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Executive summary
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Improved monitoring and reporting

Improved attribution methods for impact 
assessments

Improved understanding of socio-economic and 
institutional aspects of vulnerability and adaptation

Improved and coordinated scenario analysis of 
impacts and vulnerability 
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Northern Temperate Southern

Section   Indicator Arctic and 

boreal

Maritime

climate

Central/

eastern

Mediterranean

obs/scen obs/scen obs/scen obs/scen

5.2 Atmosphere and climate

Global and European temperature 

European precipitation o/o –/–

Temperature extremes in Europe

–/– –/– –/– –/–

Precipitation extremes in Europe

Storms and storm surges in Europe o/o o/o o/o

Air pollution by ozone

5.3 Cryosphere

Glaciers –/– –/– –/–

–/– –/– o/–

Greenland ice sheet –/–

Arctic sea ice –/–

Mountain permafrost –/– –/– –/– –/–

5.4 Marine biodiversity and ecosystems

Sea-level rise

Sea surface temperature

Marine phenology 

(Arctic and boreal), temperate (maritime climate, central/eastern) and southern 

More information on good practices and avoiding 
mal-adaptation

Develop information exchange mechanisms 
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Northern Temperate Southern

Section   Indicator Arctic and 

boreal

Maritime

climate

Central/

eastern

Mediterranean

obs/scen obs/scen obs/scen obs/scen

5.5

–/–

o/–

o/– o/–

5.6

Water temperature

Lake and river ice cover –/– –/– –/– –/–

Water quality

5.7 Terrestrial ecosystems and biodiversity

Distribution of plant species 

Plant phenology

Distribution of animal species 

Animal phenology

Species-ecosystem relationships –/– –/– –/– –/–

5.8 Soil

Soil organic carbon

Water retention

5.9

Timing of the cycle of agricultural crops

Crop-yield variability

Water requirement

Forest fire danger

5.10 Human health 

Heat and health

Water- and food-borne diseases

7

Normalised losses from river flood
disasters

management

–/– –/–

Biodiversity and ecosystem goods and 

Energy

Heating and cooling demand

(Arctic and boreal), temperate (maritime climate, central/eastern) and southern 
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Source:
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Introduction

1 Introduction

1.1 Purpose and scope 

The 2007 Fourth Assessment Report from the UN 

of increases in global average air and ocean 

The IPCC concluded further that 'most of the 
observed increase in global average temperatures 

Box 1.1 IPCC Fourth Assessment (2007)

since the mid-20th century is very likely due to 
the observed increase in anthropogenic GHG 
concentrations' and 'continued GHG emissions at or 

induce many changes in the global climate system 



Introduction

21Impacts of Europe's changing climate — 2008 indicator-based assessment

1.3 Outline



Introduction

22 Impacts of Europe's changing climate — 2008 indicator-based assessment



The climate system and human activities

Impacts of Europe's changing climate — 2008 indicator-based assessment

2 The climate system and human 
activities

2.1 Introduction

a     Reflection of solar radiation*  b     Absorption of IR radiation
b by greenhouse gases**

c     Radiation balance***
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Note: The atmospheric CO
2
 concentration is the result of many processes that produce and/or remove CO

2

2

2

Source: Denman et al.
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2.2 The past 800 000 years

Figure 2.3 Antarctic temperature change and atmospheric carbon dioxide concentration 

(CO
2
) over the past 800 000 years
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Source: Lüthi et al.

2.3 The past 10 000 years until 
150 years ago 
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Note:

Source: Jansen et al.

2.4 The past 150 years

et al.
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Note:

Source:
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Observed climate change impacts

3 Observed climate change impacts

Note:

Source et al. et al.

– 0.2 0.2 1.0 2.0

Temperature change (°C) 1970–2004Observed data series

Number of terrestrial biology data series
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Agriculture

Marine

Cryosphere
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Coastal processesFreshwater

Biological systems Physical systems
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Note:

Source: Parry et al.
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Note:

Source:

Droughts

Greenhouse gases Aerosols

Permafrost melt Sea level

Infrastructure                             Food Health

Forest fires

Floods

A B

A B

A B

an increase in A leads to an increase in B

an increase in A leads to an decrease in B

an increase in A can lead to either an increase or a decrease in B

        Fossil fuel combustion     Deforestation               Cattle             Fertiliser use

Forest growth Water quality

Temperature

Biodiversity 
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4.1 Scenarios

et al.

A1.

that peaks in the mid-century and declines 

a substantial reduction in regional differences in 

three groups that describe alternative directions 

distinguished by their technological emphasis: 

A1B
balanced is defined as not relying too heavily on one 

improvement rates apply to all energy-supply and 

A2. The A2 family describes a very heterogeneous 

development is primarily regionally oriented and 

Box 4.1 The IPCC Special Report on Emissions Scenarios (SRES)

B1.

material intensity and the introduction of clean and 

B2.

Source:
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4.2 Projected global climate change 
impacts

temperature in the 21st century

Note:

Source: Parry et al.



Impacts of Europe's changing climate — 2008 indicator-based assessment

21st century

Note:

Source: Parry et al.
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time and from the concern that adaptation rates of 

of vulnerability to and impacts of climate change has 

than assessed in the IPCC Third Assessment Report 

Temperature increases can trigger climate feedbacks 

At a temperature rise of more than 2 C above 
Main sources:

temperature increase of less than 2

2 C and could be irreversible if the temperature rise is 

of less than 2 C above pre-industrial levels is likely 

ecosystems to adapt to rapid climate change is 

Further research is needed to better quantify the 
risks of exceeding the 2

4.4 Limiting damage by mitigation and 
adaptation
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The risk of large-scale discontinuities or non-inearities 
has been identified by IPCC as one of five 'reasons 

of their potentially very large consequences for 

or abrupt change? If a system has more than one 

t' is 

One of the large-scale discontinuities relevant for 
Europe is the possible deglaciation of the West 

contribution due to at least partial deglaciation of 

level may rise over the next 1 000 years or more on 
average by 7 m from Greenland and about 5 m from the 

examples of possible non-linear effects are the 
progressive emission of methane from permafrost 

climate-driven transitions from one ecosystem type 

these processes is as yet limited and the chance of 

et al. et al.

et al.
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Note:
2

Source: Den Elzen et al.
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5 An indicator-based assessment

5.1 Introduction

General

Links to other EEA indicators



An indicator-based assessment

Impacts of Europe's changing climate — 2008 indicator-based assessment

1

Data and information sources for this report

Presentation of indicators
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5.2 Atmosphere and climate 

5.2.1 Introduction

circulation at mid latitudes that directs the oceanic 

of this circulation pattern are one of the main 

region is expressed by the North Atlantic Oscillation 

the high-pressure system near the Azores and the 

mechanism of the short-term dynamics is connected 

Box 5.1 Atmospheric circulation patterns in Europe

variations are linked to atmosphere-ocean-ice 

The seasonal anomalies have direct impacts 

been considerably more variable from year to year 

processes and the limited ability to represent this in 

Ocean has global impacts on decadal and longer-term 
variability and can cause precipitation and temperature 

NAO index (station)

1860 198019601940192019001880 2005

2

0

– 2

Note:

Source: Updated from Hurrell et al.
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Global

Key messages 
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5.2.2 Global and European temperature
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Relevance

Past trends

Photo: © Stockxpert

et al.

Projections
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Source:

Note:

Source: Christensen et al.

et al.

et al

–1.8 –1.6 –1.4 –1.2 –1 –0.8 –0.6 –0.4 –0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
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Observed temperature change over Europe during the period 1976–2006 
Left: annual mean; middle: winter (DJF); right: summer (JJA)
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climate variables such as near-surface temperature 
can also be estimated using the so-called reanalysis 

assimilation system to combine historic data from 

results can be used to assess climate change and 

European Centre for Medium-Range Weather 

National Weather Services and the European 

Estimated temperature changes across Europe in 

Global reanalysis provides a basis for regional 

data to support studies of local climate change and 

Box 5.2 Climate reanalysis

An advantage of the reanalysis methodology is 

the additional information that a model-based 

is very useful for estimating sparsely observed 

et al.
International Conference on Reanalysis Conference 

et al.

there is huge potential for further progress and 

Note:

Source:

-10
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0.5
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4
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Key messages 

there are uncertainties in the magnitude and 

Note:

Source:

5.2.3 European precipitation
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Note:

Source: Christensen et al.

Past trends

et al.

Projections

et al.
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Key messages 

Source:

5.2.4 Temperature extremes in Europe
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Note:

Source:
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et al.

extremely unlikely event under current climatic 

more frequent during the second part of the 21st 

leading to an advection of hot air from the south 

converted to heat because of the soil and vegetation 

Source:
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precipitation extremes such as heavy rain 

meteorological drought conditions did not 

Key messages 

Source:

5.2.5 Precipitation extremes in Europe
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20th century

Note:

Source:
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Note:

Source:
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human consequences of drought can be found in 

et al.

of Europe and can develop over short periods of 

and types of drought are: 

Meteorological drought: departure of precipitation 

Box 5.4 Drought

capturing both drought condition and human 

Precipitation is the primary factor controlling the 
origin and persistence of drought conditions for 

and the environment result from a combination 
of the intensity and duration of drought events 

is not constrained by international boundaries 

droughts may become longer-lasting and more 
severe in current drought-prone regions because of 

Source:

Drought duration
Weeks ………………Months…………………Years………………………Decades

Meteorological drought

Hydrological drought

Agricultural drought

Socio-economic drought
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levels along most vulnerable European 

coastlines of the North Sea and Mediterranean 

Key messages 

continuing the broad pattern of observed trends 

number of storms and an increase of the strength 

a significant increase in storm surge elevation 

for the continental North Sea and south-east 

Note:

Source: Matulla et al.
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et al.

et al.

et al.

Projections 

Note:

Source: van der Hurk et al.

et al.
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Note:
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an increase in average ozone concentrations in 

long-lasting and spatially extensive episodes of 

Key messages 

and illustrate the expected more frequent 

exceedances of the ozone information threshold 

levels may result in current ozone abatement 

5.2.7 Air pollution by ozone 

Note:

Source: Andersson et al.

Relevance et al.,

O3 1958-2001 O3 1979-2001

Trend in tropospheric ozone concentrations due to climate variability and climate change 

Left: 1958–2001; right: 1979–2001
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Note:

Source: Van Dingenen et al.

et al.

Past trends

et al.
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et al.

Projections

et al.,

et al. et al.

et al.

Source: Van Dingenen et al.
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5.3 Cryosphere

5.3.1 Introduction

Selection of indicators

ice sheets

Snow

Sea ice

permafrost

Glaciers, ice caps and seasonal lake ice

Indicators and vulnerability

Data and info sources
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5.3.2 Glaciers

increase in average summer air temperature 

could reduce the existing glacier cover of the 

Key messages 

climate change nearly all the smaller glaciers 

and one third of the overall glacier area in 

It could cause natural hazards and damage to 

Note:

Source:

– 50 000

– 40 000

– 30 000

– 20 000

– 10 000

0

10 000

20 000

30 000

1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

Cumulative specific net mass balance in mm water equivalent

Storglaciaeren (SE) Nigardsbreen (NO) Austre Broeggerbreen (NO) Aalfotbreen (NO)

Hofsjokulln (IS) Maladeta (ES) Careser (IT) Gries (CH)

Hintereis (AT) Saint Sorlin (FR) Sarennes (FR) Vernagt (AT)



An indicator-based assessment

62 Impacts of Europe's changing climate — 2008 indicator-based assessment

Relevance
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Past trends
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Source:
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et al.
et al.

et al.
et al.,
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et al.
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5.3.3 Snow cover

Key messages 

Note:

Source:
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Map 5.15 Observed change in spring 

Note:

Source:

Past trends 

et al.

et al.

et al. et al.,

et al.

et al.

et al.

et al.

