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1 EXECUTIVE SUMMARY 

 

1.1 Problem definition 

The target of the European Union is to stabilize the global mean temperature to 2 °C above 

pre-industrial levels. However, according to science (e.g. Adger et al., 2007; Copenhagen 

Diagnosis, 2009) even a global increase of 2°C will result in impacts (and some can be 

observed already today, e.g. decrease in permafrost extent or glacier melt) to which 

adaptation will be needed on European to local level. 

One of the most important consequences of climate change will be the increase in the 

frequency and magnitude of extreme events such as floods, droughts, windstorms and heat 

waves. Climate change may also trigger other hazards in which climate or weather 

conditions play a fundamental role, such as snow avalanches, landslides and forest fires. 

Current and projected impacts in Europe, together with their related costs, suggest that 

climate change will ð either directly or indirectly ð test the vulnerability of European society 

with economic, environmental, societal, geopolitical and technological risks. The security, 

health and quality of life of European citizens are at the core of the matter and climate 

change constitutes an additional pressure that challenges most of the components of human 

and natural systems.  

A range of (EU funded and other) projects and exchange with stakeholders have led to an 

improved understanding of certain aspects of climate change impacts, vulnerabilities and 

adaptation with potential effects on certain policy areas/sectors which have been assessed in 

detail in the context of developing an EU Adaptation Strategy and are summarized in the 

following: 

1.1.1 Climate impacts on economic sectors and systems 

Climate change and climate variability are projected to have a substantial effect on 

agricultural production both in terms of crop yields (with an overall yield gain in the EU of 

17% in 2020) and the location where different crops can be grown. For some areas 

projections for a range of emission scenarios show a 30- 50% increase in suitable area for 

grain maize production in Europe by the end of the 21st century). On the opposite crop 

productivity is expected to decrease where seasonal precipitation decreases significantly 

such as in the Mediterranean and Southeast Europe.  

Effects on forestry due to climate change include increased risk of biotic (pests and 

diseases) and abiotic (droughts, storms and fires) disturbances to forest health. Main 

potential impacts include: i) Changing tree species distributions in Europe; ii) Northwards and 

upwards (mountains) expansion of broadleaved deciduous species; iii) Increasing threats for 

specialized plant communities; iv) Thermophilic plant species becoming more common, while 

cold-tolerant species decline and v) Indigenous conifers may be replaced in large areas of 
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Western and Central Europe by deciduous tree having an influence on the quality of water. 

The impacts of climate change will vary throughout the different geographic regions of 

Europe, with forest fires likely to dominate in Southern Europe and the limited diversity of 

tree species in boreal forests enhancing the risk of significant pest and disease impacts.  

Consequences of climate change will both be negative and positive for transportation 

infrastructure such as for rail, road, shipping and aviation, but will differ from region to 

region. In particular, the projected increase in frequency and intensity of weather and climate 

extremes, such as heavy rain (e.g. causing floods), heavy snowfall, extreme heat and cold, 

drought and reduced visibility can enhance negative impacts on the transport infrastructure, 

causing injuries and damages as well as economic losses. But also some beneficial impacts 

on transport due to climate change can be expected, such as reduced snow fall for most 

European regions improving traffic conditions. However, the vulnerability of the transport 

sector is also influenced by human behaviour and societal changes as the kind of mobility 

chosen by individuals is also influencing the vulnerability of the sector.  

The impact of climate change is particularly pertinent to the construction sector given the 

life expectancy of buildings, both in terms of new developments and the existing built 

environment to climatic changes. Major threats to construction and buildings requiring short-

term action can be aggregated to: i) Extreme precipitation which can be expected European 

wide (e.g. leading to water intrusion, damage to foundations and basements, destruction of 

buildings); ii) Summer heat, especially in South Europe (e.g. leading to material fatigue, 

decreased comfort and health, high energy use for cooling); iii) Exposure of constructions to 

heavy snowfall and iv) Rising sea levels that increase the risk of flooding in particular as 

many European cities are located next to the shore or rivers. 

Climate threats for the European energy system do already exist and are projected to 

increase. Climate change is and will be impacting the security of electricity supply due to 

disruption within the distribution grids (e.g. extreme events) but also increased vulnerabilities 

in the supply (e.g. increased water scarcity will impact bioenergy and hydropower). These 

impacts will be aggravated due to i) Increasing interconnection of grid-dependent European 

internal energy market and thus increasing amounts of transmitted energy/less domestic 

supply in many regions; ii) Projected further shift towards increasing electricity demands and 

according shifts in primary energy consumption and iii) Increasing share of renewable energy 

generation.  

Climate change will lead to new disaster risk ólandscapesô and distribution of hot spots. 

Economic losses related to different types of disasters in the EU (most prominently heat 

waves, flooding and storms) show an increasing trend, which is mostly attributed to the 

increase in vulnerable assets. 

1.1.2 Climate impacts on environmental and human systems 

For soils climate change may aggravate erosion, decline in organic matter, salinization, soil 

biodiversity loss, landslides, desertification and flooding. The effect of climate change on soil 

carbon storage can be related to changing atmospheric CO2 concentrations, increased 
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temperatures and changing precipitation patterns. Extreme precipitation events, fast melting 

of snow or ice, high river discharges and increased droughts are all climate related events 

which influence soil degradation. Deforestation and other human activities (agriculture, 

skiing) also play a role. Saline soils are expected to increase in coastal areas as a result of 

salt water intrusion from the seaside, because of rising sea levels and (periodically) low river 

discharges.  

There is clear evidence to show that biodiversity is already responding to climate change 

and will continue to do so. Species respond individualistically, with direct impacts including 

changes in phenology, species abundance and distribution, community composition, habitat 

structure and ecosystem processes. Climate change is also leading to indirect impacts on 

biodiversity through changes in the use of land and other resources. These may be more 

damaging than the direct impacts due to their scale, scope and speed and include: habitat 

fragmentation and loss; over-exploitation; pollution of air, water and soil; and spread of 

invasive species. They will further reduce the resilience of ecosystems to climate change and 

their capacity to deliver essential services, such as climate regulation, food, clean air and 

water, and control of floods or erosion. 

