| Water stres in Europe varies depending on location. Southern Europe faces persist
aggravated water stress problems throughout the year. In other parts of Europe water stress
permanent, but tends to increase in frequency, magnitude and impact.

1 Water stiess shows a tendency to concentrate in three types of areas: urban areas, irr
agricultural areas, and coastal areas with intense tourism. The latter two are mainly found i
not restricted to, southern Europe.

1 A positive trend is that water usdfiiency is increasing in Europe: water abstractions in
EU2#UKin 2017 have decreased bg4 % since 2000, while in the same period the gross v
added has increased by 52 %.

Which actions are required?

1 Renewed or continued efforts must be made BY Member States to develop Drough
Management Plans (DMPs), based on legn strategies for preactive water management, an
making the transition from crisis management to risk management.

1 The data collection and information flows must be furthefined and tailored to the spatia
and temporal scale at which water stress makes itself felt, capitalizing on the results of ¢
innovation programmes and lessons learned in sectors where decoupling is already
accomplished, such as the manufaihg sector. Based on this, a renewed analysis of the fu
water stress at EU scale is called for.

| A key factor contributing to the effectiveness thife EUwater directives in progressin
towards their objectives are the (binding) crasferences to t® 2 I G SNJ CNI Y Sy
objectives in other EU policies. Sectoral policy interventions must not only work in synerg
water policies but also actively support them.

1 Impacts of water stresare felt at local andegional scale, while the driveagt from regional
to global scale. Connection of these levels of analysis requires operationalised nexus approag
systemic thinking. A practical first step is to foster projects with ecosystem service approach
nature-based solutions in droughtmanagement, because these approaches inhere
accommodate such thinking.

Water stress occurs on 20 % of the EU territory affdcts30 % of the EU population g

The milestone set in the 2011 EU resource efficiency roadmay 2020, water abstractiof
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Executive Summary

Water stress in Europe

Water stress occurs whethere is notsufficient water available to meet the demands of the
environmentand of the waterdependentsociceconomicfunctions, in terms of quantity or quality
Water stress is a general tersombining dought, quantitative scarcity water quality andwater
accessibility Droughtreflectsthe shortageof water due to short or longerm precipitation deficis,
while water $ressis a combined effect of droughtaind sociceconomic pressures. Watetrgss
occurs wherthe waterdemandis higher tharthe availability of water in the environment.

There isa vast amount offresh water on the planet, buit is not evenly distributed in space and
time. In many areas short term abundaof water causes floodduring parts of the year, while in
other parts droughts may occur at the same locatioack_of water in other areamay result in
desertification. Climatehange is exacerbating the frequenayagnitudeand geographicaéxpanse
of such eventsIn some cased]oods and droughtsare experiencedn the same areadue to
increasingvariabilityof 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 areagginsociety could not access to good quality

of sufficient water because of soe@ronomic shortages.

Droughts and water scarcity were thperceivedasa Europewide problem untilthe early 2000s. It

was regarded as a problem only occurs in southerroirdue to regional climate conditions.
However,the improving information and data shathat 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 industrglectricity produdion and cities hosting millions of
inhabitants. Today, on average, every year around/26f European territory and 36 of total
population is affected by water scarcity conditiqisEA, 2018b)

Water stress has already become a limiting factor on humantvedtlg in general, socieconomic

life and ecosystems in Europ@tnonly because of shortage in the volume of water available, but

Ff&a2 RdzS G2 RSUOSNAZ2NIGAZ2Y 2F (GKS 41 GSNJ ljda ft AGed
sectors e.qg. for drinking.

Water stress causes several adverse effects on the environment such as decreasing groundwater
levels, salwater intrusion, lowering rivedischargesand loss of wetlands

Water stress, overall, is a local or regional issue limited where it odButglrivers causing water
stress are usually a combination of geographically wider factors such as climate change, tourism,
food production and consumptioohains electricity productionand population density. This cress
cutting nature of the water stress iss calsfor coordinated actions among different policy areas.

This report aims to update our knowledge water stressn the European context to inform policy
makers and interested stakeholders in regard to the current statghefart; and to present
arguments for shifting from crise management to risk management by giving more emphasis on
demandside measuresThe effectiveness of the implementation the policy measures for increasing
the resilience of European ecosysteneeds to be improve@nd more efficiency of socieconomy

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 ZBHA, 2019the tipping point for this transition
has ateady been reached.

Policy context

The EU Water Framework Directive (WFD) established a legal framework at the EU level targeting to
LINB@SyYy (G GKS FTdzNHIKSNJ RSGSNA2NI GA2Y YR I OKAS@S a
into account the wateneeds 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 ceedtexible 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,ewaemand 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 competitin 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 wateess 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 Communicationag reviewed in several stages and in 2012 the Blueprint to
{F¥FS3dzr NR 9dzNRPLISQ& 2F GSN) wSa2dzNOSa 61 a Llzof A aKSH
these two strategic documents, the EU resource efficiency roadmap, the CAP an@" the
Environmenta 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 abstaction 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 frigis enanagement 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 riverdi@s 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 EUNFD a
Floods Directive. Nevertheless, the effectiveness of the implementation of these plans remain
guestionable.

The WFD recognizes the crosscutting character of water as a vital resource for social, environmental
and economic systems, which places wateliqy 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 pauligfives in Europe
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are at the eve of being implemented. The European Green Deal sets ambitious targets and
objectives-among othersi 2 LINR G1SO0G>X 0O2yaSNBS |yR SyKIyOoS @K
Circular Economy Action Plarplicitly appeals tovater stressand includes provisions famproving

resource efficiencyn the context of water resources management. Similarly, the EU Biodiversity
Strategy 2030 acknowledges the importancenafural capital to industry and agricultur@nd sets

guantitative targets for ecosystem restoration including 25 000 km of fitewing rivers. The new

Climate Change Law, Sustainable Finance, Farm to Fork Strategy, the new CAP Pillar II"and the 8
Environmental Action Prograrramong many othersappeal to increasingesource efficiency,

protecting the natural capital and improving the human weding by means of transitioning the

European economy to be more sustainable by 20680.

