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1 Executive Summary

1.1 English version
[to be added]

1.2 German Version
[to be added]

2 Introduction

2.1 Background and objectives

The global mean surface temperature has been continually increasing over the past
decades, and most scientists today agree that we are witnessing a change in the global
climate largely caused by anthropogenic emissions of greenhouse gases (IPCC 2007). Due
to the complexity of the earth system and the manifold processes influencing and influenced
by the climate, multiple impacts along different causal chain are to be expected as a result of
warming.

Impacts on water resources are among the main concerns in Europe. Several recent studies
highlight the challenges that result from changes in water availability and water quality, from
sea level rise, from shifts in precipitation patterns and in the snow regime and from an
increase in the frequency or intensity of floods and droughts (EEA, 2004; IPCC, 2001&2007;
Schroter et al., 2005; Eisenreich, 2005; EEA, 2005).

Since the current warming of the climate is to a large extent caused by the human-driven
increase in the atmospheric greenhouse gas concentrations, the evolution of the global
emissions will significantly influence the magnitude of future climate change. Therefore in
order to mitigate climate change and to prevent disastrous impacts, the reduction of
greenhouse gas emissions should be the primary political goal. The declared aim of the
European Union is to limit the temperature rise to 2 degrees above pre-industrial levels, an
aim that has to be translated into policy measures and emission reduction targets (European
Commission, 2005).

However, efforts are also necessary to cope with the changes in climate and associated
impacts on water resources that are already happening or that are to be expected even if
emission reduction strategies are successful. Adaptation to climate change effects has long
been an important issue for developing countries, but is gaining relevance also on the
European political agenda. A Green Paper on Climate Change and Adaptation is currently
being prepared by the European Commission, and in the field of water policy, a working
group will be set up early in 2007 that will explore potential adaptation strategies in the
context of the European water policy.



The first objective of the present study is a synthesis of the state of the art of climate change
research in Europe: historical trends and projections for the future of climate and water
resources related components. A comprehensive overview is provided of what is currently
known about possible climate change in Europe, and how it would affect water resources
and the occurrence of extreme events (floods, droughts and heatwaves) on the continent in
the 21 century. The second objective was to analyse the challenges for European societies
that result from these changes in water resources, to compile options for adaptation, and to
provide support to policy-makers in developing adaptation strategies. This report presents
the results of a review carried out by Ecologic and the Potsdam-Institute for Climate Impact
Research on behalf of the German Federal Environment Agency. The final version of the
report will also take up the results of an international conference that was hosted by the
German Presidency of the EU in February 2007.

2.2  Structure and Scope of the report

This report presents the results of the project “Impacts of climate change on water resources
— adaptation strategies for Europe”. The first part of the report (chapter 4) presents an
evaluation and summary of state-of-the-art scientific knowledge on climate change impacts
on water resources in Europe, which provides the basis for the compilation and discussion of
adaptation options in the second part (chapters 5 - 8).

A brief introduction to the methodology, concepts and definitions applied is given in section 3.
In the following subsections of chapter 4, observed past trends and projections for the future
in the European climate are presented first (section 4.1), and impacts of these changes in
climate on water resources, extreme events and coastal systems are discussed
subsequently (section 4.2). Furthermore, the potential dramatic changes that might result
from abrupt climate change, and the nature and likelihood of such changes, are touched
upon (section 4.3). The findings on water-related sensitivities to climate change are
summarised for the major European regions and for several time horizons in section 4.4,
providing an overview of symptomatic impacts and a basis for developing appropriate
adaptation measures. While section 4 summarizes the results at the European scale, section
5 gives more insight to the region-specific pattern of climate change in Europe and the
resulting impacts on water resources by means of case studies representing the most
important subregions in Europe: the Mediterranian, Westeurope, Skandinavia, Central
Europe and Easteurope.

Section 6 discusses the impacts of climate-driven changes in water resources and extreme
events for European societies, with subchapters for the five focus sectors. The following
chapter 7 presents approaches to adaptation. The first subchapter (7.1) introduces measures
and options for implementing adaptation on the ground, again grouped by sector. Section 8
looks at adaptation from a policy perspective. It introduces the relevant legislation and
policies at the European level that constitute the common framework for mitigation and
adaptation efforts in the Member States, and explores the scope for integrating adaptation to
water-related climate change effects into these policies.

Section 9 finally draws conclusions and presents recommendations for future action on
adaptation.



Focus sectors

The discussion of challenges resulting from changes in water resources for European
societies and of possible adaptation measures and strategies focuses on five economic
sectors:

1. Water management including water supply and sanitation services,
2. Agriculture

3. Energy/electricity

4. Inland waterway transport

5. Tourism.

This approach is motivated by the idea that water management alone will not be able to
deliver full adaptation, but that the success of adaptation efforts will depend on the
contribution of other sectors which heavily rely on and influence water resources."

It is also in line with modern integrated water management approaches (IWRM) which seek
to find a balance of the water needs of different users and to involve all relevant actors and
stakeholders in decision-making about water allocation and management. River basin
management as required by the European Water Framework Directive identifies the
maintenance of a functioning ecosystem and the ecological and chemical protection of
surface water and groundwater bodies as its main goals. The protection of water resources
and the long-term sustainability of water use in a given river basin is in the interest of all
stakeholders alike, since all human activities rely to some extent on the availability of water in
sufficient quantity and quality.

The five key sectors that were chosen for this study are particularly relevant in terms of their
vulnerability to water-related climate change impacts, their economic importance, and their
potential to contribute to adaptation efforts. For each of these sectors, challenges resulting
from climate-driven changes in water resources are discussed individually (chapter 5),
adaptation measures are presented (chapter 7), and relevant policy areas are analysed
(chapter 8).

It has to be noted that other sectors and areas such as forestry, built environment, human
health, and biodiversity will also be impacted on by climate change, and will also have to be
considered in adaptation strategies. Some of these issues are touched upon in the present
study where appropriate. However, in-depth discussions of challenges and adaptation
measures for these sectors should be placed in a more general context, and not in the
framework of water-related climate change impacts only. Comprehensive analyses and
discussions can be found in recent relevant publications for instance by the European
Environment Agency and the Intergovernmental Panel on Climate Change (e.g. EEA 2005,
IPCC forthcoming, IPCC 2001).

Since the final objective of the study is to present elements of potential adaptation strategies
that integrate different sectors, the individual sector analyses pay particular attention to
potential conflicts and synergies with adaptation efforts in other sectors. These linkages and
relationships between the sectors are summarised in section 8.4.

The selection of sectors is based on an expert workshop which took place in September 2006 at the
German Federal Ministry for the Environment.

3



3 Methodology and approach

Information sources

This study is based on an evaluation of scientific literature and policy documents, on a
questionnaire survey, and on 15 interviews conducted with experts and stakeholders.

A questionnaire was designed jointly by Ecologic, the Potsdam-Institute and the European
Environment Agency (EEA) and distributed on behalf of the German Federal Ministry for the
Environment and the EEA to the National Focal Points and the Pilot River Basins. In total 26
responses were received and evaluated (November 2006). The questionnaire results also
provided input to the forthcoming report of the EEA on “Climate change and water adaptation
issues” (EEA 2007).

The aim of the survey was to collect information on the degree of awareness concerning the
issue of climate change impacts on water resources in Europe; to assess the vulnerability to
climate change in Europe; and to compile potential adaptation measures and strategies as
well as information on implementation experiences. Respondents also provided an
assessment of the effects of climate-driven changes in water resources on key sectors, and
of the implications for their societies in general. The main results of the questionnaire survey
are included in this report as separate chapters or boxes. The full evaluation report is
available for download at http:/climate-water-adaptation-berlin2007.org/.

Definitions

For the identification of climate change impacts and possible adaptation strategies, the
concept of vulnerability plays a key role. This concept, as widely used in adaptation
research (see for instance IPCC 2001, Schréter et al. 2005, Turner et al. 2003), denotes the
degree to which a system will be affected by adverse effects of climate change, which in turn
depends on three different factors. Firstly, on the character, magnitude, and rate of climate
variation to which a system is exposed (exposure), secondly, on the degree to which a
system is affected, either adversely or beneficially, by climate-related stimuli (sensitivity),
and thirdly on the ability of a system to adjust to climate change, to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences (adaptive
capacity).

Syndrome concept and impact matrix

The analysis will be carried out by covering three main problem fields:

(1) climate change as such (observations and scenarios),

(2) impact of climate change on water balance components and water supply, and
(3) impacts of climate change on extreme events (floods, droughts and heatwaves).

The three problem fields will be investigated and discussed at the European scale and for its
major geographical subregions to give a general picture and guideline. The major changes in
water resources will be highlighted taking the results of the conference into account for
Europe and its regions using the so-called “syndrome” concept integrating both anticipated
vulnerability of water resources and of related sectors due to climate change for different
case studies. Such syndromes are for example “Mediterranean droughts” (see chapter 5.3)
or “floods caused by the V b (five b) circulation pattern” (see chapter 5.1).



The impact matrix is provided for four time frames (see Table Table 4), which are relevant
for adaptation measures and are the base of most climate change and water resources
related impact studies: present day situation, 2020, 2050 and 2080 with main focus on 2020
and 2050 and an outlook for 2080 when feasible.

The derived impact matrix to be delivered after concluding the results of the conference will
form a comprehensive summary, including the key vulnerability of water resources and
sectors across Europe and its regions and indicate main challenges to cope with climate
related changes of water resources and to develop adaptation strategies.

The figures mentioned within the following chapter are shown in the Annex I.

4 Climate change and its impact on water resources

4.1 Trends in climate and climate scenarios for Europe and its regions

The climate of the earth has always been characterised by variability and changes. However
the extent and the rate of climate change observed over the last decades exceeds all
changes in the last thousands of years (EEA, 2004). According to the Intergovernmental
Panel of Climate Change (IPCC, 2001) (IPCC, 2007), there is a strong evidence that the
observed climate warming is attributable to human activities, mainly to emissions of
greenhouse gases and change in land use patterns. The crucial scientific challenge
nowadays is to investigate how pronounced climate change will be in future, which climate
variables are most sensitive, what impacts on water resources availability and extreme
events are to be expected, how the climate will change at the regional level, whether
mitigation of climate change is possible, and how the society can adapt to possible changes.