Photo:
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Projections

et al.

et al.,

et al.

Note:

Source: et al.
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5.3.4 Greenland ice sheet 

from being in near mass balance to losing about 

outlet glaciers to the sea accounts for more of 

ice sheet to global sea-level rise is estimated at 

Key messages 

melting ice sheets have the largest potential to 

the faster movement of the glaciers are poorly 

understood and there is a lack of long-term 

Note: The rectangles depict the time period of the 

Source: Thomas et al.
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et al.

Projections 

Photo: © John McConnico
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Note:

Source: Updated from Steffen et al.
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5.3.5 Arctic sea ice 

shrink and may even disappear at the height of 

Key messages 

and is expected to affect ocean circulation and 

but also increase pressures and risks to the Arctic 
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Map 5.17 The 2007 minimum sea-ice 

extent

Note: The extent of the summer sea ice in September 

Canada-Greenland and out into the north-east 

Source:

Past trends 

et al.,
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Note:

Source: Nghiem et al.

19
57

19
62

19
67

19
72

19
77

19
82

19
87

19
92

19
97

20
02

20
07

2.4

2.8

3.2

3.6

4.0

4.4

4.8

5.4

5.6

6.0

Multi-year ice extent (million km 2)

Drift−age model Fifth−order regression Satellite observation

et al.,
et al.

et al.
et al., 2008

et al.

et al.

Projections 



An indicator-based assessment

Impacts of Europe's changing climate — 2008 indicator-based assessment

Note:

Source: Updated from Stroeve et al.

et al. et al.
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5.3.6 Mountain permafrost 

Key messages 

Warming and melting of permafrost is expected 

to contribute to increasing the destabilisation 

and maintenance problems in high-mountain 

a mountain range containing 

Note: Permafrost is present in the blue area bordered by a 

Source:

go/graphic/mountain-permafrost-patterns-and-

Relevance
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Past trends 

et al.

et al.



An indicator-based assessment

75Impacts of Europe's changing climate — 2008 indicator-based assessment

Note:

Source:
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5.4 Marine biodiversity and ecosystems

5.4.1 Introduction

et al.

North-east Atlantic

et al.,

Baltic Sea

et al.

Mediterranean Sea
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2

storage medium for carbon dioxide and the amount 
stored in the ocean depends on its concentration in 

2

-

2-

CO
2 2

in the ocean and thus increase the concentration of 
H

industrial revolution and simulations for the next 

et al.

2

used to form the supporting skeletal structures 

decrease in ocean pH is seen as particularly severe 
because it has been relatively stable for the past 

doubling the atmospheric CO
2
 concentration suggests 

the possibility of a complete undersaturation of 

et al.

difficulties in building and maintaining their external 
et al.

et al.

Source: Houghton et al. Key et al. Orr et al.
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5.4.2 Sea-level rise 

from satellites and tide gauges indicate a higher 

average rate of global SLR in the past 15 years 

21st century suggest an additional SLR of 

Key messages 

coastal zones 

European tide-gauge stations 

Note:

Source:
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Note:

Source:

Table 5.3 Average sea-level rise in some European seas (satellite observations) 

Source:
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Figure 5.20 Projected global average 

Note:

Source:
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recently observed in some Greenland outlet glaciers 
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to assess their likelihood or give a best estimate 

In a recently-published paper Rahmstorf estimated 

Box 5.6 Long-term sea-level rise: insights since IPCC AR4 

et al.

While the appreciable contributions from thermal 

gravity changes induced by the melting of land-based 

et al.

Due to the complexity of the problem and the possible 
overlap of natural processes and those induced by 
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5.4.3 Sea surface temperature

seas is increasing more rapidly than in the 

in all European seas during the past 25 years 

Key messages 

has been about 10 times faster than the average 

rate of increase during more than the past 

25 years is the largest ever measured in any 

European regional seas
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Note:

Source:
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Past trends

Projections 

et al.,

et al.

Photo: ©
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5.4.4 Marine phenology

many marine organisms in European seas to 

appear earlier in their seasonal cycles than in the 

Key messages 

– increased vulnerability of North Sea cod 

because genetic changes require several 

Note:

Sources:
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Relevance

et al.,

et al.

Past trends 

Projections 

The 'Continuous Plankton Recorder'

Photo: ©
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The oceans are thought to absorb one third 
-1

emissions of CO
2
 because phytoplankton use CO

2
 for 

responsible for removing carbon dioxide from the 
atmosphere through photosynthesis and transferring 

and thus any change has consequences for all other 

season has occurred in the North Sea and eastern North 

changes in sea surface temperature and the NAO index 

et al. et al.

remains poorly understood but the different regional 
responses can be partly explained by variations in the 

et al.

Note:

Source: Updated from Reid et al. et al.
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5.4.5 Northward movement of marine species

Key messages 

species of fish have been observed and may 

regulations in the EU include allocations of quotas 

Note: Zenopsis conchifer Cyttopsis roseus

Source: Quero et al.
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Note:

Source: Update of Beaugrand et al.
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et al. et al.
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Past trends

et al.
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The changes in marine species observed in the 
Baltic Sea do not fit into the general pattern of 

are driven by climate-induced changes in precipitation 

that changes have already been large enough to affect 

Salinity in the Baltic has decreased steadily since 

Baltic Sea 

Gadus morhua Clupea
harengus Sprattus sprattus
particularly sensitive to reduced salinity — at levels 

species for cod larvae Pseudocalanus acuspes also 

continuing increases precipitation and decreases in 

and abundance of cod and other marine species is 

ecosystem may be taken over by more brackish and 

et al.

Zenopsis conchifer

et al.

Dicentrarchus labrax
Mullus surmulletus
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et al.
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droughts

5.5.1 Introduction
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5.5.2 River flow

These changes are linked to observed changes in 

southern and south-eastern Europe and increase 

Key messages 

Map 5.22 Modelled change in annual river 

Note: The map is based on an ensemble of 12 climate 

Source: Milly et al.
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et al.

et al.,

Note:

Source:

Photo: © European Environment Agency

et al.

60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

(b) spring(a) winter

60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

(c) summer
60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

(d) autumn

Relative change in mean seasonal
and annual river flow between
scenario (2071–2100) and reference
period (1961–1990) 

+ 40

+ 20

+ 10

+ 5

– 5

– 10

– 20

– 40

30°

0 500 1000 1500 km

 Change in %

(e) annual
60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

re
d
u
ct

io
n

in
cr

e
a
se



An indicator-based assessment

Impacts of Europe's changing climate — 2008 indicator-based assessment

Note:

Source:
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5.5.3 River floods

Although a significant trend in extreme river 

number of flood events over recent decades 

results mainly from better reporting and 

Key messages 

intensify the hydrological cycle and increase 

the occurrence and frequency of flood events 

of changes in flood frequency and magnitude 

Source:
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et al.

Past trends 

et al. et al.
et al. et al.

et al.

et al.
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Note:

Source:
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5.5.4 River flow drought

increased the frequency and/or severity of 

Key messages 

the frequency and intensity of droughts in 

many regions of Europe as a result of higher 

Source: Hisdal et al.
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Source: Lang et al.

Relevance

Past trends 

et al.
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et al.

Projections 

Note:

Source:

are more difficult to predict as they depend strongly 

et al.

2
 pressures and increased 

et al. et al.

et al. et al.
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5.6.1 Introduction

physical changes

chemical changes

biological changes

Reduced oxygen content

Less ice cover, 

More stable vertical stratification and less mixing 
of water of deep-water lakes

Eutrophication.

Change in timing of algal blooms and increase of 
harmful algal blooms

Alterations to habitats and distribution of aquatic 
organisms

et al.
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5.6.2 Water temperature

of some European rivers and lakes increased by 

Key messages

selected European rivers and 

Water temperature (°C)
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et al.

et al.

et al.

et al.

Photo: © European Environment Agency

Projections

et al. et al.
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5.6.3 Lake and river ice cover
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et al.

Past trends 

et al.

et al.

Projections

et al.

Photo: © European Environment Agency
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5.6.4 Freshwater biodiversity and water quality

Note:

Source: Hickling et al.

Key messages 

zooplankton blooms are occurring one month 

the dominance of harmful cyanobacteria 

increased threats to the ecological status of lakes 

This may counteract nutrient load reduction 
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Note:

Source: Jöhnk et al.
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Past trends

Northward and upward movement

et al.,

et al.

Change in species composition and abundance

et al.
et al.

et al.

et al.

Phenology changes

et al. et al. et al.

et al.

Invasive freshwater species 

Cylindrospermopsis 
raciborskii

et al.

Projections 

Cylindrospermopsis and Gonyostomum

et al.
et al. et al.

et al.
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Daphnia

Euro-limpacs
Trichoptera taxa 

Trichoptera

Trichoptera taxa sensitive to climate change in the European 

ecoregions

Note: Trichoptera taxa

Source: Hering et al.

Photo:

et al.
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5.7 Terrestrial ecosystems and 
biodiversity

5.7.1 Introduction

refugia

et al.

et al.,
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5.7.2 Distribution of plant species

Figure 5.31 Increase in species richness on 

in 20th century

Note:

pioneer species drive them out of their characteristic 

Source: Walther et al.

Key messages 

uphill distribution shifts of many European plant 

Europe are changing as pioneer species expand 

uphill and cold-adapted species are driven out 

Key messages

forests are likely to have contracted in the 

Relevance 

et al.
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Past trends 
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et al.

Pinus 
sylvestris

et al.

Projections 

et al.

et al.

et al.

Note:

Source: Based on Bakkenes et al.
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5.7.3 Plant phenology

Figure 5.32 Phenological sensitivity to temperature changes

Note:

Source: Menzel et al.

Key messages 

The timing of seasonal events in plants is 

Key messages

As a consequence of climate-induced changes 

on average 10 days earlier and is longer than 

Relevance

et al.
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Quercus sp

Surrey (United Kingdom) 

Note:

Source:
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5.7.4 Distribution of animal species

Key messages 

rates of distribution change are not necessarily 

possibly leading to a progressive decline in 

Key messages

Suitable climatic conditions for Europe's 

Relevance

et al.
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Source: Hickling et al.

