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TOWARDS ADAPTATION TO IMPACTS OF CLIMATE CHANGE

Scientific findings show that water resources represent a critical factor for a wide range of water-related sectors,
terrestrial ecosystems and human health. This is why the vulnerability of water resources to climate change
impacts is becoming a major concern for people and policy-makers at different levels. For this reason, efforts are
needed to improve information on expected climate change and its impacts, to increase public awareness and
to facilitate the development of adaptation strategies. This policy brief includes an overview of climate change
in Europe based on data of observations and model projections. It also outlines major impacts and possible
adaptation options in water management and three water-related sectors, and discusses how the current EU
policy framework could serve to strengthen adaptation and preparedness to climate change.

Climate change as a global problem

According to data of observation, the mean global surface
temperature has been increasing continually over the last
century. Most scientists now agree that we are witnessing
a change in the global climate, caused mainly by anthro-
pogenic emissions of greenhouse gases (IPCC, 2007). Alt-
hough single extreme events, such as the summer 2003
heatwave or the hurricane Katrina, cannot serve as evi-
dences of such a global phenomenon as climate change,
they belong to a range of extreme weather events that are
expected to occur more frequently in a warmer climate.
Due to the complexity of the earth’s system and the mul-
titude of terrestrial processes influenced by the climate,
numerous impacts along different causal chains and scales
are to be expected.

The dynamics of the global emissions of greenhouse ga-
ses significantly affects the magnitude of future climate
change, revealed by a change of temperature, precipitation
and other climate characteristics. The reduction of green-
house gas emissions should therefore be the primary glo-
bal political goal in order to mitigate climate change and
to prevent disastrous impacts. The declared goal of the Eu-
ropean Union is to limit the temperature rise to 2◦C above
the pre-industrial level. This aim has to be translated into
an implementation of policy measures and emission reduc-
tion targets. However, serious efforts are absolutely vital
to cope with the impacts of climate change on water re-
sources, which are already happening or will be unavoida-
ble even if the 2◦C target is reached. Adaptation to climate
change effects and impacts is therefore gaining increasing
relevance on the European political agenda.

Climate change in Europe - observations and
projections

Observed trends over the last century

The water cycle is driven by temperature and precipita-
tion, which are the most important climatic drivers, and

changes in these characteristics are expected to have con-
siderable impacts. Over the last century, temperature has
shown a relatively uniform increasing trend of 0.8-0.95◦

C over Europe (EEA, 2004). In winter the warming trend
was stronger than in summer (Fig. 1) and has been ac-
companied by an increase in the number of both warm
and cold spell days.

The precipitation trends over Europe were more heteroge-
neous. A general global pattern is that the observed higher
temperatures stimulate the global hydrological cycle, as
more evapotranspiration leads to more water vapour con-
tent in the atmosphere and hence to higher precipitation
amounts. However, the observed regional trends are dif-
ferent, which is understandable, as precipitation patterns
depend on regional circulation patterns and local orogra-
phy. According to data of observation, mean annual preci-
pitation in Northern Europe increased by 10-40% while it
decreased in some areas of Central Europe and the Medi-
terranean region by up to 20% over the last century (Klein
Tank et al., 2002). Changes in seasonal precipitation pat-
terns were also quite pronounced (Fig. 2).

As a result, some of the climate-driven impacts on the hy-
drological cycle are already being observed: more extre-
mely high precipitation events were recorded; prolonged
drought periods in summer were reported for Central Eu-
rope, the UK and Southern Scandinavia; Southern Europe
experienced extended winter droughts and reductions in
river discharge in many catchments; an increase in the oc-
currence of heat waves was observed; ten out of twelve
European glacier regions were reduced in size; and sea le-
vels in the North Sea and Baltic Sea have been rising over
the last century.
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Figure 1.1: Change in temperature in summer over the 20th century
(Source: PIK Database PixDAT)

Figure 1.2: Change in temperature in winter over the 20th century
(Source: PIK Database PixDAT)