The following sections will give a summary of the already observed changes in Europe from
the beginning of 20" century up to now (Section 2.2.1) and a synthesis of the possible
climate change in future based on model simulations (Section 2.2.2).



4.1.1 Observed trends in climatic components

Summary

The most important climatic drivers for the water cycle are temperature and precipitation,
and, to a lesser extent, solar radiation. While temperature shows a relatively constant
and consistent increasing trend over Europe, trends in radiation and especially
precipitation are much more site specific, although some general patterns are apparent
(EEA, 2004):

e The average increase in the observed annual mean temperature across the
European continent is approximately 0.8 °C (IPCC, 2001) to 0.95 °C (EEA, 2004)
over the last century. Winter seasonal temperature increase is more pronounced
than that in the summer.

e The observed annual precipitation over northern Europe has increased by
between 10 and 40 % in the last century while the Mediterranean basin has
experienced up to a 20 % reduction in annual precipitation. More extreme
precipitation events are observed. Thereby, a predominant increasing trend in
mean precipitation per wet winter-day in Europe, also in regions where the total
precipitation amounts decrease, has been recorded.

e There is evidence of changes in climatic zones due to global climate change in
Europe, especially during the last 30 years. This results subsequently in changes
of regional temperature and precipitation regimes.

e Observations already show an increase in the occurrence of heatwaves, and a
shift of the statistical distribution towards warmer temperatures.

e New research results indicate a strong connection between the North Atlandic
Ocellation (NAO) and European climate especially with winter precipitation and
frequency of extreme rainfall events (IPCC, 2007).

Temperature

Observed increase in average air temperature, particularly over the last decades, is one of
the evident signals of global climate change. The current rate of global warming is about 0.17
1 0.05 °C per decade (IPCC, 2001).

The change in temperature is generally more pronounced in higher latitudes, and the air
temperature over the European continent has warmed more than the global average, with a
0.8 °C to 0.95 °C increase since 1900 compared to 0.6 °C as a global average (EEA, 2004;
IPCC, 2001). Another overall pattern is that winter temperature in Europe has increased
more than temperature in summer (see Figure 8a and b). Important are the regional
characteristics of temperature change: the warming has been greatest in Northwest Russia,
northern Scandinavia and western Mediterranean. Other parts of Europe, especially central
Europe and the eastern Mediterranean coast, show lower increases in temperature or even
some decreases (Southeast Germany, Northeast ltaly, Macedonia and northern Greece, see
Figure 8c).

Precipitation

More heterogeneous than the trends in temperature are the precipitation trends over Europe,
because precipitation depends more on regional circulation patterns and local orography. A
general pattern is that the observed higher temperatures stimulate the global hydrological
cycle (more evapotranspiration leads to more water vapour in the atmosphere and to more
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precipitation), but large areas in the Mediterranean region and in central and eastern Europe
experienced a decrease in precipitation over the last century. The observed precipitation
trends for the period from 1900 to 2000 show a contrasting picture between increase in
northern Europe by 10-40 %, and decrease in southern Europe with up to 20 % less
precipitation, especially in the winter season (IPCC, 2001; Klein Tank et al., 2002).
Observations show that west-wind circulation patterns become more frequent, and
precipitation in luff (west) of mountain ranges increases, while it decreases in lee (east) of
the mountain ranges.

The seasonal precipitation pattern shows more pronounced trends across the European
continent than the average annual changes (Fehler! Verweisquelle konnte nicht gefunden
werden.). In the winter season, especially, southern and eastern Europe became drier, while
many parts of Northwest Europe became wetter (Fehler! Verweisquelle konnte nicht
gefunden werden.a). The changes in winter precipitation can partly be linked to specific
weather conditions, such as stronger western winds over northern Europe, bringing more
clouds. Increases in the duration of high pressure areas in central Europe are responsible for
the observed decreases in summer precipitation in the UK, eastern and western Europe and
south of Scandinavia (Fehler! Verweisquelle konnte nicht gefunden werden.b).

Temperature and precipitation extremes

Due to global warming, the number of cold and frost days has decreased in most parts of
Europe over the past 100 years, whereas the number of days with temperatures above 25 °C
(summer days) and of heatwaves (a heatwave is an extended time interval of abnormally and
uncomfortably hot weather lasting from several days to several weeks) has increased (EEA,
2004), especially in western and southern parts of the continent. The number of frost days
has decreased even more, due to a more significant warming in winter than in summer
(Jones et al., 1999; Klein Tank et al., 2002). Important is that the tendency towards milder
winters in Europe over the last decades is partly caused by stronger westerly circulation in
winters, which is consistent with a positive phase of the North Atlantic Oscillation (NAO)?
(Hurrell and Van Loon, 1997). It is scientifically uncertain whether the current trend towards
the positive phase of the NAO is part of the human-induced climate change signal or
represents a natural climate variability, and it is likely to be a combination of both (Gillett et
al., 2003).

Many regions in southern Europe experienced a significant decrease of very wet days,
defined as days with precipitation > 20 mm, over the last decades, whereas the number of
wet days with precipitation > 1 mm increased in central and northern Europe (EEA, 2004;
Klein Tank et al., 2002). In many regions (including parts of Russia), the trend in precipitation
extremes is more pronounced than the trend in average precipitation. A consistent change
over time has occurred for many of the precipitation extremes since 1976. An increase has
been observed in the number of very wet days in central and northern Europe, whereas a
decrease has been observed in parts of southern Europe (EEA, 2004). If changes in
temporal precipitation trends are assessed, results by the STARDEX project show that for
the last 40 years, winter heavy rainfall extremes increased in central Europe, the UK and

% The North Atlantic Oscillation (NAO) is a phenomenon associated with winter fluctuations in temperature, rainfall
and storminess over much of Europe. When the NAO is ‘positive’, westerly winds are stronger or more
persistent. As a result, northern Europe tends to be warmer and wetter than average and southern
Europe colder and drier. When the NAO is ‘negative’, westerly winds are weaker or less persistent. This
causes northern Europe to become colder and drier and southern Europe to become warmer and wetter
than average (MetOffice, 2006).
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Scandinavia, and summer heavy rainfall extremes increased across northern Scandinavia,
south-western Europe and north-western Russia (Goodess, 2005).

4.1.2 Climate scenarios and anticipated future trends

Summary

Although there is uncertainty about the extent of future climate change due to the
difficulty in predicting future socio-economic development (scenario uncertainty) and due
to unsatisfactory model resolution and mathematical description of all global circulation
processes (model uncertainty, especially for precipitation), some important trends are
relatively certain (EEA, 2004, IPCC, 2007):

e European regions undergo substantial warming in all seasons in a range of 1 —
4 °C (B2 scenario) and 2.5 — 5.5 °C (B2 scenario) by 2071-2100. Over Northern
and Eastern Europe, the warming is stronger in Winter (December to Ferbraury),
and over Western and Southern Europe stronger in Summer (June - August).
A large increase of lowest minimum temperatures in northern, central and
eastern Europe (mostly due to reduced snow cover) is thought to be likely.

e The projected precipitation for the 21 century was evaluated within the
ACACIA project (Parry, 2000). It was found that the trend towards increasing
precipitation in northern Europe would continue at a rate of 1 to 2 % per decade.
An increasing trend is expected for the winter as well as for the summer season.
The projected changes for Central Europe are small or ambiguous.

e A general increase in precipitation in winter is expected over most of Europe
(except southern Mediterranean regions) (Giorgi et al., 2004). A general
decrease in precipitation in summer is projected in southern, western and
central Europe up to Scandinavia. Extreme daily precipitation will even increase
in most of those areas where the mean annual precipitation decreases (Raisanen
et al., 2004). Precipitation changes for intermediate seasons (spring and autumn)
are less pronounced than for winter and summer (Giorgi et al., 2004).

e Heatwaves as well as intense precipitation events, especially in winter, will
become more frequent throughout Europe. Risk of drought is likely to increase in
central and southern Europe.

Where do climate scenarios come from?

The scenario storylines used in this report and in almost every climate study have been
defined by the IPCC (see Table 1). According to the terminology of the IPCC (IPCC, 2001),
scenarios are images of the future, or alternative futures. They are neither predictions nor
forecasts. Rather, each scenario is one alternative image of how the future might unfold.
Some systems, those that are well understood and for which sufficient information is
available, can be modelled with some certainty, as is frequently the case in the physical
sciences. However, many physical and social systems are poorly understood, and
information on the relevant variables is so incomplete that they can be appreciated only
through intuition and are best communicated by images and stories. Prediction is not
possible in such cases.



Table 1 The Emissions Scenarios of the Special Report on Emissions Scenarios
(SRES) (IPCC, 2001; Nakicenovic and Swart, 2000)

Scenario | Description

The A1 storyline and scenario family describes a future world of very rapid
A1 . : Lo :
economic growth, global population that peaks in mid-century and declines
thereafter, and the rapid introduction of new and more efficient technologies. Major
underlying themes are convergence among regions, capacity building and
increased cultural and social interactions, with a substantial reduction in regional
differences in per capita income.

The A2 storyline and scenario family describes a very heterogeneous and
A2 . . ; ! . .
regionally oriented world. The underlying theme is self-reliance and preservation
of local identities. Fertility patterns across regions converge very slowly, which
results in continuously increasing population. Economic development is primarily
regionally oriented and per capita economic growth and technological change more
fragmented and slower than in other storylines.

B1 The B1 storyline and scenario family describes a convergent world with the same
global population, that peaks in mid-century and declines thereafter, as in the A1
storyline, but with rapid change in economic structures toward a service and
information economy, with reductions in material intensity and the introduction of
clean and resource-efficient technologies. The emphasis is on global solutions to
economic, social and environmental sustainability, including improved equity,
but without additional climate initiatives.

