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Summary

Climate change is happening and will continue to have far-reaching consequences for human 
and natural systems. Impacts and vulnerabilities differ considerably across regions, territories 
and economic sectors in Europe. Strategies to adapt to climate change are necessary to manage 
impacts even if global tem perature stays below a 2 °C increase above the pre-industrial level.
The EU adaptation framework aims at developing a comprehensive strategy by 2013, to be 
supported by a clearinghouse for sharing and maintaining information on climate change impacts, 
vulnerability and adaptation.

Why do w e  need to  adapt to  clim ate  
change?

Some climate change is inevitable because of past 
greenhouse gas emissions. The current global average 
tem perature is about 0.7-0.8 °C above the pre-industrial 
level. Even if greenhouse gas concentrations had  been 
stabilised in the year 2000, tem perature w ould  still 
increase by  1.2 °C above the pre-industrial level by  the end 
of the 21st century. Strategies to adapt to climate change 
are therefore necessary. Tem perature rises of 2 °C or m ore 
above the pre-industrial level are likely to cause major 
dism ptions. They w ould challenge our ability to adapt at 
affordable economic, social and environm ental cost.

W hat are the im pacts o f clim ate  
change and th e  vulnerabilities of 
Europe?

The vulnerability to climate change varies significantly 
across regions and sectors in Europe, m aking adaptation 
a context- and location-specific challenge. Vulnerable 
regions include the M editerranean basin, north-w estern 
and central-eastern Europe and the Arctic, together 
w ith m any coastal zones and other areas prone to river 
floods, m ountains and cities. The costs of adaptation in 
Europe could potentially be large (possibly billions of 
euro per year in the m edium - and long-term). Available 
assessm ents suggest that tim ely and proportionate 
adaptation m akes economic, social and environm ental 
sense, and is likely to be far less costly than inaction.
The m ajority of projected im pacts and vulnerabilities 
are, or are expected to be, negative, and these often 
need to be addressed proactively by public policies. The

EEA therefore focuses on adverse effects. Im pacts and
vulnerabilities w ere identified for various regions.

• Low-lying coastal areas across Europe could face 
major im pacts due to sea level rise and a possible 
increased frequency of severe storm  surges, 
particularly in north-w estern Europe. M ore and m ore 
intense w inter and spring river floods are expected in 
this region.

• A northw ard  m ovem ent of species is expected due to 
higher sea surface tem peratures.

• Tem perature increase is particularly high in m ountain 
areas. Decrease of glacier mass, reduced snow  cover, 
thaw ing of perm afrost and changing precipitation 
patterns are expected to continue further. P lant and 
anim al species face the risk of extinction due to 
barriers prohibiting them  from  m oving upw ards or 
northw ards to m ore suitable habitats.

• Cities and u rban  areas continue to be vulnerable to 
heat waves, flooding and droughts. These m ay have 
knock-on effects on infrastructure, public health and 
the economy.

• The M editerranean basin experienced decreased 
precipitation and increased tem perature over past 
decades, and this trend  is projected to worsen. Water 
availability and crop yields could decrease while 
droughts, biodiversity loss, forest fires and heat waves 
m ay increase.

• The Arctic faces an accelerating decrease in sum m er 
sea ice cover. This trend  is expected to continue. N ew  
business opportunities, such as enhanced oil and gas 
exploration, could cause additional environm ental 
burdens.

• Tem perature extremes are projected to be a key 
im pact in central and eastern Europe. In summer,
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reduced  precipitation, an increased risk of droughts, 
and  increasing energy dem and are also anticipated. 
In w in ter and  spring, the in tensity  and frequency of 
river floods m ay increase.

• Less snow  and lake and river ice cover are projected 
for no rthern  Europe. A t the sam e time, increased 
w in ter and  spring  river flows and greater dam age 
by  w inter storm s are expected. C lim ate change m ay 
offer certain short- and m edium -term  opportun ities 
in  this region, such as increased forest grow th.

W hat is and can be don e in support 
of su ccessfu l adaptation  policies and 
m easures?

Effective adaptation  needs to contem plate all possible 
climate conditions du ring  the horizon of a policy 
decision. It should  therefore consider no-regret m easures 
(suitable u n d er every plausible scenario) and a b road  
variety  of adaptation  options (i.e. grey  or technological 
m easures; green/ecosystem -based m easures; and  soft 
m easures addressing  behaviour, m anagem ent and 
policies). A daptation  success factors and barriers 
(typically lim ited scientific know ledge and uncertainty)

are being increasingly identified. G uidance for good 
practices and the developm ent of adaptation  indicators 
should  be further advanced, and  this could be usefully  
inform ed by  regional assessm ents and case studies.

A t a national level, European countries are often aw are of 
the need  to adap t to climate change. So far, 11 E uropean 
countries, and  a few regions and  cities, have adopted  
adaptation  strategies. The EEA keeps an overview  
of national adaptation  strategies in its 32 m em ber 
countries (w w w .eea.europa.eu/them es/clim ate/national- 
adaptation-strategies), and helps to transfer lessons 
learnt.

The EU plans to develop a European Clearinghouse on 
climate change impacts, vulnerability and adaptation, to 
address the current lack of knowledge-sharing. Moreover, 
the European Commission adopted a W hite Paper on 
A daptation to Climate Change in 2009 and plans to publish 
a Communication on M ainstreaming Adaptation and 
Mitigation in 2011. A comprehensive EU adaptation strategy 
is expected to be developed by 2013. Internationally, the EU 
supports particularly vulnerable developing countries under 
the umbrella of the United Nations Framework Convention 
for Climate Change (UNFCCC).
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1 Overview

This assessm ent addresses climate change vulnerabilities 
and adaptation (4). Global climate observations, science 
and physical im pacts as well as m itigation — the 
reduction of greenhouse gas (GHG) emissions — are 
covered in separate analyses (2).

To achieve the EU's objective of lim iting the global 
tem perature increase to 2 °C above pre-industrial levels, 
global GE1G emissions need to stop increasing in the 
coming decade and be reduced significantly thereafter. 
Elowever, some climate change is inevitable due to past 
emissions. To com plem ent mitigation efforts, we must, 
therefore, also develop strategies and actions to adapt to 
the impacts of climate change. The EU also recognises that 
developing countries are am ong the m ost vulnerable due to 
lim ited financial and technical capacity, and is committed 
to contributing its fair share in supporting developing 
countries cope w ith and adapt to climate change.

This assessm ent focuses prim arily  on the adverse effects of 
climate change and does n o t discuss extensively possible 
opportunities. This risk-oriented approach is based on the 
understanding  that the m ajority of the projected impacts 
of climate change in Europe will be negative (IPCC, 2007). 
Furtherm ore, adverse im pacts of climate change are m ore 
im portant for policym aking since m any of them  need 
to be addressed proactively by public policies whereas 
beneficial im pacts can often be exploited by autonom ous 
adaptation of private actors.

1.1 Key ch a llen ges for European 
soc iety

Climate change has far-reaching consequences and is 
one of the key drivers of global environm ental change. 
Current and projected im pacts in Europe, together w ith 
their related costs, suggest that climate change will — 
either directly or indirectly — test the vulnerability of

European society w ith economic, environm ental, societal, 
geopolitical and technological risks (3). The security, health 
and quality of life of European citizens are at the core of 
the m atter and climate change constitutes an additional 
pressure (4) that challenges m ost of the com ponents of 
hum an  and natural systems.

Europe faces significant challenges from  current and 
expected climate change, ranging from gradual ones — 
increase in tem perature, loss of biodiversity, and rise of 
sea level — to sudden and extreme events — storms and 
flooding. H um an systems in Europe are expected to be 
heavily affected by health problem s and fatalities as a result 
of heat waves, floods, etc.; unbearable costs of dam age to 
communities, infrastructures and the built environm ent 
from, for example, droughts and w ater scarcity; the loss of 
economic opportunities from, inter alia, lower crop yields 
and changing patterns of tourism; and a loss in the quality 
of life as a result, for example, of stress. Climate change will 
directly or indirectly affect all economic sectors, regions and 
citizens, although to different degrees depending on their 
coping and adaptive capacities as well as their location. The 
consequences of climate change will also have feedback 
effects on socio-economic developments, such as settlement 
patterns especially in regions and areas that are particularly 
vulnerable, such as coastal zones, flood plains, m ountains 
and cities as well as the M editerranean basin and the Arctic.

Drivers of socio-economic developm ent in Europe also 
have the potential to exacerbate the im pacts of climate 
change. For exam ple land-cover and land-use changes 
such as u rban  spraw l and soil sealing m ay heighten the 
effects of floods, heat island effects and heat w aves on 
urban  systems or food systems could be im pacted by 
w ater scarcity.

N atural systems provide vital ecosystem goods and 
services for m any hum an activities including agriculture, 
forestry, fisheries, tourism  and the supply  of clean water.

P) See  also th e  o ther  SOER 2010 biodiversity a s s e s s m e n t  (EEA, 2010c) ,  land use  a s s e s s m e n t  (EEA, 2010d) ,  marine and coastal 
env ironm ent a s s e s s m e n t  (EEA, 2010e) ,  w a te r  resources :  quanti ty  and flows a s se s sm e n t  (EEA, 2010f) ,  f reshw ate r  quality 
a s s e s s m e n t  (EEA, 2010g)  and urban environm ent a s s e s s m e n t  (EEA, 2010h) .

p) See EEA, 2010Í and EEA, 2010j.
(3) Economic risks: volatility in food and raw material prices; under - inves tm en t  in infrastructure; economic downturn. Environmental  

risks: d roughts  and desertification, ex t rem e  whether, w a te r  scarcity. Societal risks: d iseases ,  pandemics ,  migration. Geopolitical 
risks: te r ror ism , corruption, governance  gaps. Technological risks: information gaps  (WEF, 2010).

(4) Together with equally important  issues such a s  f reshw ate r  extraction, urban sprawl, lifestyles and o ther  forms of socio-economic 
deve lopm ent  and land-use  changes ,  agricultural intensification, use of natural capital and loss of biodiversity.
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The im pacts of climate change on natura l systems are 
expected to be far-reaching — for example, the loss of 
biodiversity in term s of species and habitats — and m ay 
have knock-on effects on hum an systems such as lowering 
economic ou tpu t or the quality of life.

The m agnitude of climate change impacts on hum an and 
natural systems in Europe calls for vigorous adaptation 
responses that both reduce the vulnerability of these 
systems — dow nstream  adaptation such as technological 
solutions — and further strengthen their resilience — 
upstream  adaptation, for example, ecosystem-based and 
m anagerial options. The latter will specifically reinforce 
key com ponents of coping and adaptive capacities in term s 
of socio-economic, institutional and governance structures 
and the natural capital. Two key policy levers for advancing 
adaptation m easures and alleviating pressures on hum an 
and natural systems are the integration and m ainstream ing 
of climate change in EU policies and building on the 
corresponding EU instruments, such as river-basin 
m anagem ent plans, flood and hazard  m apping, structural 
and cohesion funds, agriculture support, protected natural 
areas, and spatial planning.

A num ber of issues appear central to successfully 
im plem enting adaptation  responses in Europe, including 
generating adequate funding, building governance 
structures, p roviding incentives for the diffusion of 
innovation, and m anaging w ater and land to protect 
natural systems and preserve vital ecosystem goods and 
services (World Bank, 2010).

1.2 Regional p erspectives

The im pacts of climate change vary considerably across 
Europe, in term s of the regions, territories and sectors 
affected (see M ap 1.1). Vulnerable regions include the 
M editerranean basin, north-w estern and central-eastern 
Europe and the Arctic, together w ith m any coastal zones 
and areas prone to river floods, m ountains and cities.
Even a global tem perature increase of 2 °C by the end of 
this century w ould  still result in m ajor im pacts to which 
the w orld and Europe need to adapt. The m ain past and 
projected impacts, vulnerabilities and hotspots are:

Coastal z o n e s  and European s e a s
The projected sea-level rise and possible increased 
frequency of severe storm  surges m ay have major 
im pacts on low  lying coastal areas across Europe. 
O bserved and projected increases in  sea surface 
tem perature w ill lead to the no rthw ard  m ovem ent of 
species and changes in  the d istribu tion  of phytoplankton  
biom ass. Fish stocks in  m any  seas are already  u n d er 
pressure from  over-fishing. A llocations of quotas are 
based on historic catch patterns and  these m ay need  to be 
revised due to climate change.

M ountain a rea s
The increase in tem perature is particularly high in 
m ountain  regions, w here loss of glacier mass, reduced 
snow  cover, thaw ing of perm afrost and changing 
precipitation patterns including less precipitation falling 
as snow  have been observed and are expected to increase 
further. This could lead to an increase in the frequency 
and intensity of natural hazards such as floods and rock 
falls that will im pact people and the built environm ent. 
Key vulnerabilities include reduced w inter tourism , less 
energy supply  from  hydropow er, a shift in vegetation 
zones, invasive alien species and extensive biodiversity 
loss. P lant and anim al species face the risk of becom ing 
extinct due to natural and artificial barriers n o t allowing 
them  to m ove upw ards or northw ards to m ore suitable 
areas. The retreat of the vast m ajority of glaciers also 
affects w ater availability in dow nstream  areas.

C ities and urban a rea s
European cities are expected to continue to be vulnerable 
to heat waves, flooding and droughts which m ay 
have significant w ide-ranging knock-on effects on 
infrastructures, public health  and the economy. The 
water, energy, build ing and transport infrastructures are 
particularly vulnerable.

M editerranean basin
The M editerranean basin has been subject to major 
im pacts over recent decades as a result of decreased 
precipitation and increased tem perature, and these are 
expected to w orsen as the climate continues to change. 
The m ain im pacts are decreases in w ater availability 
com bined w ith an ever-increasing dem and from  the 
agricultural and the domestic sectors, lower crop yields, 
increasing risks of droughts and biodiversity loss, forest 
fires and heat waves. In addition the hydropow er sector 
will be increasingly affected by lower w ater availability 
and increasing energy dem and, while the tourism  
industry  w ill face less favourable conditions in summer.

N orth -w estern  Europe
Coastal flooding has im pacted low-lying coastal areas 
in north-w estern Europe in the past and the risks are 
expected to increase due to sea-level rise and an increased 
risk of storm  surges. N orth  Sea countries are particularly 
vulnerable, especially the U nited K ingdom, Belgium, the 
Netherlands, Denmark, and Germany. Increases in w inter 
precipitation are projected to increase the intensity and 
frequency of w inter and spring river flooding, although to 
date no increased trends in flooding have been observed.

The Arctic
The Arctic faces substantial challenges including a 
decrease in sum m er sea ice cover, w hich is accelerating 
and projected to continue to im pact the local natural and 
hum an systems as well as open up  business opportunities 
that could p u t an additional burden  on the environm ent
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such as enhanced oil and gas exploration and the 
opening of new  shipping routes. Thaw ing of perm afrost 
has the potential to seriously affect hum an systems, 
by, for example, creating infrastructural problem s. The 
fragile ecosystems have suffered significantly from 
above-average tem perature increases and this is expected 
to continue, even at the 2 °C lim it of global tem perature 
increase.

Central and ea stern  Europe
Tem perature extremes are projected to be a key im pact in 
central and eastern Europe together w ith reduced sum m er 
precipitation, increased risk of droughts, increasing 
energy dem and in sum m er and increased intensity and 
frequency of river floods in w inter and spring although 
so far no increased trends in river floods have been 
systematically observed. Climate change is also projected

Map 1 .1  Key p a st and p rojected  im p acts o f clim ate ch a n g e and e f fe c ts  on se c to r s  for
th e  main b io -geograp h ica l reg io n s o f Europe

f ---------------------------------------------
A rctic
D ecrease in Arctic sea-ice coverage 
G reenland ice -shee t  loss
Higher risk of biodiversity loss

N orth ern  E urope (b o r e a l r e g io n )

Less snow, lake and river lee cover 
Northward m o v em en t  of species 
More energy  by hydropower 
Lower energy  consumption for heating 
Higher risk of d a m a g e s  by w in ter  s to rm s

Increased  river flows 
Higher fores t  growth 
Higher crop yields 
More ( sum m er)  tourism

Increase  In winter  
precipitation 
Increase  In river flow 
Northward m ovem en t  
of f re shw a te r  species 
Higher risk of 
coastal flooding

C o a sta l z o n e s  and  
r e g io n a l s e a s

Sea-level rise 
Higher sea surface 
t e m p e ra tu re s  
Northward m o vem en t  
of species 
Inc re ase  In
phytoplankton biomass 
Higher risk for 
fish stocks

M ountain  a r e a s
High t e m p e ra tu re  Increase
Less glacier  m ass
Less m ountain perm afros t
Higher risk of rock falls
Upwards shift of plants and animals
Less ski tourism In winter
Higher soil erosion risk
High risk of species extinction

N o r th -w e ste r n
Europe

C entral an d  e a s te r n  E urope
More t e m p e ra tu re  ex t rem es  
Less s u m m e r  precipitation 
More river floods In winter  
Higher w a te r  t e m p e ra tu re  
Higher crop yield variability 
Increased  fores t  fire d an g e r  
Lower fores t  stability

M ed iterran ean  reg io n
D ecrease In annual precipitation 
D ecrease In annual river flow 
Increasing w a te r  d em and  
for agriculture

Lower crop yields 
More fores t  fires 
Less energy  by hydropower 
More d e a th s  by h ea t  waves

More vecto r-borne  d iseases  
Less s u m m e r  tourism 
Higher risk of biodiversity loss 
Higher risk for desertif ication

N ote: Please note th a t  som e of th e  original biogeographical regions of Europe have been regrouped as follows:
Central and eas te rn  Europe: Continental region minus no r th /w est  of Italy plus Pannonian region and Steppic region; 
Mountain areas :  Alps plus Apennines plus Balkans-Rhodope Mountains plus Carpathian plus Fennoscandian plus Pyrenees 
plus Anatolian region plus Dinaric Alps;
Mediterranean region: Mediterranean region plus Black Sea region and no r th /w est  of Italy;
North-western Europe: Atlantic region;
Greenland does  not  belong to a biogeographical region of Europe.

S o u rce: Based on EEA-JRC-WHO, 2008.
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to lead to higher crop-yield variability and increased 
occurrence of forest fires.

Northern Europe
Less snow  and  lake and  river ice cover are projected to 
com bine w ith  increased w inter and spring  river flows 
and greater dam age by w inter storm s. C lim ate change 
could offer opportun ities in northern  Europe, at least 
in the short and m ed ium  term s, such as increased 
crop suitability  and yields, enhanced forests grow th, 
m ore energy generated  by hydropow er, low er energy 
consum ption for heating  and  possibly m ore sum m er 
tourism . Elowever, m ore frequent and  intense extrem e 
w eather events in the m ed ium  to long term  m ight 
adversely im pact the region, for exam ple by m aking crop 
yields m ore variable.

1.3 U ncertainties and information  
gaps

There is a continuing need to address uncertainties in 
climate change assessments, and impacts, vulnerabilities 
and adaptation  are no exception. Incom plete know ledge 
about and insufficient observed trends in past and current 
climate change together w ith  uncertainties about future 
climatic and socio-economic developm ents typically 
affect analytical assessm ents (EEA-JRC-WHO, 2008). This 
inform ational uncertainty can only be reduced to some 
extent as there are areas w here reasonable am ounts of 
inform ation are available. N onetheless others suffer from  
the lack of a com prehensive evidence base.