Climate change will impact Europe citizen´s health, animal (livestock) and plant (food 

security) health as well as cause (damage) costs related to direct and indirect health impacts. 

The most important health effects from future climate change are projected to include i) 

Increases in summer heat related mortality (deaths) and morbidity (illness); ii) Decreases in 

winter cold related mortality (deaths) and morbidity (illness); iii) Increases in the risk of 

accidents and wider well-being from extreme weather events (floods, fires and storms); iv) 

Changes in the disease burden e.g. from vector-, rodent-, water- or food-borne disease; and 

v) Changes in the seasonal distribution of some allergenic pollen species, range of virus, 

pest and disease distribution. 

For inland water, floods, droughts and water scarcity have already affected large parts of 

the EU and have an important impact on socio-economic developments. In the future, 

climate change is likely to change water availability and global warming will probably 

increase both the number and magnitude of hydrological extremes. Under a scenario that 

assumes that current socio- economic developments will remain, the percentage of area 

under severe water stress is expected to increase in all regions until 2050, with major 

changes in particular in Eastern, Western, and Southern Europe. Increasing water 

withdrawals are the main cause in Eastern and Western Europe. In Southern Europe a 

decrease in water availability due to climate change exacerbate the situation. Overall, this 

situation is most severe during summer when river flows are low and will decrease further 

due to climate change. Extreme flood events are expected to increase in Eastern Europe, 

leading to loss of life and higher flood damages. 

Climate models, confirmed by current observations, suggest that climate change will have a 

profound effect on coastal zones and marine areas through i) Sea level rise between 0.18m 

and 0.58m by the end of 21st century; ii) Changes in ocean currents; iii) Coastal erosion 

(expected to increase due to climate change through the above mentioned sea-level rise as 
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well as increased frequency in storms); iv) Sea surface temperatures; v) Eutrophication and 

vi) Ocean acidification. The potential changes to coastal zones and marine areas will not only 

affect aquatic flora and fauna, but also coastal economic development and human well-

being. Increases in sea-level have the potential to negatively impact economic growth as well 

as destroy physical infrastructure such as housing and roads. 

1.1.3 Climate impact on social issues 

The impact of temperatures increase, changes in precipitation regimes and sea-level rise will 

affect ï directly or indirectly ï productivity and viability of nearly all economic sectors 

across the EU. Rising temperatures and erratic weather pattern will in many places reduce 

the land and natural capital productivity. More frequent and intense heat waves, and altered 

transmission seasons and geographic range of important vector-borne diseases will lower 

labour productivity. As a result of sea level rise and increased intensity of climate extremes, 

physical capital assets will be more frequently impaired and important lifelines disrupted with 

wide reaching economic and social consequences. The GDP losses in the most affected EU 

Member States may top 9% in 2050 if the world is to warm up by 4°C. Agriculture, tourism 

and ecosystem services provision are among the most concerned sectors.  

With respect to food security, the FAO has stated that the climate change influences on 

global food production and security are likely to be insignificant. For many years the EU has 

been a net food importer. Today the EU's overall trade is in fairly close balance (livestock 

and cereals), for many product groups the EU still remains a substantial importer (Fruit, 

vegetables, cotton, tobacco, oilseeds and oils). Raising food prices could become a concern. 

A study by Parry et al. (1999) suggests that a reduction in agricultural production due to 

increasing temperatures and associated impacts could lead to an increase in food prices and 

higher risk of hunger particularly in arid and sub-humid tropic areas. In the case food prices 

rise dramatically, the EU could increase the agricultural area used for growing cereals; in 

particular, by cultivating abandoned land or shifting from biofuel and livestock production to 

more cereals. 

Climate change impacts might affect peopleôs daily lives in terms of employment, housing, 

health, water and energy access as well as the implementation of gender equality and other 

human rights. However these impacts are not too well understood at the EU level. Research 

leads to the conclusion that the people most vulnerable to social impacts of climate change 

will be those: living in places at risk; already socially deprived (e.g. by poor health, low 

income, inadequate housing, lack of mobility); or disempowered (by lack of awareness, 

adaptive capacity, support services and exclusion from decision-making).  

1.1.4 Climate impacts on the private sector 

The private sector is defined as privately owned or controlled companies, organisations and 

entities. Climate change will have a range of impacts on businesses. Impacts are expected to 

fall disproportionately on SMEôs including disrupting business operations, property damage, 

disruption to supply chains and infrastructure leading to increasing costs of maintenance and 

materials, and raising prices. In other cases, climate change may also offer new business 
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opportunities for products and services that would help people to adapt  in the form of 

expanding market share and creating wealth in communities (innovation and job creation) 

and accessing new finance streams (increased public funding and financial products and 

services).  

 

1.2 Main arguments stressing the need of an EU Adaptation Strategy 

The key rationale for an EU adaptation strategy can be summarised as follows: 

Á There is an issue of economies of scale in the case of capacity-building, research, 

information and data gathering and knowledge transfer. Further there is a huge 

potential for fostering experience exchange and learning from each other. 

Á Climate policy ómainstreamingô, óproofingô and óintegrationô are increasingly important 

in EU policy making, reflecting the view that adaptation to climate change cuts across 

various policy areas/sectors that are affected by climate change. Thus, to allow 

synergies and decrease the costs of adaptation, EU instruments in place with 

relevance for adaptation should be reviewed and modified to cope with current and 

future impacts of climate.  

Á Climate impacts and adaptation affect single market and common policies. The 

private sector is responsible for a large proportion of decisions and investments that 

determine the resilience or vulnerability of the economy, environment and society to 

climate change. The private sector has the potential to play a major role in adaptation 

to climate change as a consumer of adaptation solutions, a provider of financial 

resources, and a source of innovative products, services (such as insurance services, 

technical assistance, etc.) and solutions to manage and mitigate risks more 

effectively. To activate this potential the EU can have a major stake. Furthermore, 

ensuring that infrastructure as the backbone of economy and free trade is made more 

climate-resilient is a key issue of European relevance. 