B2 The B2 storyline and scenario family describes a world in which the emphasis is on
local solutions to economic, social and environmental sustainability. It is a
world with continuously increasing global population, at a rate lower than A2,
intermediate levels of economic development, and less rapid and more diverse
technological change than in the A1 and B1 storylines. While the scenario is also
oriented towards environmental protection and social equity, it focuses on local and
regional levels.

When discussing future climate change it is important to understand that there cannot be any
prediction of the future. Scenarios are rather projections into the future under the assumption
that society behaves in a certain way. As a result, climate change varies from scenario to
scenario, and is associated with scenario uncertainty.

The second important source of uncertainty is a not fully adequate understanding and/or
reproduction of atmospheric circulation processes in Global Circulation Models (GCM)
(model uncertainty). Although using the same or similar basic physical equations, different
GCMs produce results which may vary for certain scenarios. Important is also the spatial
scale of GCMs (the grid size for which calculations are performed), which is between 1.5 and
2.5 degrees. This is why for climate change impact assessments at the large European scale
usually climate scenarios resulting from GCMs are used, while for regional scale impact
assessment usually results of Regional Climate Models (RCMs) are taken.

RCMs are using the results of GCMs as boundary conditions, but they reflect better local
topographical and coastline features influencing climate and local physical processes
(relevant especially for precipitation and for the summer period, e.g. convective processes in
the atmosphere). Hence, when available and tested for plausibility, RCMs climate scenarios
should be considered for regional to river basin scale impact assessments.

For temperature, GCMs and RCMs behave similarly, except that GCMs exhibit a larger
spread. The differences between GCM and RCM precipitation responses for some regions
are significant. The spread of precipitation during summer period is larger for RCMs than for
GCMs. For both, however, in terms of precipitation, the bias is twice as large as the response
to climate change, when observed climate is used as a cross validation.



Temperature

The scenarios indicate that European regions undergo substantial warming in all seasons in
a range of 1 — 4 °C (B2 scenario) and 2.5 — 5.5 °C (B2 scenario) by 2071-2100. Over
Northern and Eastern Europe, the warming is stronger in winter (December to Ferbraury),
and the reverse happens over Western and Southern Europe with stronger increases in
summer (June - August) (IPCC, 2007). The EU target of limiting global temperature increase
to no more than 2.0 °C above pre-industrial levels is likely to be exceeded around 2050
(EEA, 2004). The range of uncertainty results from potential different pathways of
demographic, technological and economic development leading to different emissions, and is
related to the climate system's response to changing concentrations of greenhouse gases.

Figure 10 illustrates the projected change in temperature under scenario conditions until
2100 as a result of four Global Circulation Models (GCMs; see Schroéter et al., 2005). The
models used were the PCM (Parallel Climate Model by the National Centre for Atmospheric
Research in the US), the CGCM2 (2™ Generation Global Clilmate Model by the Canadian
Centre for Climate Modelling and Analysis), the CSIRO2 (Climate Model Version 2 of the
Commonwealth Scientific and Industrial Research Organisation in Australia) and the
HadCM3 (Version 3 of the Hadley Centre Coupled Model in the UK). Important is that the
relative spatial pattern projected by each climate model remains the same over one emission
scenario (A2), and only the size of the anomaly varies between the models.

Within Europe, the warming is estimated to be greatest over the Northeast area (e.g. western
Russia) and southern countries (Spain, ltaly, Greece), and less pronounced along the
Atlantic coastline (Figure 10). The European trend shows that winters will warm more rapidly
than summers will continue (with the exception of southern Europe).

Precipitation

Raisanen et al. (2004) give the change in precipitation applying two GCMs to scenario A2
and B2. Across all scenario simulations, the results agree on a general increase in winter
precipitation in Northern and Central Europe and on a general decrease in summer
precipitation in Central and Southern Europe, a bit smaller in central Scandinavia. Over all,
there is an annual increase in Nortern and an annual decrease in Southern Eutope.
Increased Atlantic cyclonic activity could lead to stronger precipitation (up to 15-30 %) in
winter over Western, Central and Norhern Europe, and in response to anticyclic cricluation to
reduced precipitation in winter over Southern Mediterranean regions (Giorgi et al., 2004). In
Summer, a blocking situation caused by enhanced anticyclonic circulation over the
Northeastern Atlantic could lead to decreases in precipitation (up to 30-45 %) over Western
and Central Europe and the Mediterranean.

Despite of precipitation increases, the amount of snow and area covered by snow are
expected to decline due to warming. The precipitation reduction in southern Europe is
expected to have severe effects, e.g. more frequent droughts, with considerable impacts on
crop production and availability of water resources.

Figure 11 illustrates the projected change in precipitation under scenario conditions until
2100 as a result of the same four Global Circulation Models as in Figure 10. As for
temperature, the overall pattern of change is similar for different GCMs for the same
emission scenario, although the spatial heterogeneity is much larger than for temperature.

However, uncertainty in projections of future precipitation is larger in comparison with
temperature. This applies particularly to regional precipitation patterns and seasonal
distribution of precipitation, which show a considerable range of projections. Nevertheless, it
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should be stated that scientific confidence in the ability of climate models to estimate future
precipitation is steadily increasing (IPCC 2007).

Temperature and precipitation extremes

According to IPCC (2007), yearly maximum temperature is expected to increase much more
in Southern and Central than in Northern Europe. Following EEA (2004), cold winters, which
occurred on average once every 10 years in the period from 1961 to 1990, are likely to
become rare in Europe and will almost entirely disappear by 2080. In contrast, by 2080
nearly every summer in many parts of Europe is projected to be hotter than the 10 % hottest
summers in the current climate (EEA, 2004). Under high emission scenarios every second
summer in Europe will be as hot or even hotter than 2003 by the end of the 21 century
(Luterbacher et al., 2004). In southern Europe, these changes are projected to occur even
earlier (e.g. in Spain by the 2020s) (Parry, 2000).

Notable changes are also projected for precipitation extremes in Europe. According to the
estimation of IPCC (2001), it is likely that there has been a 2 to 4 % increase in the frequency
of heavy precipitation in the mid and high latitudes of the Northern Hemisphere over the
second half of the 20" century.

For example, Palmer and Raisanen (2002) found that in winter, the probability of extremely
high seasonal precipitation over Europe increases by about two to five times over the course
of the next 50 to 100 years, leading to increased risk of severe floods. It is also likely that the
frequency of both intense precipitation events and summer drought risk will increase (Klein
Tank et al., 2002; Parry, 2000). This could lead to increased frequency of flood events, and
could have severe consequences for agriculture, water resources availability and the
frequency of forest fires in southern Europe. A predominant increase in the intensitiy of daily
precipitation events and a decrease in the number of events, also in areas where the mean
precipitation decreases was found by Giorgi et al. (2004).

Generally, the uncertainties in the prediction of extreme precipitation remain high (IPCC,
2007). The attribution of these extremes to climate change is still uncertain because of a lack
of accurate data and full scientific understanding of the functioning of the climate system.
Only recently, some first assessments have been published showing that extremes are
changing more than the average climate (e.g. Schér et al., 2004). Such information provides
an indication of what may happen in the future.

4.2 Climate change impacts on water resources for Europe and its regions

4.2.1 Observed trends in water resources and extreme events

Summary

e River discharge decreased considerably in many southern European river
basins and increased in some rivers of Eastern Europe. In central Europe, no
significant trends were observed.

e Over the observation period between 1975 and 2001 the annual number of flood
events in Europe clearly increased.

e Based on the results of trend analysis for the last 40 years, long dry periods in
summer showed an increase in most stations in central Europe, the UK and
southern Scandinavia, and long dry periods in winter increased in southern
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Europe.
e Glaciers in eight out of the nine European glacier regions are in retreat.

e During the last two centuries, the level of the Baltic Sea has risen significantly,
but in the Mediterranean Sea a more complex phenomena has been observed:
from an increasing trend at some gauges to a decreasing trend in others.

e A long-term trend towards shorter duration of ice cover has been reported for
lakes in Finland and Switzerland.

Annual river discharge

Annual river discharge, as well as precipitation, varies widely across the European continent,
reflecting different climate conditions and topography. Discharge levels follow amounts of
regional precipitation and range from very high on Britain's west coast, in western parts of
Norway, and in Iceland to very low in parts of Spain, Sicily, Turkey and southern Ukraine. In
semi-arid and arid regions the annual discharge volume is mainly determined by precipitation
in the upper parts of a basin. The uncertainties in the measurements of annual river
discharge are relatively low (Jasper et al., 2004), because data availability is good and
processes are well understood.

Annual river discharge has changed over the past few decades across Europe. The
observed trends in discharge over the twentieth century show different patterns in river
basins across Europe (Figure 12). It is very likely that the observed changes are mainly due
to changes in precipitation, although river discharge is also affected by various
anthropogenic factors such as river engineering measures and land use change. River
discharge decreased considerably in many southern European river basins such as the Loire
(France), the Jucar and Guadalquivir (both in Spain), and the Adige (ltaly) (EEA, 2004). In
contrast, increases in river discharge occurred in some rivers of Eastern Europe (e.g. the
Danube). In central Europe, no significant trends were observed (e.g. the Rhine and the
Elbe). Fresh water input to the Baltic Sea did not change substantially between 1920 and
1990 (Winsor et al., 2001).

Another study was performed recently using 70 time series of annual maximum daily river
discharge from Europe from 1961 to 2000 (Kundzewicz et al., 2005). The period was divided
into two twenty-year subperiods. It was found that the overall maxima occurred more
frequently (46 times) in the later subperiod 1981-2000 than in the earlier subperiod 1961-
1980 (24 times). Figure 13 presents the direction of changes in annual maximum daily river
discharge for 70 stations in Europe.