Various types of uncertainty can be observed, including 
scientific and m ethodological ones. For example there are 
still challenges in fully understanding  the dynam ics of 
glaciers and their melting, and projections are subject to 
uncertainty as to the m odel used, the inpu t data and the 
assum ptions about socio-economic variables such as gross 
domestic product (GDP) and population. However, m ore

sophisticated m odels and projects have been developed in 
recent years to quantify key uncertainties (e.g. stochastic 
m odels and probabilistic projections). For example, IPCC 
AR4's projections show  that a 50 % reduction in global 
GHG emissions by 2050 w ould  give a 50 % long-term  
chance of rem aining below  a 2 °C increase in global 
tem perature com pared to pre-industrial levels.

The body of evidence on scientific and m ethodological 
uncertainties suggest that further EU -funded and 
national research is needed  to fill the gaps on m ethods, 
models, data sets and forecasting tools, w ith  the aim  of 
im proving the understand ing  of current and expected 
climate im pacts and further identifying vulnerabilities and 
adaptation options.

The precautionary principle could be invoked w here 
u rgent m easures are needed  in the face of a possible 
danger to hum an, anim al or p lant health, or to protect 
the environm ent w here scientific data do not perm it a 
com plete evaluation of the risk. The m easures resulting 
from  recourse to the precautionary principle m ight take 
the form  of a decision to act or not to act, depending on 
the level of risk considered acceptable. The EU has applied 
this principle in various environm ental and health  areas 
to m ake sure that lack of know ledge cannot be used as 
an excuse for inaction. In addition, although downscaled 
climate change im pacts at the regional and local levels and 
vulnerability assessm ents are needed to properly  inform  
adaptation policies, an increasing num ber of adaptation 
options are now  available, such as no-regret m easures that 
are relevant u nder all plausible future scenarios.

Policymakers, together w ith  all stakeholders, will 
inevitably have to m ake decisions in spite of great 
uncertainty. Therefore uncertainty and lack of 
know ledge has to be in tegrated m ore systematically into 
decision-m aking processes in o rder to design flexible and 
robust adaptation policies, w hich can follow the approach 
of adaptive m anagem ent.
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2 Climate change vulnerabilities

2.1 Inland w ater  

G laciers and h ea d w a ters
Glaciers are an im portant freshw ater resource and act as 
w ater tow ers for lower-lying regions. Projected changes 
in precipitation, snow-cover patterns and glacier storage 
will alter run-off regimes, potentially leading to higher 
w ater stress in summer, floods and landslides in w inter 
and higher inter-annual variability. This will have serious 
consequences for freshw ater supply, river navigation, 
ecosystems fed by  w ater from  rivers, irrigation facilities, 
and pow er generation. Observed and projected reductions 
in perm afrost, and glacier retreat, are also expected to 
increase instabilities and natural hazards including glacier 
lake outbursts, rock-ice avalanches and landslides all of 
w hich m ay dam age infrastructure.

The pow er generation sector, and consum ers in general, 
are particularly vulnerable to changes in w ater regimes 
as these will increase the risks of pow er failure at times 
of h igh dem and and affect dow nstream  therm al pow er 
plants. These could face cooling problem s if intake water 
becomes insufficient or too w arm  as happened  to some 
French nuclear pow er plants during  the 2003 heat wave. 
Glacier retreat affects tourism  and w inter sports and 
changes the appearance of m ountain  landscapes. Also 
hydropow er production in the A lpine region will be 
affected by an increase in sedim ent discharge into the 
reservoirs. Furtherm ore, the solute release from  m elting 
rock glaciers m ay adversely affect the w ater quality of 
high m ountain  lakes th rough the in trusion of heavy 
metals.

The European Alps are especially vulnerable to changes in 
the hydrological cycle and decreases in snow  and glacier 
cover, which are already occurring. C ontinued glacier 
m elt in the Alps is likely to change the seasonal tim ing of 
river discharge in a num ber of key European river basins 
including the Danube, Po, Rhine and Rhone. Climate 
change m ay w orsen current w ater resource problem s and 
lead to increased risk of conflicts betw een users in the 
alpine region — particularly the south — bu t also outside 
the A lps w here higher w ater stress is also expected to

become m ore frequent. Projected w ater shortages and 
m ore frequent extrem e events, com bined w ith increasing 
w ater dem and for such activities as irrigation and 
tourism , are likely to have severe adverse effects on 
ecosystem services, such as the provision of drinking 
water. Furtherm ore, u p  to 60 % of m ountain  p lant species 
could face extinction by 2100 if they are unable to adapt by 
m oving northw ard  or uphill. Economic sectors, including 
agriculture, energy production, forestry, tourism , river 
navigation and households, are already vulnerable to 
w ater shortages.

River flo o d s
Floods (5) are com plex processes of extrem e discharge 
tha t involve socio-economic and physical factors. The 
latter are strongly connected to the hydrological cycle, 
w hich is currently  being intensified by  changes in 
tem perature, precipitation, glaciers and snow  cover, all 
linked to climate change. Elowever, other factors such 
as land-use changes, w ater m anagem ent practices and 
extensive w ater w ithdraw als have considerably changed 
the na tu ra l flows of water, m aking it difficult to detect 
climate change-induced trends in hydrological variables. 
In general, annual river flows have been observed 
to increase in the no rth  and decrease in the south, a 
trend  tha t is projected to increase. Projected changes in 
precipitation  regim es will also contribute to altering the 
in tensity  and frequency of rain-fed floods and  possibly 
also of flash floods.

Projected clim ate-induced changes in the hydrological 
cycle will also increase the im pact of other stresses 
such as land-use and socio-economic changes on w ater 
availability, freshw ater ecosystems, energy production, 
navigation, freshw ater supply  and use by agriculture, 
households, industry, and tourism.

In the past, the recorded num ber of river floods has been 
strongly influenced by  im proved m onitoring and reporting 
systems. For example since 1990, 259 major river floods 
have been reported in Europe, of which 165 have been 
reported since 2000. According to CRED (WHO-EMDAT, 
2009) in the years 1998-2008 floods have resulted in more

(5) Different kind of floods can be distinguished. Apar t from coastal floods ( see  Section 2 .2) ,  th e  most  important  kind of 
floods discussed here  are:  (1) fluvial floods including flash floods (flooding of land by w ate rs  originating from par t  of 
a natural d ra inage  sys tem ,  including natural or modified d ra inage  channels  and lakes) and (2) pluvial floods (flooding 
of land directly from rainfall w a te r  falling on, or flowing over, th e  land).
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than 700 fatalities, 2.2 million affected people and direct 
economic losses of m ore than EUR 55 billion at 2008 values.

Twenty-two major disasters occurred in the period 
2003-2008 alone, resulting in m ore than 200 fatalities and 
direct economic losses of about EUR 17 billion. Exceptional 
disasters were the floods in the U nited K ingdom  in 
sum m er 2007, costing m ore than EUR 5.4 billion; the floods 
in Switzerland, Austria and Germany in 2005 causing 
dam age valued at EUR 2.7 billion; and the w inter storm  and 
flooding affecting France in December 2003, causing losses 
of EUR 1.5 billion.

Economic losses from  floods in Europe have risen over the 
years. Since the 1970s Europe has enjoyed an increasing 
standard of living and real per person wealth, all of which

has increased the financial exposure of people and assets in 
flood-prone areas. Im proved data collection and reporting 
of events have also contributed to the upw ard  trends in the 
num ber of disasters and the size of economic losses.

F igure 2.1 shows norm alised (6) flood economic losses 
in Europe between 1970 and 2008 — the year w ith the 
greatest norm alised losses is 1983, followed by 2002 
and 1997 — and suggests there is no significant trend  or 
influence of anthropogenic climate change. This indicates 
that socio-economic factors and increasing exposure were 
the m ain contributors to the upw ard  trend  in flood losses.

M ap 2.2 shows an estim ate of the riverine flood dam age 
potential or exposure in Europe, w hich reflects the 
m axim um  possible dam age in a flood-prone area for a

Map 2 .1  Major flood  d isa ster s  in th e  EU, Sw itzerland  and N orw ay, 1 9 5 0 -2 0 0 9

M ajor f lo o d  d is a s te r s ,  
1 9 5 0 - 2 0 0 9

1-3 Coastal floods

4 - 2 0 Flash floods

2 1 - 4 4 River floods

O Large regional 
even ts

A Local even ts

N ote: Large regional even ts  a re  those  usually affecting severa l river basins with flooded a re a s  possibly extending over more
than one country and producing widespread  flooding. A disa s te r  is classified as  m ajor  if th e  n um ber  of fatal ities is more 
than  70 a n d /o r  direct economic losses a re  g re a te r  than  EUR 700 million as of 2009. Baseline data  : Em-dat ,  Munich Re and 
Dartmouth Flood Observatory.

S o u rce: Updated from Barredo (JRC), 2007.

(6) Normalisation filters out th e  influence of socio-economic effects on th e  loss t ime series ,  and aims to  a s se s s  what th e  m agni tude  of 
economic losses would be if floods from th e  pas t  w ere  to  recur under  current  societal conditions.

1000
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Figure 2 .1  N orm alised  flood  lo s s e s  in 
Europe from  m ajor flood  
d isa ster s
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S o u rce: Updated from Barredo (JRC), 2009.

Map 2 .2  Riverine flood dam age potential

100-year return  period. M ore com prehensive assessments, 
for exam ple of risks, require infom iation on flood defences 
and protection m easures that are n o t yet available for all 
European countries.

M ap 2.3 show s an evaluation of possible fu tu re flood 
dam age due to climate change, assum ing no adaptation  
or d isaster risk reduction  m easures (Feyen et ah, 2010) (7). 
Results from  the Projection of Economic im pacts of 
climate change in Sectors of the E uropean U nion 
based on bottom -up A nalysis (PESETA) s tudy  indicate 
tha t flood dam age is projected to rise across m uch  of 
W estern and C entral Europe w hile decreases in flood 
dam age are consistently projected for the N orth-eastern  
Europe (Ciscar et al., 2009). The curren t expected annual 
econom ic dam age for the EU-27 is about EUR 6.4 billion 
and  is projected to rise further, depend ing  on the 
scenario, to EUR 14-21.5 billion by 2100 at constant 2006 
prices. D epending on the scenario, the num ber of people 
expected to be affected annually  by  flooding — currently  
about 200 000 people — is projected to rise to about 
250 000-400 000 each year by  the 2080s.

Flood d a m a g e  p o te n tia l

Million euro In purchasing 
power parit ies (PPP)

O 1 0 -1 0 0

O 100-200 

•  2 0 0 -2 8 0

N ote: 100-year  re turn  period,  current  cl imate and no defences;  ca tchm en ts  and s u b -ca tch m en ts  of less than  500 km2 a re  not
included.

S o u rce: Barredo, Salam on, Feyen, Dankers, Bódis and De Roo (JRC), 2008.

(7) Flood risk is defined a s  th e  product of flood probability (or hazard),  exposu re  of capital and populat ion, and vulnerability to the  
effect of flooding based on land-use  information and an a s s e s s m e n t  of flood inundation e x ten ts  and depths .
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Map 2 .3  E xpected  im pact o f c lim ate  ch an ge on fu ture flood  d am age

(c) A2 Ech-RCAO

R ela tiv e  c h a n g e  in e x p e c te d  a n n u a l d a m a g e  (EAD) b e tw e e n  s c e n a r io  ( 2 0 7 1 - 2 1 0 0 )  an d  co n tro l p er io d  ( 1 9 6 1 - 1 9 9 0 )  (% )

(d) B2 Ech-RCAO

S o u rce: Feyen et  al., 2010.

Finally, extrem e events such as floods can cause additional 
im pacts by  triggering technological disasters such as 
oil or toxic spills from  the chemical industry  and other 
industrial accidents. This phenom enon, know n as natural 
hazards triggering technological disasters (NATECF1), has 
been observed for several natura l hazards in recent years. 
Im portant events include flooding and associated toxic 
spills, for example the A ude/M alvesi dam  failure in France 
in 2004, and earthquakes including the 1999 M arm ara 
earthquake in Turkey. The projected increase of frequency

and intensity of extrem e events in com bination w ith 
current and expected socio-economic developm ents m ight 
thus increase the frequency of NATECH incidents.

D roughts and agricu lture
D roughts are projected to increase, particularly in the 
south of Europe and in summer. Extreme low  discharge 
levels are projected to become m ore frequent by 2100 
and will have knock-on effects on river navigation, water 
supply, energy supplies th rough reduced hydropow er and
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im proved w ater use in rain-fed agriculture, increases in 
irrigated areas, and/or increases in irrigation efficiency. 
W hile w ater resources that can potentially be used  for 
irrigation will dim inish in the regions for w hich crop 
w ater lim itation is projected to increase, the absolute 
dem and for irrigation is expected to increase and lead to 
w ater scarcity problems.

In the tem perate and northern  latitudes, a w ater-driven 
increase in crop production is likely to occur. Rising 
tem peratures will also increase yields due to shifts in 
the tim ing and length of grow ing periods in northern  
latitudes and, generally, crop types and varieties will have 
to be altered to adapt to the changing climate.

W ater scarcity  (9>
In addition to clim ate-driven fu ture changes in the 
physical w ater supply, the dem and for w ater is also likely 

increases in w ater shortage (8). A daptation can encom pass to change due to dem ographic, economic, technological

Map 2 .4  W ater lim itation  o f crop prim ary production  in Europe under rain-fed
con d ition s

P r e se n t  ( 1 9 7 1 - 2 0 0 0 )  w a te r  
lim ita tio n  o f  cro p  prim ary  p ro d u ctio n  
in E urope u n d er  rain fed  c o n d itio n s

Water limitation index
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coverage

C h a n g e s  in w a te r  lim ita tio n  o f  crop
prim ary  p ro d u ctio n  in E urope u n d er
rain fe d  c o n d it io n s , A 2 sc e n a r io  —
2 0 8 0 s ( 2 0 7 0 - 2 0 9 9 )

Change of w a te r  limitation

1 1
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coverage

C h a n g e s  in w a te r  lim ita tio n  o f  crop
prim ary  p ro d u ctio n  in E urope u n d er
rain fe d  c o n d it io n s , B Í s c e n a r io  —
2 0 8 0 s  ( 2 0 7 0 - 2 0 9 9 )

Change of w a te r  limitation

1 1
-  0.3 0 0.3 Outside

coverage

N ote: The crop w ate r  limitation index is expressed  as th e  ratio be tween actual and theoretical (unlimited water)  production
averaged  over all crop types  — and its projected changes  under  IPCC BÍ and A2 climate and emiss ions scenar ios in absolu te  
change  in th e  crop w a te r  limitation index. The values r ep re sen t  th e  ave rage  over th e  growing period for all crop types  
presen t  in a grid cell. Note th a t  no adapta t ion  is a s su m ed  and th a t  in regions th a t  a re  irrigated today  (not considered here)  
th e  ratio is likely to be close to 1. Based on th e  LPJmL (Lund-Potsdam-Jena m anaged  Land Dynamic Global Vegetation and 
W ater  Balance Model) vegetat ion  and w ate r  balance model using th e  ensem ble  m ean  from 21 General  Circulation Models 
(GCMs) th a t  took part in th e  4th  IPCC A ssessm en t  (Randall et  al., 2007).

S o u rce: Gerten ,  2009.

(8) Effects of climate change  on crop w ate r  limitation and result ing yields would be even more adverse  in th e  ab sen ce  of th e  carbon 
dioxide (C 02) fertilisation effect.

(9) h t tp : / /e c .e u ro p a .e u /e n v i ro n m e n t /w a te r /q u a n t i ty / s c a r c i ty _ e n .h tm # l . Water scarcity describes a situation of long-term w ate r  
imbalance, w here  w a te r  d em and  exceeds  th e  level of resources  available. Droughts can be considered to  be a m ore  ad eq u a te  
indicator of th e  s ta te  of th e  env ironm ent  than  w a te r  scarcity as  they  reflects a deviation from natural conditions, w h ereas  water  
scarcity reflects th e  imbalance between supply and dem an d ,  which is m ore  influenced by socio-economic factors  such a s  high 
population density  or significant vo lum es of w a te r  being used for agricultural or industrial activities.

problem s w ith cooling w ater availability and agriculture 
in several regions in Europe (Feyen and Dankers, 2009; 
Feyen and Dankers, 2010).

Already today, crop production is at least m oderately 
w ater lim ited — defined as a ratio of actual to m axim um  
production of < 0.7 — in m any regions and especially 
in the south (Map 2.4). Over m ost of the M editerranean 
region, actual production is less than half the production 
that w ould  be possible in the absence of w ater lim itation 
— a ratio of < 0.5: in contrast, crop production is hardly  
w ater lim ited in northern  and north-w estern Europe 
w here the ratio is > 0.8.

Crop w ater lim itation is projected to worsen across the 
southern part of Europe, especially u nder the A2 scenario 
(see M ap 2.4). This indicates that if no adaptation 
m easures are p u t in place, crop yields will decline due to
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and lifestyle changes, all in p art exacerbated by climate 
change. In 2000, irrigated  agriculture and  electricity 
generation each accounted for about one th ird  of w ater 
use — nearly  200 km 3 in total — in Europe; 24 % of 
w ater w ithdraw als w ere for dom estic purposes, and the 
rem aining 13 % w ere used  in m anufacturing  processes 
(EEA, 2005). H owever, notable differences occur betw een 
regions, w ith  irrigation being the prim e w ater use  in a 
num ber of sou thern  European countries, accounting for 
m ore than  60 % of w ithdraw als. Total w ater use across 
Europe has been declining since the early  1990s and a 
further decline by  ~ 11 % is projected by  2030, although 
this is alm ost exclusively due to the in troduction 
of w ater-use efficient cooling tow ers in  the pow er 
generation sector. A griculture appears to be the sector 
that is m ost vulnerable to climatic changes, at least in 
southern  Europe w here projections indicate the need  for 
a significant increase in the irrigated  area, b u t w here this 
additional w ater w ill come from  rem ains a critical issue 
(EEA, 2005).

W hen looking at w ater scarcity, large parts  of Europe 
currently  appear to be chronically w ater-short, defined

as less than  1 000 m 3 of freshw ater being available per 
person  per year (see M ap 2.5). W hile m any  regions 
in sou thern  and eastern  Europe are w ater-short due 
to physical w ater lim itation, w ater shortages in m any 
C entral E uropean regions m ain ly  reflect h igh  population  
densities. In  contrast, in m ost regions of no rthern  Europe 
w ater shortages do n o t occur on a long-term  annual 
basis, although tem porary  w ater shortages m ay occur in 
d ry  years and du ring  the sum m er season.