In the context of water stress, all these policy provisions and initiatives regtiisag 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, crosectaal 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, incrase 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 increak#&dto 1.7 °C above the pipdustrial level
(EEA, 2018b)Temperaturerise 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 anniptati@c

in parts of southern Europe(EEA, 2020¢)which, combined with increasing actual
evapotranspiation, leads to increasing water stress. In contrast, in nedhktern and northern
Europe, precipitation and intensity of heavy precipitation in winter and summer incre&ses,
2020c) Decreasingsnowpackon the Alps and Carpathians and earlier snow melting in lower
attitudes of the Alps are already observable, while recent summer droughts have struak are
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 deeasing river discharges in the south and an increase in the (loA, 20169)

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-pdsan land to meet the additional needs for
residence and worlspace Moreover, tourism in Europe has reached rectadels over the last
decade and this has resulted in rapid land conversiortHerdevelopment otouristic facilities and
supporting transport infrastructure. Urban sprawl accelerates in coastal arehshwvare also
vulnerable to future sea level ris€he 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 23000 million ni of freshwater corresponding to 1% ofthe available wateis
abstracted in Europe for socgconomic purposes. Agriculture (88), cooling water foelectricity
production (18 %), mining, quarrying, construction and manufacturing $l 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 coolings around 80/, while agriculture returns around 3 of total water abstraction

back to the environment.

In many European basins, water is either oesbstracted with insufficient water left for
environmental needs or returned with high pollutio@nly three EU Member State4Cyprus,
Hungary andhe Netherlandyimplemented ecological flows in all RBDs in 2016, whereas France
implemented the ecological flows in 2 RBEE, 2019b)n 2015, 58% of river water bodies did not
achieve good ecological status, for which water abstractiofio&as been reported as one of the
main pressuresand groundwater levels have already lowered in some of the EU MerStates
(Kristensen et al., 2018proundwateris often seen as cheap buffer resousgevhich can be used

to supply high quality drinking water, especially when local surface waters are not suitable for
exploitation or at times of watestress Insufficientlegal enforcement and incomplete tariff systems

in the agricultural sector are stiksponsible for unauthorised water abstractions, cegploitation

of groundwater, which leads tgaline intrusion in coastal aquiferseanwhile, around 84% of
freshwater habitats in Europe was found in unfavorable conditions according to theaBitats
directive assessment in 20{EEA, 2020b)

The EUZ2+UKhas made substantial progress andshdecreased water abstraction 24 % in 20¥
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, significanimprovements 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
sociceconomic development can offset volumetric gains and aggravate local pesssthie
milestone set in the EU resource efficiency roadmajpe. water abstraction should stay below 20 %

of available water resources in Europe has not been achieved yét 19 RBDs according to the
estimate in 2015According to estimations, 26 ofterritory and 33% of permanent population were
affected by water stress conditions in the summer of 2015, with water abstraction exceeding 20% of
availablewater resource§EEA, 2018b)

There is a significant water saving potential across all economic sectorgrpeitnvestments are
needed to unlock it. Monitoring, meterg and authorisation of water abstractions and
understanding of environmental interactions in river basins has progressed overall. Environmental
flow requirements (eflows) are better defined than they were, even though still not to a satisfactory
level. Bforcement has improved; yethere isa long distance to cover until full implementation of
WFD requirements regarding-flows across all EU water bodies. Leakages in the conveyance
systems are still higher than 25% of total water supply in many eastednsauthern European
countriegEC, 2013b)rurthermore, 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 enviroritaieconcerns have led to
stricter permitting procedures.

! 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 thewater stressissue in southern Europe, and in sometpaof the other regions of
Europe. This finding is consistent with earBardies(JRC, 220b).

Increasing water demand of soed@onomic activities under a changing climate forces Member
States to explore additional measures for water supply and water demand. Innovative approaches to
supply waterusingnon-conventional resourcee.g. desahation, water reuse, rainwater harvesting)

are already implemented in many Member States.

The EU is dedicated to innovation as a means to tackle future challgihgdeg particular focus on
better monitoring of the earth and its climatbetter datamanagement; better socienvironmental
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 promiing alternative water sources.

For the analysis of water stress related issues, the wamergylandfood nexus (WELF nexus)
provides a holistic conceptual framework. Adopting this approach leadee@cknowledgement

that the nature of water, energyland and food systems is interdependent. This facilitates the
identification of synergies and traedfs 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 resourcéPsomas et al., 2018; Ringler et al., 2013)

The application ohature-basedsolutions 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 messwand
aquifer recharge are promising options, but to be effective they must be implementedffitient

scale. This requires precise assessments (models) aodigwtion.

Needs for integrated policy responses

Mainstreaming water considerations into other environmental and sectoral policies and finding
synergies across them are k#y enabling sustainable water management aN®S RdzOAy 3 &2 OA S
exposure and vulnerability to water stress. The recent WFD fitrfeesskchas highlighted that one of

the key factors contributing to the effectivenessthe EUwater directives in progressing towards

their objectives were the (binding) creb6S F SNBy 0Sa (2 G(KS 2C5Qa 2062S00A

The recent adoption ofite Water Reuse Regulation is a good example of integrated thinkimeg.
new CAP programming cycle for 262030 provides fresh opportunity to integrate more ambitious
environmental safeguards that acknowledge local water resource limitations and scé@uatjoss.

The new Farnto-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
9dzNR LISQa @dzf ySNI 6Af Al @& até policies of ddhNdecorioniB sedtorssuch dst K | 2
energy and industry, although some safeguards already exist.