In a national-scale study for 61 stations in Sweden, Lindstrom et al. (2004) found a
substantial increase in annual discharge and flood magnitude, but they were not exceptional
in the context of high flows observed earlier.

Floods

The number of great flood disasters world-wide has grown considerably over recent
decades: six cases in the 1950s, seven in the 1960s, eight in the 1970s, 18 in the 1980s, and
26 in the 1990s (Berz, 2001; Kundzewicz and Schellnhuber, 2004).

Milly et al. (2002) examined historical time series on the occurrence of hundred-year floods in
large-scale river basins around the world, and then used climate models to evaluate whether
the observed behaviour was related to the greenhouse effect or not. They found a higher
frequency of hundred-year floods in the second half of the records compared to the first half.
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The trend they found in hundred-year flood occurrence over the 20" century was rather
small: 1.99 x 10 events per year, which means one extra hundred-year flood every 5,000
years. This trend was identified in climate model runs with 20™ century conditions.
Nevertheless, it was shown that this trend will continue, and perhaps even grow in the future.

The same tendency is observed in Europe. Over the period between 1975 and 2001, 238
flood events were recorded in Europe, and the annual number of flood events clearly
increased (EEA, 2004). Extreme floods occurred during the last decade in Germany, Austria,
the Czech Republic, Hungary and Poland. However, this tendency in the occurrence of
extreme events can not be ascribed to the impacts of climate change alone and results
instead from a concurrent combination of changes in climatic conditions and land-use
patterns.

The flood damage recorded in the European continent in 2002 was higher than in any single
year before (Kundzewicz and Schellnhuber, 2004) and the World Water Council (WWC,
2003) reported that economic losses caused by weather and flood related catastrophes had
increased ten-fold over the past 50 years. The WWC ascribes this development partially to
the results of rapid climate change, causing more intense rainy seasons, stronger storms,
shifts in rainfall and rising sea levels. However, the question to which extent such an
increase in flood damages can specifically be linked to climatic forcing rather than increased
vulnerability is very complex and requires further investigation.

Droughts

According to the results of the trend analysis performed by the STARDEX project (Goodess,
2005) for the last 40 years, long dry periods in summer showed an increase in most stations
in central Europe, the UK and southern Scandinavia, and long dry periods in winter
increased in southern Europe. It was also found in this project that partly the observed
changes in extremes (heavy rainfall, floods, droughts and heatwaves) can be explained by
changes in large-scale circulation.

The heatwave of 2003 affected France, Spain, Portugal, Germany, ltaly, Switzerland,
Austria, England and eastern European countries. The temperatures in summer 2003 in
Germany were on average about 3.4°C higher than in the period 1961-1990, corresponding
to a recurrence period of 450 years (Demuth, 2005). However, Schar et al. (2004) claim that
the extremely hot summer of 2003 statistically cannot be accounted for by a warming of
climate alone. They suggest that along with the increase in mean temperature, an increase in
the variability of temperatures might be occurring.

Glaciers and snow cover

Glaciers are considered as key indicators for the early detection of global greenhouse gas
related warming trends (IPCC, 2001). Glaciers in eight out of the nine European glacier
regions are in retreat (see Figure 14), which is consistent with the globally observed trend.
From 1850 to 1980, glaciers in the European Alps lost approximately one third of their area
and one half of their mass (EEA, 2004). During the melting process, there is an increase in
the number of hazardous events such as falling ice and landslides. The northern
hemisphere's annual snow cover has decreased by about 10 % since 1966 (EEA, 2004).

Sea level rise

During the last 2 centuries, the level of the Baltic Sea has increased significantly with a clear
shift in the rate of change at the end of the 19" century from 1.8 cm/century to 9.9 cm/century
(Omstedt et al., 2004). This is correlated with a decrease in the probability of ice occurrence,
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particularly in the southern Baltic, and a tendency for shorter ice periods (Jevrejeva et al.,
2004). In the Mediterranean Sea a more complex phenomenon is observed: from an
increasing trend at some gauges to a decreasing trend in others. Recent data indicate a
rapid rising of sea level, up to 20 mm-yr' in the eastern Mediterranean observed in field
measurements as well as by satellite altimetry (Cazenave et al., 2001; Jevrejeva et al., 2004;
Tsimplis and Rixen, 2002). However, it is still not clear whether the sudden rise in sea level
since the mid of 1990’s represents a long-term trend or an inter-annual or decadal
fluctuation.

Lakes

A long-term trend towards shorter duration of ice cover has been reported for lakes in
Finland and Switzerland (Kuusisto, 1987; Livingstone, 1997; Palecki and Barry, 1986). The
trend to an earlier ice melting increases the ice-free period and lake temperatures in spring
(Blenckner et al., 2002). There are some records of a progressive reduction in ice cover at
Loch Leven in Scotland and Windermere in the English Lake District (George et al., 2000). In
future only a few lakes in the more mountainous areas of the Atlantic Region will freeze
every year, though even here the duration of ice-cover will be reduced. Historical
observations from a high alpine lake in Switzerland indicate that the date of ice break-up
occurred 12 days earlier in 1990s than 150 years ago (Eisenreich, 2005). As a result of
reduced ice duration, effects of UV radiation became more pronounced in some high alpine
lakes in the last century (Psenner and Schmidt, 1992).

Long-term measurements in the English Lake District and in Sweden demonstrate that the
winter temperature of the lakes has increased by at least 0.6 °C over the last forty-fifty
years (George et al., 2000; Weyhenmeyer, 2001).

Melting of glaciers and loss of soil permafrost in catchments of high alpine and subarctic
lakes as a result of climate warming causes dramatic changes in chemistry and biota of
these lakes. For example, a temperature increase by two degrees that melted the permafrost
and left Lake Schwarzensee, a remote high alpine lake in Austria. Conductivity and silica
doubled, the lake became warmer and hence more productive, and pH dramatically
increased (Psenner and Schmidt, 1992). In Lake Erken (Sweden) the hypolimnetic
phosphorus concentration increased during the 1990s. It was concluded that the increase in
water residence time was the main factor causing strong internal eutrophication, illustrating
the potential sensitivity to climate change of lakes with a long water residence time
(Eisenreich, 2005).

4.2.2 Impacts on water balance

Changes in climate components (mainly temperature and precipitation) will cause changes in
water balance components. Major target components in this report are evapotranspiration,
river discharge and groundwater recharge. These components mainly determine the
availability of water resources. Also, a brief examination of possible climate impacts on
glaciers, snow cover and on lake systems is included.

To assess the impacts of climate change on water balance components, a coupling of
atmospheric and hydrological models is required. For this purpose, GCM output regarding
changes in climatic parameters such as temperature and precipitation is used as input for the
hydrological models. However, one of the main problems is the scale difference between the
climate and hydrological systems. Whilst GCMs have a quite coarse temporal and spatial
resolution (i.e. monthly time steps and grid sizes of several thousand square kilometres),
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hydrological models require much finer detail (i.e. time scales of days and a spatial resolution
of a few square kilometres). The two main techniques to overcome this problem are the use
of statistical methods or RCMs (Arnell, 2001/ IPCC).

Summary:

e Generally, evapotranspiration increases due to climate change. In areas with
sufficient available moisture (e.g. regions in northern Europe), increase in
temperature would lead to increases in evaporation and evapotranspiration.

e Predictions of the effect of climate change on runoff and river discharge are
uncertain. The general trend is towards an increasing of winter runoff and
decreasing of spring runoff at high latitudes. In central Europe, winter runoff
could increase, and summer runoff decrease, while the annual runoff will remain
practically the same. Some studies indicate a decrease in annual average runoff
in south-eastern Europe.

e Several river basin case studies indicate possible climate-induced changes in
the timing of runoff resulting from the effects of rising temperatures on snow-
cover dynamics, which would enhance winter runoff, reduce summer runoff, and
shift monthly peak flows by up to two months earlier than at present. The
occurrence of peak runoff and flood risk could move from spring to winter.

e Most studies on water supply and demand conclude that annual water
availability would generally increase in northern and north-western Europe and
decrease in southern and south-eastern Europe. Temperature rise and changing
precipitation patterns are expected to exacerbate the already acute water
shortage problem in southern and south-eastern European regions.

Evapotranspiration

Evapotranspiration is defined as the release of water vapour from the earth's surface (soil
and surface waters) to atmosphere by evaporation and plant transpiration. Generally,
evapotranspiration increases due to climate warming. Evapotranspiration is influenced
mainly by the availability of energy (solar radiation) and water, as well as by air temperature,
air humidity, wind speed, vegetation and soil characteristics. It is well established that as
temperature rises, the energy available for evaporation increases and the atmospheric
demand for water from land and surface waters increases as well. Furthermore, a warmer
atmosphere can hold more water. Evaporation is driven by the availability of energy, but
actual evaporation rates are constrained by the actual water availability. Higher temperature
will lead to an increase in potential evaporation, but could result in lower actual evaporation if
water availability decreases.

In areas with sufficient available moisture (northern Europe) an increase in temperature will
lead to an increase in evaporation and evapotranspiration. By contrast, in southern Europe
(e.g. the Mediterranean region) a reduction in water availability during the summer season
will lead to a reduction in total evapotranspiration despite a temperature driven increase in
evaporative demand. According to estimates of Arnell (1996) for several catchments in the
UK, the rate of actual evaporation would increase by a smaller percentage than the
atmospheric demand for evaporation, with the greatest difference in the driest catchments,
where water limitation is larger.
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River discharge

River discharge consists of a portion of precipitation that is not evaporated, transpired or
stored by soils. Changes in annual river discharge are projected to vary significantly across
Europe, related to regional environmental settings and local changes in precipitation and
temperature. Predictions of climate change effects on river discharge are quite uncertain and
the predictions of different models are variable. Studies providing projections of annual runoff
changes for northern Europe have been done by Werrity (2002) and for Central and South-
eastern Europe by a number of authors (Alcamo et al., 2005; Chang et al., 2002; Estrela et
al., 2005; Etchevers et al.,, 2002; Menzel and Birger, 2002; Santos et al., 2002). The
uncertainties are mainly caused by uncertainties in the projections of changes in
precipitation. Here the use of Regional Climate Models is of advantage.