Earlier Europe-w ide analyses based on the w ater 
exploitation index — relative w ater stress defined as the 
ratio of w ater use to availability (EEA, 2005; EC, 2009)
— provide sim ilar findings w ith  regard  to the regional 
pattern  of w ater shortage, show ing tha t alm ost half of 
Europe's population  — concentrated in som e south-east 
and sou thern  European countries, Belgium, E ngland/ 
Wales and G erm any — is affected by  w ater stress — a 
ratio of > 0.4. S tudies perform ed w ith in  the A dvanced 
Terrestrial Ecosystem  A nalysis and M odelling (ATEAM) 
project (Schröter et al., 2004; 2005) corroborate, at the 
river basin level, the finding tha t a large proportion  
of Europe's population  already lives in  regions w ith

Map 2 .5  Annual w a ter  availab ility  per person  (Falkenm ark indicator)

A n n u al w a te r  a v a ila b ility  p er  p e r so n  in p r e s e n t  t im e  
( 1 9 7 1 - 2 0 0 0  a v e r a g e )

m3/c a p /y e a r

^ B  0 - 5 0 0 1 1 1 3 0 0 -1  700

^ B  5 0 0 -1  000 ■ > 1 700

1 1 1 0 0 0 -1  300 □ Outside coverage

A nnual w a te r  a v a ila b ility  p er  p erso n  for  th e  '2 0 8 0 s '  
( 2 0 7 0 - 2 0 9 9  a v e r a g e , A 2 s c e n a r io )

m 3/c a p /y e a r

^ B  0 -5 0 0 1 1 1 3 0 0 -1  700

^ B  5 0 0 -1  000 ^ B  > 1 700

1 1 1 0 0 0 -1  300 Outside coverage

N ote: Values less than  1 700 m 3 per  person per  y ea r  indicate w ate r  sho r tage .  Based on th e  LPJmL vegetat ion  and w ate r  balance
model using th e  ensem ble  mean from 21 General  Circulation Models (GCMs) th a t  took part in th e  4th IPCC A ssessm en t  
(Randall et  al., 2007).

S o u rce: Gerten,  2009.
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absolute w ater stress — less than  1 700 m 3 of freshw ater 
available per person per year.

Water resources, m easured as annual precipitation and river 
discharge, are projected to decline over the whole of South 
Europe and in the southern parts of Central Europe and to 
increase in N orth Europe. This regional pattem  is projected 
to intensify during the later decades of this century (Gerten,
2009). The num ber of people living in water-short areas is 
projected to increase by 2100 — changes are usually stronger 
in the IPCC A2 scenario than in Bl. Schröter et al. (2004) find 
that from the m iddle of this century population growth and 
climate change — based on the Intergovernmental Panel 
on Climate Change (IPCC) Special Report on Emissions 
Scenarios (SRES) — will increase the num ber of people 
living in river basins characterised by water shortage, 
especially in the Iberian Peninsula, Italy and in relatively 
large parts of central Europe. An increased frequency of 
droughts by the 2070s in m ost of East and South Europe is 
also expected (Lehner et al., 2005).

W hile the w ater shortage indicators above refer to average 
annual conditions, w ater shortages can be m uch m ore 
pronounced in individual seasons, and extreme events 
such as droughts are likely to be m ore intense and occur 
m ore frequently in m any regions (Vörösmarty et al., 2005; 
UB A, 2008).

Figure 2.2 shows norm alised w indstorm  losses in Europe, 
some of w hich affected coastal zones, between 1970 and 
2008. It reveals no particular trend and confirms that 
increasing w indstorm  losses are overw helm ingly driven 
by  changing societal and economic factors and increasing 
exposure, such as increasing standards of living and real 
w ealth per person.

The im pacts of sea-level rise on the coastal areas of 
Europe are expected to be overw helm ingly negative, 
based on earlier studies and reviews such as Rotmans 
et al. (1994), Nicholls (2000), de la Vega-Leinert et al. 
(2000), Nicholls and Klein (2005) and Nicholls and de 
la Vega-Leinert (2008). The major im pacts are expected 
to be increased flooding and perm anent inundation  of 
low-lying coastal areas, increased erosion of beaches and 
cliffs and degradation of coastal ecosystems. Locally, 
salinisation m ay also be im portant. Coastal m orphology 
and hum an utilisation will condition the nature of these 
impacts. Barredo et al. (2009) assessed the exposure or 
potential economic losses to coastal flooding in Europe 
(see M ap 2.6).

Based on the DIVA m odel, H inkel et al. (2009; 2010) 
assessed the vulnerability of European coastal areas to 
sea-level rise and storm  surge. Table 2.1 gives an overview  
of the potential im pacts at the aggregate level of the

2 .2  Coastal zon es

Sea-level rise and changes in the frequency and/or 
intensity of extreme weather events, such as storms and 
associated surges, can lead to increased coastal flooding (10). 
A significant and increasing share of the EU population 
lives in coastal areas — about 19 %, or 86 million people, 
lives w ithin a 10 km  coastal strip (EEA, 2006) and nearly 
half or about 200 million people (ESTAT, 2009) in regions 
within 50 km  of the coast — and some 140 000 km2 of land, 
an area slightly larger than Greece, is currently within 
1 m  of sea level, which m akes it particularly vulnerable 
to sea-level rise. Significantly inhabited coastal areas in 
countries such as the Denmark, England, Germany, Italy 
and the N etherlands are already below norm al high-tide 
levels, and m ore extensive areas are prone to flooding 
from storm  surges. The OECD (2008) looked at threats 
to major European coastal cities from a 0.5 m etres global 
average sea-level rise, storm  surges and exposure to a 1 in 
100 year flood event. The exposed population increases 
from 2.3 million to 4.0 million in 2100, and the exposed 
assets, w ithout adaptation m easures being implemented, 
from EUR 240 billion to EUR 1 400 billion — dom inated by 
Amsterdam, London and Rotterdam.

Figure 2 .2  N orm alised  w in dstorm
lo s s e s  in Europe from  m ajor 
w in dstorm  d isa ster s
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S o u rce: Barredo (JRC), 2010.
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(10) Although not linked to cl imate change,  an o th e r  potential ly important  source of coastal flooding, particularly in Southern  Europe, is 
t su n a m is  tr iggered  by strong ea r th q u ak es  caused by off-shore faults in th e  Mediterranean Sea.
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Table 2 .1 P eop le at risk o f being flo o d ed , land lo st and co s t o f d am age in th e  EU-27 
w ith ou t ad aptation  in th e  m ed iu m -lon g  term  (SRES A2 and B Í scen a r io s)

P e o p le  a t  r isk  o f  b e in g  f lo o d e d  
( t h o u s a n d / y e a r )

L and  e r o d e d  a n d  lo s t  D a m a g e  c o s t  
( k m 2/ y e a r )  (b i l l io n  E U R /y e a r )

A 2

2030 21 7 4.8

2050 35 10 6.5

2100 776 16 16.9
B Í

2030 20 6 5.7
2050 29 8 8.2
2100 205 12 17.5

S o u rce: Hinkel et  al., 2010; 2009.

EU-27 coastal countries for the IPCC A2 and BÍ scenarios 
w ithout adaptation. The expected num ber of people at risk 
of being flooded annually grow s significantly, in particular 
during  the second half of the century, reaching about 
0.8 or 0.2 m illion in 2100 un d er A2 and BÍ respectively, 
w hich is about 0.13 and 0.04 % of the projected EU-27 
population  — 70 and 20 tim es higher than in 2000.

Map 2 .6  C oastal flood  d am age potentia l

Differences in social dam age betw een the two sim ulations 
are m inor un til 2050, reflecting the small differences 
in sea-level rise and socio-economic developm ent and 
the inevitability of im pacts irrespective of m itigation 
m easures. M ap 2.7 show s that the countries m ost affected 
are expected to be France, Latvia, the N etherlands and 
the U nited K ingdom. A gricultural land loss due to coastal

C o a sta l f lo o d  d a m a g e  
p o te n tia l

Million EUR In purchasing 
power parit ies (PPP)

•  < 1 000 

o 1 000-2  000 

o 2 0 0 0 - 3  000 

•  > 3 000

N ote: 100-year  re turn period s to rm -su rge ,  current  climate and no defences.

S o u rce: Barredo, Salamon and Feyen (JRC), 2009.
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Map 2 .7 P eop le ex p ec ted  to  be at risk o f flood ing  w ith o u t adaptation  in th e  
m ediu m -lon g term

P e o p le  f lo o d e d  u n d er  th e  A 2 s c e n a r io , 2 0 5 0 P e o p le  f lo o d e d  u n d er  th e  B Í sc e n a r io , 2 0 5 0

P e o p le  f lo o d e d  u n d er  th e  A 2 s c e n a r io , 2 1 0 0 P e o p le  f lo o d e d  u n d er  th e  B Í sc e n a r io , 2 1 0 0

T h o u sa n d s p er  y e a r

No data

0 0.01 0.1 1 10 20 30 40 50 60 70 80 90 100 Outside coverage

S o u rce: Hinkel et  al., 2010; 2009.

erosion is relatively small and is concentrated in a few 
regions such as Denm ark, Estonia, France, Germany, and 
the N etherlands.

The costs of dam age increase roughly by a factor of five by 
2100 from  today's level u n d er both scenarios (Table 2.2).

Dam age is slightly higher under BÍ because it assumes 
exposure grow s faster — the higher sea-level rise under 
A2 is com pensated for by lower GDP growth, reducing 
the cost of dam age. U nder both scenarios, total dam age 
costs do not exceed 0.04 % of European coastal countries' 
GDP in 2100. The major contributors to these costs are sea

r— I Ü Ô o "
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Table 2 .2 Contribution o f th e  d ifferen t im p acts to  th e  to ta l d am age co s t in th e  EU-27 
w ith ou t adaptation  in th e  m ed iu m -lon g term  (SRES A2 and BÍ scen a r io s)

M illion
E U R /y e a r

S a lin ity
in tr u s io n

L and  e r o d e d  
a n d  lo s t

S e a  f lo o d s R iv er  f lo o d s M ig ra tio n T o ta l d a m a g e  
c o s t

A 2

2030 1 005 4 3 501 36 218 4 767

2050 1 147 7 4 861 63 371 6 450

2100 2 010 16 13 637 283 986 16 933

B Í

2030 1 122 4 4 274 44 223 5 662

2050 1 326 7 6 398 79 386 8 192

2100 1 844 10 14 483 274 884 17 496

N ote: Differences between total d a m a g e  cost and sum  of columns are  due  to  rounding.

S o u rce: Hinkel e t  al., 2010 ,  2009.

floods, about 75 %; salt in trusion in deltas and estuaries, 
about 20 %; and m igration, about 5 %, resulting from  land 
lost due to coastal erosion, particularly tow ards the end of 
the century.

Costs are by  far the highest in the N etherlands,
EUR 5.4 billion or 0.3 % of GDP under A2 by  2100, 
followed by France, Germany, and the U nited K ingdom  
w ith costs around EUR 2 to 3 billion in 2100. Dam age costs 
relative to national GDP do not exceed 0.1 % other than in 
the N etherlands.

2.3  Terrestrial b iodiversity and 
eco sy stem s

Changes in land use and land m anagem ent, together 
w ith urbanisation, industrialisation, over-exploitation, 
pollution and unsustainable practices, have resulted in the 
fragm entation, degradation and destruction of habitats 
and caused w idespread species losses (EC, 2010a). Climate 
change is exerting an additional pressure on biodiversity, 
w hich is likely to exacerbate these losses. A com bination 
of climate change and these other drivers of change could 
result in substantially different ecosystems and landscapes 
across Europe leading to local, regional and global 
extinctions.

The European Com mission is seeking to address the 
decline in Europe's biodiversity and secure ecosystem 
services by  reducing the im pacts of different drivers 
of change and enhancing the ability of ecosystems to 
adapt to climate change. N ew  areas for conservation 
will be required, together w ith m easures to im prove 
the connectivity of fragm ented landscapes to aid 
the m igration, dispersal and genetic exchange of 
species. Article 10 of the Elabitats Directive provides 
an appropriate policy m echanism  through w hich to 
strengthen the coherence of the European ecological

netw ork of N atura 2000 sites (EC, 1992). A review  of 
international, European and M em ber State guidance 
on adaptation for the Convention on the Conservation 
of European Wildlife and N atural Elabitats (Bern 
Convention) G roup of Experts on Biodiversity and 
Climate Change identified a set of principles for 
developing adaptation  strategies and actions to conserve 
species, habitats and ecosystems and the services that they 
provide (Elarley and Elodgson, 2008). Of these, enhancing 
ecosystem resilience to enable coping and recovery from  
change, and using adaptive conservation m anagem ent as 
a flexible approach in an uncertain future are of particular 
im portance.

A recent study  for the European Com mission — 
Biodiversity and climate change in relation to the N atura 
2000 netw ork — assessed the vulnerability to climate 
change of 25 % of the species of Com m unity Interest, 
identified u n d er the Elabitats and Birds Directives (Sajwaj 
et al., 2009). M ost of these are rare and have specific 
habitat requirem ents or are otherw ise threatened, and 
m any currently have unfavourable conservation status. 
The study  developed and applied an approach that 
goes beyond the estim ation of potential im pacts — the 
com bined effects of exposure and sensitivity to climate 
change — by also considering the biological adaptation 
options of each species. The results show  that the vast 
m ajority of species in each taxonomic group studied — 
breeding birds, reptiles and am phibians, butterflies and 
vascular plants — are likely to be vulnerable to some 
extent and very few  are likely to benefit from  climate 
change, even w hen m odelled projections suggest there 
will be an expansion in suitable climate space. The 
results also show  that vulnerability prim arily  arises 
because m any species will be constrained in their ability 
to m ove to and colonise new  areas w ith suitable climate 
because of, for example, lim ited dispersal abilities, lack of 
suitable habitat, or low  levels of em igration due to small 
population  sizes. Because of these constraints, a significant
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proportion of species have a high to extrem ely critical 
level of vulnerability  particularly beyond 2080.

The vulnerability assessm ents were then linked to the 
spatial occurrence of these species across the N atura 2000 
netw ork and then to climate change projections to identify 
the regions and sites that are likely to face the m ost 
significant threats (Bertzky et al., 2009). The results help to 
identify areas w here adaptation  actions are needed. These 
m ay need to focus on regions that host a large num ber 
of species assessed to have a high to extrem ely critical 
level of vulnerability (see Figure 2.3). The species that are 
reported  to occur in only a very few N atura 2000 sites are 
also likely to require special attention. In addition, the 
occurrence of such species outside designated sites m ight

need to be considered in the design of landscape-scale 
conservation activities. There is clearly a need to assess 
the vulnerability of m ore species of C om m unity Interest 
to gain a better understanding  of the robustness of the 
N atura 2000 netw ork and to support the adaptation efforts 
of M em ber States.

2 .4  Economic sectors

A griculture and forestry  (n )
The length of the grow ing season of several agricultural 
crops has increased in northern  latitudes, favouring the 
introduction of new  species that were not previously 
suitable. However, there has been a shortening of

Figure 2 .3
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S o u rce: Bertzky et  al., 2009.
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Box 2.1 European forest ecosystem  services

E u ro p e a n  f o re s t  e c o s y s t e m s  p rov ide  a w ide r a n g e  of  e n v i r o n m e n ta l  an d  so c io -e c o n o m ic  s e rv ic e s ,  w hich  v a ry  reg ionally  
an d  acco rd ing  to  t h e i r  p a r t icu la r  location .  E n v iro n m e n ta l  se rv ic e s  inc lude:  reg u la t io n  of  c l im a te  an d  f r e s h w a te r ;  
p ro te c t io n  of  b iod ivers i ty  a n d  so ils ;  an d  red u c t io n  of  flood risks.  S o c io -e c o n o m ic  se rv ic e s  inc lude:  provision  of  jo b s ,  
in co m e ,  an d  raw m a te r ia l s  for  in d u s t ry  an d  r e n e w a b le  e n e r g y ;  p ro te c t io n  of  s e t t l e m e n t s  an d  in f ra s t ru c tu r e ;  and  
im p ro v e m e n t  in t h e  qual i ty  of  life. T h e s e  e c o s y s t e m s  a n d  t h e i r  s e rv ic e s  a r e  v u ln e ra b le  to  c l im ate  c h a n g e  an d  vital  in 
a d a p ta t io n  an d  m i t iga t ion  a c t io n s  (EC, 2 0 0 8 a ;  L indner  e t  al., 2 0 1 0 ) .  T he ir  c l im a te  reg u la t in g  func t ion  could d im inish  
a s  C 0 2 e m is s io n s  c o n t in u e  to  rise .  C h a n g e s  in v e g e ta t i o n  a n d  sh if ts  in f o re s t  ty p e  a r e  a lso  likely to  o c c u r  (C a s a le g n o  
e t  al., 2 0 0 7 ) .  C h a n g e s  in t h e  t im ing  of  life cycle e v e n t s  of  p e s t s  an d  po l l ina to rs  a n d  th e  in t roduc tion  of  n e w  p a t h o g e n s  
an d  alien s p e c i e s  m a y  p r e s e n t  a d d i t iona l  c h a l l e n g e s .  W a r m e r  a n d  d r y e r  c o n d i t io n s  will in c r e a s e  t h e  risk of  f o re s t  f ires  
an d  lead to  lo n g e r  fire s e a s o n s  espec ia l ly  in s o u th e r n  a n d  c e n t ra l  E u rope  (C am ia  e t  al., 2 0 0 8 ) .  D es t ru c t iv e  s t o r m s  a r e  
also  likely to  b e c o m e  m o re  f r e q u e n t .

T 1) It should be noted th a t  th e  te rm s  'forestry ' and ' forest sector'  refer to th e  use of fo res ts  for productive functions.
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the grow ing season locally at southern latitudes. The 
flowering and m aturity  of several species in Europe now  
occurs two or three weeks earlier than in the past w ith 
consequent higher risk of frost dam age from  delayed 
spring frosts. Changes in the grow ing season and the 
tim ing of the cycle of agricultural crops (agrophenology) 
are projected to continue.

W hile the area u n d er arable cultivation in m ost of 
W estern E urope has decreased over the past 40 years, 
crop yields have increased alm ost continuously. Since 
the beginning of the 21st century, the variability  of 
crop yields has increased as a consequence of extrem e 
climatic events, for exam ple, the sum m er hea t w ave of 
2003 and the spring  d rough t of 2007. The ho t sum m er 
of 2003 is estim ated to have led to EUR 10 billion losses 
to E uropean farm ing, livestock and forestry  from  
the com bined effects of d rought, hea t stress and fire 
(M unich Re, 2008). Floods and  excess w ater have also 
h ad  adverse im pacts on agriculture.

As extrem e events are projected to increase in frequency 
and m agnitude, crop yields are likely to becom e m ore 
variable. The PESETA project sim ulated  the effects of 
various climate change scenarios on agriculture crop 
yields, including C 0 2 fertilisation effects (Iglesias 
et al., 2009). A fall of 10 % in EU crop yields by  2080s 
is sim ulated for the 5.4 °C scenario w hile little change

is projected for low er levels of climate change. By the 
2020s, all E uropean regions w ould  experience yield 
im provem ents, particu larly  in  northern  Europe, and  the 
EU overall y ield gain w ould  be about 17 %. Elowever, 
potential benefits will only em erge from  a low  level 
of tem perature increase and are h ighly  uncertain  
(EC, 2009a).

All scenarios share a similar pattern  in the spatial 
distribution of effects by  the 2080s, w hereby high yield 
im provem ents in northern  Europe are caused by a longer 
grow ing season, while crop productiv ity  decreases 
in southern Europe are caused by a shortening of the 
grow ing period, w ith subsequent negative effects on grain 
filling. The British Isles could have either yield losses or 
gains depending on the specific climate change scenario.

Increases in w ater dem and for agriculture have occurred 
m ainly in M editerranean areas and this is projected to 
continue, increasing com petition for w ater between sectors 
and uses. There is a need for adaptation  of farm  practices 
and land m anagem ent to reduce or avoid adverse climate 
change impacts. Some of the adaptation  options such as 
irrigation m ay how ever increase emissions because of 
increased energy consumption.