Á Several climate change impacts and adaptation measures have cross-border 

dimensions. However cross-border and/or transnational cooperation in developing 

national adaptation policies is currently almost non-existent Therefore, coordination 

over different political, legal and institutional settings as well as over different 

information management approaches and financial arrangements, is needed. This is 

also important as climate change vulnerabilities and adaptation trigger a new 

framework for solidarity. 

Á The lack of human and financial resources and the lack of political commitment/will 

have been identified as key barriers for adaptation. EU programmes could support 

Member State resources for adaptation. 

 



Support to the development of EuAdaptStrat to Climate Change:  

Background report to the IA, Part I 

EXECUTIVE SUMMARY  
 

 

20/02/2013  -22- 

1.3  Objectives of an EU Adaptation Strategy 

The general aim of the EU Adaptation Strategy is to most effectively contribute to a more 

climate resilient Europe. This means enhancing the preparedness and capacity to respond to 

the impacts of climate change of the EU, its Member States and regions, focusing in 

particular on transboundary issues and sectors that are closely integrated at EU level 

through common policies. 

To meet this general aim, three specific objectives have been identified, each one broken 

down into two operational objectives.  

1. Better informed decision making: the EU Adaptation Strategy should further the 

understanding of adaptation, improve and widen the knowledge base where 

knowledge gaps have been identified and enhance dissemination of adaptation-

related information. 

2. Increasing the resilience of the EU territory: the EU Adaptation Strategy should 

promote adaptation action at sub-EU level, and support and facilitate exchange and 

coordination. In doing so, the Strategy should address cross-border climate impacts 

and adaptation measures.  

3. Increasing the resilience of key vulnerable sectors: the EU Adaptation Strategy 

should develop initiatives for a consistent and comprehensive integration of climate 

change adaptation considerations into sectors that are closely integrated at EU level 

through common policies. 

 

1.4 Problem definition, policy options and assessment of main 

economic, environmental and social impacts 

In analysing the challenges of EU adaptation efforts and climate change impacts, specific 

problems were identified which are critical in taking forward action to meet the general aim 

and specific objectives of the EU Adaptation Strategy. It is assumed that none of the 

problems will be solved by 2020 without specific EU action. In order to address each problem 

the following policy options are proposed and assessed in terms of economic, social and 

environmental impacts. 

The following tables present each of the identified problems with proposed policy options and 

summarize their main expected impacts. 
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Table 1: Brief description of problem 1 with corresponding policy options and their main expected impacts 

Problem 1: Research, data and knowledge generation 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

Currently information related to adaptation 

to climate change is unsystematically 

collected and processed at different levels. 

Therefore information is often patchy and 

several knowledge gaps exist. Further 

shortcomings relate to data sharing and 

linking relevant information bases to 

Climate-ADAPT, un-coordinated overlaps 

between different research streams of EU 

funding, varying approaches of modelling 

climate change impacts and thus not 

allowing comparability, missing collection 

of data and information from the national, 

regional and local level (including the issue 

of language barriers). 

No policy change: 

Á Research on climate change 

adaptation would remain patchy and 

un-coordinated and resting with 

various initiatives without a common 

approach.  

Á Climate-ADAPT will not link to other 

information sources as existing 

technical problems of interoperability 

are expected to be solved. 

Guidance document for developing 

and setting up interfaces between 

Climate-ADAPT and other 

databases 

Á Avoided costs for data integration into 
Climate-ADAPT, reduced costs for the end 
users in compiling and processing data due 
to increased data availability 

Á Cost savings due to better quality control of 
data in-put and through making the 
application development faster and easier 

Á Increased data sharing and cooperation 

among researchers and data providers 

Develop a knowledge gap strategy 

in collaboration with MS  
Á Increased costs for collecting information 

and organising the process, reduced costs 

due to better coordination of research funds 

Á Enhanced cooperation among MS, COM 

and research institutions 

Á Improved knowledge generation in 

particular in relation to policy needs 

Developing a common climate 

vulnerability assessment in the EU 
Á Reduces the options to deal with uncertainty 

Á Lack of funding for those research groups, 

which do not follow this common approach 
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Table 2: Brief description of problem 2 with corresponding policy options and their main expected impacts 

Problem 2: Knowledge dissemination 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

Enabling societies to adapt to climate 

change will require establishing systems 

that transfer relevant information from the 

EU to national and down to the local level 

and vice versa. Climate-ADAPT has been 

established as a platform to serve the 

purpose of providing access to and 

disseminating up-to-date knowledge in 

climate change impacts and adaptation. 

Even though Climate-ADAPT already 

serves as a rich knowledge base, the 

necessity for further improvements are 

acknowledged both in terms of content and 

dissemination activities.  

 

No policy change: 

Á Climate-ADAPT will be further 

financed under the MFF and the 

EEA (supported by ETC CCA) will 

ensure regular maintenance and 

updating of Climate-ADAPT.  

Á Reporting of generated knowledge to 

Climate-ADAPT would depend on 

voluntary efforts by the different 

research institutes, own resources of 

the EEA (supported by ETC CCA) 

and the Commission to collect 

information and data.  

Á Beyond 2014 it remains unclear how 

Climate-ADAPT will further develop 

and which dissemination activities 

will be carried out. 

 

No EU action: 

Á After 2013 Climate-ADAPT is not 

updated anymore, and so the 

information currently available 

Improve Climate-ADAPT beyond 

BAU by regular voluntary updates 

by MS on adaptation activities, 

information on insurance and 

business, and on national risk 

assessment 

Á Avoided costs for data integration into 
Climate-ADAPT, reduced costs for the end 
users in compiling and processing data due 
to increased data availability 

Á Cost savings due to better quality control of 
data in-put and through making the 
application development faster and easier 

Á Increased data sharing and cooperation 

among researchers and data providers 

Set up and liaise with events such 

as conferences and meetings to 

support the exchange between 

science and policy in the field of 

climate change adaptation 

Á Additional costs for organising new events  

Á increased interaction and exchange 

between researchers and decision makers 

Propose a legal action to set up 

national information platforms on 

adaptation and link them to Climate-

ADAPT 

Á Additional costs for reporting and quality 

assurance 

Á Saved costs for the user for collecting 

information 

Á Better access and dissemination of 

information 
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Problem 2: Knowledge dissemination 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

becomes obsolete quickly.  