Several EU initiatives support the use of natoré &8 SR a2f dziAz2ya (2 SyKIFyOS 9
water stress and risk of drought$he EU Adatation Strategy 2013EC, 2013a)o be updated

soon, recognises thémportance of integrated solutions to tackle water stress, by scaling up
environmental mainstreaming in sectoral policies and climat@ofing 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 le&€, 2019e)
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1.Introduction

1.1. Setting the scene

Water is vital forthe three pillars ofd dzNP $uiStdihable growth: itsociety, its economy and its
environment All three depend onthe adequateavailabilityand supplyof water of sufficient quality
at the right timeandin the right location

As it is, inmany parts of Europe, a mismatdmasevolvedbetween the demand for water and the
volume ofavailablewater, resulting inwater stress This reportaddressedhe 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 Termarelated to water stress

Water stress istte general term used in this report for the situation where the available water does not g¢over
the local demandincluding environmental demandyVater stress can be caused by a volumetric shortage, by
insufficient water quality, by droughts or by insuiiot accessibility. See the Glosséoy further explanation

In southern Europe and in densely populated areas across the EU water sagsyisanent, year
round problem In other parts water stress occurs only temporarily or even incidentally.ig lais
result of the varyingvater availabilityand demandin time, with meteorological conditions (average
seasonal and yedp-year variability, extreme events in the form of droughts) and with economic
activities.

When water stress occurs structurally iequently, i K S iw&tédJécartt® A & Indeat& R
stressedregions the environment usually suffers figtom low river flows or low groundwater
levels) but economicsectorsmayalsoexperience shortages, at least during parts of the year.

Theterm used forconditionsof irregular or incidental water stress water shortage Droughs and

water shortageshit hitherto unexpected locationsasoccurred in Westerrand Northern Europén

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 12 Thedrought 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 precipitatipfap 1.1) Indeed, many Membef
States in these areas recorded one of their three hottest and driest summers, ever. In contrast, squthern
Europe and particularly the Iberian Peninsula recorded a wetter than usual spring and s\Funestat,
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)

Warmng sol mosture detc2 |

Walch ranfal defict
Partial recovery of vegetation -

.}:-" Sprliny
Source(JRC, 2020a)

The2018drought haimpacted 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 2017Drought also heavily affected pase (generally not irrigated) with detrimental effects an
the livestock/dairy sector.

The drought also had severe impacts on other socioeconomic se@orsti et al., 2019; Harris, 2018pr
example, higer than usual death rates among elderly people, difficulties in power plant cooling, stability
issues irthe Dutchdike system due to lack of freshwater, extremely low river levels with negative impagt on
the transport sector industries dependent on watgay transportandforest fires.

According to the estimation of the water exploitation index (V\/@Iabout 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 arégsssessments in this report
underlines that the seasonal and sttural water stress might be exacerbated in the future as well.

2 WEI+: the Water Exploitation Index Plus. The WEI+ is defined as thlewatar net consumption
(abstractions minus returns) divided by the freshwater resources of a region, including upstream inflowing
g GSNYP 29Lb @FfdzSa KI@FGS | Nry3aS o6SisSSy n FYyR mo
between 0.1 and 0.2 den8t G Y2RSNI} GS 41 GSNJ atiNBaaegs agl G§SNI aGNB

AAAAAAA

GaSOSNB o4 GSNI &G NB &Reargemann, @RS3 NI G6A2 SEOSSRa non
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Further information on the current state and future projections on water strasfEuropeis
provided in Chapter 5of 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-teng protection of available water
resources.The report overall addregs to the trends in water availability, water abstractions and
water use efficiency, including their impacts on the environment and on the main safgndent
economic sectors (agriculture, electricity production, manufacturing and domestic water supply).
The report also explores the decoupIanf sectorial water abstraction from growth, future water
availability and water demand, and evaluates the potential of current responses to water stress.

The DPSIR (DrivePsessuresStatelmpactResponses) framewk has been followed as analytical
framework in developing the report. Hencédet analytical framework followed in this report starts

from climate change and soe@ronomic development as key drivefer water availability and

water demand An overview ofwater 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 lingh the DPSIR framework to address
various aspects of the water stress issues, impacts of witilers on European water resources and
EU policy responses (Figuré)l.

Figure 11 Structure of the report

Policies on water

Setting the Scene scarcity and drought

Chapter 1

Chapter 2

Impacts of climate
change on water
availability

Chapter 3

Freshwater
consumption in Europe

Chapter 4

Measures for the
management of water
demand and supply
Chapter 4

Water stress in Europe

Chapter 5

=

Needs for integrated
policy responses

Chapter 6

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

% Decoupling refers to the ability to sustaéconomic 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 crossutting integrative policies. It also highlights some links between the
European plicy 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 cywdotuss 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 throudie thydrological cycle and from there
impact the environment and the economyhe time horizon varies around 2020200.

Chapter 4 starts off with the current state of water abstractions. It then highlights how water
abstractions are guided by soed@onomc developments, including langse changes. The chapter
gives an overview of how water is abstracted and used in the major wigigendent economic
sectors: energy, agriculture, households, tourism and industry, and for the environiemtsocio
economic development at large determines how the economic watependent 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 repottoiv this will
eventually affect the water demand of the sectoffhe 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 wate stress.

Chapter 6 Ways of dealing with the future water stress include innovative technologies, policy
responses, nexus approaches and natbesed solutions. These options are introduced and their
relevance for water stress management is explored. dfiapter concludes with an outlook.

Chapter 7 presents the main conclusions of this report.