W ith regard to the forestry sector, some studies of the 
impacts of climate change in Europe have been undertaken,

Map 2 .8  M odelled ch a n g e o f th e  flow erin g  d a te  for w in ter  p lanted  w h ea t, 1 9 7 5 -2 0 0 7

C h an ge r a te s  o f  flo w er in g  
d a te  for  w in te r  w h e a t  
1 9 7 5 - 2 0 0 7

Days/year

N ote: The day of th e  yea r  of flowering has been simulated using a crop growth model (Crop Growth Monitoring System  (CGMS)).

S o u rce: EEA-JRC-WHO, 2008.
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but only sparse inform ation on financial losses or 
adaptation costs is available. Lindner et al. (2010) addressed 
all bio-geographical European regions and showed that the 
observed w arm er and wetter winters have already had  a 
negative im pact on logging and harvesting operations in 
the boreal region, especially on wetter soils, for example, 
peatlands. In the M editerranean region an increase in 
tem perature is likely to lead to a decrease in forest growth. 
M oreover the projected increased frequency and intensity 
of fires m ay lead to a reduction in w ood production 
and tim ber values in vulnerable areas. Additionally, the 
projected increase in the intensity and frequency of heavy 
storms m ay have serious economic consequences — 
hundreds of millions of EUR each year — in the forestry 
sector, as shown by  recent events which caused an 
enorm ous am ount of w ind-throw n tim ber — storms Lothar 
and M artin in 1999: about 200 million m 3; storm  G udm n in 
2005: 66 million m 3; storm  Kyrill in 2007: about 59 million 
m 3. The economic impact of w ind dam age is particularly 
severe in m anaged forests because of the reduction in 
the yield of recoverable timber, the increased costs of 
unscheduled thinning and clear-cutting, and resulting 
problem s in forestry planning (EC, 2008a).

Lindner et al. (2010) also dem onstrates that adaptive 
capacity, in a socio-economic sense, varies largely 
between European regions. Landow ners and the forest 
industry  in the boreal region will tackle the im pacts of 
climate change using their long-standing experience in 
intensive m anagem ent and related economic interests.
In the M editerranean region, w here m ost of the forests 
are extensively m anaged or even unm anaged, adaptive 
capacity is limited.

Energy
Data on heating degree days shows a fall in recent years 
in Europe, indicating a benefit from  reduced space 
heating. Actual energy dem and from  these changes 
is also determ ined by  technical and socio-economic 
factors, including behavioural changes. A t present, no 
data are available on cooling degree days across Europe, 
preventing any systematic assessm ent of how  the cyclical 
nature of annual energy consum ption m ight be affected. 
Elowever, country-specific data show  some increases in 
cooling degree days over the same period, consistent w ith 
greater space-cooling dem and.

Projections of climate change suggest reductions in 
heating degree days in Europe, b u t increases in cooling 
degree days. The net change in energy dem and is difficult 
to predict, bu t there will be related distribution patterns, 
w ith significantly reduced space-heating dem and in 
northern  Europe and an increased dem and for cooling in

southern Europe, w ith  associated costs and benefits. There 
m ay also be increases in energy dem and associated w ith 
adaptation  to climate change, for example, for additional 
transport and supply  of water.

The projected change in  river runoff due to climate 
change will resu lt in an increase in hydropow er 
p roduction  by about 5 % and  m ore in  northern  Europe 
and  a decrease by about 25 % or m ore in the south. D am  
safety m ay be affected u n d er changed climatic conditions 
w ith  m ore frequent extrem e flows and  possible natu ra l 
hazards. C lim ate change could have an adverse im pact 
on therm al pow er production  as m ost studies show  
tha t sum m er droughts w ill be m ore severe, lim iting the 
availability of cooling w ater in term s of quantity  and 
appropriate  tem perature , and reducing  the efficiency of 
pow er plants.

Tourism  and recreation
The M editerranean region is the w orld 's m ost popular 
holiday destination: it attracts some 120 million visitors 
from  northern  Europe each year, the largest international 
flow of tourists on the globe, and while there, they 
spend is m ore than EUR 100 billion (Am elung and 
M oreno, 2009). D uring the key sum m er m onths the 
M editerranean has a close to ideal climate for tourism, 
w ith  very h igh scores on the Tourism Com fort Index (12). 
Elowever, changes in the climate are starting to affect 
the attractiveness of m any of the M editerranean's major 
resorts, while im proving the attractiveness of other 
regions, for exam ple resorts offering outdoor activities in 
northern  Europe.

Projections of climate change suggest that the suitability of 
the M editerranean for tourism  will decline during  the key 
sum m er m onths (Map 2.9), though it m ay increase in the 
spring and autum n. This could produce shifts in the major 
flows of tourism  w ithin the EU, very im portant for regions 
w here tourism  is key to the economy. Climate change 
could benefit the M editerranean tourist industry  if it evens 
out dem and, reducing the sum m er peak while increasing 
occupancy in the spring and autum n. But w ithout such 
adjustm ents, the M editerranean tourist industry  will be 
am ong the m ain casualties of climate change.

S tudies also project w idespread  reductions in 
snow-cover over the 21st century (IPCC, 2007b) w hich 
w ill affect the w inter sports industry  across Europe 
tha t attracts m illions of tourists each year, generating 
nearly  EUR 50 billion in annual tu rnover (OECD,
2007). Responses are already  in place, including 
artificial snow -m aking, and this has increased in 
recent years. Elowever, adaptation  options pose

(12) This index, primarily developed for general outdoor activities, is based on th e  notion of human comfort  and consists of a weighted 
index of m axim um  and mean daily te m p e ra tu re ,  humidity, precipitat ion,  sunsh ine  and wind.
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Map 2 .9  M odelled co n d itio n s for su m m er tou rism  in Europe for 1 9 6 1 -1 9 9 0  and
2 0 7 1 -2 1 0 0

© PESETA project © PESETA project

E U R O P E A N  C O M M IS S IO N

S im u la ted  c o n d itio n s  fo r  su m m e r  to u r ism  in E urope fo r  1 9 6 1 - 1 9 9 0  ( le f t )  an d  2 0 7 1 - 2 1 0 0  (r ig h t)  a cc o r d in g  to  a 
h ig h -e m is s io n s  s c e n a r io  (IPCC SRES A 2)

Tourism comfort index (TCI)

Unfavourable (TCI: 0 -4 0 ) Good (TCI: 6 0 -7 0 ) Excellent (TCI: 8 0 - 1 0 0 )

1 Acceptable  (TCI: 4 0 - 6 0 ) 1 1 Very good (TCI: 7 0 -8 0 )

S o u rce: Ciscar et  al., 2009; Amelung and Moreno, 2009.

sustainability  and environm ental issues such as w ater 
use by snow -m achines negatively affects curren t w ater 
resources, energy use and associated GHG em issions, all 
of w hich need  to be assessed.

2.5 Cities and the built environment

Cities are h ighly vulnerable to the im pacts of climate 
change due to their physical structure and the density of 
their populations. C urrent and projected climate change 
im pacts include coastal and river floods, heat waves and 
droughts (EEA, 2009). These risks further exacerbate 
the existing environm ental problem s of m any cities and 
towns, including poor air quality and w ater supply  issues 
as well as social inequalities as the poor often live in 
riskier areas w ithin cities and do not necessarily have the 
adequate resources to cope and adapt.

Exposure to coastal floods is a key challenge for several 
major European cities (Nicholls et al., 2008; Elallegatte 
et al., 2008). Eleat waves in cities can lead to deaths and

also w orsen ozone and air quality-related health problem s 
and heat stress, and change the distribution and increase 
the spread of infectious diseases. Floods and droughts can 
also lead to w ater-borne disease outbreaks and increased 
stress, and m ay affect m ental health.

The vulnerability of cities depends critically on the way 
u rban  areas are built. U rban design, and ultim ately land 
cover and land use, can aggravate climate change impacts, 
for exam ple th rough soil sealing contributing to the 
heat island effect and flooding caused by  w ater mn-off. 
Tem peratures can differ significantly across a city, w ith 
green areas being typically cooler than high-density urban 
areas, providing better ventilation and w ater storage 
potential.

W ith increasing global tem peratures, climate zones will 
shift northw ards and will have m ajor im plications for 
w ater utilities, health services and u rban  infrastructure. 
Buildings that were designed and engineered for cold 
harsh  w inters will need to function in a drier and hotter
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climate, and heritage buildings m ay suffer irreversible 
damages.

Extreme events such as flooding or landslides constitute 
key challenges for infrastructures and the built 
environm ent. In cities the continuity of essential services 
is threatened, specifically in connection w ith  w ater supply  
and sewerage, health  services and transport.

In m ountainous regions for example, the strong retreat of 
glaciers can cause instabilities resulting in such hazardous 
incidents as glacier lake outbursts, rock-ice avalanches 
and landslides, w hich m ay cause severe dam age to 
infrastructure. The observed and projected reductions in 
perm afrost are also expected to increase natural hazards 
and dam age to h igh-altitude infrastructure.

2 .6  Human health

Nearly all the environm ental and social im pacts of climate 
change m ay ultim ately affect hum an health  through 
altering w eather patterns, and th rough changes in water, 
air, food quality and quantity, ecosystems, livelihoods 
and infrastructure (Confalonieri et al., 2007). Climate 
change can m ultip ly  existing health  problem s and risks; 
how ever health  effects depend  largely on the specific 
vulnerabilities of the population  and its adaptive capacity. 
Integration of health  issues in m itigation and adaptation 
m easures, policies and strategies, sharing inform ation and 
knowledge, and best practices are am ong the strategic 
objectives of the European Regional F ram ew ork for Action 
adopted at the 2010 W orld H ealth  O rganization (WHO)
5th Parm a M inisterial conference (WHO, 2010a).

The 2003 sum m er heat wave in Europe, w ith  a death toll 
exceeding 70 000, highlighted the need for adaptation 
to a changing climate (Robine et al., 2008; W HO, 2009).
The elderly and people w ith  some diseases are at h igher 
risk, and socio-economically deprived population groups 
are m ore vulnerable (Kirch et al., 2005; EC, 2008b). In 
congested u rban  areas w ith high levels of soil sealing and 
heat absorbing surfaces, the effects of heat waves can be 
exacerbated as a result of insufficient nocturnal cooling 
and poor air exchange (WHO, 2004). For populations in 
the EU, m ortality  has been estim ated to increase by 1-4 % 
for each degree increase in tem perature above a locally 
specific cut-off point (WHO, 2008). The PESETA project 
reported  an estim ated increase in heat-related m ortality 
resulting from  projected climate change of between 50 000 
and 160 000 cases per year by  the 2080s, m ainly in central 
and southern European regions (Watkiss et al., 2009). The 
PESETA project also estim ated the decrease in cold-related 
m ortality  to be between 100 000 and 250 000 cases per

year by  the 2080s. Once acclimatisation factors are 
taken into account, these estim ates can be substantially 
reduced, although the short-term  and long-term  role of 
acclimatisation is still being debated (WHO, 2004).

Extreme w eather events, flooding, precipitation and 
storm  surges, expected to be m ore frequent and intense 
in some regions of Europe, can result in m ore potential 
casualties, and w ider effects on m ental health and well 
being. For example, in Scotland, intangible social impacts, 
such as living in tem porary accom m odation and dealing 
w ith insurers, w ere m ore severe than the m aterial losses, 
particularly am ong the elderly. Increased run-off and the 
loading of coastal w aters w ith pathogens, nutrients and 
toxic chemicals can pose risks, in particular in highly 
built-up coastal areas (Semenza and M enne, 2009). 
C hanging climatic conditions are also suggested to affect 
the environm ental distribution and toxicity of some 
chemical pollutants (Noyes et al., 2009).

An anticipated im pact of climate change on the spread of 
water-, food- and vector-bom e (13) diseases (see Box 2.2) 
in Europe em phasises the need for tools to address these 
threats to public health  (Semenza and M enne, 2009;
ECDC, 2010). A shift in the distribution of ticks, vectors of 
Lyme disease and tick-borne encephalitis (TBE) to higher 
altitudes and latitudes has been linked to climate change. 
Transmission patterns of com municable diseases are also 
influenced by ecological, social and economic factors, 
access to health care, early detection and preventive 
m easures. C hanging land-use patterns, increased num bers 
of large anim al hosts, expansion of rodent habitats, 
alterations in ou tdoor hum an activity, and vaccination 
coverage are considered to explain the observed 
heterogeneity in the increased incidence of TBE in Europe 
(Semenza and M enne, 2009).

Projections of m alaria u nder future climate change 
scenarios are lim ited in Europe. Nonetheless, the risk 
of reintroducing m alaria into Europe is very low  and 
determ ined by  variables other than climate change 
(Semenza and M enne, 2009).

Climate change m ay also exacerbate existing 
environm ental problem s, such as particulate emissions 
and high ozone concentrations, and pose additional 
challenges to providing sustainable w ater and sanitation 
services. Clim ate-related changes in air quality and pollen 
distribution are expected to affect several respiratory 
diseases. A geing w ater treatm ent and drink ing  w ater 
supp ly  system s are particu larly  susceptible to w eather 
extrem es, w ith  potential im pacts on the spread of 
w ater-borne diseases. System atic assessm ent of the 
resilience of w ater supply  and sanitation system s to

(13) Diseases transm it ted  by th e  bite of infected arthropod species, such as  m osquitoes ,  ticks and sandflies.
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Su itab ility  o f  th e
e s ta b lish m e n t o f  th e
tig e r  m o sq u ito  u n d er th e
m inim um  c lim a te
c h a n g e  sc en a r io ,
long  term  (2 0 3 0 )

Suitability levels

■ 0 - 5

■ 5 - 1 0

■ 1 0 -2 0

1 1 2 0 - 3 0

1 1 3 0 -4 0

1 1 4 0 - 5 0

□ 5 0 -6 0

1 1 6 0 - 7 0

1 1 7 0 - 8 0

■ 8 0 - 9 0

■ 9 0 - 1 0 0

Outside coverage

□ No data

Box 2.2 Chikungunya fever

The tiger mosquito, a vector of several viruses including Chikungunya (CHIKV), has extended its range in Europe over 
the past 15 years and is projected to increase it even further. The first confirmed outbreak of Chikungunya fever in 
Europe was reported in the Emilia-Romagna, Italy in August 2007 (ECDC, 2009).  While this episode was accidental, 
and not related to climate change, climatic models indicate the potential for further transmission and dispersion of the 
vector under favourable climatic conditions. The first risk maps for Europe indicate suitability for establishment of the 
mosquito under several short-term (2010)  or long-term (2030)  scenarios. When interpreting and using such maps,  
careful consideration needs to be given to the existing uncertainties, as well as other conditions affecting the possible 
spread of disease.

Map 2.10 Suitability of the establishm ent of the tiger m osquito under the minimum
clim ate change scenario, long term (2 0 3 0 )

N ote: Colours indicate the  suitability levels, from dark blue (less suitable a reas)  to dark red (m ost  suitable a reas ) .

S ou rce: Adapted from 'Prospective impact of climate change  on Aedes a lbop ic tus  distr ibution in Europe: minimal impact,
long-term change scenario ' in ECDC Technical Report 'D eve lopment of Aedes a lbop ic tus  risk m aps ' .  European Centre 
for Disease  Prevention and Control (ECDC), 2009.

climate change and inclusion of its im pacts in  w ater 
safety p lans are needed  (WHO, 2010b).

2.7  Dam age co sts

Econom ic lo s s e s  from  w ea th er  and  
c lim a te-re la ted  e v e n ts
According to the NatCatSERVICE of M unich Re, the 
num ber of disasters in  EE A m em ber countries shows an 
upw ard  trend since 1980 (see Figure 2.4). Whereas the

num ber and impacts of w eather and climate-related events 
increased considerably between 1998 and 2009, the num ber 
of geophysical hazards appeared to rem ain m ore stable.

A ccording to M unich Re, hydro-m eteorological hazards 
account for about 90 % of natu ra l d isasters tha t have 
occurred in  Europe since 1980 and around  81 % of the 
economic losses (M unich Re, 2010). Its NatCatSERVICE 
reports an increasing tren d  of overall average economic 
losses by w eather events from  EUR 5 billion in  1980 to 
m ore than  EUR 7 billion in  2009 (2009 prices).
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Figure 2 .4 Natural d isa ster s  in EEA m em ber co u n tr ies , 1 9 8 0 -2 0 0 9

Num ber  of even ts  
300  -,

250  -

□  Climatological events  (extrem e tem pera tu re ,  drought, forest fire) □  Hydrological events  (flood, m ass  m ovement)
■  Meteorological even ts  (s torm) □  Geophysical even ts  (earthquake,  tsunami,  volcanic eruption)

4  5 0 0  lo s s  e v e n t s  *’ 1 0 8  0 0 0  fa ta lit ie s  O verall lo s s e s  "> EUR 4 1 4  bn In su red  lo s s e s  **’ EUR 1 2 1  bn

□  Geophysical  even ts  (ear thquake ,  tsunam i,  volcanic eruption) ■  Meteorological even ts  (storm)

□  Hydrological eve ts  (flood, m ass  m o v em en t)  □  Climatological even ts  (cold wave,  drought,  fores t  fire)

■  Climatological evens  (hea t  wave)

N ote: * Definition loss events :  Events can occur in severa l countr ies; even ts  are  counted  countrywise; ** In 2009 values .

S o u rce: NatCatSERVICE, a s  of August 2010 (Munich Re, 2010).

Between 1998 and 2009, the economic toll of natural 
disasters in the w hole of Europe approached 
EUR 118 billion (M unich Re, 2009) (14). A bout half of all 
losses can be attributed  to a few  large events such as 
storm s Lothar in 1999 and Kyrill in 2007, and the floods 
of Central Europe in 2002 and in the U nited K ingdom  in
2007. Two th irds of economic losses by natural disasters 
betw een 1998 and 2009 w ere caused by  floods and storms, 
as these tend to affect large areas.

One im portant question is to w hat extent the observed 
increase in overall losses during  recent decades is 
attributable to changing climatic conditions rather than 
other factors. Available studies, such as Barredo (2009;
2010) on river floods and storms, suggest that increased 
losses are prim arily  due to socio-economic changes and 
increasing exposure due to changes in population and 
economic wealth, and activities in hazard-prone areas. 
U pw ard trends in losses can also be explained to a certain

(14) This corresponds to  even ts  th a t  have been en te red  into Munich Re d a ta b a s e  for t h e  whole of Europe,  i.e. even ts  th a t  led to property 
losses a n d /o r  fatalities. The following Munich Re definitions apply to  natural d isasters:  (1) A small scale loss even t  is defined as 
a 1 -9  fatali ties even t  with a small scale property d a m ag e ;  (2) A m odera te  loss even t  is defined as  10+ fatalities even t  with a 
m odera te  property and structural d a m ag e ;  (3) A severe  ca ta s t rophe  is defined a s  a 2 0 +  fatalities even t  with overall losses in excess 
of USD 50 million; (4) A m ajor  ca ta s t rophe  is defined as  a 100+ fatalities even t  with overall losses in excess  of USD 200 million;
(5) A devastat ing  ca ta s t rophe  is defined a s  a 50 0 +  fatalities even t  with overall losses in excess  of USD 600 million; (6) A g reat  
natural ca ta s t rophe  or g rea t  d isa s te r  is defined a t  leading to th o u sa n d s  of fatalities with th e  economy being severe ly affected 
and ex t re m e  insured losses;  interregional  or international a ss is tance  is necessary, hundreds  of th o u sa n d s  a re  m ade  homeless 
(UN definition).
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extent by better reporting. A lthough it is currently difficult 
to determ ine accurately the proportion of losses that are 
attributable to climate change (EEA-JRC-WHO, 2008), in 
view  of current and projected climate change im pacts its 
contribution to losses is expected to increase.