Á National platforms will gain 

importance, and data and 

information related to adaptation will 

be spread out in various databases 

at EU and national level. 

 
Á Reduces the options to deal with uncertainty 

Á Lack of funding for those research groups, 

which do not follow this common approach 
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Table 3: Brief description of problem 3 with corresponding policy options and their main expected impacts 

Problem 3: Strengthen adaptation efforts at all levels and enhance co-operation 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

The objective of the EUôs Adaptation 

Framework is to improve the EUôs 

resilience to deal with the impact of climate 

change. The framework respects the 

principle of subsidiarity and supports 

overarching EU objectives on sustainable 

development. In order to strengthen 

adaptation, three areas of action have 

been identified 1) national level, 2) cross-

border issues 3) regional and local level. 

Current adaption efforts take place on all 

levels of governance but vary in content 

and approaches and often lack sufficient 

coordination.  

 

No policy change: 

Á Several more Member States will 

adopt a National Adaptation 

Strategy. They will likely differ in 

terms of scope, level of ambition and 

agreed financing of adaptation 

measures and also the timeframe for 

implementation.  

Á Trans-boundary issues will remain a 

gap in most of the strategies.  

Á Some countries might develop 

sectoral approaches only, covering 

only certain sectors, others might 

include adaptation in existing 

management plans such as biomass 

action plan, sustainable development 

Guidelines on developing 

adaptation strategies 
Á Marginal costs for the elaboration 

Á Costs savings can be achieved due to 

drawing on lessons learned from other MS 

and state-of-the-art approaches 

Use LIFE+ funding for cooperation 

and experience exchange in relation 

to the development and 

implementation of National 

Adaptation Strategies and climate 

risk assessments  

Á All impacts depending on the extent MS 

take advantage of the funding to exchange 

information 

Use LIFE+ funding for Lighthouse 

projects and pilot implementation of 

cross-sectoral policies  

 

Á All impacts depending on the extent MS 

take advantage of the funding to exchange 

information 
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Problem 3: Strengthen adaptation efforts at all levels and enhance co-operation 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

plans, etc.).  

Á In particular due to the lack of 

financing on the national level it is 

assumed that regional and local 

approaches will prevail. 

Communities, regions will develop 

their own approaches, leading to an 

in-homogeneous pattern of 

adaptation efforts within a MS. This 

might lead to greater economic, 

social and territorial disparities 

counteracting with the community 

objectives on cohesion. 
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Table 4: Brief description of problem 4 with corresponding policy options and their main expected impacts 

Problem 4: Mainstreaming CC adaptation considerations into EU policies 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

An assessment carried out in the context of 

the service contract supporting the 

development of the EU Adaptation Strategy 

has shown that mainstreaming efforts in 

some key EU sectors have been achieved 

in line with what was proposed in the EC 

2009 White Paper and beyond. 

Nevertheless, the assessment also 

concludes that only a limited number of 

legislative acts are currently considering 

climate change. In some areas likely to be 

affected by climate change mainstreaming 

has not yet taken place, including social 

and education policies, tourism, fisheries 

and trade, in the framework regulating 

standards and the private sector. In the 

No policy change: 

Á Mainstreaming activities remain 

implemented on an ad hoc basis. No 

priorities in terms of sectors will be 

set and no specific mainstreaming 

legislation (e.g. mandatory sectorial 

coverage) would be proposed.  

Á Under this scenario water, 

environment, agriculture and forestry 

would develop their own agendas to 

integrate climate change. Other 

sectors such as health, social or 

fishery will clearly lack behind and 

only a few legal attempts can be 

Listing mainstreaming priorities in 

EU legislation and policy initiatives 

by 2020 and engage with relevant 

stakeholders 

Á Impacts depending on concrete actions 

proposed, costs are considered as marginal 

Set new calendar for revision of key 

EU legislation 
Á Impacts depending on concrete actions 

proposed, costs are considered as marginal 

Institutionalise mainstreaming at EU 

level by providing guidelines for 

Commission internal IA procedure 

on how to consider climate change 

adaptation considerations for 

amendments and new EU policies 

Á Impacts depending on the uptake of the 

option, costs are considered as marginal 

Á Supports mainstreaming at an early stage of 

policy development 

Á Might reduce maladaptive decisions 
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Problem 4: Mainstreaming CC adaptation considerations into EU policies 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

case of energy (only TEN-E), transport 

(only TEN-T) or health only limited efforts 

have been achieved so far. 

 

expected. 

Á Due to lack of leadership of the 

European Commission, Member 

States would develop their own 

approaches for mainstreaming 

leading to increasing disparities 

between Member States. 

 

No EU action: 

Á No more mainstreaming takes place 

in the future. The current 

achievements (existing legislation 

and proposals by the Commission) 

are considered as final. Further 

mainstreaming will remain an issue 

to be dealt by the Member States 

only with the Commission having the 

role of an observer. 
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Table 5: Brief description of problem 5 with corresponding policy options and their main expected impacts 

Problem 5: Vulnerability of Infrastructure 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

Europe´s infrastructure has enormous 

value, both directly as a capital asset and 

indirectly as an essential element 

contributing to a productive economy. The 

main threats posed by climate change to 

infrastructure assets include damage or 

destruction from extreme events, which 

climate change may exacerbate; coastal 

flooding and inundation from sea level rise; 

changes in patterns of water availability; 

and effects of higher temperature and 

changing precipitation/river run-off on 

operating costs, including effects in 

temperate areas currently characterized by 

permafrost conditions. Within the EU 

Adaptation Strategy, only infrastructure 

related to transport, energy, ICT, buildings 

and green infrastructure has been further 

addressed. The above mentioned threats 

are barely reflected in respective policies at 

EU level and thus need further attention for 

future mainstreaming efforts to secure 

No policy change: 

Á The proposed TEN-E and TEN-T 

guidelines will be adopted and that 

climate change needs to be taken 

into account for new projects. 