Primary sakeholders

Traditionally water stress concerngater users and water manageras they arethe principal
stakeholders Firstat local to regional level, then at national level, and sitie publication of the

EU Communication on Water Scarcity & Drough@®7 explicitly at EU levelln parallel,the
diversity of the audience increases. Water stress and its egfdeativerseeconomic consequences
increasinglydraw the attention ofthe finandng worldand insurance companig&EA, 2019c)The
World Economic Forum hdsA & G SR WS E (i NB Y & ofgisks viiti tBeNalghedt fkelihodda G 2 LJ
since 2014, and in its tep of risks with the highest impact since 20The urgecy and magnitude

of the challenge is also stated in a recent World Bank refidrid Bank, 2016yvhich, amongst
others, indicates that water scarcity could cost some regions up %% 6f their Goss Domestic
Product (GDPR)The adverse impactsf water abstractios on the environment have drivewater
stressand droughtissuesup the priority listof societal organisations such as Right2Water Citizen
Initiative (Anonymous, 2020and of nature protectionNGOs such as the WWF and IUTMmolet

S. et al., 2019while scarcity risk is addressed in the year plans of multinatiworabaniessuch as

Intel (Aquatech, 2019)CocaCola and Unilever. The Water Footprint Assessment has played an
important role in rasing awareness of the implicit role of water in global production and trade.
Several networks of private enterprises (such as the WB@®&DCarbon Initiative Beverage
Industry Environmental Roundtable (BIER§ve made steps to incorporate water as paftthe
scope of their corporate social responsibility (CSR) initigtiass doesthe European Water
Stewardship scheme. All this goes to demonstrate that watezssis no longer the sole concern of
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water managing authorities and direct water users. g S g f &  dtakeh@dergEt&nRh@ve a
crucial rolein the design and implemeation of naturebased solutionsas illustrated in the NAIAD
project(Section6.4).

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 orWater resources across Europe confronting water scarcity and drought

(EBR, 2009) The current report is the updated version of 2009 report, hence, titled Water resources
across Europe& confronting water scarcity and droughit Compared to 2009 report, the current

report adds recent data, an update of determining trendsd asf the crosdinks 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 ttegent policies in selected countries: an EEA pilot stE&A,
2005) Towards the efficient use of water resoes in Europ€EEA, 2012a) Water resources in
Europe in the context of vulnerabiliiEEA, 2012b) Assessment of cost recovery through water
pricing Economic instrument¢EEA, 2013a)National adaptation policy processes in European
countriesg 2014 (EEA, 2014)Water-retention potential of Europe's forests: a European overview to
support natural water reteribn measureEEA, 2015)Public participation, contributing to better
water management: experiences from eight case studies across HaEpet al., 2014)Climate
change adaptation and disaster risk reduction in Eurdpghancing coherence of the knowledge
base, policies and practicdEEA, 2017a)Water management in Europe: peicand norprice
approaches to water conservatiofEEA, 2017g)European waters Assessment of status and
pressuregKristensen et al., 2018handscapes in transitiein account of 25 years of land cover
change in EuropéEEA, 2017¢edndustrial waste water treatment: pressures on Europe's environment
(EEA, 2019dClimate change adaptation in the agriculture sector in Eufielpd, 2019aftate of
nature in the EUJEEA, 2020fand finally The European environment: state and outlook 2020 :
knowledge for transition to a sustainable EurqEA, 2019presents 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 fufrdhé&a
development ofwater accouns and indicators suppoitig 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 accq&T€/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 cha‘ﬁ)ge

Along with theabovementionedreports, 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. DatabasesSthte of EnvironmentEEA dashboards oanous

“ All EEA indicators can be seen btips://www.eea.europa.eu/dataand-maps/indicators/#c0=30&c12
operator=or&b start=0
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topics (EEA, 2018c, 2019and Eurostat databasénave also providedfacility for quantified
assessment on status ampadessures around the European water resources.
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2.Poligeson water scarcityand drought

Key messages

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

1 The WFD provides a flexible and suitable frame for action against wedecity and
drought, underscoring the relation between water quantity, water quality acdlegical
status

f Despite the publication of th® ! Q& [/ 2YYdzyAOlFI GA2y 2y &l GSNJ a0l
FYR GKS . fdzSLINAYyd G2 { I FS3dz NGR pdiayze® waeQa 2 I i
scarcity and drought remains scattered antblementation has been slaw

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

9 The European Green Deéthe new Circular Economy Action P&rd the upcomingnew BU
Strategy on Adaptation t@imate Changerepresent fresh opportunities to integrate water
stress and drought policy objectives into other areas, increase coherence andrprope
implementation.

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

Water stands amongst the oldest and most advanced policy areas in tlenEtdnmental acquis
(Josefsson, 2012; Giakoumis and Voulvoulis, 2@ige 2000, the EU Water Framework Direative

WFD (2000/60/ECA & 9 dzZNR LJSQa Ff Il I3aKAL) £ SAAatlGA2Yy 2y g1 (
regulatory instrumend, strategies and policy mechanisms that have emerged and evolved over
RSOFRSa IINB O22NRAYIGSR® ! yRSNJ G6KS 2C53% GKS 9!
quality water in sufficient quantity for all Europeans, and to ensure the good statadl ofater
02RASA | ONBCa2a00®rdeNR af$hé WFD requires the Member States to "promote the
sustainable use of water resources based on thedngn protection of available water resources"

and "ensure a balance between abstraction and recharge of groundwater, with the aim e¥iaghi

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
guality and ecological statu$he Fitness Check of EU té&fd_egislation 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 even(EC, 2019f)

The management of water stress across Europe has traditionally focused on-sigigpipeasures,
while drought management has been characterized by crisis management measures. Driven by shifts
in the study of vulnerability and risk that originated in the809(Varga and Paneque, 2017and
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underpinned by global developments like the Yokohama Strategy for a Safer {udr|d 994 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 againsughts, calling for a drought management
approach articulated around the aspects of preparedness, crisis management and resilience
building.

Box 2.1llmportant terms
Preparednesslongterm water resources monitoring to evaluate the watelated risksand corresponding
planning to manage effectively the anticipated water deficits, considering also the risks from probable drought
events.

Crisis managementactivation of predefined emergency plans and measures to deal with critical water
deficits duringhe occurrence of drought events.