Figure 2.1: Change in precipitation in summer over the 20th century
(Source: PIK Database PixDAT)

Figure 2.2: Change in precipitation in winter over the 20th century
(Source: PIK Database PixDAT)

Projections for the 21st century

Although there are significant uncertainties about the de-
gree of the projected changes, there is general scientific
agreement that the observed trends in climate will conti-
nue and are likely to accelerate in some regions. Depen-
ding on dynamics of greenhouse gas emissions, projections
for the year 2100 anticipate that the mean European tem-
perature will rise by 1.0-5.5◦ C (IPCC, 2007). This range
in estimations is due to differences between scenarios
of greenhouse gas emissions and uncertainties associa-
ted with climate models. In winter, this warming trend is
expected to be greater over Eastern Europe, whereas in
summer it is expected to be more significant over Western
and Southern Europe (Georgi et al., 2004). In Northern
Europe, winter warming is projected to be greater than
in summer, with the reverse trend expected for Southern
and Central Europe (Raeisaenen et al., 2004). Cold win-
ters, 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 (EEA,
2004). 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 .

Due to the complexity and various interacting factors in
climatic processes, the impacts of climate change on pre-
cipitation, river discharge and availability of water re-
sources will most probably show contrasting and site-
specific trends in different European regions.

In Northern Europe mean annual and winter precipita-
tion is anticipated to increase, with the latter reaching
values of up to 15-30% by the end of the 21st century (Ge-
orgi et al., 2004). Many modelling studies demonstrate
that runoff in Northern Europe will most likely increase in
winter and decrease in spring, due to the fact that less pre-
cipitation will fall as snow in winter and less snow melting
will occur in spring. Annual runoff is expected to rise in
correlation with increased precipitation - up to 10% by the
2050s and 50% by the 2080s. This would lead to beneficial
effects on water availability and hydropower production,
but may be accompanied by higher risks of flooding at
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higher altitudes. In North-Eastern Europe, for example,
the magnitude of 100-year flood discharges might rise by
more than 25% by the 2080s (EEA, 2005).

In Western Europe, winter precipitation is projected to
increase by between 15 and 30% by the end of the centu-
ry, whereas summer precipitation is expected to decrease
by 30 to 45% (Georgi et al., 2004). Hence countries in
Western Europe might experience recurring droughts in
future, and the longest dry-spells could increase by up to
50% by the 2080s (Good et al., 2006). At the same time,
floods will become more frequent, and the magnitude of
100-year flood discharge is expected to increase by 10%
(EEA, 2005).

In Central Europe, significant reductions in summer pre-
cipitation could occur by the end of the century, from 30
to 70%, depending on the scenario (Georgi et al., 2004;
Raeisaenen et al., 2004). In winter, precipitation and the
risk of snow-melt floods are anticipated to increase. Over-
all, a reduction in annual flows is expected.

According to the model projections (Raeisaenen et al.,
2004), precipitation in Southern Europe will experience
pronounced reductions of up to 70% by the end of the cen-
tury. However, the occurrence of flash floods is still expec-
ted to rise. According to the projected drying trend for the
Mediterranean region, water availability is anticipated to
decrease notably. Summer flows in south-eastern Europe
could be reduced by up to 50% by the 2050s (EEA, 2005).
Consequently, water stress is projected to rise, particularly
in southern France and Italy, Spain, Portugal and Greece.
By 2080, 14-38% of the population in the Mediterranean
could be living in areas experiencing increased water stress
(Schroeter et al., 2005).
It should also be clearly recognised that the projections
of climate models comprise inherent uncertainties, which
result from differences in climate models as well as un-
known future development paths reflected by scenarios.
For this reason, some current projections will be corrected
in future, and some unexpected impacts could occur.