– 100

– 50

0

50

100

150

H
er

pt
ile

s

H
ar

ve
st
m
en

M
am

m
al
s

Bi
rd

s

G
ra

ss
ho

pp
er

s

Bu
tt
er

fli
es

Lo
ng

ho
rn

-b
ee

tle
s

La
ce

w
in
gs

Fi
sh

Ca
ra

bi
ds

Aq
ua

tic
-b

ug
s

M
ill
ip
ed

es

W
oo

dl
ic
e

Sp
id
er

s

So
ld
ie
r-
be

et
le
s

D
ra

go
nf
lie

s

Average northward shift of the range margin (km)



An indicator-based assessment

117Impacts of Europe's changing climate — 2008 indicator-based assessment

Past trends

et al.

et al.

et al. et al.,

et al.,

et al. Heodes
tityrus

et al.

et al.

Crocothemis erythraea

Projections

Note: Weighted composite population trends under climate 

an increase of their geographical range in the study 

modelled by averaging using three global climate 

Source: Gregory et al.
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et al.
et al.

et al.
et al.

et al.

amphibians in 2050

Note:

Source: et al.
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5.7.5 Animal phenology

Ficedula

hypoleuca)

Note:

Source:

advancement is particularly strong and rapid in 

generations of temperature-sensitive insects 

Key messages

young are not exposed to normal predation 

if the emergence of vulnerable young is not 

shorter hibernation times lead to declines in body 
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Relevance

et al.,

Past trends 

Ficedula hypoleuca

et al.

Projections
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5.7.6 Species-ecosystem relationships

Boloria titania) and 

its host plant American bistort (Polygonum bistorta)

Source: et al.

Key messages 

increasingly affected by climate change due 

Key messages

implications for range expansions of species 

and places additional pressures on those of 

60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

Current potential niche 
space of the butterfly
Titania fritillary (Boloria
titania) and its host 
plant American bistort 
(Polygonum bistorta)

Niche space of
Polygonum
bistorta

Niche space of
Boloria titania

Overlap of Polygonum
bistorta and Boloria 
titania

Relevance
et al.



An indicator-based assessment

122 Impacts of Europe's changing climate — 2008 indicator-based assessment

Map 5.34

(Boloria titania) and its host plant American bistort (Polygonum bistorta

Note: et al.

Source: et al.
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et al.

Past trends

et al.

Boloria titania

Polygonum bistorta et al.

Parnassius mnemosyne

Projections 

Boloria titania
Polygonum bistorta

et al. et al.,
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5.8 Soil

5.8.1 Introduction

4
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Soil biodiversity controls several processes such as 

most important potential impacts of climate change 

soil and sediment biodiversity is hidden beneath 

in models of climate change or adaptation plans 
et al.

et al.
diversity of soils is estimated to be greater than that 

et al.

The SCOPE Committee on Soil and Sediment 
Biodiversity and Ecosystem Functioning recently 

diversity and ecosystem functioning in a series 

et al.
Hooper et al. et al.
the stages involved in soil ecosystem processes are 

2

release to the atmosphere depends to a large degree 

cycle and hence carbon pools and fluxes through the 
et al.

et al. et al.

Our understanding of the soil species involved in 

et al.
Convey et al.

demonstrated that a temperature rise results in an 

et al.

et al.

loss of tree species due to climate change might cause 

ecosystem transformations can affect the capacity of 

remediation and restoration takes an extremely long 
time and in some instances the loss of some species is 

Key messages Key messages Key messages
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5.8.2 Soil organic carbon 

1978 and 2003

Source: Bellamy et al.

Key messages 

in the EU contains around 71 gigatonnes 

in temperature and a reduction in moisture 

tend to accelerate the decomposition of organic 

carbon stocks in Europe and an increase in CO
2

out all the savings that other sectors of the 

economy are achieving to reduce anthropogenic 

Key messages

observed in measurements in various European 

soil to the CO
2

Adapted land-use and management practices 

could be implemented to counterbalance the 
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Relevance

et al. et al. et al.,

Past trends

Source: Smith et al.
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5.8.3 Soil erosion by water

Note:

Source:

Key messages Key messages

Soil erosion risk 
assessment for Europe
for the year 2000
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5.8.4 Water retention 

Map 5.38 Modelled soil moisture in Europe

Note:

Sources:

Key messages 

Water retention capacity and soil moisture 

and by a decline in soil organic matter due to 

both climate change and land-management 

reduction in summer soil moisture over 

Key messages

important to reducing the impacts of intense 
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Relevance

et al.

Past trends

Projections

over Europe

Note:

Source: Calanca et al.
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capability to support human communities and 

factors is scarce and the most common approach to 
assessing the sensitivity of soil to desertification and 

Climatic conditions make the Mediterranean region 
one of the areas most severely affected by land 

level of soil degradation is severe in most of the 

declared themselves as affected countries under 

slopes and the frequency of soil types susceptible 

cessation of soil erosion protection measures due to 

to remove 100 tonnes of soil from a hectare of 

Changes in data quality and the methodology of the 

*

the arid climate of northern Africa and the temperate 

in large-scale climatic factors could result in relatively 
large impacts on the climatic regime of Mediterranean 

result in an increase in arid and semi-arid climates 

climates could lead to quite different effects at local 
et al.

droughts and the increased incidence of forest fires 

increase the regional differences in terms of quality and 

Key messages Key messages 

of the Mediterranean and central-eastern 

prolonged drought periods and increased 

contributing to an increased risk of 

Key messages

summer droughts and the incidence of forest 

*
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5.9.1 Introduction

et al.,
et al. et al.

et al.

et al.



An indicator-based assessment

Impacts of Europe's changing climate — 2008 indicator-based assessment

5.9.2 Growing season for agricultural crops

Note:

Source:

Key messages 

season of several agricultural crops in Europe 

yields and insect populations and favours 

Key messages

These observed facts are particularly important 

Relevance

et al.
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Past trends

et al.,
et al. et al.

et al.
et al. et al.

et al. et al.
et al. et al.

Source:

Photo: © European Environment Agency
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Projections

et al.

et al.,
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5.9.3 Timing of the cycle of agricultural crops (agrophenology)

Key messages 

expected to continue if temperatures continue to 

Key messages

reduce or avoid negative impacts of crop-cycle 

Note:

Source:

Relevance
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Past trends

et al.

et al.

Projections

Wine quality is determined by various parameters: 

cultivation techniques are most often responsible for 

variability and is responsible for variations in the 

increase sugar concentration and reduce disease 

Observed climate change during recent years has 

mainly to the increase in temperature and reduction 

possible impacts are:

Box 5.12 Grapevine phenology

Figure 5.37 Potential alcohol level 

Note: ne and 

Source: SchneiderSchneiderSchneider

Potential alcohol level of the wine (% v/v)
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5.9.4 Crop-yield variability

Figure 5.38 Agro-ecosystem processes and a changing climate

Key messages 

responsible for variations in crop suitability and 

variability of crop yields has increased as 

Key messages

and land management can act as risk-mitigating 

Note:

2

Source:
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et al.

et al. et al.,
et al.

Projections

et al.

Note: A small increase in temperature has a positive impact 

are used here to summarise results across studies 

Source: Eastering et al.

Photo:
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5.9.5 Water requirement

Key messages Key messages

Note:  ha-1 y-1 The map provides an estimate of the 

Source:

Relevance

Rate of change of the
meteorological water
balance 1975–2007

Volume of water balance
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Note:

Source:
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5.9.6 Forest growth

Key messages Key messages

alterations in competitive dynamics in forests 

increasing pest populations and further 

Note: Modelled to evaluate the change of habitat suitability coverage of the ten most dominant European Forest Categories 

Source: Casalegno et al.,

Relevance

et al.
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et al.

Past trends

et al.

et al. et al.

Projections

et al.

Warmer winter weather is likely to increase productivity
by extending the length of the growing season
(Cannell et al., 1998). 

Elevated atmospheric CO
2
 concentrations can have a 

fertilising effect. 

Cold and snow-related damage are likely to become
less common. 

Reduced summer rainfall may reduce tree growth and 
severe droughts may kill increasing numbers of trees.

Elevated atmospheric ozone concentrations may have
a negative impact on growth (Sitch et al., 2007; 
Karnosky et al., 2005).

Violent storms may occur more often, and more trees 
are likely to be damaged or blown down. 

Possible increase in spring frost damage as trees 
become more susceptible through earlier leafing.

Damage by forest fires and insect pests 
is projected to increase. 

Source:

Photo:
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5.9.7 Forest fire danger

Key messages Key messages

Note:

Source: Camia et al.

Relevance

et al.
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(1958–2006) of fire 
danger level (SSR) 
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Note:

Source: Camia et al.

Past trends 

et al.

Projections 

et al.
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5.10 Human health

5.10.1 Introduction

et al.

Photo: ©



An indicator-based assessment

150 Impacts of Europe's changing climate — 2008 indicator-based assessment

5.10.2 Heat and health 

Key messages Key messages

for the EU Member States for a high-emissions 
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et al.

Source: Matthies et al.
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et al.

Figure 5.44 Daily mortality rates in 15 European cities by apparent temperature in summer 

time

Note:

Source: Baccini et al.

Past trends 

et al.,
et al.

et al. et al.
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et al.

et al.

et al.

et al.

Projections 

et al.,

et al.

Photo:
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5.10.3 Vector-borne diseases

Key messages 

substantially over the past 15 years and is 

of additional outbreaks of Chikungunya and a 

tick-borne encephalitis are moving into higher 

Key messages

sandfly vector are occurring in several European 

Kingdom could increase the risk of local 

a significant increase in the number of days 

suitable for the survival of malaria vectors is 

Aedes albopictus 

Note:

Source: Based on Schaffner et al.

Relevance

Current distribution of 
the tiger mosquito 
(Aedes albopictus) in 
Europe, January 2008
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Aedes albopictus (the tiger mosquito) in 

Note:

Source: Based on Schaffner et al.

255229.5204178.5127.510276.55125.50 153

Areas of possible establishment of Aedes albopictus (the tiger mosquito) in Europe for 2010 and 2030

Left: maximum-change scenario for 2010; right: minimal-change scenario  for 2030

Most suitable areasLess suitable areas 
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Past trends

Mosquito-borne

Aedes albopictus 

et al.
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et al.
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et al.
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et al.
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L. infantum

Projections

et al.,
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et al.
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5.10.4  Water- and food-borne diseases

Key messages 

cases of some food-borne diseases for 

temperature over a certain location-specific 

thousand cases of salmonella are expected in 

Key messages

climate change may result in outbreaks of 

Source: Kovats et al.
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et al.

et al.

Past trends 

et al.
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et al.,
et al. et al.

et al.

et al.