Resilience building development of the necessary knowledge base, awareness, governance structufte and
technical infrastructure to support preparedness and crisis management against drought risks (e.g.|raising
awareness n water security concerns; providing capacity building and training; climettefing of socie
economic activities and areas; employing natbeesed solutions for climate change adaptation; integrating
ecosystem services in finance and insurance schemaidewith water scarcity and droughts)

Overall, EU policy for watecarcityand drought hagvolvedaround threesupplementanpillars: EU
directives (e.g. \&ter Framework Directive, Groundwater Directive Floods Directive) policy
initiatives (e.g.Communication on \Wter Sarcity and Drought Circular Economy Action Plan,
Resource Efficiency Roadmap) and sectoral policy instruments (e.g. Pillar Il of the CAP and Regional
Environmental Policy) as shown in Figure 2.1.

Figure 2.1 EU policy pillars idagon to water stress and droughts

EU Directives

Water Framework
Directive
Groundwater Directive
Floods Directive
Water reuse
Drinking water directive
New Climate Change
law

Water scarcity
and droughtsin Sectoral policy
EU instruments

Policy initiatives

EU WS&D COM
Resource efficiency
roadmap

Drought management
plan
CAP Pillars 11
Renewable energy
action plans

Green Deal
Farm to Fork Strategy
New Circular economy
action plan
EU Forest strategy

Water stress report Final Draft v2RPage P5



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 WFDecognizes the crosscutting character of water as a vi&aburce for social,
environmental and economic systems, which places water policy in the middle of developments in
other policy areasTo tackle water stress and droughts, the WFD puts more importance on acting on
the drivers underpinning water demandg(i.reducing demand from economic sectors consuming
water) than increasing water supply. The Wé&iizouragesabstraction control through permitting,

water demand management, and efficient water uslwever, supphporiented measures, including
reservoirs ordiversions (intetbasin 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 ground{Btehanan et al.,

2019)

Nevertheless, despite their overall alignment with the above policy lines, several EU Member States
(e.g. France, Greeclpve reported their intention to further construct supplyiented measures,

such as reservoirs or diversions (irtersin transfers), because they consider (whether or not
correctly justified) that these measures could contribute to various goals, imgudiater and
energy security, adaptation to climate change, achievement of ecological flows in-stegssed
aquatic ecosystems and protection of ovetploited groundwater bodies from further deterioration

In 2007, the European Commission publishedissnmunication on Water Scarcity and Drou¢fbC,
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 waterelated funding more efficiently

- Improving drought risk management

- Considering additional water supply infrastructures

- Fostering water efficient technologies and practices

- Fostering the emergence of a watsaving culture ifcurope

- Improve knowledge and data collection

¢CKS /2YYdzyAOF A2y OFrftta F2NJ I ol SN STFAOASY
a

AaadzsSa Ayidaz2 Ittt aSOG2NIrf LRfAOASaé¢d ¢KSNB A
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 droughtsThe implementation of the policyptions promoted by the
Communication was assessed in three yearly follpareports and a policy revie@iEC, 2008, 2010b,
2011b)

Two additional policy documesthave since been published addressing water stress and droughts
(Figure 2.2)

- The. t dZSLINRY G G2 { | FSEAURMNBe-edpmsRedI$he dcedk td iake NJ
action against scarcity and droughts. It integrates a particular focus on the need to increase
resource use efficiency and decougleowth from resource use, drawing on the Resource
Efficiency Roadmap 201(EC, 201la)and recently reemphasized in the new Circular
Economy Action Plaf=C, 2020aunder the EU Green De@C, 2019j)

- The EU Strategy on Adaptation to Climate Chaigg 2013afirst published in 2013 and to
be updated in 2021, served &stablish 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 DroughManagement Plans (DMPs) by Member States.

Figure 2.2Timeline showing major policy developments related to water scarcity and drought since
the adoption of the WFD.
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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 droblervasGamez and Delgae@amos,

2019. However, the EU policy approach towards water quantity has generally been less elaborate
than it has been for water qualitfStein et al., 2016; Eslamian and Eslamian, 2017; Trémolet S. et al.,
2019) and thepace of change in this specific policy area has been slow.

Develofing comprehensive and incentive regulatory frameworks and pricing mechanisms is equally
important as developng the necessarytechnical solutionsto facilitate the uptake of ew
technologies(Buchanan et al., 2019Recently, general considerations on water stress have been
integrated in the EU Green Dea¥ evidenced by thei@®iversity Strategy for 2030, the Farm to Fork
Strategy, the 2030 Climate & Energy Framewtdnk, new Circular Economy Action Pland the

2050 Longerm Strategy. Elements of water security and insurance are also now embedded in the
9! Qa { dz&itahcké yaxandm§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 multilevel governance scheme where different administrative levels play distinct roles. In
keeping with the subsidiarity principle, the WFD and EU watarcity and droughtpolicy provide a

FNIYS (2 AyUGSaINIGS YR 0dzZAf R dzLd 2y GKS aSYoSNI {i
that shortterm regional or local interests put the future needs of the wider community at risk. This
effectively means that the EU complenis the regulation and management responsibilities of local

and regional authoritie§EU COR, 2011)Nonetheless, there could be cases where responsible
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public administration fails to develop a lotgym strategy looking beyond the-year management
cycles of the WFD and building effectively on the RB{BBshanan 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 Memberafs, and the latest DMPs have been
accepted in 2018The compliance assessmenttbé second RBMR&C, 20198howed thatsixteen
Member States reported water abstractiosms a significant pressure for their surfaveter or
groundwater at least in some parts of their national territ‘S)ryHowever, only eight Member States
reported DMPs as accompanying documents to all at pé their RBMPE. Furthermore, the
content of these plans and the depth of the analydiifer greatly among Member States, despite

the existence of a relevant technical report on the development of DMREyprus and Spain are

two cases with very deiled and comprehensive DMPs accompanying their RBMPs. Some elements
of these plans are regarded as novel and promigiteyvasGamez and DelgagdRamos, 2019)