Nevertheless, despite all uncertainties, some trends are ve-
ry clear: higher temperatures will alter snow melt dyna-
mics and thus change the timing of maximum discharge.
This will reduce water availability during spring and sum-
mer in river basins, which are fed by snow and glaciers. On
the other hand, according to the physical laws, rising tem-
peratures will cause an intensification of the global hydro-
logical cycle. Regional impacts will depend on local oro-
graphy and regional circulation patterns, but in most Euro-
pean regions the frequency and intensity of extreme preci-
pitation events and thus flood risk are projected to increa-
se. The flood frequency and magnitude will most probably
increase in the regions experiencing an increase in preci-
pitation, while drought frequency will be higher in regions
with a reduction in precipitation. According to the latest
assessments, some river basins in Europe may experience
an increase in frequency of both floods and droughts (Ja-
cob, 2007), although uncertainties remain high. In coastal

regions, flood risk would be further intensified by the an-
ticipated rise in the sea level, which could reach 10 to 70
cm by 2050.

Expected impacts and adaptation options in
water management and related sectors

Since many human activities rely on water supply, several
key sectors of European economies are sensitive to chan-
ges in the availability of water resources and the frequency
and magnitude of extreme events. Sensitivity varies widely
between sectors. We will shortly outline impacts and adap-
tation options for the following sectors: a) water manage-
ment, b) agriculture, c) energy production, and d) tourism.

Water management

Although the impacts of climate change on water resources
vary strongly between European regions, and a clear dis-
tinction is visible between Northern and Southern Euro-
pe, three main challenges to the management of water re-
sources can be identified:

• an increased flood risk in river basins and along coa-
stal zones,

• decreased water availability during the summer sea-
son, and

• a deterioration of water quality.

Ensuring efficient flood protection and preventing loss of
lives and damage to assets in flood-prone areas along ri-
vers and coasts may become a serious challenge in many
European regions. The increase in intensity and frequency
of extreme precipitation events is likely to put sewerage
networks under additional pressure, and the current hy-
draulic capacity of the networks will be exceeded more
frequently.

Water management under drought conditions in Southern
and Central Europe will have to respond to additional
challenges under a warmer and drier climate. Water sup-
ply services will be faced with the challenge of satisfy-
ing consumer demand during periods of intensified water
shortages.

Both an increase and decrease in precipitation, along with
climate warming, may negatively affect the quality of wa-
ter in rivers and coastal zones. Excess water in river basins
may have a negative impact on river water quality by in-
creasing pollution load from diffuse sources in high-water
periods, and river basins with a significant share of inten-
sive agriculture may be seriously affected. On the other
hand, reduced water levels mean that pollutants from
point sources will become less diluted. In combination
with increased water temperatures and reduced dissolved
oxygen levels, this could seriously affect the ecological
balance of freshwater systems in the catchments with si-
gnificant load from point sources of pollution.
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Adapting water management to climate change requires
changes in management practices, land use and techno-
logical development. For flood protection, both structural
(dams, dykes, etc.) and non-structural measures (increase
of water storage capacity in river basins, enhancement of
infiltration and retardation of water, agriculture practices
reducing runoff and zoning), along with social measures
(education, awareness raising, warning systems and ins-
urance) are of importance. The management of water sup-
ply and demand can be improved by optimising demand
management, the application of water-saving technologies
and the encouragement of more efficient use of available
water by incorporating economic incentives (water pricing
policies and water trading schemes). Besides, information
measures in combination with risk mapping and improved
warning systems are crucial to reduce vulnerability to cli-
mate change impacts. Economic instruments required by
the WFD could be widely applied to recover the costs of
adaptation to climate change impacts.

Figure 3: Flood in the Elbe basin in August 2002

Agriculture

Water shortages expected in a changing climate would
have a significant impact on the agricultural sector. In
Central Europe, the projected shifts in precipitation pat-
terns would notably reduce water availability during the
vegetation period in summer and notably increase the
demand for irrigation water. Rising temperatures and eva-
poration rates would aggravate the situation in Southern
Europe further, where the dependency on water for irri-
gation is already considerably high. The consequences for
farmers could be critical, starting with higher costs for ir-
rigation, and potentially leading to production losses or
the complete loss of land due to desertification. In Spain,
one fifth of the land is currently at risk of desertification,
for instance in the Guadalquivir river basin, where years
of over-abstraction to irrigate rice fields and olive groves
have led to serious water deficits. On the other hand, hig-
her precipitation expected in northern latitudes is initially
perceived as a lesser problem or even an advantage to agri-
culture. The greatest risk to crops associated with higher
precipitation will probably be in the anticipated increa-
se in the frequency and intensity of floods in flood-prone

agricultural areas.