As a general trend demonstrated by many modelling studies, runoff in higher-latitude areas
with increased precipitation most likely will increase in winter and decrease in spring due to
the fact that less precipitation will fall as snow in winter and less snow melting will occur in
spring. In mild temperature climates, annual runoff would remain practically constant, but will
exhibit a more dynamic seasonal cycle. Summer flow in river basins with considerable
groundwater contribution will change due to changes in precipitation during the groundwater
recharge period in winter. In arid and semi-arid Mediterranean areas changes in precipitation
will be translated into runoff changes, while the latter will be considerably higher in
percentage.

Projected changes in river discharge depend on changes in precipitation, and the
relationship is non-linear. Figure 15 demonstrates exemplarily the projected changes in
average annual river discharge in Europe compared to today’s levels and discrepancies
between projections of change based on two GCMs. By 2020 most of Europe expects only
small changes in runoff (-5 to +5 %), while the Mediterranean region and Eastern Europe
may expect decreases up to 25 %. Northern Europe may expect increases in river discharge
up to 25 %. For 2070s signals of changes are more explicit with river discharge decreasing
by more than 25 % in southern and south-eastern Europe, and increasing by more than 25 %
or more in most parts of northern and north-eastern Europe (Figure 15). Consequently,
stress on water resources may continue to grow significantly in southern Europe.

Some other studies (e.g. Arnell, 2004) indicate a decrease in annual average runoff of 20-
30 % by the 2050s and of 40-50 % by the 2075s in south-eastern Europe. Here, annual
rainfall and river discharge have already begun to decrease in the past few decades (Hulme
et al., 1999). Projected percentage changes in annual river discharge are often more
pronounced than changes in precipitation due to non-linearity.

Changes in runoff regime and seasonality are also expected to occur under climate change.
By 2020 an increase in winter runoff and decrease in summer runoff can be stated. Decrease
in summer runoff in southern Europe may decrease by up to 50 % by 2050 and up to 80 %
by 2080 (EEA, 2005). This trend is also expected for the Rhine (Middelkoop et al., 2001), the
Volga (Oltchev et al., 2002) and Slovakian rivers (Szolgay et al., 2004). For Central Europe a
shift in low river discharges from winter to summer (Lehner et al., 2001), and a decrease of
summer flow by up to 50 % (Eckhardt and Ulbrich, 2003) in particular in the Alps after the
melting of its glaciers (Schneeberger et al., 2003) are likely. Changing precipitation and
temperature in alpine and mountain regions together with changes in snow cover and
precipitation type (rain instead of snow) may cause a shift in the flow regime. For the Swiss
Alps Zierl and Bugmann (2005) state that summer discharge of Alpine catchments will
significantly decrease, winter floods will become more frequent and that the snow line will
rise. Arnell and Reynard (1996) modelled river discharge in the UK under various climate
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scenarios and found that discharge would increase in winter under all scenarios. Many
models predict higher changes in monthly flow than in annual flow (shift in seasonality)
(Eisenreich, 2005).

Groundwater recharge

Already relatively small changes in precipitation amounts in conjunction with temperature rise
may notably impact groundwater recharge, potentially leading to a reduction in recharge
(Eitzinger et al., 2003). Rising temperature induces longer vegetation growth periods. This
leads to increasing evapotranspiration, which continues later in the autumn season leading to
delayed and lower groundwater recharge. Also the end of the recharge period would come
earlier in spring. This would be most evident in south-eastern Europe. Cooper et al. (1995)
found that the effect of various climate scenarios on groundwater recharge depends on the
aquifer type, and that scenarios incorporating higher evaporation resulted in the highest
change in hydrological regime of aquifers.

For instance, Arnell (2003) found that average annual groundwater recharge in the UK is
expected to fall by 5 to 15 %. Hattermann et al. (2007) reported an average decrease in
groundwater discharge for the Elbe basin (Germany) of 22 % by 2055 with up to 75 %
decrease in some parts of the basin. Eckhardt and Ulbrich (2003) found a decrease of
groundwater recharge in the Dill catchment (Germany) of up to 50 % by 2070 — 2100,
especially in the summer time. Kruger et al. (2001) estimated a reduction of groundwater
recharge by 15 to 30 % until 2050 for Central European river basins.

Generally, the coupling of climate change and anthropogenic activities could be even more
important for groundwater. Aquifers usually recharge very slowly, and the current level of
water abstraction may appear to be not sustainable under future climate conditions,
especially in some southern European regions, where aquifers are already overexploited and
falling groundwater levels are already observed (Eisenreich, 2005). Other possible negative
consequences of falling groundwater levels are a loss of wetlands and, in case of aquifers in
coastal zones, salt water intrusion.

Water resources availability

Above stated changes in water balance components under climate change translate to
changes in water resources availability. Apart from possible climate change impacts on the
water cycle, other pressures mainly in domestic, industrial, and agricultural water demand
control the availability of water resources in Europe. Information on the combined impact of
climate and human water withdrawals can be found in studies by D&ll (2005) and Lehner et
al. (2001), indicating increasing pressure on water resources in most of eastern Europe,
Southern Europe and parts of Central Europe by 2070s compared to today’s situation (1990)
(Henrichs and Alcamo, 2002).

Figure 16 summarises water resources pressures depending on climate change and
population growth across Europe in 2051 under the A2 world (see Table 2). River basins with
the lowest available water resources per capita, in the absence of climate change, are mostly
in highly-populated western and Central Europe. Climate change tends to increase the
number of basins in southern Europe with water scarcity. The spatial pattern of change
generally is very similar for other emission scenarios and future populations.
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Table 2 Number of people (millions) living in European watersheds with less
than 1700 m® per capita per year, by socio-economic storyline (A1f, A2, B1, B2),
assuming no climate change and climate change calculated by four GCMs (HadCM3,
CGCM2, CSIRO2, PCM) in the years 2025, 2055 and 2085. The change in number of
people (millions) due to climate change is shown as well (Schréter et al., 2004).
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A large proportion of Europe’s population already live in watersheds with less than 1700 m®
capita” year”, and beyond the 2020s climate change would increases the number of people
affected (Table 2). Until 2025 climate change has no severe impacts on the number of
people living under water stress situations (Table 2), but for 2055 and 2085 the amount of
people under water stress considerably increases.

Schroter et al. (2005) investigated changes in water stress status of European river basins by
2080 considering climate change and population growth for Europe. Water stressed basins
are defined to have less than 1700 m® water per capita and year. Simulations were carried
out for four emission scenarios (A1fi, A2, B1, B2) based on HadCM3 GCM climate with
respective population sizes and based on four GCMs (HadCM3, CGCM2, CSIRO2 and
PCM) for A2 emission scenario compared to the hypothetical case of no climate change.
Increases in water stress are projected for southern Europe especially the Iberian Peninsula
and ltaly for all cases and partly for central Europe. The authors stated that population
growth and climate change by 2080 would increase the number of people living in water-
stressed watersheds, and water deficiency would be exacerbated for many already stressed
areas, particularly in southern Europe.

Glaciers and snow cover

Most of European glaciers, especially in the Alps, experienced a retreat and loss of glaciers
ice mass. It is very likely that the glacier retreat will continue. By 2050, about 75 % of the
glaciers in the Swiss Alps are likely to disappear (EEA, 2004). Northern hemisphere snow
cover extent is projected to decrease further during the 21% century. Under a warmer climate,
snow cover will diminish substantially. At least three consequences can be expected: (1)
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summer discharge of Alpine catchments will significantly decrease, (2) winter floods will
become more frequent, and (3) the snow line (defined as the altitude above which snow
becomes a seasonal or permanent feature) will rise (Schréter et al., 2004). Snow cover is
highly sensitive to changes in temperature. Simulations indicate that the elevation of a
reliable snow cover will rise between 200 m and 400 m, i.e. from about 1300 m a.s.l. today to
1500-1700 m a.s.l. at the end of the 21° century (Schréter et al., 2004). The projected
increase in winter precipitation can partly compensate for the temperature-related rise of the
snow line, but it cannot prevent the upward shift. Sensitivity studies for five Alpine
catchments have shown that per degree Celsius of warming elevation of reliable snow cover
moves upward by approximately 150 m (Schréter et al., 2004). Exemplarily for two alpine
catchments the simulated development of snow line altitude is shown in Figure 17.

Lakes

According to a report by the European Commission’s Joint Research Centre (Eisenreich,
2005), the response of lakes to climate change is most coherent for physical parameters:
there is a high probability for increase of lake temperature, shorter ice-cover duration, and
stronger thermal stratification. Freshwater systems in the arctic, subarctic, and alpine regions
are particularly sensitive to climate change, and most climate change scenarios indicate that
the highest and most rapid temperature increase will occur in these regions (Arctic Council,
2004; McCarthy et al., 2001). The most visible changes will occur in lakes, which previously
were permanently ice-covered and now will become temporarily ice-free (Psenner, 2003),
and also in lakes which will totally loose their winter ice-cover. Expected changes in cycling
of nutrients and chemical regime of lakes (e.g. eutrophication rate) are less coherent and
strongly depend on local conditions and the current lake type. However, even small shifts in
climate parameters may have dramatic effects on biota and biodiversity, especially in
extreme habitats where species are living at the limit of their capabilities. In regions with
higher precipitation and hence higher runoff the pollution loads from catchments (diffuse
source pollution) to the lakes will be increased, and vice versa (Krysanova et al., 2005).