Integrated economic assessm ent
The PESETA study  undertook an in tegrated economic 
assessm ent aim ed at a better understand ing  of the 
geographical and sectoral patterns of the physical and 
economic effects of climate change in Europe (Ciscar 
et al., 2009). It considered the im pacts and vulnerabilities 
of climate change in agriculture, river basins, coastal 
systems, tourism  and hum an  health  for four different 
climate-change scenarios. As other key issues, such

as effects on forestry, ecosystems and biodiversity or 
catastrophic events, have not yet been analysed, the 
PESETA project only provides an initial integrated 
assessm ent of the cost of damage.

W ithout public adaptation to climate change and if the 
projected climate of the 2080s were to occur today, the 
annual dam age to the EU economy in term s of GDP losses 
due to climate change — m ainly supply side effects — 
are estim ated to be between EUR 20 billion for the 2.5 °C 
scenario and EUR 65 billion for the 5.4 °C scenario (see 
Figure 2.5). Damage w ould occur m ainly in Southern 
Europe and the northern part of Central Europe. The 
EU annual welfare loss (i.e. households perspective and 
dem and side effects) is estim ated at between 0.2 % and 1 %.

Figure 2 .5 Annual d am age in term s o f GDP lo ss  (m illion  EUR) and w elfare  ch a n g e (% )
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S o u rce: Ciscar et  al., 2009.
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The estim ated aggregated dam ages in PESETA are lower 
than in other studies because the coverage of m arket 
im pacts is narrow er and the non-m arket com ponents 
of the dam ages are not taken into account. Thus, for 
instance, Fankhauser and Tol (1996) estim ate the overall 
GDP loss for the EU at 1.4 %, under a scenario doubling 
the CO,-equivalent concentration to 550 pprnv com pared 
to pre-industrial levels. The PESETA 5.4 °C scenario 
w ith high sea-level rise (SLR), w hich w ould  lead to a 
concentration level of 710 pprnv, has an estim ated annual 
GDP and welfare loss of 0.5 % and 1 %, respectively.

The aggregated  im pact estim ates m ask large sectoral 
and  regional variability  (Figure 2.6). For exam ple, u n d er 
the 5.4 °C scenario w ith  h igh  SLR, m ost losses occur 
because of p roduction  losses in agriculture, dam age to 
residen tia l bu ild ings from  river floods and, particularly, 
dam age to coastal system s and m igration  as a resu lt of 
sea floods.

The southern European area is the region w ith highest 
welfare losses, ranging between 0.3 % and 1.6 %. Welfare 
in this region deteriorates steeply in the scenario w ith the 
highest tem perature increase. Im pacts in all sectors are 
negative and dam age to agriculture is the m ost im portant

one in relative terms, while tourism  revenues could 
dim inish by u p  to EUR 5 billion per year.

Welfare losses in the southern part of central Europe range 
between 0.1 % and 0.6 %, due m ainly to dam age from river 
floods. Agriculture w ould be negatively affected under the 
highest emission scenario while tourism  w ould benefit. The 
northern part of central Europe w ould experience welfare 
losses between 0.3 % and 0.7 %, prim arily due to dam age to 
coastal systems. Economic costs of river floods could reach 
EUR 5 billion per year and tourism  sector could benefit 
slightly from climate change.

The British Isles w ould be particularly im pacted under the 
warm est scenario w ith the welfare loss being estimated 
at 1.3 %. This w ould be due to combined river floods 
and impacts to coastal systems. Impacts on tourism  are 
estim ated to be positive, w ith up  to EUR 4.5 billion in 
additional revenues.

N orthern Europe is the only EU area w ith welfare gains in 
all scenarios, due m ainly to the large positive impacts on 
agriculture, fewer river floods dam ages and higher tourism  
revenues. However, dam age to coastal systems could be 
significant.

Figure 2 .6 S ectoral d eco m p o sitio n  o f regional w elfa re  ch a n g es
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S o u rce: Ciscar et  al., 2009.
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3 Adaptation

3.1  Framing adaptation

A daptation is defined by the IPCC as the adjustment of 
natural or human systems to actual or expected climate change 
or its effects in order to moderate harm or exploit beneficial 
opportunities (IPCC, 2007). Even if atmospheric GHG 
concentrations rem ained at 2000 levels, the tem perature 
increase w ould be about a further 0.6 °C by the end of this 
century relative to 1980-1999 (IPCC, 2007). Climate change 
increases the vulnerability of European society to a w ide 
range of impacts on hum an and natural systems, and 
dedicated adaptation is therefore necessary to address these 
unavoidable consequences by both reducing vulnerabilities 
and strengthening resilience.

Practical examples of adaptation m easures include: early 
w arning systems and vaccination campaigns for health and 
heat wave risks; water supply and dem and m anagem ent 
for drought and water scarcity risks; defences, including 
beach nourishm ent for coastal and river flood risks; 
disaster risk m anagem ent; land-use m anagem ent and crop 
diversification; economic diversification and insurance; 
green infrastructure to enhance connectivity for p lant and 
animal species; natural hazard  monitoring; and reinforcing 
the built environment.

A daptation responses can be clustered into the following 
broad categories:

• technological solutions — grey measures;
• ecosystem-based adaptation options — green 

measures;
• behavioural, m anagerial and policy approaches — soft 

measures.

Green and soft m easures specifically aim at decreasing the 
sensitivity and increasing the adaptive capacity of hum an 
and natural systems, basically, building resilience (see 
Figure 3.1). They often provide low-cost solutions and we 
know  enough for their implementation. ITigh-tech and 
innovative technological solutions typically need funding 
and require m ore research, experience and training to be 
operated.

Furtherm ore there are various types of adaptation 
decision-making processes. Planned adaptation, which 
can be anticipatory/proactive or reactive, aims at taking 
m easures to counteract expected impacts of climate change

— before these are observed. They are the result of a 
deliberate decision, based on an awareness that conditions 
have changed or are about to change and that action is 
required to return  to, m aintain, or achieve a desired state. 
A utonom ous adaptation  is a reactive response to a variety 
of factors and is triggered by changes in natural and 
hum an systems, including the climatic stim uli and m arket 
forces. The focus here is m ainly on p lanned adaptation, 
even though it is challenging in practice to disentangle 
and systematically distinguish the various types of 
adaptation, since p lanned adaptation packages m ay also 
facilitate autonom ous adaptation.

Adverse and beneficial impacts of climate change have 
rather different implications for current policies because 
effective adaptation needs to consider all possible climate 
conditions during the horizon of a policy decision (e.g. the 
lifetime of infrastructure). If climatic risks are projected to 
increase in the future, this increase needs to be taken into 
account proactively in today's decisions in order to avoid 
adverse impacts on hum an lives, health, and welfare and/or 
costly retrofitting. In contrast, if climatic risks are projected 
to decrease, today's decisions w ould be unaffected because 
policies or infrastructure established today w ould still be 
able to m anage the current level of risks. Potential savings 
(e.g. reduced efforts to m anage climatic risks that have 
become obsolete) can only be realized reactively after the 
change in climate has manifested.

A daptation initiatives should pay particular attention 
to no-regret m easures that w ould be justified u nder all 
plausible future scenarios. N o-regret m easures typically 
involve over-specifying com ponents in new  build  or 
refurbishm ent projects, for example, higher building 
insulation standards.

There is also a need to better understand  nral-adaptation, 
w hich occurs w hen adaptation m easures do not increase 
resilience/adaptive capacity or reduce vulnerability, 
for exam ple inappropriate, not proportionate or 
cost-ineffective solutions; are environm entally 
unsustainable; or conflict w ith other long term  policy 
objectives, for example, artificial snow  m aking or 
air conditioning that conflict w ith m itigation targets 
(EEA, 2009; IPCC, 2007; UNDP, 2009). To avoid 
nral-adaptation both  climatic and socio-economic factors 
of vulnerabilities have to be considered w hen developing 
policy responses.
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Figure 3 .1  C onceptual fram ew ork  for clim ate  ch a n g e im p acts, vu lnerability , d isa ster  risks 
and adaptation  o p tio n s
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S o u rce: I soard, 2010 ;  IPCC, 2007 ;  Füssel and Klein, 2006.

Clim ate change adaptation  is closely linked to the 
concept of d isaster risk reduction  (DRR) tha t aim s to 
reduce the im pacts of natu ra l and technical hazards 
tha t could lead to a disaster. As adaptation  and DRR 
share the same u ltim ate goal, reducing  vu lnerability  to 
hazardous events (IPCC, 2009), vu lnerability  and disaster 
risk assessm ents are core issues to be addressed  un d er 
both  fram ew orks (Birkmann et al., 2009). There are also 
m u tua l co-benefits and synergies as adapta tion  can be 
in tegrated  w ith  various phases of DRR w hile adapta tion  
to curren t w eather extrem es could increase resilience to 
climate change (IPCC, 2007).

It is im portan t to identify  and assess determ inants of 
successful or unsuccessful adaptation  in o rder to better 
inform  policym akers about good practices. Regional case 
studies taken from  a recent EEA repo rt on adaptation  
to climate change and w ater-related issues in  the A lps 
(EEA, 2009) prov ide valuable insights into the forces that 
p rom ote or obstruct good adaptation  practices. They 
specifically prov ide guidance on generic success factors 
for and  barriers to good adaptation  practices, recognising 
tha t regional specificities such as im pacts and affected 
sectors, political and  socio-economic contexts, cultures 
and values, land  uses, social netw orks are key elem ents 
to consider. They also h igh ligh t tha t the successful 
transfer of lessons learned  to other regions is far from  
straightforw ard.

Political support is key in initiating, driving and 
coordinating adaptation to climate change, p roviding a

strategic fram ew ork for effective action. Once initiated, 
adaptation  m easures rely on a b road variety of factors 
for their success, relating prim arily to institutional and 
governance structures, as well as organisational settings. 
For example, a sound legal fram ew ork is a crucial 
com plem ent to political support; 'soft' adaptation  actions 
on dem and-side m anagem ent usefully com plem ent 
technological m easures; involving/em powering 
stakeholders and raising aw areness are vital especially 
in sectors w ith long p lanning horizons and lead times 
for im plem enting change; and m onitoring progress 
and conducting in tegrated assessm ents of impacts, 
vulnerabilities and adaptation  support regular reviews of 
policy objectives.

Barriers to adaptation typically include lim ited scientific 
know ledge and uncertainty about the local im pacts of 
fu ture climate change, and the lack of long-term  planning 
strategies, coordination and use of m anagem ent tools 
that consider climate change at regional, river basin and 
cross-sectoral levels.

3 .2  Policy fram ew orks 

In ternation a l level
A t the global level, m any  hum an  and na tu ra l system s 
are h ighly  vulnerable to even m odest levels of climate 
change, w ith  poor nations and  com m unities, ecosystem  
functions and  biodiversity  particu larly  at risk. In 
line w ith  its external policy, the EU is com m itted
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to supporting  developing countries in adap ting  to 
climate change w ith in  the U nited  N ations Fram ew ork 
C onvention on Clim ate C hange (UNFCCC).

Climate change adaptation has been recognised as one of 
the five key building blocks — together w ith mitigation, 
technology, finance and a shared vision — w ithin the 
UNFCCC negotiations for the post-2012 period and 
is a vital element of any international climate change 
agreement (UNFCCC, 2010a). M any least-developed 
countries (FDC) and small island developing states (SIDS) 
are particularly vulnerable to climate change, and have 
limited adaptive capacity. The UNFCCC Copenhagen 
Accord of December 2009 recognises the need for enhanced 
action on adaptation to reduce vulnerability and build 
resilience in the m ost vulnerable developing countries and 
outlined a Fast Start program m e funded by USD 30 billion 
for 2010-2012 and long-term finance of USD 100 billion 
annually by 2020 as the m ain elements of developed 
countries' financial commitments to both adaptation and 
mitigation (UNFCCC, 2010b). The EU (European Council, 
10-11 December 2009) confirmed its readiness to contribute 
w ith Fast-Start funding of EUR 2.4 billion annually for 
the years 2010-2012, recognised the need for a significant 
increase in public and private financial flows to 2020 
and reiterated its com mitm ent to provide its fair share of 
international public support.

The EU supported  the UNFCCC's N airobi w ork 
program m e (2005-2010) and the process of national 
adaptation program m es of action (NAPAs). The Nairobi 
w ork program m e has been adopted to help countries 
im prove their understand ing  and assessm ent of the 
im pacts of and vulnerability to climate change, and to 
m ake inform ed decisions on adaptation  m easures and 
actions. NAP As have been p repared  and reported  to 
UNFCCC by  m any developing countries, w hich provide 
an im portant w ay of identifying priority  activities and 
u rgent national adaptation  needs.

In addition  the U nited N ations International Strategy 
for Disaster Reduction (UNISDR) aims to build  
disaster-resilient com m unities by prom oting increased 
awareness of the im portance of disaster reduction as 
an integral com ponent of sustainable development, 
w ith the goal of reducing hum an, social, economic and 
environm ental losses due to natural hazards and related 
technological and environm ental disasters. The EU 
supports the need to harm onise existing institutional and 
governance arrangem ents for DRR and climate-change 
adaptation. A contribution to that will be provided by the 
special report on m anaging the risks of extrem e events 
and disasters currently being prepared  by an expert group 
of IPCC (UNISDR, 2009a).

The inclusion of climate change in today 's risk and 
vulnerability assessm ents also corresponds to a

recom m endation m ade w ithin the ITyogo Fram ework 
of Action (TTFA) adopted in 2005 (UNISDR, 2010; 
Prevention Web, 2010a), inter d in  by  m any EU M ember 
States, which sets a global plan for disaster risk reduction 
that aims at substantially reducing disaster losses by 
2015 in term s of lives and the social, economic, and 
environm ental assets of com m unities and countries.

There is also recognition that there m ay be an increasing 
num ber of environm entally-induced m igrants in future, 
w ho will have to leave their hom es to find viable 
livelihoods and safety elsewhere. People often m igrate 
for a com bination of reasons, including arm ed conflicts, 
w hich m ake the expected num ber of persons displaced 
due to climate change very difficult to estimate. The 
climate change-related m igration and displacem ent 
of people can have various drivers, including sudden 
disasters and slow-onset hazard  events, perm anent losses 
of territory, violence over shrinking natural resources and 
threats to public health. M ost environm entally-induced 
m igrants will probably rem ain, elsewhere, in their 
ow n countries, bu t others will cross international 
borders. Experts expect an am plification of the already 
established m igration routes from  sub-Saharan Africa to 
the M editerranean, the M iddle East and Europe over the 
com ing decades. The U nited N ations Refugee Agency 
(UNTTCR) estim ates that, w orldwide, there are between 
25 and 50 million environm entally-induced m igrants 
today and that there will be alm ost 700 million by  2050, 
while the UNFCCC secretariat refers to 50 million in 2010.

The EU's approach
The EU has adopted a Green Paper on A daptation 
(EC, 2007a) followed by a W hite Paper (EC, 2009a). The 
A daptation W hite Paper supports the preparation of a 
com prehensive adaptation strategy at the EU level in 
Phase 1, 2009-2012, which then shall be im plem ented as 
of 2013 in Phase 2. The key rationale for a need to take 
action on climate change adaptation  at the EU level can be 
sum m arised as follows:

• m any climate change im pacts and adaptation 
m easures have cross-border dim ensions;

• climate im pacts and adaptation  affect single m arket 
and com mon policies;

• climate change vulnerabilities and adaptation trigger 
a new  fram ew ork for solidarity;

• EU program m es could com plem ent M em ber State 
resources for adaptation;

• potential economies of scale can be significant for 
capacity-building, research, inform ation and data 
gathering and know ledge transfer.

The W hite Paper is fram ed to com plem ent and ensure 
synergies w ith  actions by  M em ber States and focus on 
four pillars to reduce the EU's vulnerability and im prove 
its resilience:
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• develop and im prove the know ledge base at regional 
level on climate change impacts, vulnerabilities 
m apping, costs and benefits of adaptation  m easures to 
inform  policies at all levels of decision-making;

• integrate adaptation into EU policies;
• use a com bination of policy instrum ents — 

m arket-based instrum ents, guidelines, and 
public-private partnerships — to ensure effective 
delivery of adaptation;

• w ork in partnership  w ith  the M em ber States and 
strengthen international co-operation on adaptation 
by m ainstream ing adaptation  into the EU's external 
policies.

The EU aims at an integrated approach w ith  top-dow n 
policy strategies for m ainstream ing adaptation into 
sectoral policies together w ith  bottom -up activities 
build ing adaptive capacity and im plem enting actions. The 
pillars of action support adaptation  initiatives at all levels 
of decision-m aking across sectors. Concrete initiatives 
have started to integrate adaptation  into EU sectoral 
policies (Pillar 2), in particular w ith w ater and flood risk 
m anagem ent, agriculture and rural developm ent, health, 
and nature protection and biodiversity. The European 
Com mission (DG CLIMA in the lead) is p reparing for 
2011 a Com m unication on M ainstream ing adaptation and 
m itigation.

The W ater Fram ew ork Directive establishes a legal 
fram ew ork to protect and restore clean w ater across 
Europe by 2015 and ensure the long-term  sustainable 
use of water. The 1st River Basin M anagem ent P lans for
2009-2015, w hich should since December 2009 be available 
in all River Basin Districts across the EU, take into account 
the im pacts of climate change. In addition, climate change 
m ust also be properly  integrated in the im plem entation of 
the Floods Directive. There are, however, serious delays 
in some parts of the EU — in several countries as of June 
2010 consultations are still continuing — or river basin 
m anagem ent plans have n o t yet been established.

W ater directors of EU M em ber States issued a Com m on 
Im plem entation Strategy (CIS) guidance docum ent 
(EC, 2009b) that addresses the integration of climate 
change im pacts and adaptation  in the im plem entation of 
the W ater Fram ew ork Directive, the Floods Directive and 
the Strategy on Water Scarcity and Droughts, particularly 
in view  of M em ber States' 2nd (2015) and 3rd (2021) river 
basin m anagem ent plans. The EEA contributed to the EC's 
guidance docum ent and is currently w orking on examples 
of good practices for the integration of climate change 
adaptation into w ater m anagem ent. The U nited N ations 
Economic Com m ission for Europe (UNECE) (through its 
W ater Convention) also released guidance on w ater and 
adaptation to climate change, particularly in connection 
w ith developing adaptation strategies and cooperation 
in transboundary  basins (UNECE, 2009). Reviews of the

W ater Fram ew ork and Floods Directives, foreseen for 
2012, will provide an opportunity  to assess how  climate 
change should be further integrated into EU water 
policies.