Adaptation options for agriculture include: improving irri-
gation efficiency, crop substitution to reduce dependence
on irrigation, changes in farming systems (from specia-
lised to mixed farms and diversification of production),
crop breeding, and harvest insurance mechanisms. The
2003 reform of the Common Agricultural Policy introdu-
ced more flexibility and the so-called de-coupled payments
(reducing incentives to grow water-intensive crops under
water-scarce conditions), which made it more compatible
with adaptation efforts. However, further de-coupling may
be desirable.

Energy production

Changes in the availability of water resources and the
occurrence of extreme events will influence all types of
energy production: hydropower, thermal power plants and
biofuel production.

In Northern latitudes hydropower may benefit from incre-
ased hydropower potential, while in Southern and Central
Europe this potential will decrease notably due to redu-
ced river runoff. In areas with increased precipitation and
runoff, dam safety may become a problem due to more
frequent and intensive floods.

The generation of electric power in thermal power plants
often relies on large volumes of water for cooling. This
type of electricity generation may therefore be affected by
climate warming and water scarcity. The discharge of coo-
ling water may be restricted if limit values for temperature
are exceeded, which may force plant operators to work
at reduced capacity or even to temporarily close plants,
with potentially serious consequences for energy supply.
Furthermore, in regions with increasing water scarcity, the
use of water for cooling may conflict with other water uses.

Climate-induced changes in water resources may also af-
fect biofuel production, similar to agricultural crops. In
some regions (such as Northern Europe), increased pre-
cipitation, higher temperatures and higher atmospheric
CO2-concentrations may be beneficial for biomass produc-
tion. In other regions, biomass cultivation may suffer from
water scarcity during droughts and flood damage to har-
vests.
Moreover, intense precipitation events, increased flood risk
and a rise in the sea level may increase the risk of damage
to infrastructure (generation and supply) in some regions.
The efforts required for adaptation vary greatly among
the different energy generation types. In countries where
precipitation and runoff are expected to increase, adapta-
tion measures for hydropower should focus on dam safety,
whereas in countries with an increasing risk of droughts,
the use of turbines with lower nominal power could be
recommended. Thermal power plants have to adapt by
reducing their water demand, by increasing the efficiency
of cooling systems or the overall efficiency of plant ope-
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ration. The biofuel production in drought-prone regions
should switch to crops that are more capable of withstan-
ding water scarcity conditions. The overall vulnerability
of the energy sector can be reduced by diversifying ener-
gy production and broadening the variety of energy types
(e.g. wind, biofuel and solar energy).

Tourism

An increase in the frequency and intensity of heat waves,
droughts and water shortages could negatively affect the
attractiveness of southern European holiday destinations
in summer. As a result, Central, Northern European and
Alpine regions might become more attractive for tourism
in summer. In winter, on the other hand, mountainous re-
gions could lose their appeal, due to less reliable snow co-
ver and the resulting threat to winter sports. In the longer
perspective, this could lead to an alteration of traditional
tourist flows and a shifting of tourism seasons.
In summer, the massive movement from northern Europe
to the Mediterranean, which is currently the largest global
tourism flow, could slow down. Southern Europeans may
also travel north to escape uncomfortable summer conditi-
ons at home. In winter, the north-to-south flow of tourists
could become more pronounced than today, but the cur-
rent winter sport destinations could be abandoned. In coa-
stal areas, which play a major role in tourism, the rise in
the sea level will pose a major challenge, threatening some
of the most important recreational areas, such as beaches
and islands.
Adaptation measures for summer tourism should include
encouraging tourists to travel outside the traditional sea-
son, whereas it may become necessary to develop new
snow-sure sites at higher altitudes for winter sport tou-
rism. More promising adaptation strategies could be built
on the concept of diversification, e.g. promoting mountain
tourism seasons without snow. Since tourism is not within
the competence of the EU, national and regional policies
will play a crucial role in adaptation.