However, although both guidelines 

include references to climate 

change, they do not provide for clear 

advice on how to consider future 

climatic change and develop 

appropriate adaptation measures in 

practice. 

Á For the transport and energy sector it 

is assumed that national and 

regional approaches will prevail, but 

differ among Member States. 

Á For all constructions falling under 

EUROCODES it is expected that 

some Member States will modify 

their national Annexes.  

Mainstream climate change into EU 

wide standards 
Á Low costs and a high potential to improve 

climate resilience of infrastructure 

Á Strengthens adaptive capacity and climate 

impact preparedness and responses in the 

private sector 

Á Might trigger new studies and increased 

cooperation among MS and infrastructure 

operators 

Impose mandatory requirements in 

terms of resilience of current and 

future infrastructure projects 

Á Anticipated high investment costs are 

expected to be outweighed by the long term 

benefits 

Á Ensures mainstreaming of CC adaptation 

into construction, transport and energy 

sectors 

Á Might trigger new studies and increased 

cooperation among MS and infrastructure 

operators 
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Problem 5: Vulnerability of Infrastructure 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

climate-resilient infrastructure in Europe. 
Á For green infrastructure several EU 

policies have taken up the issue (e.g. 

Water Framework Directive, Floods 

Directive, Biodiversity Strategy, CAP 

regulation 2014-2020, Cohesion 

Policy 2014-2020), but the lack of 

coordination among the above 

mentioned Directives is unlikely to 

change under the current situation. 
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Table 6: Brief description of problem 6 with corresponding policy options and their main expected impacts 

Problem 6: Capture the potential of the market 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

Climate change exposes the private sector 

to a range of risks to their operation, 

profitability and growth opportunities. The 

impacts from these risks may be systemic 

(at the whole economy level); sector / 

industry-wide or company-specific. In the 

absence of EU action there is an 

expectation that the gap between those 

organisations able and willing to take 

adaptation actions and those left behind 

will grow. Some of the largest trans-

national corporations, and those in certain 

sectors, have begun to appreciate the 

potential threat and opportunity presented 

by climate change. However by 2020 large 

sectors and a great many small and 

medium sized enterprises will be unable to 

make the necessary adaptation measures 

making them increasingly vulnerable to the 

effects of unavoidable climate change. In 

the absence of measures from the EU this 

gap will widen ï creating market obstacles 

for those left behind. 

 

No policy change: 

Á By 2020 large sectors and a great 

many small and medium sized 

enterprises will be unable to make 

the necessary adaptation measures 

making them increasingly vulnerable 

to the effects of unavoidable climate 

change. In the absence of measures 

from the EU this gap will widen ï 

creating market obstacles for those 

left behind. 

Engage with commercial banks 
Á Mostly indirect impacts on social, 

environmental and economic issues 

Á Financial institutions and banks might 

communicate adaptation-related information 

with their customers and supply chain 

partners  

Á Facilitates long-term investment in climate 

resilience 

Explore market based approaches 
Á Depending on the definition and application 

of the market based approaches  

Á Can foster ooperation between different 

authorities but also with the private sector  
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Problem 6: Capture the potential of the market 

Brief problem description No policy change / 

No EU action 

Policy option Main expected economic, social and 

environmental impacts 

  Legislative actions requiring 

companies to undertake risks 

assessments along their supply 

chains 

Á Cost savings if adaptation measures are 

implemented;  

Á Job creation for certification 

Á No social and environmental impacts are 

expected 

Á Has the potential to improve climate 

resilience if the option is taken up in a 

broader sense and adaptation actions are 

implemented 
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1.5 Monitoring and evaluation 

The monitoring and evaluation process is based on three main elements: i) Publication of 

relevant information on Climate-ADAPT, ii) Reporting under Art 16 of the proposal revising 

the monitoring mechanism established under Decision No 280/2004/EC of the European 

Parliament and of the Council (EC, 2004a) by replacing that Decision, iii) By 2017, the 

Commission will publish a report in 2017 on all indicators mentioned below. The aim is to 

look at the achievements over the first five years of the strategy as part of the mid-term 

evaluation, and this can be used as the evidence base to inform the revision of the strategy.   

The current timeline over which the Strategy will be monitored is from 2013 to 2020. For 

each of the 3 objectives of the EU Adaptation Strategy indicators are proposed to monitor 

progress: 

Á For objective 1: Better informed decision making indicators are recommended for i) the 

take-up of Climate-ADAPT as well as for ii) monitoring the implementation of research 

activities on adaptation and research dissemination.  

Á For monitoring objective 2: Increasing the resilience of the EU territory indicators are 

suggested for i) Commission-funded cross-border/multi-Member States projects on 

adaptation; ii) Cross-border/transnational, national, regional and city adaptation policies 

published; and iii) Uptake of adaptation measures in Member State policies.  

Á Indicators for monitoring objective 3: Increasing the resilience of key vulnerable sectors 

include i) EC policy integration, ii) Awareness and capacity of private sector and iii) 

Market based instruments for adaptation. 
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2 INTRODUCTION 

 

The European Commission intends to develop a comprehensive EU Adaptation Strategy with 

the general aim to enhance the preparedness and capacity to effectively address the impacts 

of climatic change in the EU, its Member States, regions and cities, down to the local level.  

The preparation of the EU Adaptation Strategy is supported from December 2011 until 

February 2013 by the project contract ñSupport to the development of the EU strategy for 

adaptation to climate changeò (CLIMA.C.3/SER/2011/0026) undertaken by the Environment 

Agency Austria (EAA) together with AEA Technology plc (AEA), Alterra, FEEM Servizi Srl 

(FEEM) and Fresh Thoughts Consulting (FT).  