To address w ater scarcity, the EC will assess the need to 
further regulate the standards of w ater-using equipm ent 
and w ater perform ance in agriculture, households and 
buildings. W hen review ing the im plem entation of the 
W ater Scarcity and D roughts Strategy in 2012, options 
for boosting the w ater storage capacity of ecosystems to 
increase drought resilience and reduce flood risks will be 
evaluated.

The forthcom ing Com m on A gricultural Policy reform  
and the new  rural developm ent policy plan (Pillar 2) 
will specifically take adaptation into account with, 
for example, requirem ents for m ore efficient water 
consum ption.

By 2011 adaptation to climate change should also become 
part of the EU health  strategy th rough the developm ent 
of guidelines. The A daptation W hite Paper included 
a dedicated Staff w orking docum ent on 'ITuman, 
anim al and p lant health  im pacts of climate change' and 
DG SANCO has established a task force to im plem ent it. 
In addition the European Centre for Disease Prevention 
and Control developed a handbook for national 
vulnerability, im pact and adaptation  assessm ents that 
addresses specifically climate change and communicable 
diseases in the EU M em ber States (ECDC, 2010). W HO 
Europe w orks to identify policy options to help prevent, 
p repare for and respond to the health  effects of climate 
change, and its products include various guidance 
docum ents (W HO-Europe, 2010c). The Parm a M inisterial 
conference in M arch 2010 also adopted  a European 
Regional Fram ew ork for Action (W HO-Europe, 2010a).

The im pacts of climate change m ust also be factored 
into the m anagem ent of the N atu ra  2000 netw ork 
and  H abitats D irectives to ensure the d iversity  and 
connectivity of natu ra l areas and allow  species m igration 
and  survival w hen climate conditions change. The EC 
has developed a D iscussion P aper (EC, 2009c) w ithin 
the EU A d Hoc Expert W orking G roup on Biodiversity 
and  Clim ate Change w hich show cases the links and 
in terdependency  betw een biodiversity  and ecosystems, 
ecosystem  services and climate change. Ecosystem -based 
adaptation  m easures have the potential to lead to 
w in-w in situations as they both  provide adequate 
responses to climate change challenges and sustain 
ecosystem s functions in the long term . In 2010 the EC 
also published  a Com m unication tha t sets out possible 
fu tu re options for a long-term  (2050) EU vision on 
b iodiversity  policy and m id-term  (2020) targets beyond 
2010 (EC, 2010a), also addressing  climate change, and 
is p lanning  to further address green in frastructure in
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2011. The U nited  N ations C onvention on Biological 
D iversity (CBD) and UNFCCC have set u p  an experts 
g roup  addressing  the issues from  a global perspective 
and form ulating  recom m endations. The links and 
dependencies betw een solving the climate change and 
biodiversity  loss challenges are at the heart of developing 
com plem entary policies tha t sim ultaneously  prom ote 
biodiversity  conservation and  support clim ate-change 
m itigation and  adaptation  objectives.

In 2010, the EC also launched a Green Paper to open the 
debate on options for an EU approach to forest protection 
and inform ation systems in the fram ew ork of the 
EU Forest Action Plan, as announced by the A daptation 
W hite Paper (EC, 2010c). The Green Paper sets out the 
m ain challenges facing Europe's forests, reviews existing 
forest inform ation systems and the tools available to 
protect forests, and raises a series of questions relevant to 
the developm ent of fu ture policy options.

The European Commission undertook a study in 2009 on 
the design of guidelines for the elaboration of regional 
climate change adaptations strategies that highlights, 
am ongst other issues, the importance of existing 
EU regional funding instrum ents for m ainstream ing 
adaptation (EC, 2009d). In future, EU Structural Funds 
m ight constitute an essential instrum ent to support regions 
and cities in allocating adequate funds for m ainstream ing 
climate change adaptation in building, water or energy 
policies. The establishment of adaptation strategies 
requires indeed strategic long-term decisions and funding 
opportunities to efficiently adjust m anagem ent practices. 
The ESPACE project also addressed governance issues 
by stressing the importance of adaptive m anagem ent 
structures, and combining change and risk m anagem ent 
approaches for integrating adaptation into spatial planning 
(ESPACE, 2007). In this context m ainstream ing adaptation 
also refers to integrating climate change into instrum ents 
such as the Environmental Im pact Assessment (EIA) and 
Strategic Environmental Assessment (SEA) and the related 
directives (EC, 2010b).

To im prove inform ation sharing and m anagem ent, 
the A daptation W hite Paper proposes to establish 
an EU Clearinghouse on climate change impacts, 
vulnerability and adaptation  to m aintain a w ide range 
of inform ation at European, national, regional and 
sectoral levels on climatology and impacts, vulnerability 
assessments, good adaptation practices and policy 
frameworks. It w ould  also link to other sim ilar or related 
initiatives such as the Biodiversity Inform ation System 
for Europe (BISE)/European Com m unity Biodiversity 
Clearing H ouse M echanism, the Water Inform ation 
System for Europe (WISE) and the Global M onitoring 
for Environm ent and Security (GMES). Strengthening 
the know ledge base is further supported  by num erous 
regionally-oriented adaptation EU projects, notably the

EC's INTERREG and FP7 research program m es (see 
References).

Finally, various legislative initiatives on disaster risk 
reduction started recently, such as the Flood Directive, 
the Com m unication on W ater Scarcity and D rought 
and the Com m unication A Comm unity approach on the 
prevention o f natural and technological disasters. This last 
proposes to focus action on developing know ledge-based 
prevention policies; linking actors and policies throughout 
the disaster m anagem ent cycle and im proving the 
effectiveness of existing financial and legislative 
instrum ents.

N ational and regional le v e ls
The EEA keeps a regularly  updated  overview  of progress 
tow ards the developm ent and im plem entation of national 
adaptation strategies (NAS) online (EEA, 2010a). Eleven 
European countries — Denmark, Finland, France, 
Germany, Hungary, the Netherlands, Norway, Portugal, 
Spain, Sweden and the U nited K ingdom  — have adopted 
NAS so far, while several others are expected to adopt 
such a strategy in the next few years — A ustria by  2011, 
Belgium by 2012, Estonia, Ireland, Latvia and Switzerland 
by 2011. In addition countries have also subm itted 
inform ation on their adaptation  plans in their 5th National 
Com m unication to the UNFCCC due on 1 January  2010. 
National audit offices are also increasingly involved in 
undertak ing  reviews of adaptation policies for national 
parliam ents, and guidelines for auditing  responses to 
climate change are being developed (NAO, 2009).

A daptation initiatives are already being im plem ented 
th rough policies, investm ents and changes in behaviours, 
such as no-regret m easures that are relevant under 
all plausible future scenarios. These have recently 
been review ed and evaluated for some EU m em ber 
states (Biesbroek et al., 2010; Swart et al., 2009a; IVM,
2009). Key findings from  these studies show  that in 
general countries are aware of the need to adapt to 
climate change. Nevertheless, com pared to climate 
change m itigation, m any are only at an early stage 
of developing policy frameworks. M any adaptation 
initiatives are n o t undertaken  as stand-alone actions, 
b u t are em bedded w ithin broader sectoral m easures, for 
exam ple water-resource m anagem ent and coastal defence 
strategies.

In  m an y  coun tries ad ap ta tio n  s ta rted  w ith  assessing  
needs, se tting  u p  research  p rog ram m es to increase 
the know ledge base, id en tify in g  po licy  and 
financial in stru m en ts  an d  fields of cooperation . The 
im p lem en ta tio n  of n a tio n al ad a p ta tio n  stra teg ies 
is on ly  sta rting , du e  p artly  to th e  com plexity  in 
tran s la tin g  ex isting  know ledge in to  po licy  packages. 
D evelop ing  im p lem en ta tion  p rog ram m es is the re fo re  a 
po licy  challenge in  m an y  coun tries in  connection  w ith
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p lans for m a in stream in g  ad ap ta tio n  w ith in  ex isting  
policies and  econom ic in stru m en ts  an d  w ork ing  ou t 
rep o rtin g /m o n ito rin g  m echanism s. In  ad d itio n  only  
a sm all n u m b er of ad a p ta tio n  m easu res  are fo u n d  to 
explicitly  consider scenarios of fu tu re  clim ate change.

The integration of adaptation  into sectoral policies is 
considered as crucial to avoid contradictions betw een 
policies and benefit from  synergies, though the num ber 
of sectors included differs w idely between countries. 
Some countries, especially in north-w estern and northern  
Europe, have also acknow ledged possible positive 
im pacts of climate change and defined policies to take 
advantage of them. There is also a strong need for 
com m unication tools that enhance inform ation sharing, 
w hich differs greatly betw een countries, to address 
the lack of awareness about adaptation issues and the 
m ulti-dim ensional aspect of the topic — m ultiple sectors, 
scales, regions, com m unities and stakeholders.

Country com parisons show s that m any existing policies 
for coping w ith w eather-related events already contribute 
to climate change adaptation  in m ost countries, and that 
priority  sectors differ w idely due to historical, climatic 
and geographical circumstances. W ith regard to disaster 
risk reduction at the national level, one major activity has 
been the establishm ent of national strategies and national 
platform s for disaster risk reduction. So far, 11 European 
countries have established such a platform  and m any 
m ore have established official H yogo Fram ew ork Focal 
Points (UNISDR, 2009b; Prevention Web, 2010b).

Participative processes for developing NAS have mainly 
included ministries. Participation of other stakeholders, for 
example representatives of other decision-making levels, 
environm ental and business NGOs, scientists, has so far 
been limited although it has been recognised as important.

Various factors that m otivate, trigger and facilitate the 
developm ent of adaptation  policies have also been 
identified, as have a variety of weaknesses and threats

that h inder the process (Biesbroek et al., 2010; Swart et al., 
2009a) (see Table 3.1).

Various organisations or countries have developed tools 
and guidance for screening adaptation  options to cope 
w ith  events such as floods, droughts, heat-waves and 
sea-level rise, and setting priorities, such as the A daptation 
W izard (UKCIP), the A daptation Decision Explorer 
(weADAPT) or the Digital A daptation C om pendium  
(EU ADAM project, 2009). A m ulti-criteria analysis is 
com m only used  for assessing adaptation options. The 
N etherlands has developed a routeplanner to assess and 
rank adaptation options depending on criteria such as 
feasibility and cost-benefit considerations (Van Ierland 
et al., 2007), while in France, criteria for ranking 
sectoral options w ith  a long-term  planning horizon 
have been developed (Hallegate, 2009). The process of 
ranking adaptation options should involve appropriate 
stakeholders at the regional, national or sectoral level to 
reflect the specificities of the vulnerable region, sector or 
community, both in spatial and tem poral terms.

A daptation will to a large extent occur at a decentralised 
level, so the efficiency of individual adaptation  m easures 
depends on local conditions and the ability to take 
these into consideration. Regional and sub-national 
adaptation  strategies and processes support this and offer 
solution-oriented and stakeholder-specific perspectives. 
Regions and m unicipalities are increasingly concerned 
about their vulnerability, and some have started 
developing and im plem enting their ow n adaptation 
strategies. A t least 29 regional and local adaptation 
initiatives and strategies in the EU have recently been 
identified (Swart, 2009). Key sectors included are 
landscape and spatial planning, water, health and 
biodiversity. Andalucia, Spain; North-Rhine W estphalia, 
Germ any (NRW, 2009); and Rhônes-Alpes, France have 
been the first regions to em bark on developing and 
adopting regional adaptation  strategies. Since 75 % of 
the European population lives in u rban  areas, some 
cities, including Barcelona, Copenhagen, London and

Table 3 .1  G eneric ch a ra cter istics  o f sev era l N ational A daptation  S tra teg ies

C o n tr ib u t in g  s ig n i f i c a n t ly  to  
a c h ie v in g  t h e  N A S o b j e c t iv e s

H in d e r in g  t h e  a c h ie v e m e n t s  
o f  t h e  N A S o b j e c t iv e s

Related to  historical 
conditions and 
Institutional developm ent 
of th e  NAS

S tr e n g th s
Targeted adaptat ion  research
Planning for implementation ,  review and
funding
Coordinating between sec tors

W e a k n e s s e s
Lack of coordination between administrative levels 
Lack of s takeholder  involvement 
Unclear division of responsibilit ies 
Lack of specialised knowledge 
Scientific uncertainties

Related to  th e  current  
and fu ture conditions and 
d eve lopm en ts  external  to 
th e  NAS

O p p o rtu n itie s
D evelopment and export  of knowledge 
Spillover of policy integration and multi-level 
governance  for non-EU policies

T h re a ts
Cross-level conflicts
Cross-sectoral conflicts
Lack of resources
Lack of public su p p o r t /aw aren es s
Global impacts

S o u rce: Biesbroek et  al., 2010; Swart et  al., 2009.
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Rotterdam , have also started to develop adaptation plans 
and are getting increasingly organised (e.g. C40 Cities — 
Climate Leadership Group) to tackle this environm ental 
and governance challenge (Rotterdam  City, 2007; London 
City, 2010). Various trans-national initiatives and strategies 
also exist, such as the Action Plan on Climate Change of 
the A lpine Convention.

The objectives of these plans differ widely, ranging from  
increasing public awareness and reducing vulnerability 
to increasing coping capacity to extreme events, bu t the 
im plem entation of practical m easures has so far been 
given little attention. However, the 2007 floods in the 
U nited K ingdom  revealed that some of the m ost effective 
m anagem ent m easures m ay be taken by local authorities 
and individual households (Pitt, 2008).

3 .3  Adaptation options

This section, w hich is n o t m eant to be exhaustive, reviews 
a num ber of adaptation  options and com plem ents other 
them atic assessments, such as on w ater resources for 
example.

Coastal zo n es
A range of adaptation options is available for coastal 
m anagem ent, including planning for rising sea-levels by 
the build ing or strengthening of coastal and river flood 
defences; protecting and strengthening natural defences 
such as dunes and other green infrastructure; land-use 
m anagem ent, and m oving back from  the coast (Klein 
et al., 2001). The im plem entation of these options is often 
em bedded in small-scale socio-institutional m anagem ent 
and planning processes which are difficult to m odel or 
forecast.

In 2009, the EC addressed the economics of adaptation to 
climate change in EU coastal areas and provided insights

from  an em pirical perspective into the state-of-play 
and financial dim ension of the actions undertaken  to 
prepare Europe's coastal zones and outerm ost regions 
for the effects of climate change. Specifically it identified 
adaptation options for sea-level rise, flooding and 
erosion — protect/accom m odate/retreat versus hard/soft 
m easures — highlighted the fact that the benefits of 
adaptation outw eigh the costs m any tim es over. It 
estim ated that total cost of Europe's coastal protection 
could am ount to EUR 15.8 billion for the period 1998-2015 
and also found that 85 % of total coastal protection 
expenditure w ould be borne by five countries — Germany, 
Italy, the N etherlands, Spain and the U nited Kingdom.

Based on the DIVA model, H inkel et al. (2009, 2010) also 
assessed the vulnerability of European coastal areas to 
sea-level rise and storm  surges u nder the assum ption of 
adaptation. Given the m agnitude of potential impacts, it 
is rather unrealistic indeed to assum e no adaptation  in the 
m edium  and long term  (see Section 2.2). The adaptation 
scenario considers adaptation  options in the form  of dike 
build ing and beach or shore nourishm ent.

Table 3.2 shows that adaptation  reduces the num ber 
of people at risk of being flooded by  a factor of 7-12 in 
2050 and by  a factor of 288-111 in 2100, under A2 and 
BÍ scenarios respectively. The num ber of people at risk 
of being flooded per year decreases over the century 
even though sea levels are rising as dikes are assum ed to 
be raised to a higher protection level as GDP increases, 
reflecting people's decreasing tolerance of risk w ith rising 
wealth. The countries m ost affected in 2100 un d er A2 
are the N etherlands, w ith  700 people being affected by 
flooding, the U nited K ingdom  and France, each w ith  600. 
Beach nourishm ent appears cost effective as land loss due 
to coastal erosion is estim ated to be negligible.

In 2100 residual dam age costs are roughly  eight to nine 
tim es low er w ith  adaptation  than  w ithou t and  only

Table 3 .2  P eop le at risk o f b eing  flo o d ed , land lo st, d am age and adaptation  co s t at 
EU-27 level w ith  and w ith o u t adaptation  (SRES A2 and B Í sce n a r io s)

P e o p le  a t  r isk  o f  
b e in g  f lo o d e d  

( t h o u s a n d / y e a r )
W ith o u t  With 

a d a p ta t i o n  a d a p ta t i o n

L and  e r o d e d  a n d  
lo s t

( k m 2/ y e a r )
W ith o u t  With 

a d a p ta t io n  a d a p ta t i o n

A d a p ta t io n  c o s t  
(b i l l io n  E U R /y e a r )

W ith o u t  With 
a d a p ta t io n  a d a p ta t i o n

( R e s id u a l)  
d a m a g e  c o s t  

(b i l l io n  E U R /y e a r )
W ith o u t  With 

a d a p ta t i o n  a d a p ta t io n

T o ta l c o s t  
(b i l l io n  E U R /y e a r )

W ith o u t  With 
a d a p ta t i o n  a d a p ta t io n

A 2
2030 21 6 7 0 0 1.7 4.8 1.9 4.8 3.6
2050 35 5 10 0 0 2.3 6.5 2.0 6.5 4.2
2100 776 3 16 0 0 3.5 16.9 2.3 16.9 5.8
B Í
2030 20 4 6 0 0 1.6 5.7 1.6 5.7 3.2
2050 29 3 8 0 0 1.9 8.2 1.5 8.2 3.5
2100 205 2 12 0 0 2.6 17.5 1.9 17.5 4.5

S o u rce: Hinkel et  al., 2009, 2010.
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increase slightly  over the century. A daptation  costs 
am ount EUR 3.5 billion per year u n d er A2 in 2100 and 
EUR 2.6 billion per year u n d er BÍ. The to tal costs are 
significantly low er than  dam age costs u n d er the no 
adaptation  scenarios, w hich is in accordance w ith  the 
PESETA results and  other previous studies (Ciscar et al., 
2009; R ichards and  Nicholls, 2009; R ichards et ah, 2007; 
Tol et ah, 2008) (15). Total costs are generally  h igher u nder 
A2 because the h igher sea-level rise leads to higher 
salt in trusion  (16) and sea flood dam age as well as to 
h igher beach nourishm ent costs. O verall these findings 
show  that the adaptation  options considered constitute 
a strategy tha t pays off m any  tim es over com pared to 
inaction.

Germ any has the h ighest adaptation  cost in 2100 
— estim ated at EUR 619 million per year u nder A2, 
followed by the U nited Kingdom, Denmark, France and 
the Netherlands. On average, dike build ing and beach 
nourishm ent contribute roughly equal am ounts to total 
adaptation costs in the EU-27, w ith  sea dike raising having 
the greater contribution at the beginning of the century 
and beach nourishm ent at the end. The shift is caused by 
the rise in tourism  as a result of population and economic 
growth, and climate change, im plying that long sandy 
beaches become m ore valuable and w orth protecting. Total 
residual dam age and adaptation costs relative to national 
GDP are m uch smaller com pared to the no adaptation 
scenarios and are the highest for Estonia u nder A2 at 
0.16 % of GDP. For all other countries relative total costs 
do not exceed 0.06 % of GDP.