Figure 4: Drought in the Elbe basin: tourist boats in a wetland nature
protection area in July 2002, only two weeks before the flood

Expected impacts on ecosystems and human
health

Terrestrial ecosystems and biodiversity

Climate change projections indicate a further northward
movement of many plant species, and the extinction of
a large number of species with narrow climate require-
ments and restricted adaptation capabilities. Current plant
biodiversity in the Mediterranean region might be sub-
stantially reduced by the end of 21st century (EEA, 2004),
while some endemic species in Northern Europe and in
mountainous areas may be replaced by others (Sykes and
Prentice, 1996; Pauli et al., 2003). Plant biomass producti-
on in Scandinavia and Northern Russia will most probably
benefit from higher temperatures, longer growing seasons,
and virtually no drought stress. In Southern Europe, ho-
wever, the increase in drought frequency will most likely
negatively affect plant growth. Water ecosystems (lakes
and wetlands) in Southern and Central Europe may suffer
from further eutrophication in a warmer and drier clima-
te, and might be completely lost due to a reduction in the
water level. Coastal ecosystems may be lost due to erosi-
on, and the salinisation of groundwater and estuaries is
possible due to a rise in the sea level (Menzel, 2007).

Human health

Major threats to human health due to climate warming
are represented by heatwaves, flood events and tick-borne
diseases (EEA, 2004). Under high emission scenarios, eve-
ry second summer in Europe will be as hot or even hotter
than in 2003 by the end of the 21st century . The heat-
waves are projected to become more frequent and more
intense during the 21st century, and therefore the num-
ber of deaths due to heat will most probably increase.
Climate change is likely to increase the risk of extreme
flood events in Europe, in particular the frequency of flash
floods, which have the highest risk of fatality (EEA, 2004).
Fatalities caused by floods may, however, be reduced by
adaptation measures, such as the improved disseminati-
on of information, and better warning and rescue mea-
sures. Climate warming will most probably increase the
geographical habitat of ticks, with possible negative con-
sequences on human health. However, the uncertainties in
the trends remain high.

Climate change policy and the EU policy fra-
mework

Some important tools are already available in the frame-
work of the EU Water policy, such as the Water Framework
Directive (WFD), and others are currently under develop-
ment (the Floods Directive and the Marine Strategy Di-
rective). However, there is still a need to link the climate
change policy agenda better to the development agenda of
the EU.
In the WFD, climate change should be considered one of
the pressures. In the second river basin management plan,
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which is due for 2015, the measures related to climate
change should be included as a must. Some of the measu-
res, such as the requirements to establish water pricing po-
licies by 2010 and to use water resources efficiently, could
be useful in adaptation to climate change.
The risk of flooding will most probably increase under cli-
mate change. The Floods Directive, which suggests the de-
velopment of flood risk management plans at the river ba-
sin scale, taking into account climate change scenarios, is
therefore highly important. A flood alert system at the Eu-
ropean scale is also needed.
Climate issues were taken into account in the development
of the Marine Strategy. The achievement of a ”good envi-

ronmental status” of the EU marine environment could be
useful in coping with the impacts of climate change.
Furthermore, the European Commission is currently pre-
paring a Paper on Adaptation to Climate Change, and a
Communication on Water Scarcity and Droughts. These
are based on a current assessment of the water scarcity
problem, and the measures required in addition to exis-
ting policies. The available information indicates that the-
re is a considerable potential for water savings in different
sectors, which contribute to structural imbalances. Further
research is needed to improve our understanding of the
key drivers and their interactions with human activities.
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