On the other hand, it should be noted thatogress 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 implei@m this change of paradigm has
exposed a lack of institutional capacity across many Member Stasekiris, 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 decisiarsland usEU COR, 20111} 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 ofStratédy 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.givigitar &
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 fofigient water use and sustainable water management
(Buchanan et al., 2019)

Furthermore, the key reason for delays in the implementation of measiagding water stress is
usually the lack of secure budgetdeasures can rely largely on the public budget, whereas the
capacity of EU funds is natwaysfully exploited(Buchanan et al., 2019The coordination of the
European Common Agricultural Poli@@AP) and the Rural Development Plans (RDPs) is a good
example here, as highlighted by EEIG Alliance Environngia€nt2020d)

® Belgium, Cyprus, Greece, Denmark, Spain, Hungary, ltaly, Maltag&orSlovakia, UK, Bulgaria, Croatia,
Czechia, Germany, France

® Cyprus, Greece, Spain, Italy, UK, Czechia, Slovakia, the Netherlands

" Expert Network (2008). Drought Management Plan Repdmcluding Agricultural, Drought Indicators and
Climate ChangAspects. Technical Report 200823
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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, airdught policy has important
limitations regarding compliancéStein et al., 2016)For example, most Member States apply
SESYLIWiA2y&d FTNRBY NBIA&AGNIGA2Y 2N LISNXYAGPAny3 F2NI
volume. Overall, the accumulation of #hese 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 ovaltocation of water rights which were issued before the atitmp 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 -@xploitation problems,

Member States usually have difficulties to intene with permits that were granted a long time ago
andtheseOl £ ft SR aaSyA2NJ 6 GSNI NAIKGaédod a | NBadz =
issuing newer water permiteeC, 2020d; Buchanan et al., 2019)

/| 2YOAYSRZ (KS&AS oFNNASNE af2¢ R26y LINRPINBaa Ay
the ambitious implementation of EU WS&D poli¢here is thus a continued need to address issues
like policy integration, coherence and compliaf&€c, 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 jglaces which

directly or indirectly addresthe impacts of water stress andalrght. 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 onglg action plan intends to enable deep transitions in Europe. The strategy
NEO23IyArasSa GKS ySSR (2 aNBad2NB GKS yI GdzNF f  Fdzy
GSEOSaaA@gS O2yadzylLliazy 2F yI (Gdz2NI f NBsiafigheddSaé o L
foster the transition towards circularity, and towards a greener and reseefiigient economy. At a

macralevel, the Green Deal aims to increase sustainable finance and channel public and private
investments into sustainable activities aptbjects. 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 protectioncafmong others water resources across the
Europeareconomy

Agricultureis the sectorwith 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 heighpeniential

F2N) GSyaAirz2zyasr RAaALMziSa yR S@Sy O2yFftAO00 sAlGK O
is undergoing a reform process that includes among its aims a readjustment of its focus to
incorporate better water management into farm prasts. Under the Rural Development
Regulation, also known as Pillar Il of the CAP, a set of measures including training and farm

8t SNOSLIIA2Y YR RSTAYAGAZ2Y 2F aavltfté oaldNI OliAzy RAT
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 eneinmental protection and improvement.

In the energysector 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
hydropowerplantsd§ (2 26 NBASNIP2ANI £ S@St a4 I yR AYONEBI &€
reiterated commitment to achieve climate neutrality and fully decarbonised power generation by
HnpnE GAGK ymx: 2F GKS dzyA2yQa LI ¢S Nctaidng ®NI G SR 1
FdzidzNE OKIy3aSa Ay GKS aSOG2NRa ¢l G§SNJ RSYIFYyRd |
Directive(EC, 2009) YR G KS 9! Qa 9 y&Qm®Rd15anse indingct gndi rivainky Steing

from integrated climate and energy plangind monitoring of greenhouse gas emissions. The more

recent EU Strategy for Energy System Integration Z&2D, 2020chcludes considerations on the

water footprint of EU energy production and the potential for sustainable production of bioenergy

from wastewater.

The industrial sector includes manufacturing operatiasswell 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 operationsPolicy responses in this sector have focussed primarily on resource efficiency
and circularity approaches and include the Resource Efficiency Rod&@@ag011agnd the Circular
Economy Action Plan from 201&C, 2015kyhich was recently update(EC, 2020ander the EU

Green DealEC, 2019j)The New Industrial Strategy for EuroffeC, 2020hat 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 droegts.ev
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 conerted 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 wate(Quevauviller and Gemmer, 20151 Europe, climate change and
population growth are shifting conditions a@® 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 makingxigteng
hotspots (e.g. Southern Europe) worse off. This is drawing renewed attention to water availability
issues at the EU level, once more calling for updatesater scarcity and droughgolicy and action.

Regarding the consideration of climate change in #eond RBMPs, significant progress was
achieved compared to the first cycle. Most Member Staissd the CIS Guidance DocuméicC,
2009)and climate change was integrated in a series of actions related to the preparation of the
RBMPs. However, there aséll 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 reportegbunpalsie
measures, which could be relevant in the context of climate change adaptation, although this is not
explicitly statedBuchanan et al., 2019; EC, 2019q)

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 ad further develop adaptation solutions that incorporate natural elements in them, such
as green infrastructure and natugased solutions. Commonalities between EU adaptation policy,
the EU Strategy on Green Infrastructure and the Biodiversity Strate@®30, 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 diwater security, reducing habitat fragmentation, decreasing the
emission of greenhouse gases, and providing spaces for recredevertheless, 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., 2019Water quantity and climate change adaptation
objectives sem to be less influential in motivating their application. The Missioea on Adaptation

G2 OftAYFGS OKIFy3S dzyRSNLIAYYyAYy3a GGKS 9! Q& | 2NRT 2y
EU Climate Adaptation Strategy are expected to drive more ambitious adaptation action through the
funding of applied research and innovatiand the demonstration of new solutions, including
nature-based ones.