4.2.3 Impacts on extreme events (floods and droughts)

According to the Clausius-Clapeyron law, the atmosphere’s water holding capacity increases
with temperature, and hence the potential for more intense precipitation increases. Higher
and more intense precipitation has already been observed globally, and this trend is
expected to increase in the future world under global warming. This is a sufficient condition
for flood hazard to increase (Kundzewicz and Schellnhuber, 2004). Besides, there are other,
non-climatic factors escalating flood hazard. Changes in land-use patterns can also intensify
the impacts of extreme precipitation events. For example, deforestation, urbanisation and the
elimination of flood plains and wetlands alter the water storage capacity of soils and thus
runoff (Kundzewicz and Schellnhuber, 2004). When assessing changes in flood hazard, it is
therefore difficult to disentangle the climatic component in hydrological extremes from strong
natural variability and human-induced environmental changes. Projections of extreme events
for future climate are therefore highly uncertain.

Summary

e Temperature variability increases strongly in the future, with maximum changes
in central and eastern Europe.

e Episodes of intense precipitation will most likely increase in frequency and
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consequently risk of floods will increase.

e Considerable increase of the risk of very wet winters in Europe over large areas
of Europe is expected. Risk of late autumn and winter floods (caused by rain)
is increasing, but less snowmelt floods in Europe are expected.

e Model results suggest that under enhanced greenhouse-gas concentrations,
summer temperatures are likely to increase by over 4°C on average, with a
corresponding increase in the frequency of droughts and severe heat waves.

e In general, increases in frequency and intensity of droughts and floods are
projected, which could cause significant financial and human loss throughout
Europe.

Risk of extreme events shown by models

Under the scenario of CO. doubling, climate models are converging towards an
intensification of the hydrologic cycle with an increase in precipitation intensity, up to 1 % per
decade in the 20th century over the northern mid- and high latitudes, whereas other areas in
southern mid-latitudes will be experiencing drier conditions (IPCC, 2001). The results of
climate models have shown that the risk of extreme precipitation and flooding would increase
in the future (Milly et al., 2002; Palmer and Ré&isanen, 2002). It is also recognised that
changes in the hydrologic cycle would emerge as extreme events in time, either floods or
droughts at specific periods of the year.

Palmer and Raisanen (2002) analysed differences between the control model run with 20"
century levels of CO, and an ensemble with transient increase in CO, around the time when
CO, will be doubled (about 61-80 years from present). They found a considerable increase of
the risk of a very wet winter in Europe. Their results indicate that the probability of total winter
precipitation in the boreal zone to exceed two standard deviations above normal will increase
by a factor of five to seven over large areas in Europe (e.g. in Scotland, Ireland, parts of
Russia, and much of the Baltic Sea basin area).

Climate change may also change the timing and magnitude of both high flows (Reynard et
al., 2001) and low flows (Arnell, 1999). The occurrence of greatest flood risk could move from
spring to winter (Ludwig et al., 2004), and be enhanced by the expansion of impermeable
surfaces due to urbanisation (De Roo et al., 2003). Model simulations indicate that low flows
in central European mountain watersheds may be reduced by up to 50 % (Eckhardt and
Ulbrich, 2003; Szolgay et al., 2004). A climate change impact study by (Arnell, 1999) has
projected that droughts are likely to increase in frequency and intensity across most of
western Europe under a range of climate scenarios.

Figure 18 shows the change in average annual runoff, change in “drought” runoff (the annual
runoff exceeded in nine years out of ten) and “flood” runoff (the mean maximum monthly
runoff) performed at the 10x10’ grid scale by 2021-2050 under the A2 emissions scenarios
for the ATEAM project (Schréter et al., 2004). Note that neither runoff has been routed, i.e.
the variables represent runoff generation for every model grid cell but not for individual river
basins. Whilst there is some broad consistency in the pattern of change — reductions in runoff
in southern Europe and increases in northern Europe — the magnitudes and precise
geographic patterns vary between climate models. Reductions in 30-year mean runoff in
parts of southern Europe can be as great as 30 %; percentage increases in northern Europe
are smaller. The patterns of change for “drought” runoff and “flood” runoff are similar.
Percentage reductions in drought runoff tend to be larger than percentage changes in annual
runoff and, under HadCM3 at least, in some areas of north-western Europe climate change
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may produce simultaneously more severe droughts and more extreme floods. Much of the
large reduction in maximum flows in eastern Europe is due to the shift in timing of flows from
spring to winter, as a greater proportion of precipitation falls as rain.

The latest climate impact studies suggest significant summer drying across many parts of
Europe, particularly in the Mediterranean basin with more hot days and heatwaves becoming
very likely (Goodess, 2005; IPCC, 2001; Lehner et al., 2005) (see Figure 19). The results of
the studies lead to an assertion that over the next 100 years Europe is likely to experience
more frequent meteorological drought conditions, especially in the southern regions. These
events might manifest themselves either as short but extreme single season droughts (such
as the hot summer of 2003) or longer-term, multi-seasonal droughts, and they might be
either local or more widespread in nature.

Simulations by Schar et al. (2004) suggest that every second summer in Europe by the end
of this century would be as hot and dry as the summer of 2003. According to them, “the
European summer climate might experience a profound increase in year-to-year variability in
response to greenhouse forcing. Such an increase might be able to explain the unusual
European summer of 2003, and would strongly affect the incidence of heatwaves and
droughts in the future.”

Statements: global and European scale

The World Water Council (2003) stated that “the expected climatic change during the 21
century will further intensify the hydrological cycle, with rainy seasons becoming shorter and
more intense in some regions, while droughts in other areas will become longer in duration,
which could endanger population and crops and lead to drops in food production globally.
The risk of more frequent, and possibly more brutal, storms and extreme weather events will
increase”.

The Third Assessment Report (TAR) on Climate Change (IPCC, 2001) states that “it is very
likely (a 90-99 % probability) that precipitation has increased by 0.5 to 1.0 % per decade in
the 20" century over most mid and high latitudes of the Northern Hemisphere continents” and
that “it is likely (a 66-90 % probability) that there has been a 2-4 % increase in the frequency
of heavy precipitation events in the mid- and high latitudes of the Northern Hemisphere over
the latter half of the 20" century’. As a consequence, it has been concluded (IPCC, 2001)
that: “flood magnitude and frequency are likely (a 66-90 % probability) to increase in most
regions, and low flows are likely to decrease in many regions.” (Vellinga and Van Verseveld,
2000) conclude that “as concentrations of greenhouse gases in the atmosphere continue to
rise, it is likely that there will be an increase in the intensity of rainstorms, river floods,
droughts, and other extreme weather events.”

The European Environmental Agency (EEA, 2004) stated that climate change is likely to
increase the frequency of extreme flood events in Europe, in particular the frequency of flash
floods, which have the highest risk of fatality. The frequency and intensity of flood events will
be closely related to future changes in the pattern of precipitation and river discharge. As a
consequence of increased precipitation intensities in many European regions, peak runoff is
subject to increase, leading to increased occurrence of flood events. It is foreseen that
episodes of intense precipitation will grow in frequency, especially in winter, thus increasing
the risk of flooding. In addition, the winter precipitation will fall more often as rain, as a result
of higher temperatures. This will lead to immediate runoff and greater risk of flooding (IPCC,
2001). (Schnur et al., 2002) state that “changes in extreme climate, such as hot spells,
droughts or floods, potentially have a much greater impact on society than changes in mean
climate, such as summertime temperature averaged over several decades”.
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Uncertainty, knowledge gaps and unresolved problems in flood research

The high uncertainty associated with climate model results, impact assessment using climate
scenarios, and future trends should be clearly recognised. Due to complexity and nonlinearity
in the interactions between climate and the water cycle, acting at various spatial and
seasonal scales, some unexpected impacts could happen and some statements about
impacts will be corrected in future.

Schnur et al. (2002) stated that today's climate models are not reliable at predicting extreme
climate events in local areas, such as flooding in a given river basin, because they are limited
in their resolution to a coarse grid size of about 200 kilometres. For the average river basin,
climate-change simulations would need a much higher resolution of tens of kilometres, but
this will not be available for quite some time. However, even the higher resolution of climate
models will not reduce uncertainty in model predictions of extreme events to zero due to
other sources of uncertainty, in particular, uncertainty related to GCM performance in
simulating precipitation.

Until these high-resolution climate change simulations are available, downscaling methods
need to be applied to produce the proper spatial resolution needed for extreme events
modelling. Downscaling methods available are Regional Climate Models (using the GCM'’s
as boundary conditions), statistical downscaling methods and stochastic downscaling. No
clear consensus exists on which methodology to apply. Some authors, e.g. Arnell (1999)
advise not to use downscaling at all.

Hydrologists have not yet been able to distinguish the influence of climate change on
flooding in relation to other anthropogenic interferences or in relation to the natural variability
of the area-specific meteorological conditions. For such analysis the further development of
process-oriented hydrological models coupled with meteorological and hydraulic simulation
tools is necessary (Bronstert, 2003).

4.2.4 Impacts on coastal systems

Summary:

e Global warming is responsible for a rise in sea level of 1-2 mm/yr with a
subsequent increase in coastal erosion, flooding, salinisation of estuaries and
land aquifers. The rate of sea-level rise due to thermal expansion only already
amounts to 0.20 — 0.37 m for 1990 — 2090 (globally). The magnitude of sea-
level rise is expected to be geographically non-uniform.

e An intensification of the hydrological cycle has impacts on the water and
salinity budget of coastal systems, coastal shape and productivity
(eutrophication) leading to loss of habitats.

e The response of coastal systems to climate forces varies regionally and is
tightly coupled to human activities on land emphasising the importance of
downscaling models and statistics for proper assessment.

Temperature rise alone already causes a rise in sea-level due to thermal expansion.
Additionally, mass loss of glaciers, ice caps and runoff from thawing of permafrost contribute
to sea level rise (IPCC, 2001). Like glacier retreat, sea level rise is an important indicator of
climate change. Main consequences resulting from sea level rise are flooding (storm surges)
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of coastal areas, coastal erosion, the loss of flat coastal regions, enforced landward intrusion
of salt water and endangered coastal ecosystems and wetlands.