Projections 

Salmonella

et al.,
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6 Adaptation to climate change

Key messages 

of natural and human systems to current and 

occurs mainly at sub-national and local levels 

but involves all levels of decision-making from 

sectoral policies at European and national 

levels is key to a long-term reduction in the 

Key messages

landscapes and communities to climate change 

an enhanced sharing of information on current 

assess adaptation costs in order to support 

6.1 Europe needs to adapt

5
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GHG emissions

Potential impacts

Vulnerability

Adaptation

Sensitivity

Adaptive capacity

Willingness
to adapt

Mitigation

Climate change

Exposure

Socio-economic
and institutional

capacity

Human systems and
the natural environment

Source:
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6

7

6.2 Adaptation occurs at transboundary, 
sub-national and local levels
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6.3 From European and national 
strategies to regional and local 
implementation

8

10
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Countries Impacts,

vulnerability

and adaptation 

assessments

NAS under 

preparation

NAS

adopted

Austria Anpassungsstudie

Belgium SSD

Bulgaria

Czech Republic

Cyprus

Denmark Ministry of Climate and 
Energy

2008

Estonia ASTRA

Finland FINADAPT 2004

France GICC 2006

Germany

Greece Ministry of Environment 

Hungary VAHAVA 2008

Iceland VO

Ireland

Italy

Latvia ASTRA

Liechtenstein

Lithuania ASTRA

Luxembourg

Malta

Netherlands National Programme for 
Spatial Adaptation to 

Climate

2008

Poland
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Countries Impacts,

vulnerability

and adaptation 

assessments

NAS under 

preparation

NAS

adopted

Portugal SIAM

Romania

Slovakia

Slovenia

Spain
coastlines

2006

CLIMATOOLS english/researchresults/researchprogrammes/

html

OcCC

Turkey

United Kingdom UK National Risk 

studies

2008
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change

7.1 Introduction
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Source:

Decreased winter heating (benefit) and reduced energy costs
Increased tourism opportunities (benefits) but reduced ski season
Increased forestry , agricultur al production (short -term)
Increased winter storm risk and economic damages

Northern Europe

Increased frequenc y
and magnitude of winter
floods (economic damages )

Re duced Alpine snow and
winter sports tourism and rev enues

Mediterranean/Southern Europe

Rising summer electricity use (cooling) and increased energy costs
Reduced water av ailability and losses or increased costs of supply
Increased forest fire risk (economic damages )

Re duced agricultural yields (economic losses)
Re duction in peak summer tourism (losses)
Increased health effects of heat -wav es
Impacts on ecosystem services

Rising risk of sea level rise
and coastal floods to European
coastlines (economic damages)
or rising costs of coastal protection
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Key messages 

12

changes in the sensitivity of human/societal 

Key messages

climate-related events have increased clearly 

change and economic development are the 

not possible to determine the proportion of the 

increase in damages that might be attributed to 

most severe effects of anthropogenic climate 

change on economic assets are expected in the 

11)

11

12

Relevance
et al.

et al.
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Note:

Source:
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Figure 7.1 Natural disasters in Europe 
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et al.

Projections

et al.
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et al.,

Photo:



Impacts of Europe's changing climate — 2008 indicator-based assessment

Key messages 

extreme flood events in recent years have 
14

floods in the United Kingdom in summer 2007 is 

Key messages

there is no homogeneous trend in extreme river 

economic factors clearly play an important role 
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Past trends

et al.

Projections

et al.

15

16



175Impacts of Europe's changing climate — 2008 indicator-based assessment

60°50°40°

30°

30°

20°

20°

10°

10°

0°

0°-10°-20°-30°

60°

60°

50°

50°

40°

40°

0 500 1000 1500 km

– 40

– 20

– 10

– 5

+ 5

+ 10

+ 20

+ 40

Change in %

In
cr

e
a
se

D
e
cr

e
a
se

Change in 100-year 
flood damage for 
IPCC SRES A2 scenario 
between 2071–2100 
and 1961–1990

© PESETA project

Note:

Source:

17



176 Impacts of Europe's changing climate — 2008 indicator-based assessment

7.4 Coastal areas

Key messages 

European cities exposed to sea-level rise and 

associated impacts on coastal systems is 

expected to be about 4 million and the exposed 

Key messages

potentially large increases in the risk of coastal 

in the range of 12 to 18 billion EUR/year for 

Europe in 2080 under the IPCC SRES A2 

adaptation could significantly reduce this risk to 

18
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and in the 2080s

Source:
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Key messages 

Economic consequences of climate change 

Evaluation studies of the economic consequences 

Key messages

They indicate that adaptation costs are generally 

et al.

et al.
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Key messages 

to have led to EUR 10 billion in economic losses 

Key messages

Agriculture

20

21
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Simulated crop yield changes by 2080s relative to the period 1961–1990 under the HadCM3/HIRHAM (left) and 
ECHAM4/RCA3 (right) A2 scenario
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et al.

Forestry

et al.
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7.7 Biodiversity and ecosystem goods and services

Key messages 

initiative 'The Economics of Ecosystems 

and Biodiversity' tentatively indicates that 

calculation captures a number of causes for 

Key messages

24
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7.8 Energy

Key messages 

energy demand from these changes is also 

determined by technical and socio-economic 

demand in northern Europe and increased 

Key messages

in northern Europe and a decrease by about 

be affected under changed climatic conditions 

Heating and cooling demand

25

26
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Source: Alcamo et al.

The United Kingdom. 
In London, the
typical air conditioned
office building is
estimated to increase
energy used for cooling
by 10 % by the 2050s,
and around 20 % by the
2080s (LCCP , 2002).

Mediterr anean. T wo to three fewer weeks a y ear will require heating
but additional two to three (along the coast) to five weeks (inland areas )
will need cooling by 2050 (Giannak opoulos et al., 2005).

South-east Mediterr anean. Up to 10 % decrease in energy heating requirement s
and up to 28 % increase in cooling requirements in 2030 (Cartalis et al., 2001).

Italy and Spain. Summer space cooling for air conditioning will effect electricity
demand with increase up to 50 % in Italy and Spain by 2080s .

Finland. Wintertime heating demand
estimated to decrease by 10 % in Finland
(Vajda et al., 2004) by 2021 to 2050.
Wintertime heating demand estimated to 
decrease by 20 to 30 % in Finland 
(Kirkinen et al., 2005) by 2100. 

Hungary and R omania. Wintertime heating 
demand estimated to decrease by 6 to 8 %
(Vajda et al., 2004) by 2021 to 2050. 

Central and southern Europe.
Increase in cooling for central
and southern Europe associated 
with an increase in inter -annual
variability by 2071 to 2100 
(Fronzek and Carter , 2007).

Greece. In Athens, estimate d
a 30 % increase in energy
demand by 2080 during July
due to air conditioning
(Giannakopoulous, 2006).

The United Kingdom.
2 °C warming by 2050 is
estimated to decrease fossil
fuel demand for winter spac e
heating by 5 to 10 % and 
electricity demand by 1 to 3 %
(Kirkinen et al., 2005).

Spain. P eaks in electricity
demand during summer
heatwaves are very lik ely to
equal or exceed peaks in
demand during cold winter
periods in Spain (López
Za fra et al., 2005)

Increase in cooling of 114 %
for Madrid by 2071 to 2100 
(Fronzek and Carter , 2007).

et al.
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Figure 7.7 Heating degree days in Europe 

70 000

75 000

80 000

85 000

90 000

Annual heating degree days (weighted by population)

EU-27 Long-term average

198
0

198
2

198
4

198
6

198
8

1990 1992 1994 1996 1998 20
00

20
02

20
04

Source:

Hydropower and cooling water for thermal plants

et al.,

et al.

et al.

27

28

production in Scandinavia

Note:

Source: Mo et al.

0

10

20

30

40

50

60

Ea
st
 No
rwa

y

Wes
t 
Nor

way

Ce
nt

ra
l No

rwa
y

Nor
th 
Nor

way

Nor
th

Sw
ed

en

Ce
nt

ra
l Swe

de
n

Sou
th 
Sw

ed
en

Nor
th

Fi
nl
an

d

So
ut

h
Fi
nl
an

d

Hydro generation (Twh )

Referenc e HadAM-B2 ECHAM-B2



186 Impacts of Europe's changing climate — 2008 indicator-based assessment

et al.

et al.

Figure 7.9

Source: Bresser et al.
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7.9 Tourism and recreation

Key messages 

upon the attractiveness of many of the 

that the suitability of the Mediterranean for 

Key messages

responses such as economic diversification 
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et al.

Source:
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7.10 Health

Key messages 

risk have already led to the introduction of 

Key messages

become insufficient at higher levels of risk or in 

et al.

et al.,
)

Photo: © Waldemar Jarosinski
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Key messages 

there is no one single 'true' cost but rather a 

Key messages

assessments rely on different methodologies for 

provide complementary estimates to better 
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needs

in situ

8.1 Introduction

Need to address uncertainty

Main types of uncertainty 

1. Incomplete knowledge 
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2. Insufficient observed trends 

3. Uncertainty in future socio-economic 
developments

et al.

Data and scenario requirements for adaptation 
planning
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8.2 Gaps in observations and 
uncertainties in projections

Atmosphere and climate 



Impacts of Europe's changing climate — 2008 indicator-based assessment

Sector

2004 report

Atmosphere and climate Storms and storm surges in Europe

Air pollution by ozone

Greenhouse gas concentrations

Cryosphere Greenland ice sheet

Mountain permafrost

droughts

biodiversity
Water temperature

Lake and river ice cover

Terrestrial ecosystems and 
biodiversity

Distribution of animal species Bird survival

Animal phenology

Species-ecosystem relationships

Soil Soil organic carbon Terrestrial carbon uptake *

Water retention

Agriculture and forestry

Timing of the cycle of agricultural crops 

Crop-yield variability 

Water requirement

Human health Water- and food-borne diseases

Economic sectors

Coastal areas

management

Biodiversity and ecosystem goods and services

Energy

Tourism and recreation

Health

Costs of climate change for society

Note:
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Indicator IPCC SRES Scenario Climate model

5.2 Atmosphere and climate

Global and European temperature A1B * 21 climate models

European precipitation A1B * 21 climate models

Temperature extremes in Europe A2

Precipitation extremes in Europe A1B Echam4

Storms and storm surges in Europe

Air pollution by ozone JRC analysis

5.3 Cryosphere

Glaciers B2 Alps: sensitivity study

Greenland ice sheet --- ---

Arctic sea ice * *
models

Mountain permafrost REMO

5.4 Marine biodiversity and ecosystems

Sea-level rise * * Different scenarios and 
models

Sea surface temperature A1B * Different models

Marine phenology --- ---

--- ---

5.5

A2 JRC analysis

A2 JRC analysis

A2 JRC analysis

5.6

Water temperature * * Different scenarios and 

temperature increase

Lake and river ice cover A2 RCM JRC analysis

A2 ---

5.7 Terrestrial ecosystems and biodiversity

Distribution of plant species A2 HadCM2

Plant phenology --- ---

Distribution of animal species A2

Animal phenology --- ---

Species-ecosystem relationship A2

5.8 Soil

Soil organic carbon A2 JRC analysis

--- ---

Water retention A2 JRC analysis

5.9

--- ---

Timing of the cycle of agricultural crops --- ---

Crop-yield variability --- ---

Water requirement --- ---

A1B

A2

5.10 Human health 

Heat and health A2

Vector-borne diseases Various IPCC model ensemble

Water- and food-borne diseases Various IPCC model ensemble

7

--- ---

disasters

Coastal areas A2 ECHAM4
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Indicator IPCC SRES Scenario Climate model

management
A2 WaterGAP model

Agriculture and forestry A2

Biodiversity and ecosystem goods and 
services

--- ---

Energy WaterGAP model

Tourism and recreation A2

Health ---

Costs of climate change for society Various --- IPCC 2007

Note:

Cryosphere

Marine biodiversity and ecosystems
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studies described in this report

Northern Europe, winter (DJF) 
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Water quantity

Water quality

Terrestrial ecosystems and biodiversity
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Soil

Agriculture and forestry
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Human health

et al.

et al.

et al. et al.