2.3. Policy developments at the global level

To tackle water sarcityand drought, the international community has recognized the need for an
integrated approach between water, energy, food and ecosyst@a@s 2019i) The approval of the

UN 2030 Agenda for Sustainableelopment(UN, 2015bjnvigorated 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 theicoverage of water stress issues, SDG 6.4 highlights the need to increase
water use efficiency across all sectors and decoupling economic growth and watendiSDG 6.5
promotes integrated water managemenKey sectors include agriculture, energy, indpsand

public water supply. This makes the WEFE (Water, Energy, Fmmbysteh 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 aso 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 usegnd 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 leveragddaasition 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
hydrometeorologicalisks such as drought$he SendaiFrameworkwill 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 sufiplyill also be an
important lever to maintain the emphasis on addressing unsustainable water management and
exploitation practices.
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3.Impacts of amate changeon water availability

Key messages

1 Climate changés expected taaggravate the existing presswen the freshwater resources
in Europe, the most so isouthern Europavhich already faceseverewater stress, butlso in parts
of western and central Europe.

112

|| Northern and northReastern Europe and mountainous areas adiross Europe will b
affected by reduced snow cover and early snow melting.

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

=

3.1. Freshwater availability in Europe

Therenewable feshwater resources in the European environment per European dRizenount to

4 560 nt per year(averagedfor the period 19962017). However, thisfreshwater availability is
highly variable and unevenly distributed in both space and tjFigure 3.1)For example, in 2017,

the renewablefreshwater resources per inhabitant ranged between 120per year in Malta to 70

000 nT per year in NorwayAt 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 resouriseaffected 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 pafrthe 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 ofreshwater 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 tofheegter
stress compares the water consumption by all semonomic activities with the renewable
freshwater resources over a specified area and period. Thus, the spatial distribution of population

% 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 socieeconomic activities, and the time of their te&t 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 capitaYoapita ¢ 20002017)

Country 2000 2010 2017

Austria . 11,298 . 9,477 . 8,444
Switzerland . 7,728 . 6,113 . 4,902
Romania . 4,500 . 8,159 . 44956
France . 3,933 . 3,286 o 2,430
Spain . 4,146 @ 2,308 ® 2,042
Italy i 2,120 ¢ 3,060 (] 1,320
Germany o 2,438 @ 2,323 ® 1,629

Source(EEA, 2020j, 2019I; Eurostat, 2020f)

Between 1990and 2017, theavailablewater per inhabitant decreased in southern, western and
northern Europe. An increase was observed in eastern Europeethanges were largely driven by
trends in population rather than climatehange For example: in western Europe, the annual
renewable freshwater resources increased b%4vhile the regional population increased by%1

In eastern Europe there was an iaase in renewable freshwater resources, but there was also a
reduction €6 %) in the regional populatiqitEA, 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
evapotranspirationEEA, 2019g, 2017e, 2016Mhesituation will be aggravated by random drought
events, which are becoming more frequent and intense in the context of climate cfieBge
20199) In other parts of the continent, such as northern Europe, freshwater availability is expected
to increase. Thei 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 freqaedtintense droughts

than at present (Section 3.2).

3.2.  Key meteorological impacts of climate change
3.2.1. Temperature
Past trends in temperature

The mean average annual global nearface temperature is increasing since the @l century.
Compared to prendustrial levels (1850900), 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 yearsTo prevent serious environméal, economic and societal impacts of climate
change, all signatories to the United Nations Framework Convention on Climate Ghinge992)
committed in the 2015 Paris Agreement to limiting global temperature increase to well bet@v 2

Water stress report Final Draft v2Rage B4



above preindustrial levels by 2050 and to pursuing efforts to limit the increase to°@ &N,
2015a) The observed warming up so far already amounts to half of the maximi@nirZcrease that
would be compatible with the Paris Agreem@aEA, 2020c)

In Europe, the decade 2018 was the warmest ever recorded, with the mean anrlaad
surface air temperaturéeing 1.6 to 1.7 °C higher than the grelustrial levels. Since 2000, Europe

has been struck by a sequence of extreme heatwaves (2003, 2006, 2007, 2010, 2014, 2015, 2017
and 2018)EEA, 2020¢pnd it has recorded 11 of the 12 warmest years on re¢bigure 3.2) The
warmest year ever recorded in Europe was 2019, followed by 2014, 2015 an{EXOWBVF, 2019a)
Almost the whde 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 a(E@ivWF, 2019aThe
number of sigificantly warm days has doubled between 1960 and 2QE8A, 2020c)Water
temperatures have also incread 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 irannual and summer land surface air temperature anomaleess
Europe between 1979 and 201€mpared to theannual average for the 1984010
baseline period)

Europe annual temperature anomalies 1979-2019 Europe summer (JJA) temperature anomalies 1979-2019
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Source(ECMWEF, 2019a)

Future projectons for temperature

Climate change projections comparing the historic period £2000 with the future period 2071

2100 (under higkemission RCP scenario 8.5), suggest that the climate could become warmer by 2.5
°C to 5.5 °C, which is above the agreed W&threshold of 2 °C for the whole plaritap 3.1)
Extreme heatwaves are expected ¢mcur much more frequently in the second half of the®21
century (e.g. once every two yearfRusso et al., 2015)n 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 northeastern Europe and Scandina@gEA, 2020c)

Map 3.1 Future projections forannual, summer and winter land surface air temperature
across Europe up to 2072100 (versus 19€2000 average)

Water stress report Final Draft v2RPage B5



Annual, RCP8.5 Winter, RCP8.S

Projected change in annual, summer and winter temperature for the forcing scenarios RCP4.5 and RCP8.5

G ] Q5001000 % 500km
o ’1:96)\00’ o";’%\ob obf? P o‘oo’ © o \‘,7\&;35,
N2 A% 2 % 22 0T 40 ¥ o2 0% &

Source(EEA, 2020c)

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

3.2.2. Precipitation

For the period 196€P015 (EEA, 2017¢)in parts of norhern 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 midatitudes of Europe, ta 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, Hiraang and
Romaniaap 3.2.