The projected sea level rise for Europe is between 13 and 68 cm by 2050 due to thermal
expansion only (IPCC, 2001). Regional values can be 50 % higher or lower (Eisenreich,
2005). The projections of sea level rise between 1990 and 2100 indicate that rates could be
2.2 to 4.4 times higher than the rate in the twentieth century. Furthermore, sea level is
projected to continue rising for centuries.

However, recent “non-conservative” studies indicate that some non-linear processes and
feedbacks may enhance melting of polar glaciers very significantly and cause sea level rise
of several meters over one century (e.g. (Hansen, 2003), see also Section 4.3 below). In
case such pessimistic projections were be realised, sea level rise might become the most
important climate change related problem on the Earth. Already today some densely
populated areas in Europe (especially in the Netherlands, United Kingdom, Germany and
Italy) are located below sea level. These areas could enlarge under climate change induced
sea level rise (Figure 20).

Beside inundation of coastal zones, other important biogeophysical impacts caused by sea
level rise are anticipated: (1) increasing probability and frequency of storm surges (Lowe et
al., 2001), (2) accelerated coastal erosion (Stive, 2004; Zhang et al., 2004), (3) impacts on
groundwater bodies like rise in groundwater level (Barlow, 2003) and salt water intrusion and
(4) impacts on the biological system (loss of wetland areas, (Nicholls, 2004), changes in light
and temperature conditions leading to physiological stress for organisms and changes in the
functions of coastal ecosystems). Generally, coastal areas most threatened by climate
change are deltas, low-lying coastal plains, islands and barrier islands, beaches, coastal
wetlands, and estuaries (Beniston et al., 1998; Nicholls and Klein, 2004).

About 9 % of all European coastal zones (defined as a 10 km strip, lying below a 5 m
elevation) can be potentially affected by climate change. Member States concerned are the
Netherlands, Belgium, Germany, Romania, Poland and Denmark (EEA, 2005). Flooding due
to one meter rise in sea level would affect 13 million people in five European countries. The
highest potential impact would be on the Netherlands, whereas Poland and Estonia would
feel the least impact.

4.3 Likelihood of abrupt climate change and possible impacts

Historical data suggest that climate in some regions has changed very rapidly. During the
last decade research of the potential mechanisms of abrupt climate change has been done,
but there are no quantitative scenarios comparable to those for ‘usual’ climate warming
published yet. However, the public awareness has been raised globally after the film The
Day After Tomorrow shown in 2004. Recently the Report on “Vulnerability to abrupt climate
change in Europe’ was published by Tyndall Centre for Climate Change Research (Arnell et
al., 2005) based on published studies on mechanisms of abrupt change (Alley et al., 2003;
NRC, 2003), some model simulations and expert judgement. Our overview will follow main
findings described in this Report.

Summary

e Three variants of abrupt climate change are in principle possible: 1) a collapse
of the thermohaline circulation in the North Atlantic, 2) an accelerated climate
change, and 3) the rapid sea level rise that could result from disintegration of the
West Antarctic Ice Sheet.
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e The likelihood of these extreme impacts occurring is highly uncertain and
probably very low.

e Major expected impacts depend on variants and could affect agriculture, human
health, physical infrastructure and ecosystems, availability of water resources,
coastal infrastructure including many European cities.

4.3.1 Mechanisms of abrupt climate change

According to recent research results, three variants of abrupt climate change are in principle
possible:

1) a collapse of the thermohaline circulation in the North Atlantic, resulting in a cooling
across Europe;

2) an accelerated climate change, caused by additional, usually not accounted-for
feedbacks like the release of greenhouse gases from permafrost and the oceans
during climate warming; and

3) the rapid sea level rise that could result from disintegration of the West Antarctic Ice
Sheet.

The thermohaline circulation can be imagined as a pump, bringing warm water across the
North Atlantic towards the European continent. The pump is driven by cooling of this warm
salty water, becoming more dense, and then sinking to flow southwards at depth. Large
inputs of freshwater into the North Atlantic may prevent further sinking and basically create a
collapse by switching off the transport of warm water across the Atlantic. Freshwater could
come from increased precipitation over the Arctic Ocean, increased runoff from rivers
draining into the Arctic, and/or accelerated melt of the Greenland ice sheet. Model
simulations show that as a result temperatures across Europe could fall by up to 3°C during a
decade (Vellinga and Wood, 2002). Several studies have sought to identify critical thresholds
for the collapse of the thermohaline circulation in the North Atlantic, e.g. (Rahmstorf and
Ganopolski, 1999). However, the likelihood of the collapse during 21%' century is very
uncertain: firstly, it is not clear how close the circulation is to a threshold, and secondly, it is
not clear how much extra freshwater is likely to arrive into the North Atlantic.

The accelerated climate change can be caused by additional feedbacks in the climate
system. It is well known that the climate system is characterised by a large number of
feedbacks, most of which are incorporated into climate models. However, some of the
feedbacks are not well understood or adequately included in models, and some of them have
the potential to produce substantially higher increases in temperature than currently
simulated by GCMs. For example, higher temperatures may lead to an increased release of
methane from wetlands in high latitudes, and higher temperatures at the sea bed may lead to
the release of methane currently stored as methane hydrates (Ehhalt, 2001). Recent
research also suggests that higher temperatures would increase the rate of carbon release
from soils (Knorr et al., 2005).

The West Antarctic Ice Sheet is grounded below sea level (as opposite to the Greenland
Ice Sheet grounded above sea level), and thus potentially unstable. If the ice shelves
surrounding the ice sheet were weakened by melting from above or below, it is possible that
melting and discharge of ice would increase substantially. Other mechanisms, which may
trigger “rapid” deglaciation, include rapid acceleration of ice streams within the West
Antarctic Ice Sheet. The complete collapse of the West Antarctic Ice Sheet would raise sea
levels by around 5 m globally, but the rates of sea level rise during collapse are unlikely to
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exceed 1 m/century. The complete disintegration of the Greenland Ice Sheet would raise sea
levels by 7 m, and this freshwater would contribute to weakening of the thermohaline
circulation. This effect is rather unrealistic for the 21 century but is possible over the next
1000 years.

4.3.2 Likelihood of abrupt climate change

One of the major questions is the likelihood of possible abrupt change occurring, for which
there are no scientifically robust estimates. The likelihood of these extreme impacts occurring
is highly uncertain and probably very low (Arnell et al., 2005). Taking into account the high
uncertainty associated with abrupt climate change, the most urgent and effective action now
is to monitor — in the oceans, atmosphere and ice sheets - for the onset of abrupt change.

The study of Arnell et al. (2005) conducted a survey of expert opinions in order to provide
some estimates of the likelihood of abrupt climate change. Difficulties in identifying a large
sample of appropriate experts, and unwillingness of some experts to make subjective
estimates of risk, meant that the final sample sizes were small. Estimates of the likelihood of
thermohaline circulation collapse or accelerated climate change varied significantly between
experts, over several orders of magnitude: most experts believed the risk of either to be very
low (well under 1 %), but a minority assessed the risk as considerably greater. For more
details see (Arnell et al., 2005).

4.3.3 Expected impacts

A rapid or abrupt climate change would (by definition) alter the mean climates substantially,
and have significant effects on the frequency of extreme events (tropical cyclones,
hurricanes, prolonged droughts and intensive floods).

The estimation of possible impacts of abrupt climate change in the study by (Arnell et al.,
2005) was based on expert interpretation of published and “grey” literature on the
implications of gradual climate change, supplemented by a number of computer simulations
investigating changes in river discharge, crop suitability and energy requirements across
Europe under the thermohaline circulation collapse and accelerated feedback scenarios. The
expert judgement was provided by the project team, with input from some sectoral experts
and climate change impact researchers. Table 3 summarises the key implications (shown in
order of their significance) of the three abrupt climate change scenarios for Europe.

Summary of impacts

The collapse of the thermohaline circulation: major expected impacts are on agriculture,
human health, physical infrastructure and ecosystems. The economic and cultural centre of
gravity of Europe would move southwards.

The accelerated climate change: major impacts also on availability of water resources,
agriculture, human health, physical infrastructure and ecosystems. The economic and
cultural centre of gravity of Europe would move northwards.

The rapid sea level rise would threaten coastal infrastructure and inundate large parts of
many European cities, and would highly increase coastal flood losses. The economic and
cultural centre of gravity of Europe would move inland.
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Table 3

Major implications of abrupt climate change in Europe shown in order of

their significance (from (Arnell et al., 2005).

Collapse of the thermohaline circulation

e Major reductions in crop production, with consequent impacts on food prices,
access to food, and rural economies

e |Increases in cold-related deaths and illnesses

e Movement of populations to southern Europe, and shift in centre of economic
gravity

e Major changes in temperate and Mediterranean ecosystems and the services
they provide (food, recreation, biodiversity, forest products)

e Disruption to winter travel opportunities and increased icing of northern ports and
seas

e Requirement to refurbish infrastructure, especially in western Europe, towards
Scandinavian standards

e Reductions in runoff and water availability in southern Europe, and major
increase in snowmelt flooding in western Europe

Accelerated climate change

e Major reductions in crop production, with consequent impacts on food prices,
access to food, and rural economies

e Increase in summer heat-related mortality and illnesses, and increased risk of
transmission of disease

e Major reductions in water availability in southern and western Europe, coupled
with large increases in demand for water, particularly for irrigation

e Major changes in boreal and Mediterranean ecosystems and the services they
provide

e Requirement to refurbish infrastructure, especially in western and northern
Europe

e Reduction in ice cover in northern ports and seas

Rapid sea level rise

e Inundation of parts of coastal cities (including London, Hamburg, Venice,
Amsterdam and Rotterdam), coastal wetlands and deltas

e Inundation of coastal facilities, including ports and power stations

e Very substantial increase in coastal flood damages and requirement for major
investment in coastal flood defences

e Major threat to viability of the financial services industry, particularly insurance
e Relocation of economic activity away from coastal cities

4.4 Identification of key challenges and water related sensitivities

For major European regions and four time horizons water related sensitivities to climate
change are summarised in a preliminary form in Table 4. There, five European regions,
namely (1) Southern Europe (Spain, Portugal, ltaly, Greece and southern France), (2)
Northern Europe (Norway, Sweden and Finland), (3) Western Europe (United Kingdom,
Ireland, northern France, Germany, Belgium, Netherlands, Luxembourg, Switzerland,
Denmark), (4) Eastern Europe (Poland, Baltic states, Czech Republic, Slovakia, Hungary,
Slovenia, Austria) and (5) South-eastern Europe (Serbia, Croatia, Bosnia, Albania, Bulgaria,
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Romania, Macedonia) are distinguished. For each region observed changes alongside with
three time horizons 2020, 2050 and 2080 are considered. Information is provided for climatic
components (temperature, precipitation and seasonal properties), water resources sensitivity
and expected change of the occurrence and intensity of extreme events.