 

The general aim of the project is to provide best support to the development of the EU 

Strategy for Adaptation to Climate Change. Therefore, the following objectives have been 

carried out within the support project:  

Á Objective 1: Furthering the understanding of adaptation, improving and widening the 

knowledge base and enhancing access to adaptation related information Ą This 

objective feeds into objective 1 of the EU Adaptation Strategy: Better informed 

decision making. 

Á Objective 2: Support the development of a strategic approach to adaptation action 

and mainstreaming of adaptation into policies at EU level Ą This objective feeds into 

objective 3 of the EU Adaptation Strategy: Increasing the resilience of key vulnerable 

sectors. 

Á Objective 3: Support to the development of a strategic approach to the national 

implementation of climate adaptation requirements, and support to and facilitation of 

exchange between Member States, regions, cities and all other relevant 

stakeholders. Ą This objective feeds into objective 2 of the EU Adaptation Strategy: 

Increasing the resilience of the EU territory. 

Á Objective 4: Support the development of a strategic approach to capturing the 

potential of the market, market-based instruments, risk management instruments and 

the private sector in strengthening adaptive capacity and climate impact 

preparedness and responses. Ą This objective feeds into objective 3 of the EU 

Adaptation Strategy: Increasing the resilience of key vulnerable sectors. 

Á Objective 5: Provision of effective direct support and input to the Impact Assessment, 

the stakeholder consultations and the inter-service consultations and the 

Communication on the EU Adaptation Strategy. 

  



Support to the development of EuAdaptStrat to Climate Change:  

Background report to the IA, Part I 

INTRODUCTION  
 

 

20/02/2013  -36- 

The background report to the Impact Assessment is split into two parts: 

Á Part I ï Problem definition, policy context and assessment of policy options 

Part I of the background document shall inform the IA with information on the problem 

definition and policy context as well as the assessment of policy options. 

Á Part II ï Stakeholder Involvement 

Part II will comprise an overview of all stakeholder consultations and the analysis of the 

public consultation. Part II will be presented as a stand-alone document. 

 

2.1 Approach used for part I of the background report  

The following approach was used in order to provide relevant information for the Impact 

Assessment as presented in this background report:  

A comprehensive literature review focused on information available for the European 

context (e.g. outcomes of project funded by the European Framework Programme, EC 

service contracts, INTERREG projects, etc.) with regard to capturing state-of-the-art 

information for Europe. This review has been undertaken for the following policy areas that 

have been pre-selected by the EC to be addressed by the EU Adaptation Strategy: 

Agriculture, Rural development and Food security, Forestry, Ecosystem based adaptation 

and Biodiversity, Soil, Water, Marine and Coastal zones, Construction/Buildings, Transport, 

Energy, Disaster Risk Reduction, Health, Social issues, Jobs/Employment, Private market, 

EIA/SEA. The policy areas Cohesion and cities are dealt with in separate EC service contract 

and are therefore not presented in this background report. The information gathered for all 

selected policy areas/sectors shall particularly form the basis for the Impact Assessment, 

inform relevant EU policies for future integration of climate change considerations and further 

contribute to the knowledge base established with the European Climate Adaptation Platform 

- Climate-ADAPT1. 

 

  

                                                 

1
 http://climate-adapt.eea.europa.eu/ 
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Further, a dedicated subcontract has been issued to explore the potential of insurance for 

adaptation. Results are presented in chapter 3.7. 

Modelling has been performed for the specific question of the cost of inaction as well as 

costs and benefits of adaptation (cf. chapters 3.1.7. and 3.1.8).  

Stakeholder/Experts meetings were seen as important elements in the development process 

of the strategy with the aim to exchange information and raise awareness in the context of 

the EU Adaptation Strategy (i.e. capacity building for adaptation) and to get input on 

expectations and needs. Stakeholder involvement activities included lunch seminars with 

line DGs, workshops with Member States, the private sector and further stakeholder 

dialogues for specific themes, such as scenarios and climate modelling, standards, 

insurance and forestry. Interaction and exchange with stakeholders and experts should also 

provide for quality assurance of the information presented to inform the Impact Assessment. 

Details of all stakeholder events can be found in Part II of the background report. 

The feedback from the COM services was an important component in developing the 

background information for the Impact Assessment. Feedback was gained in two ways: 

discussions and input at various project meetings (e.g. inception meeting, progress meeting) 

attended by COM services and feedback in written form in the course of several feedback 

loops.  

 

2.2 Structure of background report part I  

This background report Part I presents the outcomes of the project which are of relevance for 

the preparation for the Impact Assessment to the EU Adaptation Strategy. The main results 

can be summarised as follows: 

Á Information on the problem definition and policy context (for various environmental 

and human, social and economic issues) (cf. chapter 3); 

Á Main arguments stressing the need of a EU Adaptation Strategy (cf. chapter 4); 

Á Objectives of an EU Adaptation Strategy (cf. chapter 5); 

Á Potential policy options and analysis of potential economic, social and environmental 

impacts (cf. chapter 6); 

Á Monitoring and evaluation (cf. chapter 7).  

The following Annexes comprise complementary information and background knowledge, 

detailed tables and model descriptions:  

Á Glossary (cf. Annex 1); 
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Á Climate change damage costs overview (cf. Annex 2); 

Á The ICES model (cf. Annex 3); 

Á The improved AD-WITCH model (cf. Annex 4); 

Á Relevant climatic drivers and their potential impacts in regard to environmental, 

economic and social issues per policy area/sector (cf. Annex 5); 

Á Case studies on jobs and employment (cf. Annex 6); 

Á Adaptation options per policy area/sector (cf. Annex 7); 

Á Critical knowledge gaps per policy area/sector (cf. Annex 8); 

Á Integrating adaptation into EU policies (cf. Annex 9); 

Á Social impacts of climate change (cf. Annex 10); 

Á Social influences on adaptive capacity (cf. Annex 11); 

Á The Munich Re weather loss data (cf. Annex 12); 

Á Insurance Company Reporting (cf. Annex 13). 
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3 PROBLEM DEFINITION AND POLICY CONTEXT 

3.1 What is the issue or problem that may require action? 

3.1.1 Climate scenarios 

For analytical purposes it is established practice to work with a number of scenarios to 

capture the range of possible futures relevant for a specific objective or policy question. In 

other words, for different sectoral questions different scenarios are available that cannot be 

compared or combined directly, but can inspire an informed debate about specific future-

related questions. Mainly for reasons of time and resource constraints, researchers often 

only use a limited selection of models and scenarios. E.g., the PESETA project (Ciscar, et al, 

2009, 2011) analysed two out of the six IPCC scenarios (A2, B2) for two global circulation 

models (GCMs), while ESPON Climate (2011)2 limits the analysis to only one scenario and 

one GCM-RCM combination. In these studies, possible futures are only partly covered. 