Economy

8.3 Future needs 

in situ
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climate change

Source:

Domain Essential climate variables

Atmospheric

Upper-air:

Composition:

Oceanic

Terrestrial
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Commission focus on climate change impacts in 
Europe or on providing the basis for assessing 

and impacts of climate change and predicting its 

to provide a basis for effective mitigation and 

Climate Change; FP6)
and disseminate potential adaptation measures 

Box 8.1  European climate change impacts and adaptation research

measures are even more complex because of the 
high number of options available through the human 

climate change conditions considering all potential 

ADAM (Adaptation and Mitigation Strategies: 
supporting European climate policy; FP6)

particular negotiations around a post-2012 global 
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ACCELERATES (Assessing Climate Change 

Regional Analysis to The European Scale; FP5)

that represent biophysical and socio-economic 
processes of agro-ecosystems on the European 
scale and advanced methodologies at fine spatial 

responses to climate change of agro-ecosystems 

AMICA (Adaptation and Mitigation — an 
Integrated Climate Policy Approach; Interreg 
IIIC)
environmental policy designed to combine long-term 

adaptation measures on the local level as a means 
to improve coherence of decisions and allocation of 

ASTRA (Developing Policies & Adaptation 
Strategies to Climate Change in the Baltic Sea 
Region; Interreg IIIB)
assess regional impacts of continuing global climate 
change and develop strategies and policies for 

to elaborate adaptation and mitigation strategies 
it is essential to involve regional and local spatial 

ATEAM (Advanced Terrestrial Ecosystem 
Analysis and Modelling; FP5)

function of potential impacts and adaptive capacity 

scenarios of potential impacts and vulnerabilities of 

BRANCH (Biodiversity Requires Adaption in 

Interreg IIIB)

Europe is fragmented and past decisions limit 

BRANCH provides the guidance and evidence to 

CIRCE (Climate Change and Impacts Research: 
the Mediterranean Environment; FP6)

Box 8.1  European climate change impacts and adaptation research (cont.)

of climate change and evaluate the consequences of 
climate change for the society and economy of the 

Europe; FP6)
adaptation response must be informed by a coherent 

CASHh (Climate change and adaptation 

ClimChAlp (Climate Change, Impacts and 
Adaptation Strategies in the Alpine Space; 
Interreg III B)
supporting the political decisions regarding protection 
and natural disasters prevention due to climate 

FP5)
suite of methods and models that can be used to 

issues that are central to the implementation of the 

EDEN (Emerging Diseases in a changing 
European eNvironment; FP6)

can influence the spatial and temporal distribution 
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climate changes and their impacts; FP6)

system for climate change based on the principal 

the ensemble prediction system are intended to 

ESPACE (European Spatial Planning — Adapting 
to Climate Events
of spatial planning in enabling society to adapt to 

ESPACE has focused on managing climate change 

EUROLIMPACS (Evaluating the Impacts 

Ecosystems; FP6)
designed to assess the effects of future global 

research programme is relevant to the EU Water 

international directives and protocols and supports 

four main areas of investigation in Euro-limpacs are: 

tools for ecosystem management and cross-cutting 

GEMS (Global and regional Earth-system 
(Atmosphere) Monitoring using Satellite and 
in situ data; GMES initiative)
comprehensive monitoring and forecasting systems 
for trace atmospheric constituents important for 

the basis for value-added data and information 
services to be developed as part of Europe's Global 

European operational system for operational global 
monitoring of atmospheric chemistry and dynamics 
and an operational system to produce improved 
medium-range and short-range air-chemistry 

Climate change Impacts on BiodiverSity; FP6)

the impacts of climate change on biodiversity and 
develops methods to assess the potential impacts 

develops methods to identify habitats at greatest 

Box 8.1  European climate change impacts and adaptation research (cont.)

risks and to identify all habitats that buffer against 

COCONUT and ALARM identify policy options to stop 

the European Area; GMES initiative)
aims to develop by 2008 a European system for 
operational monitoring and forecasting the ocean 

in situ

MICRODIS (Integrated Health Social and 

Methods and Tools; FP6)

and prevention strategies in order to reduce the 

goals are to strengthen the scientific and empirical 

improve human resources and coping capacity in Asia 

Management under Uncertainty; FP6)

based on the hypothesis that IWRM cannot be realised 

Research is therefore focused on transformation 
processes of these elements in the transition to 

based on boTtom-up Analysis; FP6)
to make a multi-sectoral assessment of the impacts 
of climate change in Europe for the 2011–2040 and 

emphasis is on the economic costs of climate change 
in Europe based on physical impact assessment and 
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Prudence used several regional models to assess 

assessing the risks arising from changes in regional 

robust estimation of the likelihood and magnitude of 

Box 8.1  European climate change impacts and adaptation research (cont.)

including the Mediterranean rim countries of north 

a reference point for long-term strategic planning 

policymakers and stakeholders about emerging 

WATCH (Water and Global Change; FP6)

quantify and predict the components of the current 

resources related to the main societal and economic 
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Glossary

Glossary

Abrupt climate change

Aerosols

Adaptation

Adaptive capacity (in relation to climate change 
impacts)

Albedo

Anthropogenic

Atmosphere

Baseline/reference

Biosphere (terrestrial and marine)

Carbon cycle

Climate

Climate change
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Climate (change) scenario

Climate sensitivity

Climate system

Climate variability

Control run

Cost-benefit analysis 

Cryosphere

Desertification

Emission scenario
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Energy balance

Erosion

Extreme weather event

Feedback

Forecast

Global warming

Greenhouse effect 

Greenhouse gas (GHG) — 

,
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Gross domestic product — 

Hydrosphere

Land-use — 

Likelihood — 

Macroeconomic costs — 

Measures

Mitigation

North Atlantic Oscillation (NAO) — 

Palaeoclimate — 

Phenology

Projection

Radiative forcing — 

Reinsurance

Resilience

River discharge/streamflow — 

Runoff — 

Salinisation

Scenario

Sink

Socio-economic scenarios — 

Sustainable development — 
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Thermal infrared radiation — 

Thermohaline circulation — 

Threshold — 

Uncertainty

Vulnerability
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Summary

Impacts of a warming Arctic: Arctic Climate 

Impact assessment,

Social Committee and the Committee of the Regions 

— Adapting to climate change in Europe — options 

Synthesis report 

Contribution of Working Groups I, II and III to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Communication from the Commission to the 

European Parliament and the Council: Global Monitoring 

for Environment and Security (GMES): Establishing a 

GMES capacity by 2008 — (Action Plan (2004–2008)) 

/

and Social Committee and the Committee of the Regions

and of the Council of 14 March 2007 establishing an 

Infrastructure for Spatial Information in the European 

/

Impacts of Europe's changing climate, An 

indicator-based assessment

e

Chapter 1 Introduction

Impacts of a warming Arctic: Arctic Climate 

Impact assessment, 

Impacts of Europe's changing climate, An 

indicator-based assessment

/

Synthesis report 

Contribution of Working Groups I, II and III to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

 Global Outlook for Ice and Snow.

Chapter 2 The climate system and 
  human activities

Newsletter

Climate Change 2007: The Physical 

Science Basis. Contribution of Working Group I to the 

Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change, 

Synthesis report 

Contribution of Working Groups I, II and III to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: The Physical 

Science Basis. Contribution of Working Group I to the Fourth 
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Assessment Report of the Intergovernmental Panel on 

Climate Change 

Nature

Chapter 3 Observed climate changes 
  impacts

II to the Fourth Assessment Report of the Intergovernmental 

Climate 

Change 2007: Impacts, Adaptation and Vulnerability. 

Contribution of Working Group II to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change

Nature

Chapter 4 Climate change impacts: 

gas concentration targets: costs versus certainty of limiting 

Global Environmental Change

20 20 by 2020: Europe's climate change 

opportunity. Communication from the Commission 

Climate change: the cost of inaction and the 

cost of adaptation

Climate Change 2001: Mitigation

Climate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 

on climate Change

Climate Change 2007: Mitigation of Climate 

Change. Contribution of Working Group III to the Fourth 

Assessment Report of the Intergovernmental Panelon 

Climate change

Synthesis report 

Contribution of Working Groups I, II and III to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Special Report 

on Emissions Scenarios A Special Report of Working Group 

III of the Intergovernmental Panel on Climate Change. 

II to the Fourth Assessment Report of the Intergovernmental 

Confronting Climate Change: Avoiding 

the Unmanageable and Managing the Unavoidable

prepared for the United Nations Commission on Sustainable 

Climatic Change
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Science

Chapter 5 An indicator-based 
  assessment

Section 5.2 Atmosphere and climate

Impacts of a warming Arctic: Arctic Climate 

Impact assessment.

Interannual variationand trends in air pollution over Europe 

Tellus

Sensitivity of the ERA40 reanalysis to the observing system: 

determination of the global atmospheric circulation from 

Tellus

Energy 

Policy

Climatic 

Change

International Journal of Climatology 21: 

Climate Change 2007: The Physical 

Science Basis. Contribution of Working Group I to the 

Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change. 

Extreme Temperatures 

and Precipitation in Europe: Analysis of a High-Resolution 

Climate Change Scenario

Journal of Geophysical 

Research 112

EEA Topic report

Climate 

Dynamic,

variability and trends in a regional climate change 

), Climate Dynamic,

Climatic Change

Atmospheric Environment

of the economic losses caused by ozone damage to crops 

CEH project No. C02309NEW. Centre for 

Ecology and Hydrology, Natural Environment Research 

Council

et al

Geophysical Monograph

Contribution of Working Group I to the Third Assessment 

Report of the Intergovernmental Panel on Climate 

Change et al

imate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 
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Climatic Change
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Precipitation Extremes in Europe's Climate of the 20th 

cyclone frequencies and strengths simulated in enhanced 

Climate Dynamics 

International Journal of 
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climate change on storm surges around the United 
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Science

Climate Dynamics

Atmospheric Environment
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Environmental outlook to 2030. OECD 

Natural Hazards 

and Earth System Sciences 

Climate Dynamics 22: 

boundary layer and relationships to ozone levels over the 

Pure and Applied Geophysics 160:

Stockholm Environment 

Institute

Geophysical Research Letters 

increasing temperature variability in European summer 

Nature

Nature

Atmospheric Environment 

Climatic Change

Journal 

of Geophysical Research
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International Journal of Climatology 

Possible climate change impacts on ozone in the Great 

Journal Of Great Lakes Research 

Journal 

of Geop

model-simulated historical and future changes in extreme 

Climatic Change .

Third WCRP International Conference on Reanalysis 

c

Journal of Climate

Journal of Climate

anomaly and ozone exceedance as an indication for the 

role of climate change on ozone exceedance in Europe 

Commission Staff 

Working Document Impact Assessment

Ecological impacts 

of climate change in The Netherlands

Climate change and 

biodiversity-meeting the challenge; people and nature: plan, 

adapt and survive: report of the 13th Annual Conference of 

the European Environment and Sustainable Development 

Advisory Councils EEAC, Oxford, 7–10 September 2005,

Proceedings 

WCSE/UKC-2002, Weather Risk Management

Climate Protection Strategies for the 21st 

Century: Kyoto and Beyond.