This integrative table includes relevant information from sections 2.2 to 2.4 delivering a base
to characterise “syndromes” posing a major threat to this region and requiring the
development of appropriate adaptation measures. These syndromes should integrate the
striking challenges for Europe and its regions in terms of climate change induced alterations
of water resources.

As can be drawn from the table, certain aspects are difficult to address with confidence when
considering broad regions in Europe and available results of climate and hydrological
models. For example, the possible development of flood risk has to be addressed at the local
or at the river basin scale. For example, the significance of observed changes in annual
maximum flow (see Figure 13) does not deliver definitive patters corresponding to broad
European regions. Hence, for the forthcoming work a spatially more explicit consideration
should be performed, also in respect to future developments.

Temperature trends, both observed and anticipated for the future, are more explicit, and
provide more evidence. For precipitation changes, more regional environmental settings
have to be included to reduce the uncertainty incorporated. Therefore, in a next step, results
based on scenarios from Regional Climate Models should be considered.

In respect to increasing water stress and occurrence of drought and heatwaves, regional
scale information is an asset, but tendencies are already foreseeable. Especially southern
Europe and south-eastern Europe will suffer from water shortage and increased summer
drought already in the near future (by 2020). For eastern Europe (winter) and northern
Europe (winter and spring) flood risks may be assigned as the major threat (or syndrome).
Projections for western Europe have higher variability, showing both more floods in winter
and more droughts (respectively, heat days) in summer. Mountainous regions, especially the
Alps, will and already undergo loss of snow and ice mass, with a high certainty to continue in
future with accelerated rates. Hence, important water resources are diminishing, risk of
disasters related to mass movements are increasing, and higher risk of late winter floods can
be stated. Although floods related to ice jams in rivers are expected to decrease.

Finally, it can be stated that considering the various sources for uncertainty, there is an
astonishing degree of certainty about some future climate changes, which are consistent
over all scenario simulations and GCM results. These are:

o The CO, concentration of the atmosphere will increase even under scenario conditions
where the CO, emissions would decrease over the second half of the 21% century.

o This will lead to an increase of the global temperature, which will be more pronounced
at higher latitudes.

o The temperature increase will stimulate evapotranspiration and result in an
intensification of the water cycle.

o It is likely that the trend to increasing global precipitation will continue.

o) Some case studies indicated climate-induced changes in the timing of runoff. These
result from impacts of rising temperatures on snow cover dynamics. The change in flow
regime can result in new flood types in certain regions.
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o Most studies on water supply and demand conclude that the general trend is that
annual water availability would increase in northern and north-western Europe and
decrease in southern and south-eastern Europe.

o Global warming is responsible for a rise in sea level of 1-2 mm/yr with a subsequent
increase in coastal erosion, flooding, salinisation of estuaries and land aquifers.

Generally, the following statements can be deduced about water resources in Europe and
regional impacts of climate change:

(1) Water resources in Europe: Temperature rise and changing precipitation patterns are
expected to exacerbate the already acute water shortage problem in southern and south-
eastern regions. An increase in frequency and intensity of droughts and floods is projected
by model studies (EEA, 2005), which could cause significant loss of human lives and
financial losses throughout Europe.

(2) Most sensitive regions: South-eastern Europe, the Mediterranean, Alpine and central
European regions can be identified as most sensitive to climate change, because
considerable adverse impacts (see Table 4) are projected to occur on natural and human
systems that are already under pressure from changes in land use. As an example, between
14 and 38 % (dependent on IPCC-SRES storyline scenario) of the Mediterranean population
will be living in watersheds with increased water stress by 2080.

(3) Benefiting regions: Northern and some Western regions of Europe, on the other hand,
may experience beneficial impacts, particularly within agriculture, for some period of time.

(4) Mountains and sub-arctic areas: Impacts of temperature rise on snow cover, snow line,
glaciers and permafrost are leading most likely to adverse impacts. An increased risk of
natural hazards (floods, mass movements), and loss of plant species and habitats may be
expected. Mountainous regions, like the Alps, are particularly sensitive to climate change and
are already suffering from higher than average increases in temperature.

(5) Coastal zones: Climate change could have profound impacts on coastal zones due to
sea level rise and changes in frequency and/or intensity of storms. This would result in
threats to ecosystems, infrastructure and settlements and the tourism industry. Habitats and
coastal ecosystems on the Baltic, Mediterranean and Black Seas in particular are at high
risk. It is projected that the Mediterranean and Baltic coasts will experience considerable loss
of wetlands.
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Table 4

Overview of water related sensitivities to climate change for broad regions in Europe (preliminary version)

. observed . e P
regions components changes ! trends 2020 2050 2080
Temperature® -041t01.6°C, av. +0.53 £ 1Ao+55°C

Western and Central
Europe (UK, Ireland,
northern France,
Germany, Belgium,
Netherlands, Luxembourg,
Switzerland, Denmark)

Precipitation™

-36to+ 26 mm, av. + Tmm

- 20 to+ 30 % highly uncertain

Climate seasonality

Temp: Winterf
Precip: winter f

Temp. winter +1.2to+ 2.0°C,
summer: +1.2to + 1.9°C,

Temp. winter + 24to+ 4.0 °C,
summer: +1.9to+35°C,

Temp. winter + 36 to+ 5.7 °C,
summer. + 26to+ 49 °C,
Precip. Winter +16 to + 26 %,
summer. - 9to - 25 %

Water resources

Runoff +/- 5 %

Runoff wmtert summe

+-10 % w

+- 10 %, partly water stress

Flood risk wirter 4

Eastern Europe (Poland,
Baltic states, Czech
Republic,
Slovakia Hungary,

Floods / droughts Ao Regionally summerdroughtf """"""""""" >
Syndrome e high variability, summer droughts and winter floods, partly water stress situation ---------- >
Temperature™ -04to+14°C ar. + 048 °C +1Blo+55°C

Precipitation®

-16to+ 83 mm, av.- Tmm

- 15 to+ 30 %, highly uncertain

Climate seasonality

Temp: winter & sprmgf
summer & fall
Precip: summer

Temp. winter + 1. 9to+22°C,
summer: + 1.2t +14°C,

Temp. winter + 36to+ 49 °C,
summer: +1.9to+ 24°C,
Precip. winter. + 7to+ 18 %

Temp. winter+ 58to + 6.3 °C,
summer: + 3 to+ 3.6 °C, Precip
Winter: + 8to + 28 %, summer +

1410 + 27 %, highly uncertain

B AR TR

Slovenia, Austria : 1
' ) Water resources Runoff -10to +25 % shift to winter max. runolf from Runoff +£ 10 % +510-20%
Spring :
Floods D R winter flood risk f --------------------- >
Syndrome winter floods™™
" -035to+ 1.1 °C, av. +0.27°C, e 7°C
Temperature high regional variahility loor i

South-eastern Europe
(Serhia, Croatia, Bosnia,
Albania,
Bulgaria R omania,
MWacedonia)

Precipitation™

-66to+7.2mm,av. 0.18 mm

s

+10 to - 30 %, highly uncertain

Climate seasonality

Temp: fall*winterf
Precip: winter strong¢

Temp. winter + 1.5to+ 2.1°C,
summer: +1.9t0+23°C

Temp. winter + 29to + 39 °C,
summer: + 3. 1to+43°C,
Precip. summer: - 7to — 34 %

Temp. winter: + 58t 6.3 °C,
summer. + 56to+ 6.8 °C,
Precip. wintar: - 9 to-15 %,

summer. - 26 % to — 52 %, highly
uncertain

Water resources

Runoff -10to + 26 %

runoft and rechar gé

— 10%to-25%

winter floods riskf

Floods
Drought summer droughtf Qoo summer droughtf ..................... >
Syndrome B P summer drought™" .. »




. observed - as P
regions components changes I trends 2020 2050 2080
Temperature™ -044to+ 117 °C av. + 0.38°C 50 e 6 RC
Precipitation™ -132to+25mm, av. - 0.3 mm - 50to0- 5 %, highly uncertain
Temp. winter: +4.0to +5.3°C,

Southern Europe (Spain,

Portugal, ltaly, Greece,
southern France)

Climate seasonality

Temp: winter & fall f
Precip: winter fall *

Temp. winter: + 14to+ 1.8 °C,
summer: +2.1to+29°C

Temp. winter: + 26to+ 34 °C,

summer. +44to+55°C summer. +6.1to+7.6°C

Runoff <-25%

Water resources

Runoff 0 to - 20% +

o : or
Rilnofts25 o 210 Severe water stress

winter flood risk f

winter flood risk f winter flood risk f

Northern Europe
{Nonway, Sweden,

Floods
Drought Summer drought increase summer drought summer drought summer drought
Syndrome D R VWater scarcity / summer droughts -----------=--------- >
Temperature™ -034to+172°C, av. + 056°C SR e s
‘l - 10to + 45 %, highly uncertain

Precipitation™

-125t021.7 mm, av. + 3.35mm

Temp. winter + 50t