For the analysis of potential climate change impacts in Europe, usually the IPCC SRES3 

scenarios are still used for the global socio-economic context (Nakicenovic & Swart, 2000). 

Even if these scenarios were developed more than ten years ago and have been criticized4, 

they can still be considered to capture the range of possible futures in terms of socio-

economic development and associated greenhouse gas emissions, and hence they are still 

providing a relevant context for regional scenarios and a sound basis for long-term climate 

impact analysis. Their main input assumptions relate to development of population, income 

and technology, and their output includes energy consumption and greenhouse gas 

emissions. In 2010, the development of a new set of global scenarios started (Shared Socio-

economic Pathways or SSPs) but results are not yet available. The SRES scenarios were 

used as the basis for new scenarios for other assessments (e.g. the Millennium Ecosystem 

Assessment, cf. Carpenter, et al, 2005; and the UNEP-GEO, cf. UNEP, 2007) or country 

specific scenarios (e.g. national scenario exercises in Finland, The Netherlands, and the 

United Kingdom). In late 2000s, the IPCC adopted an alternative approach to climate 

scenarios, the so-called representative concentration pathways (RCP) (cf. further down in 

this chapter). 

The uncertainties are large, particularly with respect to precipitation. Figure 1 shows that not 

only the band width over the coming decades is very wide and includes both increases and 

decreases of precipitation, but also the effect of mitigation (reflected by the E1 scenario runs) 

does not lead to a significant departure from the ñno-policyò range in the coming decades. 

                                                 

2
 http://www.espon.eu/main/Menu_Projects/Menu_AppliedResearch/climate.html 

3
 SRES: Special Report on Emissions Scenarios, see also 

http://www.grida.no/publications/other/ipcc_sr/?src=/climate/ipcc/emission/index.htm 
4
 Initially they were suggested to be too high, and later to be too low, but recent analysis suggests that especially 

at the global level they still very well capture the range of possibilities, while the actual emissions fall within their 

range (van Vuuren & Riahi, 2008). 
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The latter also applies to temperature, to a slightly lesser extent. Nevertheless, from the 

perspective of impact assessment it is important that the signal of the multi-model mean in 

the ENSEMBLES project is positive in all parts of Europe for near-surface temperature and is 

much larger than the standard deviation. Therefore the increase in temperature can therefore 

be interpreted as a robust signal (Goodess, et al, 2009), whereas the attribution of natural 

disasters to climate change remains a methodological problem. 

Figure 1: The global annual mean precipitation in 20C3M, A1B and E1 for the Stream 2 simulations 

(deviation from 1861ï1890 mean). For 20C3M and A1B only, the average and range (minimum and 

maximum of all models for each year) of the simulations are displayed, and for E1 the individual model 

runs (Source: Goodess, et al, 2009) 

 

For precipitation, a pattern in Europe with two regimes, roughly spoken increased 

precipitation in the North and decreased precipitation in the South, can also be interpreted as 

a robust one. The number of models agreeing on an increasing precipitation signal reaches 

sixteen out of sixteen for the northern increase, and only two to four out of sixteen disagree 

with the decrease in the south (Goodess, et al, 2009). More recent regional climate modelling 

work in the context of the ClimateCost project suggests that uncertainties may be larger than 

estimated during ENSEMBLES5.  

The uncertainty in projecting future climate change also leads to wide variations in the level 

of damage costs and also affects the costs and benefits of adaptation (cf. ClimateCost policy 

                                                 

5
 http://www.ensembles-eu.org/  

http://www.ensembles-eu.org/
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brief 16). Another recent project in which additional regional climate model analysis was done 

with the objective to explore spatial climate impacts is ESPON Climate (2011), covering only 

one GCM-RCM combination and one scenario (A1B). Interestingly, ESPON (2011) dropped 

the initial idea to also analyse the SRES B1 scenario, suggesting that the likeliness of this 

relatively low emissions scenario would be low, even if it would not meet the formal EU 2 

degrees target (Altvater, et al, 2011). 

The órepresentative concentration pathwaysô (RCP) depict an alternative approach to 

developing scenarios. It starts with four future (2100) radiative forcing (i.e. the change in the 

balance between incoming and outgoing radiation to the atmosphere, caused by changes in 

atmospheric constituents, such as carbon dioxide) (Moss, 2010). Not only the long-term 

concentration levels are of interest, the new scenarios consider the trajectories (thus 

ópathwaysô) of reaching the predetermined levels. Any given radiative forcing pathway may 

correspond to multiple emission scenarios that take into account different combination of 

economic, technological, demographic, policy and institutional drivers. Four RCP scenarios 

were selected: (1) a very high emission scenario leading to 8.5 W/m2 (watts per square 

meter), (2) a high stabilization scenario leading to 6 W/m2, (3) an intermediate stabilization 

scenario leading to 4.5 W/m2, and (4) a low mitigation scenario (2.6 W/m2). The RCP2.6 

pathway is representative of mitigation scenarios aiming to limit the increase of global mean 

temperature to 2 degrees C. Van Vuuren et al. (2011) show that the scenario is technically 

feasible, if the cumulative emissions of greenhouse gases from 2010 to 2100 are reduced by 

70% compared to a baseline scenario. Van Vuuren et al. (2012) provide further details how 

RPCs can be translated into a set of emissions scenarios.  

 

3.1.2 Uncertainties 

Uncertainty has a large variety of sources. It derives from climate models, from the 

assessment of climate impacts (cf. Figure 2), and from the policy context of decision-making. 