WMO publications,

driving GCM and the chosen emission scenario? Geophysical 

Research Letters

Section 5.3 Cryosphere

Impacts of a warming Arctic: Arctic Climate 

Impact assessment.

Annals of Glaciology

Geophysical Research Letters

Climatic Change 

Annals of Glaciology 

 American Geophysical 

Union, Fall 2006. 



218 Impacts of Europe's changing climate — 2008 indicator-based assessment

in European climate by the end of this century. Climatic 

Change

International 

Journal of Climatology 

Geophysical Research Letters

of rise in mean annual temperature on the stability of rock 

Permafrost and 

Periglacial Processes 

Hydrological Processes

to tourism in the Alps. Climate Research 

Climate Research

mass balance. Journal of Glaciology

bedrock slopes and its temperature-related destabilization 

Journal of Geophysical Research 

.

perturbed by topography: the Alpine permafrost boreholes 

Permafrost and 

Periglacial Processes

. Geophysical Research Letters

Late-summer sea ice thickness variability 

in the Arctic Transpolar Drift 1991-–2001 derived from 

ground-based electromagnetic sounding Geophysical

Research Letters

of the sea ice thickness distribution in the Lincoln Sea 

. Annals of 

Glaciology

Geophysical 

Research Letters (

Glacier Mass 

Balance Bulletin No. 8, 2002–2003

Glacier

Mass Balance Bulletin No.9, 2004–2005

Polar Research 

Sheet mass balance. Arctic Report Card 

/

. International 

Jo

 Global and Planetary Change

Geophysical Research Letters

Scientific Online Letters on the Atmosphere 

Glacial

hazards: changing threats, response and management in 

different high-mountain regions of the world

The Darkening Peaks: 

Nordic Hydrology

Climate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 



Impacts of Europe's changing climate — 2008 indicator-based assessment

Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change

Journal of Geop

Hochaufgelöste 

regionale Klimaszenarien für Deutschland, Österreich und die 

Schweiz

and Baltic sea ice by the end of the 21st century. Climatic 

Change

Nordic Hydrology

Polar Research 

Geophysical Research Letters

of near-surface permafrost degradation to soil column depth 

In press J. Geophys. Res

Annals of Glaciology

Arctic 

Sea Ice Shatters All Previous Record

l

Global and Planetary Change

of Arctic perennial sea ice. Geophysical Research Letters

permafrost and recent Alpine rock-fall events: a GIS-based 

approach to determine critical factors.

8th International 

Conference on Permafrost, 20–25 July 2003, Zurich, Lisse.

 Annals of Glaciology 

Climate Change in the European Alps

Geophysical Research Letters

. Permafrost in Switzerland 2002/2003 and 

2003/2004

Meteorologische Zeitschrift

. Cold Regions Science and 

Technology

Journal of Glaciology

Velocity Structure of the Greenland Ice Sheet. Science 17 

. et al. Evaluación Preliminar de 

los Impactos en España por Efecto del Cambio Climático, 

large scale climate variability. Geophysical Research 

Letters

Science

Geophysical Research Letters 

31

l



220 Impacts of Europe's changing climate — 2008 indicator-based assessment

Geophysical Research Letters

125 years and in the future: application of an improved 

Annals of Glaciology

 Environmental 

Science & Technology 41:

Greenland ice-sheet volume changes derived from altimetry 

measurements. Journal of glaciology

Science

Global outlook for snow and ice

Meltdown in the Mountains

Acta Meteorologica Universitatis Comenianae :

Glaciological Report (Permafrost) 

point? Geophysical Research Letters 

Nature

XIII 

Glaciological Symposium, Shrinkage of the Glaciosphere: 

Facts and Analysis

Geophysical 

Research Letters 

Polar Geography 

Section 5.4 Marine biodiversity and ecosystems

Impacts of a warming Arctic: Arctic Climate 

Impact assessment,

Global Environmental Change

Marine Ecology Progress Series,

Journal of Sea Research,

Science

Nature

coherent response to changing temperature? ICES Marine 

Science Symposia 

Nature

predictions of chemistry changes from carbon dioxide 

Journal of 

Geophysical Research

Science

Science

Geophysical

Research Letters



221Impacts of Europe's changing climate — 2008 indicator-based assessment

Journal 

of Physical Oceanography

based on datasets made available by the Hadley Center 

Science

Science

: Part I. 

The inter-annual variability. Journal of Marine Systems 

Journal of Coastal 

Research

Nature

and regional variability of phytoplankton biomass in the 

ICES Journal of Marine 

Science

Journal of 

Climate

Journal of Animal Ecology 75:

Science 275: 

Science

Global Change Biology

The 

science of climate change

Climate 

Change Scenarios for the UK. In:

Report

Contribution of Working Group I to the Third Assessment 

Report of the Intergovernmental Panel on Climate Change

et al.

imate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change

Boreal 

Environment Research 

scenarios of sea level rise for the northeast Atlantic Ocean:

a study including the effects of ocean dynamics and gravity 

changes induced by ice melt, 



222 Impacts of Europe's changing climate — 2008 indicator-based assessment

Nature

Global 

Biogeochemical Cycles

Contribution of Working Group II to the Third Assessment 

Science

the geographical distributions and seasonal cycles of 

decapod crustacean larvae and pelagic post-larvae in the 

Journal of the Marine Biological Association of the United 

Kingdom

Rethinking Tropical Ocean Response to Global Warming: 

Journal of Climate 18: 

Global Change Biology

Working Group I to the Fourth Assessment Report of the 

Simulated sea level in past and future climates of the Baltic 

Climate Research 

Geophysical Research Letters

Special Paper 

Comptes Rendus 

Geoscience

Climate Change 2001: Impacts, Adaptation, and 

Vulnerability. Contribution of Working Group II to the Third 

Assessment Report of the Intergovernmental Panel on 

Climate Change, 

in the 21st century: changes under the SRES climate 

Global Environmental 

Change

responses to sea-level rise: a global analysis of the SRES 

Philosophical

Transactions of the Royal Society of London Series A 

Pegelreihen zur Bestimmung der Änderung des mittleren 

internal report prepared for the 

German Federal Environment Agency

et al., 

Nature

Science

Science

observations de poissons tropicaux et le rechauffement des 

Oceanologica Acta 21: 

. Science



Impacts of Europe's changing climate — 2008 indicator-based assessment

Science

in sea surface temperature measured in situ sice the 

Journal of 

Climate

Nature 

Science

Journal of the Marine Biological 

Association

Journal of Climate

et al

Marine Ecology-progress Series

Geophysical Research Abstracts

Global Outlook for Ice & Snow

Climate 

Dynamics

Long term sea level changes and their impacts. In:

The global coastal 

ocean: multiscale interdisciplinary processes. 

Acta Meteorologica Sinica 

Section 5.5 Water quantity, river floods and 
  droughts

Hydrological Sciences Journal 

Hydrological Sciences 

Journal

Ambio

Global Environmental Change

Nature

and its climatological implications: the case of Catalonia 

Natural Hazards and Earth System 

Sciences

Science

Journal of 

Hydrology

Hydrological Sciences Journal

Nature

Hydrological Sciences Journal

Geophysical Research 

Letters



224 Impacts of Europe's changing climate — 2008 indicator-based assessment

hydrological cycle to increasing amounts of greenhouse 

Climate Dynamics

Climatic 

Change

Europe's environment — The fourth assessment

Natural Hazards and Earth System 

Sciences

International Journal of Climatology 26: 

Have droughts in Europe become more severe or frequent? 

International Journal of Climatology

countries? Climate Research

Differential impacts of climate change on the hydrology of 

Climate Research

Journal of Hydrology

Climate Research

Hydrological Sciences Journal

Natural Hazards Forum

Climate Variability and Change — Hydrological 

Impacts

Climatic Change

Hydrological Sciences Journal

Transactions of 

the Institute of British Geographers

Nature

Nature

Nature

of extreme seasonal precipitation events in a changing 

Nature

Journal of 

Hydrology

Mitigation and Adaptation Strategies for Global 

Change

Philosophical Transactions of the Royal Society A

Science

Impact of climate change on groundwater



225Impacts of Europe's changing climate — 2008 indicator-based assessment

. Trend 

Hydrological Sciences Journal. 

Geo Year Book 2006

Effect of climate change on river 

Journal of Climate

Water Science and Technology: Water 

Supply

The Science of the Total Environment

Section 5.6 Freshwater quality and biodiversity

traits of lake plankton species may govern their phenological 

Global Change Biology 12: 

Journal of 

Limnology

Phosphorus decrease and climate variability: mediators 

of synchrony in phytoplankton changes among European 

Freshwater Biology

Journal of the Fisheries Research Board of Canada 

5

of climate-driven temperature changes on the diversity of 

Oecologia

Hydrology and Earth System Science

of global changes and extreme hydroclimatic events on 

macroinvertebrate community structures in the French 

Oecologia

communities of the Upper Rhone River: effects of climatic 

Global Change Biology

Limnology and Oceanography 51: 

characterization of Cylindrospermopsis raciborskii 

Applied Environmental Microbiology

Hydrobiologia

International Journal of Climatology



226 Impacts of Europe's changing climate — 2008 indicator-based assessment

Proceedings of the Fourth Inter-Celtic Colloquium 

on Hydrology and Management of Water Resources, 

Guimaraes, Portugal

l

climate change on the physical characteristics of the larger 

Freshwater Biology 52: 

of sampling frequency on the detection of long-term 

Aquatic

Ecosystem Health and Management 

Ecological

Monographs

Environmental Science & Technology

Global Change Biology 12: 

Global Change Biology

Hering et al.

Global Change Biology

Natural landscape dynamics and human interferences: 

the Danube river landscape in the Austrian Machland 

Annual Meeting of the American 

Society for Environmental History

Available at f

Freshwater Biology

Water Research

Global Change 

Biology

Science

Invasive 

Species in a Changing World

Suomen Ymparistö

Nordic Hydrology

Nordic Hydrology

Internationale Revue der 

Gesamten Hydrobiologie 

as proxy data for local and regional mean surface air 

Climatic Change

on the thermal structure of a large temperate central 

Climatic Change

the duration of intermittent ice cover on a lake for 

Science



227Impacts of Europe's changing climate — 2008 indicator-based assessment

Ecological Modelling

phenology of Bythotrephes longimanus and its modern 

success in Lake Maggiore as a result of changes in climate 

Journal of Plankton Research

et al

available at 

l

Aquatic 

Ecology

Nõges et al.

break-up of lakes as an index of temperature changes 

Journal of Climate and Applied Meteorology

Ekologija

Journal of Phycology

Verhandlungen 

Internationale Vereinigung für theoretische und angewandte 

Limnologie

Canadian Journal of Fisheries and 

Aquatic Sciences 

Internationale Revue 

der Gesamten Hydrobiologie

signal in observations? Frontiers in Flood Research — IAHS 

Proceedings & Reports

climate change on Atlantic salmon: case study in the Eden 

Hydrology and Earth System 

Sciences. abstract

Limnology and Oceanography

affected? Ambio

Geophysical Research Letters

a latitudinal gradient in relation to climate and atmospheric 

Climate change

Freshwater Biology 

Section 5.7 Terrestrial ecosystems and 
  biodiversity

biotic interactions for modelling species distributions under 

Global ecology and biogeography 16: 

Journal of Biogeography

Impacts of different climate stabilisation scenarios on 

Global Environmental Change 16:

et al

Herbivory in global climate change research: direct effects 

Global Change 

Biology

Science



228 Impacts of Europe's changing climate — 2008 indicator-based assessment

Climate 

Research

Nature

Global Change Biology

/

Nature

PLoS 

Biology

Science

Climate change and biodiversity

Global Change Biology 12: 

Current Biology

Climatic change and the conservation 

of European biodiversity: Towards the development of 

adaptation strategies. Bern Convention Standing Committee 

et al A Climatic Atlas of European 

Breeding Birds.