The precipitation patterns are changing significantly within the year. Between 1960 andH2@i4,
precipitationin winter and summer has generally become more frequent and intense across Europe,
especially in northern and mth-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 summerqEEA, 2016e)

Map 3.2 Historic trends inannualand summer precipitation across Europe between 1960
2015
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Note: Boxes olined in black indicate areas with at least three stations, so they are more likely to be
representative; Areas with significant lotgrm trends are indicated by black dots.

Future projections for precipitation

Climate change projections (undbigh-emission RCP scenario 8.5), comparing the historic period
1971¢2000 with the future period 2072100, suggest thatEEA, 2017e; Feyen et al., 202an

annual precipitation will decrease by-B0 % in many parts of southern Europalady more than 30

% in the soutkeastern and southwestern Mediterranean. Furthermore, a stronger decrease is
expected in the summer season, as summer precipitation is expected to decreasetby?2@n an
extended area that covers southern and westermdpe, the Balkans and the Black Sea. In contrast,

an annual increase by 13D % 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 inthe summer seasorMap 3.3.

Map 3.3 Future projections foannual and summer precipitation across Europe up to 2071
2100(versusl971¢2000 average)
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Source(EEA, 2017¢)
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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 extratropigalones. 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 expectethe projected decrease in cyclone frequency in the
Mediterranean contributes partly to the phenomena described ab@€A, 2016e)

Glaciers and snow

Snow accumulates over the colder period of the year and melts slowly in sptetged 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 basimgkneral, 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 sotghstan Europe however, the snow season has expanded by up to

15 days, because the snow season starts earlier nowadaythermore, 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 198@verall, itis 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 niagsow 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 {BBA, 2016h)

Ly NBOSyYyld RSOFRS&asx SIENIe ayz2g YStd Aa +faz2 20a¢
026 SNE 2ABox P)debiBelBSropean rivers, such as the Danube, the Rhine and the Po spring
from the Alps. Thus, their flow regimes are affected by tienging patterns of snow fall and
melting of glaciers and accumulated snow.

Future projections in snow cover

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

Box 3.1 Glaciers and snow cover are shrinking in the Alps since tﬁ‘ecé@tury

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

The Alpine region, which covers approximately 790 knf, extends over eight European countries (Austfia,
France, Germany, ltaly, Liechtenstein, Monaco, Slovenia and Switzerland) and it is inhabited by more|than 14
million people. The average temperature in the area has risen by almt3tsthce thel9th 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-BYCLin most parts of the
region by 2050, wich may result in significant impacts.

The extent of the glacier surface in the Alps now is less than 50 % of what it was in {lhéhm'mtury, and it
is projected to decrease further to 30 % or even 10 %, if the temperature increases by an8@eant 3C
respectively (Figure 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. right). This iselated 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 rathan 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 33 Remaining glacier surface in the Alps (left); annual cumulative glacier mass balance in
Switzefand (right)
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Source:(Petita et al., 2017) Source(FOEN, 2020b)

The flow patterns of the rivers are impacted in various ways. For example, higherlrainfanters 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 duting 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, especjally in
southern and soutkeastern Alps, it is expected that climate changdl cause further decrease in the
observed low river discharges annually. River flow observations in the Swiss part of the Rhéne fRméx)
since the start of the 20 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 Q00 plant
species can be found. As the climate becomes warmer, those species that flourish in colder conditions |need to
migrate. Therefore, shrinking glaciers asmow cover limit the extent of the suitable habitats for traditional
alpine species. It is projected th&)-50 % of the alpine plant species will lose over 80 % of their suitable
habitats, resulting in chain effects upon the animal species also.

3.2.3. Evapotanspiration

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 EOBS data used for the Europeantgraaccounts(EEA, 2019I; Zal et al., 2017; EEA,
2018b)shows that evapotranspiration is increasing across all regibisirope for the period 990
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 Europ&hese trends she 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,
whichcan be further linked with the expansion of agricultural land since the 1980s and the observed
increase in the land temperature across Eur¢pkang et al., 2016)
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Future projections for evapaanspiration

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 atmospheraoncentrations of CO(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. Switzerlan
Germany, the Netherlands) during summers. Increased evapotranspiration could also be observed in
northern Scandinavi@-eyen et al., 2020)

Map 3.5 Evapotranspiration projections: Seasonal change (seasons S1, S2, S3, S4;
clockwise) for a Ttemperature scenario
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Sourceunderlying data obtained fror(Feyen et al., 2020)

3.2.4. Droughts

In southern Europe and in most parts of central Eurdpmughtshave become more frequent, with

up to 1.3 additional droughts per decade, for the period 12805 (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 Scandmawd northeastern Europ€EEA, 20199)

Map 3.6 Historic trends in the frequency of meteorological droughts in Europe (2936)

Water stress report Final Draft v2Rage fC



requency of
meteorological droughts from
1950 to 2015
events / decade?
e
b 0

- -13

. Significance of trencs

[ oussice coverage

Reflerance dats: DESRI

Source(ER, 2019g)

Future projections for droughts

Climate change projections (under higmission RCP scenario 8.5), comparing the historic period
1981¢2010 with the future period 2042070, suggest that the frequency of meteorological
droughts will increasen most parts of Europe, with the exception of several areas in ceaastern

and northeastern EuropgMap 3.7) Southern Europe is projected to be the hotspot of more
frequent and intense droughts in the futur®©n a seasonal basis, intense droughi be more

likely than today in summer, and then in spring and autumn, whereas intense droughts will become
less likely in winte(EEA, 20199)

Map 3.7 Future projections fothe frequency of meteorological droughégross Europe up to
2041-2070 (versud 9812010 average)

Source(EEA, 2019q)

3.3. Impacts of climate change on the hydrological cycle
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