R ain-fed agriculture
Generic adaptation options include local collection and 
use of rain  w ater p rovided that this does n o t disturb 
the natural supply  to the different groundw ater layers; 
increases in irrigation efficiency; expansion of irrigated 
and rain-fed cropland; im ports of agricultural products; 
insurance and lifestyle changes (EC, 2007b).

Gerten (2009) assessed an adaptation  scenario for rain-fed 
agriculture assum ing that 25 % of soil evaporation from  
cropland during  the grow ing period could be avoided 
th rough soil and w ater conservation strategies like 
m ulching or different tillage systems and 25 % of all 
surface and subsurface runoff generated on rain-fed and 
irrigated cropland was harvested in cisterns, ponds and 
dikes, w ith  the w ater being used  later during  dry  spells 
w hen crops are water-limited. The scenario evaluates the 
potential increases in crop yields. The adaptation options 
considered require neither the installation of large-scale

irrigation systems nor the expansion of irrigated or 
rain-fed cropland.

This adaptation  scenario suggests possible crop 
production increases of m ore than 10 % over large parts 
of Europe (see M ap 3.1). P roductivity  increases are small 
in northern  latitudes and at h igh altitudes, because 
crop production in these regions is lim ited m ainly by 
tem perature and sun radiation rather than by w ater 
(Gerten et al., 2007). In individual regions such as south 
Europe, adaptation  m easures such as the ones considered 
here w ould  how ever probably be insufficient to buffer 
climate change-induced dry spells and resulting drops in 
crop yields (Rost et al., 2009).

C ities
A key dim ension of adaptation  to climate change in cities 
is how  to secure the functioning of essential infrastructure 
for energy provision, electricity and heating, w ater supply 
and w astew ater collection and treatm ent, transport, health 
services, while avoiding the loss of biodiversity.

Cities vulnerable to d rought or excessive rainfall need to 
act in tandem  w ith their regions to increase w ater storage 
capacity, im prove drainage systems and develop strategies 
for im plem enting m ore green roofs that both  act as a 
buffer to heavy precipitation by  lim iting run-off and limit 
heat island effects. The bulk of socio-economic dam age 
comes from  rain-fed floods (Pitt, 2008), which are likely to 
become a major problem  in m any European u rban  areas, 
especially those experiencing a significant expansion of 
the built environm ent. O ther cities will need to adapt to 
rising sea levels and associated risks of coastal and river 
flooding. Dikes and barriers are relevant options, together 
w ith  other approaches such as in London, w here the 
use of green spaces adjacent to the river Tham es to store 
floodw ater is being considered. In addition buildings will 
need to be cooled or heated m ore efficiently and those 
designed for cold harsh  w inters will need to function 
in drier and hotter climates. Also challenging is the 
construction of new  buildings as their design needs to be 
highly  flexible to gradually  adjust to drastically different 
conditions over the com ing decades.

Increasing green open space areas in cities — reducing the 
sealing of soil — reduces u rban  heat island effects. Public 
spaces m ay also need to be used  differently, for example 
for cooling purposes. A daptation in the health sector 
m ight include awareness raising and better treatm ent of 
vulnerable groups together w ith im proved early-w arning 
m anagem ent systems.

(15) A recent  study carried out by the  EC th a t  com pares  th e  adap ta t ion  costs es t im ated  in th e  PESETA project with empirical data  on 
expenditu re  finds th a t  th e  actual expenditu re  in Europe,  amounting  to EUR 1.07 billion in 2008, corresponds to th e  upper  ex ten t  of 
th e  PESETA es t im a tes  (EC, 2009b).

(“ ) Note tha t  no adap ta t ion  options a re  considered for salt  intrusion and th a t  salt  intrusion into coastal aquifers  is not taken into 
account a s  th e  relevant da ta  and models a re  not yet  available a t  broad scales.
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Map 3 .1  P otential in crea se  in crop production under th e  adaptation  scen ar io

P o te n tia l in c r e a s e  in
cro p  p ro d u ctio n

%
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Outside coverage

N ote: 25 % of runoff from cropland collected and used during dry-spel ls (water  harvesting) and 25 % of soil evaporation from
cropland avoided to increase plant  transpiration (vapour shift). Simulation done  for recent  climatic conditions ( 1 9 7 1 -2 0 0 0  
average)  and distr ibution of cropland and crop types  as  of 2000. Based on th e  LPJmL vegetat ion  and w ate r  balance model 
using the  ensem ble  mean from 21 General  Circulation Models (GCMs) th a t  w ere  part of th e  4th IPCC A ssessm en t  (Randall 
et  al., 2007).

S o u rce: Gerten ,  2009.

W hile cities acknowledge the need to rethink the nature 
of their u rban  fabric, specific action is still lim ited. Spatial 
planning, including ecosystem-based adaptation options 
such as m ulti-purpose use of green areas, is em erging as 
a key tool for im plem enting m easures. M any adaptation 
solutions, w hether technological, green or soft options, 
are available and could be im plem ented at a reasonable 
cost. In future, EU Structural Funds m ight constitute 
an essential instrum ent to support cities in allocating 
adequate funds for m ainstream ing climate change 
adaptation in building, w ater or energy policies.

As E uropean  cities are no t curren tly  designed  for 
clim ate change, th is presen ts p lanners, developers, 
architects and  u rb an  designers w ith  significant 
challenges, b u t also enorm ous opportun ities to create 
innovative u rb an  env ironm ents th a t w ill be attractive 
w hile function ing  w ell as the clim ate changes (Shaw, 
2007). A rchitects and  developers m ust th ink  creatively, 
to ensure th a t the bu ilt environm ent adap ts  to the 
changes ahead. A n ad ap ted  and  sustainable u rb an  
environm ent m akes use  of w ell-designed green and

w ater (blue) spaces for cooling, sto ring  w ater, and 
in filtra tion  of rainfall.

It is im portant to recognise the relationship between 
large-scale strategic adaptation  strategies at the 
conurbation scale such as netw orks of open spaces, 
and smaller-scale options including the orientation of 
individual buildings. H igher densities in u rban areas 
will exacerbate some climatic risks including therm al 
discomfort, health and urban flash flooding, b u t these 
risks will also create opportunities by highlighting the 
need for h igh quality green spaces and the innovative 
use of u rban  form. Suburban areas characterised by 
lower densities offer m ore versatile spaces for developing 
adaptation solutions. Rural-urban fringes, w here densities 
are likely to be low, provide space for large-scale strategies 
such as green space infrastructure and flood storage.

The case study  p resented in Figure 3.2 illustrates a m enu 
of adaptation  options to m anage high tem peratures 
using practical exam ples of action and techniques 
available at different spatial scales to increase adaptive
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capacity (Shaw, 2007). Climate change adaptation  at the 
conurbation or catchm ent scale will potentially serve the 
w hole city and is likely to include a variety of land uses. 
O pportunities for creating cost-effective and integrated 
solutions as p art of an overarching climate change strategy 
m ay be greatest at this scale. The neighbourhood scale 
involves developm ents of discrete groups of dwellings, 
including a m ix of uses, and can vary in size from  an 
individual block to a large estate. Consideration will need 
to be given to adapting the public space between buildings 
and developm ents. A t the building scale, smaller 
developm ents including individual dwellings, apartm ent 
blocks or commercial buildings provide opportunities 
for integrating climate change adaptation into or around 
buildings. A ttention will need to be given to the design of 
the buildings, their surroundings, and how  they are used 
and m anaged, in order to maxim ize current and future 
climate adaptation potential — design or build ing codes 
provide useful tools in this context. These certainly offer 
transferable lessons, bu t adaptation strategies will need to 
respond to local socio-economic circumstances and urban 
designs.

E co-innovation
A daptation takes tim e and requires an innovative m indset 
as well as innovative technology. The EU Environm ental 
Technologies Action Plan in 2009 (ETAP, 2009) provided 
an u pdated  review  of potential adaptation  m echanism s 
th rough eco-innovation and a set of form ulations to 
enable the up take of adaptation  technologies including 
the m ore efficient use of scarce w ater resources and better 
spatial planning. Eco-innovation is defined as product, 
process or organisational innovations that contribute 
to the economic, environm ental and social pillars of 
sustainability.

ETAP offers a forum  for action already being taken at 
EU, national, regional and local levels to be presented 
and dissem inated to a variety of stakeholders including 
businesses such as utilities and m anufacturing industry, 
policy-makers at all levels of decision-making, the banking 
and insurance sector, environm ental and business NGOs 
and the scientific community. Key lines of actions include 
the need n o t only to develop new  technologies to enable 
adaptation to climate change bu t also to rem ove barriers 
to the exploitation of existing technologies.

Clim ate change will create opportun ities for 
eco-innovation and new  adaptation  technologies that 
could further suppo rt local, regional, national and 
E uropean econom ic activity. A daptation  and  innovation 
policy fram ew orks need  to be coordinated  to provide 
the enabling conditions to foster the up take of high- and 
low-tech adaptation  options. G enerally it appears tha t a 
suite of adaptation  technologies or options — grey, green 
or soft — have been identified and  are already available 
tha t can be im plem ented at affordable costs to respond

to climate change. For exam ple, M adrid  architects have 
developed a fu turistic air-tree tha t offers an opportun ity  
for passers-by to cool dow n. But p lan ting  real trees also 
m akes a genuine cooling difference and green surfaces 
can be 10 °C cooler than  artificial ones. In frastructural 
technologies also offer adaptation  opportun ities in 
cities tha t adequately  take long-term  spatial p lanning  
perspectives into account. M arket signals to businesses, 
such as public procurem ent, also appear im portan t 
for technology up-take, particu larly  for small and 
m edium -sized enterprises. Synergies betw een adaptation  
and  m itigation can also be found, for exam ple, the 
p revention of soil erosion in land m anagem ent can help 
avoid carbon release.

U rban planning has to be re-thought in term s of 
adaptation, particularly in regard to energy, transport, 
buildings, u rban  developm ent and urban  lifestyles — 
for example, im proved rain-w ater m anagem ent w ith  a 
separation of sewage and rain-w ater drainage. Increases in 
soil sealing enhance both floods and the u rban  heat island 
effect. A potential adaptation  option consists of im proved 
control of w ater run-off th rough such innovations as 
rain-w ater harvesting, a vegetated landscape, infiltration 
devices, perm eable and porous pavem ents, green 
roofs and reuse of water. Green roofs retain water, 
lim it u rban  heat island effects, im prove air quality and 
provide habitats to support wildlife. M any innovative 
solutions, including fast cropping vertical farm s in cities 
or com bined living, transport and other infrastructure 
applications are also being intensively studied  as possible 
adaptation  technologies.

E co sy stem -b a sed  a p p roach es
Biodiversity and ecosystems provide m ultiple benefits and 
services to hum an society (see Box 2.1). Their conservation 
and sustainable use can contribute significantly to climate 
change adaptation coastal/estuarine ecosystems provide 
natural protection from  storm s and flooding; u rban green 
space reduces the heat island effect, m inim ises flooding 
and im proves air quality — and m itigation by conserving 
or enhancing carbon stocks. There is a com pelling case for 
public investm ent in ecological/green infrastructure by, 
for example, conserving and restoring forests, w etlands 
and river basins, particularly because of its significant 
potential as a m eans of adapting  to climate change (TEEB, 
2009). However, insufficient attention is currently given 
to the integration of climate change and biodiversity 
actions and to fully exploiting this potential. The EU Ad 
Hoc Expert W orking G roup on Biodiversity and Climate 
Change has advocated a portfolio of tools to address this 
issue (EUAHEWBCC, 2009). These include:

• using ecosystem-based approaches to address
climate change and biodiversity loss and ecosystem 
degradation in an in tegrated m anner and to develop 
strategies that achieve m utually  supportive outcomes;
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Figure 3 .2  Menu o f s tr a te g ie s  for m anaging high tem p era tu res
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N ote: Courtesy of the  TCPA. Graphic by th o m a s .m a t th e w s  (w w w .th o m asm at th ew s .co m ).

S ou rce: Shaw, 2007.
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• taking im m ediate steps to conserve and restore 
terrestrial and m arine biodiversity and ecosystems, 
as these are the basis for cost-effective adaptation 
and m itigation actions and can provide m ultiple 
environm ental and socio-economic benefits;

• engaging other sectors — for exam ple, agriculture, 
the bu ilt environm ent, developm ent policy, energy, 
finance, fisheries, forestry, health, regional planning, 
tourism , transport, w ater m anagem ent — to 
m ain ta in  and increase ecosystem  resilience and 
ensure tha t their activities do no t fu rther dam age 
biodiversity  and ecosystems;

• raising aw areness of the links betw een climate 
change, biodiversity, ecosystem s and their services 
th rough  com m unication and education  initiatives, 
m aking use of local know ledge and  build ing  
institu tional capacity and partnersh ips to facilitate 
integration;

• strengthening the know ledge base on climate change 
and biodiversity  th rough  increased research effort, 
and long-term  m onitoring  and evaluation;

• addressing  the econom ic significance of b iodiversity  
and ecosystem  services and  their relevance to climate 
change adaptation  and  m itigation  in  review s of 
financial m easures and fund ing  m echanism s.

Ecosystem -based adaptation  uses b iodiversity  and 
ecosystem  services in an overall adaptation  strategy. It 
includes the sustainable m anagem ent, conservation and 
restoration  of ecosystem s to prov ide services tha t help 
people adap t to the adverse effects of climate change 
(CBD, 2009a).

There are a num ber of exam ples of ecosystem -based 
approaches being im plem ented th roughou t Europe that 
no t only  contribute to climate change m itigation  and 
adaptation, b u t also deliver benefits to the conservation 
of b iodiversity  and m ain ta in ing  h um an  health  and 
well-being. R educing deforestation, restoring  w etlands 
and coastal/estuarine ecosystems, and p rovid ing  m ore 
space for rivers can reduce flood risks. Forests stands 
are being diversified to reduce the im pacts of storm  
events and  outbreaks of pest species. M anaged coastal 
realignm ent is being tria lled to counter the effects of 
erosion associated w ith  sea-level rise. A nd in the urban  
environm ent, tree cover is being increased to provide 
shade du ring  heat w aves and green space increased to 
reduce the risk of flooding du ring  intense rainfall events 
(Cowan et al., 2010).

F orest m a n a g em en t
European forests are relatively well m anaged  b u t rem ain 
vulnerable to such th reats as fragm entation, degradation  
and agricultural intensification. C lim ate change will pose 
additional th reats and m ay cause losses of tree species 
or populations and changes in the com position of forest 
ecosystems. A series of options for active adaptation

have been identified, including the regeneration, tending  
and  th inn ing  of stands; harvesting; forest m anagem ent 
p lanning; forest protection; in frastructure and transport; 
nurseries and forest tree breeding; and further 
adaptation  m easures in risk m anagem ent and policy 
(EC, 2008a; L indner et ah, 2010).

Tree populations have three biological adaptation  
options to avoid extinction in  a rap id ly  changing 
climate: persistence th rough  the inheren t flexibility — 
plasticity  — of tree species to w ithstand  a w ide range of 
environm ents; genetic adaptation  to new  conditions in 
existing locations; or survival th rough  m igration  (Aitken 
e t al., 2008). Clim ate change is likely to favour h igh  levels 
of plasticity  — low  plasticity  m ay lead to extinction — 
and  at the forest ecosystem  level, the coexistence of tree 
species w ith  different plasticity  levels can act as a buffer 
against changes (Rehfeldt et al., 2001).

In m any  parts  of Europe, the rate of climate change is 
likely to exceed the adaptive capacity of m any  w ild  and 
dom esticated p lan t species, includ ing  forest trees w hich 
have the h ighest levels of genetic d iversity  of any group 
of p lan ts and have w ide geographic and ecological 
ranges (Fujisaka et ah, 2009).

In Europe, m ain ta in ing  forest genetic d iversity  plays 
a crucial role in  sustainable forest m anagem ent and 
conservation of forest b iodiversity  by  ensuring  a 
continuous evolutionary  process w ith in  tree populations 
and  m ain ta in ing  the resilience of forest ecosystem s 
(Koskela et ah, 2007). W idely d istribu ted  tree species 
in  Europe are unlikely  to face extinction at the species 
level due to climate change b u t som e local populations 
are likely to decline, in particular at the m argins of their 
d istribu tion  ranges. H owever, tree species w ith  scattered 
and/or lim ited d istribu tion  are m ore vulnerable and 
m ay face serious th reats also at a species level. Including 
genetic d iversity  considerations in practical forest 
m anagem ent is a h igh ly  recom m endable diversification 
and  risk-reducing strategy tha t also benefits society at 
large by  ensuring  the supp ly  of functions from  forests. 
The w ay climate change w ill alter com petition betw een 
trees and other living organism s — plants, insects, pests, 
fungi and bacterial diseases — m ay also have significant 
effects on the survival of tree species, forest habitats and 
biodiversity  (EU 6th FP EcoChange project).

There is evidence tha t evolution in  tree populations can 
occur over a few generations or less than  200 years, and 
local adaptation  of tree popula tions can occur even in 
one generation  (Krerner, 2007). Estim ates of m igration 
rates differ considerably am ong tree species b u t they 
are considered, on average, to be less than  100 m etres 
per year (M cLachlan et al., 2007). A itken et al. (2008) 
estim ated tha t m igration  rates of m ore than  1 000 m etres 
per year are needed  to respond  to fu ture climate change.

The European environment | State and outlook 2010



Thematic assessment | Adapting to climate change

It is therefore un likely  that natu ra l m igration  will be 
adequate to cope w ith  rap id  changing climate. A ssisted 
m igration  is therefore needed, especially for tree 
species in fragm ented landscapes and those w ith  small 
population.

3 .4  The co st o f adaptation  

Global level
Watkiss and H u n t (2010) (17) review ed inform ation on 
the costs and benefits of global adaptation, and highlight 
that assessm ents are extrem ely challenging since they 
involve very high aggregation and m any sim plifying 
assum ptions (18). Therefore, even if all of the studies give 
broadly sim ilar estim ates of the costs of adaptation, they 
should be seen as only indicative and care m ust be taken 
in interpreting the apparen t convergence of findings. The 
benefits of adaptation, although substantial, are found to 
be poorly covered explicitly in economic assessments.

For developing countries, the aggregated studies indicate 
costs of adaptation  of up  to USD 100 billion/year for 
the year 2030 at current prices, EUR 85 billion/year (19). 
There are fewer aggregated studies for developed 
countries, bu t those that exist indicate estim ates of costs 
of adaptation of u p  to USD 100-150 billion/year for 2030 
(EUR 85-125 billion/year). These estim ates indicate the 
costs of adaptation  for Europe at very approxim ately 
USD 20 billion/year (EUR 16 billion/year). W hen added 
together, the studies indicate global adaptation costs of 
potentially several h und red  billion EUR/year by  2030.

These studies have been the subject of a recent critical 
review  (Parry et al., 2009) w hich highlights that they 
only capture a lim ited set of climate change effects for a 
small num ber of sectors, w ith biodiversity and ecosystem 
services generally om itted. All of them  have been rapid  
scoping assessm ents and there has been little chance to 
validate the estim ates against sector- and national-level 
analyses. Moreover, m any of the studies use similar 
m ethods and have similar assum ptions or constraints. The 
Parry et al. (2009) review  considers that the estim ates are 
therefore underestim ates, perhaps by a factor of two or 
three for the sectors considered and potentially m ore than 
this w hen all sectors and all effects are considered.