Climate Change 2007: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

of climate change impacts in the Scandes of West-Central 

Nordic Journal of Botany

Journal of 

Ecology

Global Ecology and Biogeography

Potential impacts of climate change on the distributions and 

Biodiversity and 

Conservation

London

Trends in Ecology and Evoloution 14: 

phenological response to climate change matches the 

Global Change Biology

g

m

Nature



Impacts of Europe's changing climate — 2008 indicator-based assessment

Nature 

Global Change Biology

declines through its effects on female body condition and 

Oecologia

et al

Nature

Ecological 

Perspectives in Science, Humanities and Economics 14: 

climate change — adapted behaviour and shifting species 

Sustainable Development 15 

2007 Increased migration of Lepidoptera linked to climate 

European Journal of Entomology

The Proceedings of the National 

Academy of Sciences US

k

Monitoring, analysing, forecasting and 

communicating phenological changes.

Journal of vegetation science

Royal Society of London Series B — Biological Sciences 272: 

Nature

elevational limits and extent of species ranges associated 

Ecology Letters

estimate the potential increase in the number of generations 

Applied 

Entomology and Zoology 

Section 5.8 Soil

Soil Biology and Biochemistry

Global Change Biology

biodiversity and ecosystem function: the taxonomic 

Bioscience 

Carbon losses from all soils across 

Nature

Biogeochemistry

 Wall 



Impacts of Europe's changing climate — 2008 indicator-based assessment

Ambio 26: 

Agriculture 

Ecosystem and Environment

EU peatlands; Current carbon 

Climatic Change

Ecology

Antarctic terrestrial microarthropods to long-term climate 

Ecology 

Bodenschutz in 

Österreich

Reports of the Technical Working Groups 

Established under the Thematic Strategy for Soil 

Protection

the European Economic and Social Committee and the 

Committee of the Regions on a Thematic Strategy for Soil 

of the Impacts in Spain due to the Effect of Climate 

Ministry of the Environment of Spain and the University of 

Environmental signals 2004

Impacts of Europe's changing climate: an 

indicator-based assessment

European Environment Agency

he European environment —  State and 

outlook 2005 European Environment Agency

Vulnerability and adaptation to climate change 

in Europe. European

Environment Agency

Europe's environment — The fourth 

assessment European Environment Agency

responses of soil erosion to climate change: a modelling 

Catena

in mean and extreme precipitation over the Mediterranean 

region from a high resolution double nested RCM 

Geophysical Research Letters

BioScience

Contribution of Working Group II to the Fourth Assessment 

Climate Change 

2007: Impacts, Adaptation and Vulnerability. Contribution 

of Working Group II to the Fourth Assessment Report of 

The carbon budget of terrestrial ecosystems at the 

country-scale — a European case study



Impacts of Europe's changing climate — 2008 indicator-based assessment

Forest Ecology and Management 

Management options for reducing CO2 emissions from 

Biogeochemistry

Arctic, 

Antarctic, and Alpine Research

Geoderma,

Plant 

and soil

Soil Use & 

Manage

Global Change Biology

Canadian Journal of Soil Science 86: 

nitrogen cycling in terrestrial ecosystems: three case 

Global Change Biology

t

emissions and sequestration by agricultural land use: a 

Global Change Biology 8: 

Global Biodiversity in a Changing Environment: Scenarios 

for the XXI century

225–241 in Nature and 

human society: the quest for a sustainable world

BioScience 50: 

2007 in the Peloponnese, Greece.

Section 5.9 Agriculture and forestry

to European Commission Directorate-General for Agriculture 

Plant Ecology

New Phytol

observed changes in daily climate extremes of temperature 

Journal of Geophysical Research



Impacts of Europe's changing climate — 2008 indicator-based assessment

paradoxical increase of Mediterranean extreme daily rainfall 

Geophysical Research 

Letters

climate change on the diversity and distribution of 

European higher plants for 2050. Global Change Biology 8: 

Agricultural Insurance Schemes

hold? Forest Research Annual Reports and Accounts 

2002–2003

Changes in daily precipitation frequency and distribution 

Journal of Geophysical 

Research

Past

CO
2

Forestry

Modelling Current and Future Distribution 

of European Forest Categories

6th European Conference on Ecological Modelling: 

Agricultural and Forest 

Meteorology

Nature

Science

Agronomy for 

Sustainable Development

Adaptations of Forests to Climate Change: A Multidisciplinary 

Food, 

Adaptation and Vulnerability

II to the Fourth Assessment Report of the Intergovernmental 

m

the Environment of Spain and the University of Castilla La 

European forest types. Categories and types 

for sustainable forest management reporting and policy.

Springer

The Science of the Total 

Environment

Methodology of the MARS Crop 

Yield Forecasting System

Methodology of the MARS Crop Yield 

Forecasting System

188 nations over the past 40 years: a prevalence of linear 

Agriculture Ecosystems & Environment 

Modelling climate change impacts on species' distributions 

Environmental Science & Policy

Bulletin of the American 

Meteorological Society



Impacts of Europe's changing climate — 2008 indicator-based assessment

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 

reproduction under elevated CO2 conditions: A meta-analysis 

New Phytologist 156: 

Plant, Cell & 

Enviroment

activity of northern vegetation inferred from atmospheric 

Nature

Advances in 

Agronomy

Science

International Journal of Climatology

present and future Climate Variability on Agriculture and 

Climatic Change

Climate Change 2001: 

Impacts, Adaptation, and Vulnerability. Contribution of the 

Working Group II to the Third Assessment Report of the 

Atmospheric Environment

Fingerprints of Climate Change — Adapted Behaviour 

and Shifting Species Ranges

Nature

International Journal of 

Biometeorology

International Journal of Climatology

Nature

Pheonological responses in maple to experimental 

Global Change 

Biology

European Journal of Agronomy

Assessment of the Potential 

Effects and Adaptations for Climate Change in Europe: The 

Europe ACACIA Project

food production under SRES emissions and socio-economic

Global Environmental Change

Energy Policy

Climatic Change

Nature

Remote Sensing Data

Publishing



Impacts of Europe's changing climate — 2008 indicator-based assessment

Trends of spring time frost events and phenological dates 

Theoretical and Applied Climatology 74 

Indirect radiative forcing of climate change through ozone 

Nature

Growth Trends in European Forests: Studies from 

12 Countries. Springer-Verlag Berlin and Heidelberg GmbH 

Journal of Applied Meteorology

latitude normalized difference vegetation index and 

International 

Journal of Biometeorology 

Development and structure of 

the Canadian Forest Fire Weather Index System. Canadian 

Forestry Service, Ottawa, Ontario

Nature

Journal of Geophysical Research 102 

Winnett,

Climate Research

temperatures in Europe and China based on daily 

Climatic Change

northern vegetation activity inferred from satellite data 

Journal of 

Geophysical Research

Section 5.10 Human health

of temperature and air pollution on health: the EuroHEAT 

mortality in 15 European cities: results of the PHEWE 

Epidemiology

What should health professionals 

know?

et al.

Declining vulnerability to temperature-related mortality 

American Journal of 

Epidemiology

et al. Human

Health

Intergovernmental Panel on Climate Change Fourth 

Climate Change and 

Adaptation Strategies for Human Health

International Journal of Biometeorology 

et al.

Heat-and-cold-related mortality and morbidity and climate 

Health effects of climate change in the UK

et al.

temperature affect foodborne disease? Epidemiology 15:

Climate Change and Adaptation Strategies 

for Human Health

Climate Change 

and Adaptation Strategies for Human Health

Mission Report. Chikungunya in Italy. 

Joint ECDC/WHO visit for a European Risk Assessment. 



Impacts of Europe's changing climate — 2008 indicator-based assessment

17–21 September 20

accompanying the Green paper from the commission to the 

Adapting to climate change in Europe — options for EU 

action

et al.

series analysis of the relationship of ambient temperature 

International Journal of Biometeorology

et al.

Journal of 

Applied Ecology and Society

et al.

Potential effect of population and climate changes on 

Lancet

Medical Journal of Australia

et al.

Int J Circumpolar Health

Climate Change and Adaptation Strategies for 

Human Health

Journal of Applied Microbiology

 Summary for Policymakers

to the Fourth Assessment Report of the Intergovernmental 

Summary for Policymakers

Assessment Report of the Intergovernmental Panel on 

et al.

Load of Drinking Water Reservoir Tributaries during 

Extreme Rainfall and Runoff. Applied and Environmental 

Microbiology

of natural foci of diseases and their epidemiologic 

Climate change and public health in 

Russia in the XXI Century. Proceeding of the international 

workshop, Moscow

et al.

effect of temperature on food poisoning: time series 

Epidemiology and 

Infection

et al

International Journal of 

Biometeorology

Annual Review of Public Health

et al.

Climate Change 

and Adaptation Strategies for Human Health

et al. Monitorování

Republice v roce 1997. 

International Journal of Epidemiology 

et al.

Journal of 

Water and Health 

International Journal of 

Food Microbiology



Impacts of Europe's changing climate — 2008 indicator-based assessment

International Journal of Biometeorology

Climate

change and adaptation strategies for human health

et al.

Temperature-driven Campylobacter seasonality in England 

Appl Environ Microbio,

et al.

Heat-Health Action Plans. Guidance

Lancet

et al.

of the potential for survival and seasonal activity of Aedes

albopictus J

Vect Ecol.

et al. Protecting

health in Europe from climate change

Water

Science and Technology 

Int J Circumpolar Health

et al.

gastrointestinal and other illness and mental health in 

Communicable

disease and public health 

et al.

The study of infectious intestinal disease in England: 

Epidemiology and Infection 

et al.

Aedes

albopictus

the tiger: establishment and spread of the Aedes albopictus 

Emerging pests and vector-borne diseases in Europe. 

Ecology and control of vector-borne diseases

Euro

surveill

p

et al.

Temperature dependence of reported Campylobacter 

Epidemiology and 

Infection

et al.

Laboratory surveillance of bacterial gastroenteric pathogens 

Epidemiology and Infection

Chapter 6 Adaptation to climate 
  change

Vulnerability and adaptation to climate change 

in Europe.

Climate change: the cost of inaction and the cost 

of adaptation European 

Human Cognition: The Process of Individual Adaptation 

Global Environmental Change



Impacts of Europe's changing climate — 2008 indicator-based assessment

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change

Economic aspects of adaptation to climate 

Shardul

Adapting to Climate Change. 

What's Needed in Poor Countries, and Who Should Pay

sustainable development policies? Climate Policy

Human Development Report 2007/2008 

— Fighting climate change: Human solidarity in a divided 

world,

Adaptation Policy Frameworks for Climate 

Change; Developing Strategies, Policies and Measures,

Report

Advice

The analysis of existing and potential 

of an effective and appropriate international response to 

climate change

Investment And Financial Flows To Address 

Climate Change,

  climate change

Climate change in the European Alps: adapting 

winter tourism and natural hazards management

Organization for Economic Co-operation and Development: 

Financial risks of climate change — summary 

report.

f

Coastal Flood Risk — Thinking for tomorrow, 

acting today.

1

Adapting to our changing climate: A manifesto 

for business, government and the public

pdf

Climate Change — the 

Costs of Inaction

Urban environmental 

health and sensitive populations: how much are the Italians 

willing to pay to reduce their risks? SIEV — Sustainability 

Impacts, Adaptation and Vulnerability

Working Group II to the Fourth Assessment Report of 

Climate Change Effects on Dam Safety — A 

Sensitivity Analysis of the Swedish Hydrological Dam Safety 

Guidelines

Change Effects on Dam Safety — A Sensitivity Analysis of 



Impacts of Europe's changing climate — 2008 indicator-based assessment

British Medical Journal 

Natural Hazards

Bresser et al. The effects of climate change 

in the Netherlands

Impacts of 

climate change on river runoff, glaciers and hydropower in 

the Nordic area

Science

demand in urban areas as a result of climate changes: an 

Energy 

Conversion and Management 

et al.

et al Impacts, Adaptation 

and Vulnerability. Working Group II contribution to the 

Intergovernmental Panel on Climate Change Fourth 

Assessment Report.

 Climate Change and the Demand for 

Water,

Mapping the impacts of recent natural disasters 

and technological accidents in Europe

Climate change and water adaptation issues

Climate change: the cost of inaction and 

the cost of adaptation

e

F

in climate change impacts on resource potential for Europe 

Climatic 

Change

Climate Research 

Climate Change Impacts in the Mediterranean 



Impacts of Europe's changing climate — 2008 indicator-based assessment

Resulting from a 2oC Global Temperature Rise

http://

f

National-scale Assessment of Current and Future Flood Risk 

Natural Hazards

Losses: Understanding and Attributing Trends and 

. Climate Change 

and Disaster Losses: Understanding and Attributing Trends 

and Projections,

http://

/

Journal of 

Hydrology

Climate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Contribution of Working Group II to the 

Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change

n

Climate Change and Adaptation 

Strategies for Humans Health 

Acta

Geophysica Polonica

Central Europe — Climate Change Track? Natural Hazards

London's Warming. London Climate Change 

Partnership A Climate Change Impacts in London Evaluation 

Study.

EuroWasser 

— Model-based assessment of European water resources 

and hydrology in the face of global change

Energy Policy

Evaluación 

Preliminar de los Impactos en España for Efecto del 

Cambio Climático, 

/

Science 

Nature

The 

search for trends in a global catalogue of normalized 

weather-related catastrophe losses

Climate Change and Disaster Losses — Understanding 



240 Impacts of Europe's changing climate — 2008 indicator-based assessment

Port Cities With High Exposure And Vulnerability To Climate 

Cities With High Exposure And Vulnerability To Climate 

tropical cyclones: sensitivities to societal and climate 

Philosophical Transactions of the Royal Society

Journal of Climate

WHO-meeting on improving public health responses to 

increasing temperature variability in European summer 

Nature

Environmental and 

Resource Economics 

Environmental and 

Resource Economics 

Langfristige Entwicklung von Abflußreihen im 

UCPTE-Raum

Adaptation and vulnerability to climate 

 United Nations 

f

Quarterly Journal of the Hungarian Meteorological 

Service

The Social Costs of Carbon (SCC) Review 

— Methodological Approaches for Using SCC Estimates in 

Policy Assessment,

Overstromingsrisico's in 

Nederland in een veranderend klimaat 

Chapter 8 Data gaps, uncertainties and 

International Journal of 

Epidemiology

et al.

et al Impacts, Adaptation 

and Vulnerability. Working Group II contribution to the 

Intergovernmental Panel on Climate Change Fourth 

Assessment Report.

Communication from the Commission to the 

European Parliament and the Council: Global Monitoring 

for Environment and Security

/

European Research on Climate Change 

Catalogue of FP6 Projects Volume 1

f



241Impacts of Europe's changing climate — 2008 indicator-based assessment

Global Change and Ecosystems Catalogue of 

projects funded during the Sixth Framework Programme

European Research on Climate Change 

Catalogue of FP5 and FP6 Projects on Carbon Cycle and 

Green House Gases, http://

f

International Symposium Climate Change 

Research Challenges http://

f

European research on Polar Environment and 

Climate Results and information from FP5 and FP6 projects

f

Polar Environment and Climate The challenges, 

International Symposium, European research in the context 

of the International Polar Year

f

The second report on the adequacy of global 

observing systems for climate in support of the UNFCCC

The Global Earth Observation System of 

Systems (GEOSS) 10-Year Implementation Plan.

/

Contribution of Working Group I to the Third Assessment 

Report of the Intergovernmental Panel on Climate Change, 

et al

Climate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on 

Climate Change

et

al.,

of health risks: global and regionalburden of disease due 

. Geneva: World Health 

Special Report 

on Emissions Scenarios A Special Report of Working Group 

III of the Intergovernmental Panel on Climate Change. 

The Finnish Environment 644

Glossary

Climate Change 1992: The Supplementary 

sment,

Climate Change 1995: The Science of Climate 

Change. Contribution of Working Group I to the Second 

Assessment Report of the Intergovernmental Panel on 

Climate Change, et al.

Contribution of Working Group I to the Third Assessment 

Report of the Intergovernmental Panel on Climate Change, 

et al

Special Report 

on Emissions Scenarios

III of the Intergovernmental Panel on Climate Change 



Impacts of Europe's changing climate — 2008 indicator-based assessment242

17

77

7

80

  and the four European regional seas 82

165

6

7

  and modelling climate change 20

2

24

2
25

26

27

  in this report 0

  surface temperature in the 21st century 2

  temperature in the 21st century

  year 2400 6

  1850–2007 41



Impacts of Europe's changing climate — 2008 indicator-based assessment

  20th century 51

52

52

5

54

61

62

6

64

67

6

70

72

7

74

75

7

81

82

85

87

88

0

5

  the 20th century 10

105

107

108

  in 20th century 112

114

115

  for selected groups of animal species over the past 40 years 116

117

7

140



244 Impacts of Europe's changing climate — 2008 indicator-based assessment

141

142

146

  deaths and daily temperature 150

151

  temperature in summer time 152

  increase 158

  and adaptation 162

170

170

171

  of changing risk 171

17

17

185

185

186

  in impact studies described in this report

  biogeographic regions of Europe 1

28

2

4

4

44

45

46

47

48

4

50



245Impacts of Europe's changing climate — 2008 indicator-based assessment

55

  for the end of 21st century for different scenarios 56

57

  2000–2004 58

5

65

66

71

78

80

8

8

4

6

8

100

101

Trichoptera taxa sensitive to climate change 
  in the European ecoregions 110

  of reptiles and amphibians in 2050 118

Ficedula hypoleuca 11

Boloria titania
Polygonum bistorta 121

Boloria titania
Polygonum bistorta 122

127

128

0

2

6

14



246 Impacts of Europe's changing climate — 2008 indicator-based assessment

145

147

148

Aedes albopictus
  January 2008 154

Aedes albopictus 
155

168

175

177

180

184

  and 2071–2100 188



   SALES AND SUBSCRIPTIONS

European Communities are available from our sales agents throughout the 

European Environment Agency

— 2008 indicator-based assessment



Impacts of Europe’s changing climate –  

2008 indicator-based assessment 

Errata

Page Column/line Incorrect Correct

5 2/2 from bottom Streffen Steffen

5 2/19 Ronald Roland

6 1/30  Rahmstorff Rahmstorf 

6 1/10 from bottom Contributors: Katalin 

Bódis (JRC/IES) 

7 1/9  Renault Renauld

7 1/14 from bottom Luc Feyen 

(JRC/IES)

Luc Feyen, Katalin Bódis 

(JRC/IES)

7 2/5 Ulstein Ullstein

7 2/21 Bruning Bruening

42 1/7 from bottom IPCC, 2007c IPCC, 2007a 

63 2/1 from bottom Nesje et al., 2007 Nesje et al., 2008 

66 2/9 Hurtl-Wielke Hirtl-Wielke 

79 1/3 Church et al.,

2006

Church and White, 2006 

84 2/15 IPCC, 2007 IPCC, 2007a 

84 2/23 IPCC, 2007 IPCC, 2007a 

97 2/1 from the end Dankers and 

Feyen, 2008 

Dankers and Feyen, 2008b

132 Second Key message (for 2070 – 2100) (for 2071 – 2100). 

133 2/6 from bottom (2070 – 2100) (2071 – 2100) 



Missing ref in Cryosphere References, but it exists in the text: (p 70,  2col/1 line) 

Lawrence, D. M.; Slater, A. G.; Romanovsky, V. E.  and Nicolsky, D. J., 2008. The 

sensitivity of a model projection of near-surface permafrost degradation to soil column 

depth and inclusion of soil organic matter, In press J. Geophys. Res. 

Missing ref in Marine References, but it exists in the text: (p 91,  2col/18 line) 

MacKenzie, B. R., Gislason, H., Möllmann, C., and Köster, F. W. 2007. Impact of 21st 

century climate change on the Baltic Sea fish community and fisheries. Global Change 

Biology, 13: 1-20. 

Missing ref in Water quality, but it exists in the text: (p 109,  2col/5 line) 

Manca, M.; Portogallo, M.; Brown, M. E., 2007: Shifts in phenology of Bythotrephes 

longimanus and its modern success in Lake Maggiore as a result of changes in climate 

and trophy. Journal of Plankton Research, 29 (6): 515-525. 

Missing ref in Agriculture and forestry, but it exists in the text: (p 146,  2col/7 line) 

Eastaugh, C., 2008. IUFRO Occasional Paper No. 21: Adaptations of Forests to Climate 

Change: A Multidisciplinary Review ISSN 1024-414X 

Map 5.4 Observed changes in annual precipitation (p 45) 
Add to note:  The yellow color indicates that the trend 1961 – 2006 is not significant at level 25% 

Figure 5.17 Temperature distribution within a mountain range containing permafrost (p 74) 
Incorrect: Source: Gruber, 2007.  Correct: Source: Gruber and Haeberli, 2007 

Figure 5.27 Water temperatures in four selected European rivers and lakes in the 20th century (p 103) 
Incorrect: Source:  ... ,Hohensinner; Correct: Source: ..., Hohensinner et al., 2006 

Map 5.39 Title: wrong (2070-2080); correc 2100) (p 133) t: (2071-
Incorrect: Source:  ...(2070-2100); correct (2071-2100)