Another suite of global studies, based on global economic 
integrated assessment models (IAMs), reports that 
adaptation is very effective, w ith high benefits when 
compared to costs. These models also report information 
on total adaptation costs, which in some instances are very 
similar to the aggregate estimates, but generally lower, at 
least in the short-term. There are also a growing num ber 
of regional and national studies due to report by the end 
of 2010. All of these will help build the evidence base and 
allow a m ore detailed and validated assessment of the likely 
order of m agnitude of global adaptation costs and benefits.

F igure 3.3 shows the results from  two of the m ost recent 
studies of the costs of adaptation  in developing countries: 
the UNFCCC (2007) and W orld Bank (2009) studies. The 
UNFCCC study  presents two alternative estimates, based

Figure 3 .3  C om parison o f th e  a v era g e  
annual c o s t s  o f adaptation  in 
d evelop in g  co u n tr ies

World Bank (2009) #

World Bank (2009) #

■UNFCCC (2007)

UNFCCC (2007)

0 20 40 60 80 100
USD bllllon/year

■  Infrastructure
□  Coastal zones
□  Water  supply/flood protection
■  Agriculture, forestry and fisheries
□  Fluman health
□  Extreme w ea the r  even ts

N ote: Values shown are  original study values, and have not
been updated  into equivalent price years .
#  World Bank show s cost of adapta t ion  over period
2 0 1 0 -2 0 5 0 .  The two values shown reflect the  
variat ion across th e  cl imate projections (from the  
underlying NCARand CSIRO projections).
* UNFCCC shows cost of adap ta t ion  in th e  yea r  2030. 
A range of values is included for infrastructure  based 
on a range  of assum ptions .

S o u r c e :  UNFCCC (2009),  based  on UNFCCC (2007) and World
Bank EACC (2009).

(17) The Watkiss and Hunt (2010)  review has benefited from th e  research work funded from th e  European Community 's  Seventh  
Framework Program m e, as  part of th e  ClimateCost Project (Full Costs of Climate Change, Grant A greem en t  212774)  
w w w .clim atecos t .cc / . It has also benefited from th e  global and method review work under taken  as  part of th e  UNFCCC technical  
paper  on 'Potential  cos ts  and benefits of adap ta t ion  options: A review of existing literature'  (www.unfccc.int).

(18) Most of th e  studies reviewed focus on th e  sho r t- te rm  adap ta t ion  costs  for th e  year  2030 and use  a broadly similar approach to 
es t im ate  values, based around investm ent and financial flow analysis;  they  typically consider  how much it might cost to enhance  
th e  resilience of fu ture inves tm ents  or financial flows. The earliest s tud ies  es t im ated  basel ine fu ture  investm ent and th e  proportion 
of this th a t  is sensitive to cl imate change,  and then apply a possible mark-up, a s  a p ercen tage ,  to e s t im a te  th e  additional funding 
needed to increase resilience. Later studies ,  such a s  UNFCCC (2007),  adop t  a m ore  detailed analysis by sector  and region. However, 
none of th e s e  earlier  s tud ies explicitly a s se s s  th e  benefits of adapta t ion .  Most recently, th e  World Bank (2009) study adopted  a 
different  approach using climate projections.

(19) Exchange ra te of USD/EUR as of June  2010.
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on the range of estim ates for the costs to the infrastructure 
sector. The W orld Bank study also presents two estimates, 
bu t these reflect the costs of adaptation in all sectors under 
a w etter and a drier climate scenario.

These studies have sectoral and regional breakdowns, 
w hich allow useful comparisons. The overall estimates 
of the two studies are similar, at least for the upper 
value, w ith costs of adaptation  estim ated at around 
USD 100 billion/year for the near-term  (current prices;
EUR 85 billion/year). The higher costs of the W orld Bank 
study arise m ainly from  the higher adaptation  costs for 
coastal zones. However, as discussed, the review  of Parry 
et al. (2009) considers that the estim ates are significant 
under-estim ates, potentially by  a factor of two or three for 
the sectors considered and also highlights the om ission of 
m any other sectors — biodiversity and ecosystem services, 
industry  etc — im plying adaptation costs well in excess of 
USD 100 billion/year.

The UNFCCC study  also presents values for developed 
countries, again w ith  two alternative values reflecting 
the range of costs for the infrastructure sector. These are 
show n in Figure 3.4 and com pared to the earlier values

Figure 3 .4  Com parison o f th e  a v era g e  
annual c o s ts  o f ad aptation  in
d ev e lo p ed  co u n tr ies
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N ote: Values shown are  original s tudy values ,  and have not
been updated  into equivalent price years.
#  S tern (2006) reports  th e  cost of adap ta t ion  for 
m o d era te  levels of warming (below 3 degrees) .
A range of values is included for infrastructure 
depending on th e  p e rcen tage  a s su m ed  to be at  risk 
from climate change  (0 .05%  or 0 .5%  of GDP) though 
specific t im e-scale  is not specified.
* UNFCCC show s cost of adapta t ion  in th e  year  2030. 
A range of values is included for infrastructure based 
on a range  of assum ptions .

S o u r c e :  Compiled for th is s tudy based on UNFCCC (2007) and
Stern (2006).

in the Stem  Review on the Economics of Climate Change 
(2006), w hich also reports two alternative values for 
infrastructure, based on the percentage assum ed to be 
at risk from  climate change. W hile there is a w ide range, 
the upper estim ates are broadly similar, w ith the costs of 
adaptation  estim ated at up  to USD 100-150 billion/year 
for the year 2030 (current prices; EUR 85-125 billion/year), 
dom inated by  infrastructure. Again, these estim ates can 
only be considered as indicative, and only have a very low  
coverage of all the sectors at risk.

U nder the UNFCCC there are currently four funding 
streams for financing developing countries — the Least 
Developed Countries Fund (LDCF), the Special Climate 
Change Fund (SCCF), the Global Environm ent Facility 
(GEF) Tm st Fund's Strategic Priority for Adaptation (SPA) 
and the Adaptation Fund (AF). The first three are relatively 
small, based on voluntary pledges and contributions from 
donors. As of December 2009 (w w w.clim atefundsupdate. 
org), the total resources pledged to the LDCF, the SCCF and 
the SPA totalled USD 348 million, while the actual funds 
are about USD 285.9 million (EUR 240 million). Available 
funding provided so far — less than USD 500 million 
including assum ed USD 100 million (EUR 85 million) 
investments through m ainstream ing adaptation in Official 
Development Assistance (ODA) — therefore fall short of 
the estim ated adaptation needs (Harm eling and Bals, 2008).

The AF, established u n d er the Kyoto Protocol, is 
financed by  a 2 % levy on certified em ission reductions 
(CERs) related  to Clean D evelopm ent M echanism  
(CDM) projects, in w hich the EU is expected to have 
a large share. The AF was operationalised  in 2007 in 
Bali and latest estim ates (UNFCCC, 2008) suggest it 
w ill have about USD 80-300 m illion per year betw een 
2008-2012, in total USD 400 m illion-1 .5 billion by  2012, 
assum ing annual sales of 300-450 m illion CERs and a 
m arket price of EUR 17.5 per CER. As of 30 N ovem ber 
2009, it contained USD 28.25 m illion (EUR 23 m illion) 
(AFB, 2009).

The UNFCCC C openhagen Accord of Decem ber 2009 
recognises the need  for enhanced action on adaptation  
to reduce vu lnerability  and bu ild  resilience in the m ost 
vulnerable developing countries, especially LDCs, SIDS 
and  Africa, and outlines the m ain  elem ents of developed 
countries' com m itm ents for new, predictable and 
additional fund ing  for both adaptation  and  m itigation 
in  developing countries m aking  use of the C openhagen 
G reen Fund. This includes a Fast S tart p rogram m e — 
USD 30 billion or EUR 25 billion — for 2010-2012 and 
long-term  finance of USD 100 billion (EUR 85 billion) 
annually  by  2020 tha t w ill come from  a w ide variety  of 
sources, public and private, b ilateral and m ultilateral 
(UNFCCC, 2010b). The U nited  N ations H igh-level 
A dvisory G roup on C lim ate Change Financing is tasked 
w ith  drafting, before UNFCCC's COP16 at the end  of
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2010, recom m endations on the governance structure 
and practical p roposals to boost the im plem entation 
of short- and long-term  financing for m itigation and 
adaptation  in  developing countries.

The EU (European Council, 10-11 December 2009) 
confirmed its readiness to contribute fast-start funding 
of EUR 2.4 billion annually  for the years 2010 to 2012. In 
addition it recognised the need for a significant increase 
in public and private financial flows to 2020 and reiterated 
its com m itm ent to provide its fair share of international 
public support. The EU also confirmed its endorsem ent of 
the Com m ission's estim ate that the total net increm ental 
costs of m itigation and adaptation in developing countries 
could am ount to around EUR 100 billion annually  by 2020, 
and indicated that the overall level of the international 
public support required is estim ated to lie in the range of 
EUR 22-50 billion per year by  2020.

European level
W atkiss and  H u n t (2010) also review ed the inform ation 
on the costs and benefits of adaptation  in Europe, 
covering European sectoral, regional and  national 
studies. The review  found  tha t the coverage of 
adaptation  cost estim ates is lim ited, though  the evidence 
base in now  grow ing as a resu lt of such on-going 
Europe-w ide studies as the EU FP7 Clim ateC ost project. 
The existing inform ation has a very uneven  d istribution  
(Table 3.3), the largest n um ber of studies, and those 
w ith  m ost advanced and w ide range of m ethods used, 
being for the coastal zone. There are also a num ber

of cross-sectoral studies em erging, w hich look at the 
indirect effects of coastal flooding on, for exam ple, health  
and tourism . For other sectors the coverage is m ore 
lim ited.

These studies use a range of m ethods and m etrics for 
different tim e periods and w ith different assum ptions, and 
therefore it is challenging to com pare estimates, undertake 
a systematic review  and build  u p  a coherent picture of the 
overall costs of adaptation. Nevertheless, the inform ation 
provides some early context and highlights im portant 
issues.

Estimates, in global aggregated studies, of adaptation 
costs for Europe include the UNFCCC (2007) review  w ith 
an indicative assessm ent of USD 3-19 billion/year by 2030 
(EUR 2.5-16 billion/year) for the infrastructure and coastal 
zones, while estim ates given in the Stern Review (2006) 
based on costs of 0.05 to 0.5 % GDP im ply adaptation costs 
for infrastructure for Europe of EUR 4-60 billion/year. In 
addition to investm ent and financial flow assessments, 
economic IAMs also report a w ide range of estimates: the 
PAGE m odel, using  the Stern analysis findings, assumes 
adaptation costs for the EU15 of USD 25-60 billion per 
year (EUR 21-50 billion/year) w ith a m ean estim ate of 
USD 45 billion/year (EUR 37 billion/year); other IAM 
studies report m uch lower adaptation costs, such as the 
adaptation and m itigation strategies (ADAM) project 
(Aaheim et al., 2010) w hich reports adaptation costs 
in w estern Europe in 2020 estim ated at 0.04 % of GDP 
(USD 5 billion or EUR 4.1 billion) rising to USD 35 billion

Table 3 .3  C overage o f s tu d ie s  for European vu ln erab le se c to rs

S e c t o r C o v e r a g e C o s t  e s t i m a t e s B e n e f it
e s t i m a t e s

Coastal  zones Very high — infras tructure/erosion for Europe, regions,  severa l 
countr ies as  well a s  cities/local exam ples .

v v v VVV

Energy Medium — cooling/heating d em and  (au to n o m o u s  adap ta t ion)  for 
Europe,  som e countries.  Less on planned adap ta t ion  and supply *.

v v v v

Infra s tructure Medium — adap ta tion  cost e s t im a tes  in severa l countr ies for 
flooding, but lower coverage of o ther  infrastructure risks.

v v V

Agriculture High — coverage  of farm-level au to n o m o u s  adapta t ion  benefits, 
but much less on costs and on planned adaptat ion .

V v v

Health Low/medium — adaptation  costs  for heat  aler t sy s tem s  and 
food-borne  d isease ,  but less coverage  of o ther  health risks.

V

Water Low/medium — limited n um ber  of national , river basin or 
sub-national  studies on w a te r  supply.

V

Transport Low/medium — som e national and individual sec to r  case studies. V
Tourism Low — studies of winter tourism (Alps) and so m e  of au tonom ous  

adap ta t ion  from changing s u m m e r  tourism flow *.
V V

Forestry and fisheries Low — limited n um ber  of quanti ta t ive  studies. V
Biodiversity/ecosystem
services

Low — limited n um ber  of quanti ta t ive  studies. V

Business and industry Very low — no quanti ta t ive s tud ies found.
Building
adaptive  capacity

Low — se lected s tudies only and only qual itat ive descriptions of 
benefits.

V

N ote: * can be considered an impact or an adapta t ion .  S ee  Watkiss and Hunt (2010)  for extra no tes  and caveats .
Key: V Low coverage  with a small n um ber  of se lected case  s tud ies or  sectoral studies.

V V Som e coverage,  with a selection of national  or sectoral studies.
V V V  More com prehensive  geographical coverage,  with quantified cost or benefit  e s t im a tes  a t  a g g reg a te  levels.
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in 2050 (EUR 29 billion or 0.13 % of GDP) u nder a 2 °C 
scenario; OECD (de Bruin et al., 2009) estim ates total 
w eighed adaptation  cost for a 2.5 °C tem perature rise at
0.64 % of total ou tpu t for Europe and 0.14 % for eastern 
Europe.

The sectoral and national studies provide some 
comparative inform ation on adaptation costs. The PESETA 
coastal study (Richards and Nicholls, 2009) and ITinkel 
et al. (2009, 2010) reports costs of EUR 0.25-1.7 billion/year 
in the period 2010-2040 and EUR 0.3-3.5 billion/year in the 
period 2070-2100 across a range of tem perature increase 
and sea-level rise scenarios. These studies also report that 
the economic benefits of adaptation options in reducing 
costs of inaction far outw eigh the costs. For health, there 
are estimates of the costs of adaptation for diarrhoeal 
disease in Europe, based on costs of health interventions 
(Ebi, 2008; M arkandya and Chiabai, 2009) which report 
annual adaptation costs in the period u p  to 2030 for Europe 
at USD 12-260 million/year for a range of scenarios and 
assum ptions (EUR 10-215 million/year). These estimates 
indicate potentially large adaptation costs in Europe — 
billions of Euro per year in the short-term, potentially tens 
of billions per year in the longer-term.

A num ber of national studies have undertaken  m ore 
com prehensive adaptation cost assessments, though these 
also have only partial coverage and, in general, m uch less 
inform ation is available for the EU-12 than for EU-15. The 
m ost detailed national inform ation is currently available 
for the N etherlands, Sweden and the U nited K ingdom  but 
a large num ber of other European national studies will 
be published over the next few years, m any of w hich will 
assess the costs of adaptation.

The individual national studies also im ply large 
adaptation costs, particularly for flood protection. For 
example, the U nited K ingdom  Foresight study estim ated 
the total adaptation  investm ent needed to address 
flooding — coastal, river and in tra-urban — over the next 
80 years at betw een GBP 22 billion and GBP 75 billion 
for a portfolio of responses, depending on the scenario, 
im plying average annual costs of u p  to EUR 1 billion per 
year. Similarly, a recently conducted assessm ent on flood 
protection and flood risk m anagem ent in the N etherlands 
estim ates that the im plem entation of a com prehensive

set of adaptation  m easures will cost EUR 1.2-1.6 billion 
per year u p  to 2050 and EUR 0.9-1.5 billion per year 
during  the period 2050-2100. The recent Swedish 
evaluation estim ated potentially large investm ent costs 
for adaptation  to climate change across a w ider range 
of sectors, including transport, energy, w ater treatm ent, 
infrastructure, flood protection and agriculture, at u p  to a 
total of EUR 10 billion for the period 2010-2100.

W hen scaled u p  to the European level, these national 
studies im ply potentially higher adaptation costs (even for 
individual risks such as flooding) than found in m any of 
the m ore aggregated sectoral studies, and certainly higher 
than m any of the IAM  assessments. A t the EU level, they 
suggest costs of tens of billions/year w hen scaled to all 
countries and all sectors.

There are a num ber of studies that focus on vulnerable 
regions of Europe, and reveal im portant regional 
differences. These include assessm ents of the costs of 
sea-level rise in w estern Europe, the costs of adaptation 
for tourism  in the Alps, and forthcom ing w ork for the 
M editerranean — health, cooling dem and and water 
availability — and the Baltic.

Similar to the estim ation of adaptation  costs at the global 
level, assessm ent at a European scale is also extremely 
challenging, involving high levels of aggregation, 
sim plifying assum ptions — the sim ple scaling of 
likely investm ent needs — and a range of different 
m ethodological approaches and reporting metrics. Some 
caveats should therefore be highlighted as m any case 
studies, for example, focus on technical adaptation  and do 
no t include possible behavioural change, do not clearly 
separate the investm ent that w ould  be needed in the 
absence of climate change from  that arising from  climate 
change alone, or exhibit partial coverage of sectors and 
w ithin sectors. In addition, there is still a large evidence 
gap reflected by  low  sectoral coverage and very little 
inform ation on adaptation costs in m any potentially 
im portant sectors such as w ater supply, tourism , industry, 
biodiversity and ecosystems at the European level.
Overall, despite the current lines of evidence, there 
therefore rem ains a need to validate the estim ates against 
m ore detailed, national and even local-level analysis 
(Watkiss and H unt, 2010).
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hazards: Toward m ore resilient societies);

• CAVIAR (Com m unity A daptation and Vulnerability 
in the Arctic Regions);

• CCTAME (Climate Change — Terrestrial A daption 
and M itigation in Europe);

• CIRCE (Climate change and im pact research: the 
M editerranean environm ent);

• CIRCLE 2 (Climate Im pact Research for a Larger 
Europe);

• ClimateCost (Full Costs of Climate Change);

Clim-ATIC (Climate change — A dapting To the 
Im pacts by  C om m unities in the northern  periphery);

ClimAlpTour (Effects of climate change on Alpine 
tourism);

ClimChAlp (Climate Change, Im pacts and A daptation 
Strategies in the A lpine Space);

CLIMSAVE (Climate change in tegrated assessm ent 
m ethodology for cross-sectoral adaptation and 
vulnerability in Europe);

CLISP (Climate Change A daptation by  Spatial 
P lanning In The Alpine Space);

C oastA dapt (The Sea as O ur Neighbour: Sustainable 
A daptation to Climate Change in Coastal 
Com m unities and H abitats on Europe's N orthern 
Periphery);

DAMOCLES (Developing Arctic M odeling and 
O bserving Capabilities for Long-term  Environm ental 
Studies);

ESPACE (European Spatial P lanning — A dapting to 
Climate Events);

GRaBS (Green and Blue Space A daptation for U rban 
Areas and Eco Towns);

MEDIATION (M ethodology for Effective Decision
m aking on Im pacts and Adaptation);

NORAD APT (Com m unity A daptation and 
Vulnerability in Norway);

PESETA (Projection of Economic im pacts of climate 
change in Sectors of the European Union based on 
boTtom -up Analysis);

RESPONSES (European responses to climate change: 
deep emissions reductions and m ainstream ing of 
m itigation and adaptation);

Safecoast (Sharing know ledge on climate change & 
coastal flood and erosion m anagem ent);

VACCA (Vulnerability and A daptation to Climate 
Change in the Arctic).
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