Some of these uncertainties have to do with imperfect knowledge (called ñepistemic 

uncertaintiesò) other relate to the intrinsic variability in the climate system (called ñstochastic 

uncertaintiesò). 

  

                                                 

6
 http://www.climatecost.cc/images/Policy_brief_1_Projections_05_lowres.pdf  

http://www.climatecost.cc/images/Policy_brief_1_Projections_05_lowres.pdf
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Figure 2: Cascade of uncertainties: Range of major uncertainties typical in impact assessments showing 

the ñuncertainty explosionò as these ranges are multiplied to encompass a comprehensive range of 

future consequences, including physical, economic social and political impacts and policy responses (in 

Moss & Schneider, 2000, modified after Jones, 2000 and the "cascading pyramid of uncertainties" in 

Schneider, 1983) 

 

 

The treatment of uncertainty related to climate and climate change has had a fairly recent 

evolution. Within the IPCC, recent developments have come to put this issue quite high on 

both scientific and political agendas. In response, the United Nations and the IPCC have 

recently commissioned a Committee to review and report on the processes and procedures 

of the IPCC7. This report has a full chapter dedicated to the issue of ñevaluation of evidence 

and treatment of uncertaintyò, where several remarks and key recommendations are made to 

the IPCC in order to improve the way the Panel deals with and communicates uncertainty. As 

an immediate consequence and having in mind the planned IPCC Fifth Assessment Report 

(AR5 -ï three volumes to be released in 2013 and 2014), these recommendations were 

taken into consideration in a ñguidance note to authors, on how to consistently treat 

uncertaintiesò (Mastrandrea, 2010) recently issued by the Panel. 

The AR5 will rely on two metrics for communicating the degree of certainty in key findings 

(IPCC, 2010): 

Á Confidence in the validity of a finding, based on the type, amount, quality, and 

consistency of evidence (e.g. mechanistic understanding, theory, data, models, 

expert judgment) and the degree of agreement. Confidence is expressed 

qualitatively. 

Á Quantified measures of uncertainty in a finding expressed probabilistically (based on 

statistical analysis of observations or model results, or expert judgment). 

                                                 

7
 Climate Change Assessments: Review of the Processes and Procedures of the IPCC. Committee to Review the 
Intergovernmental Panel on Climate Change. InterAcademy Council, Amsterdam, the Netherlands, October 
2010. Available at: http://reviewipcc.interacademycouncil.net/report.html 

http://reviewipcc.interacademycouncil.net/report.html
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Itôs not only the IPCC that has, in the past, addressed the issue of uncertainties in relation to 

climate and climate change research. Several international reviews and initiatives on the 

issue of uncertainty assessment and communication have been carried out over recent 

years. Examples of this sort of guidance have been developed not only in fields directly 

dealing with climate, but also on for several other disciplines:  

Á In 2008, the U.S. Climate Change Science Program (CCSP) released a Synthesis 

and Assessment Product (Morgan, et al, 2008) dealing with the methodological 

aspects of incorporating scientific uncertainty in climate decision making. The primary 

objective was to provide a tutorial to the climate analysis and decision-making 

communities on current good practice in describing and analyzing uncertainty in 

climate related problems; 

Á In the European landscape within developing and launching the EU Climate-ADAPT 

platform, specific guidance became available on how to deal with uncertainty in 

adaptation planning in March 20128.  

Á CIRCLE-2 has started a joint initiative on the issue of dealing with and communicating 

uncertainties in climate change and climate adaptation9. 

Á The UK has a long history in dealing with the question of uncertainties (e.g. Willows & 

Connell, 2003). The UKCP0910 provides probabilistic climate projections ï different 

future climate outcomes that have different strengths of confidence associated with 

them.  

Á In January 2012, the first edition of the UK Climate Change Risk Assessment (CCRA) 

has been released ï report to be updated every five years. The report addresses over 

100 impacts from different sectors.  

Á A series of reports on ñGuidance for uncertainty assessment and communicationò11 

were developed in 2003 by the Netherlands Environmental Assessment Agency 

(PBL) and the National Institute for Public Health and the Environment (RIVM) 

(Janssen & van der Sluijs, 2003).  

 

  

                                                 

8
 http://climate-adapt.eea.europa.eu/web/guest/uncertainty-guidance  

9
 Cf. www.circle-era.eu for more information 

10
 http://ukclimateprojections.defra.gov.uk/content/view/1115/500/  

11
 RIVM/MNP Guidance for Uncertainty Assessment and Communication Series (2003), RIVM/PBL, Bilthoven, the 
Netherlands. 

http://climate-adapt.eea.europa.eu/web/guest/uncertainty-guidance
http://www.circle-era.eu/
http://ukclimateprojections.defra.gov.uk/content/view/1115/500/
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3.1.3 Information problems and knowledge gaps 

Political decision making should be based on evidence and robust information. Therefore a 

sufficient knowledge base is needed. Adaptation to climate change is a relatively new policy 

area where several issues are not fully known yet or the level of information is patchy. 

Knowledge gaps clearly limit decision making as they increase uncertainty. Therefore it is 

important to close these knowledge gaps in the coming years.  

During the supporting the development of the EU Adaptation Strategy projectôs engagement 

with Member States in 2012, the following barriers related to information and knowledge 

gaps to developing national adaptation policies were identified:   

Á Fundamental understanding of what adaptation is 

Understanding of what adaptation is by decision-makers still remains a barrier, as still 

mitigation and adaptation aspects are mixed up. Experience in working with stakeholders at 

regional and local level also shows that there is need to achieve a mutual understand that 

action they are already undertaking are in fact already adaptation activities without being 

called adaptation. The lack of knowledge base was identified as a major barrier to developing 

a national adaptation policy in Central/Eastern European Countries (i.e. collection of other 

projectôs data with a new ólabelô called adaptation).  

It was also reported that there is a lack of understanding of what adaptation is by the 

scientific community in some countries and that it is not only about action, but having a 

strong scientific knowledge base behind it to inform planning and decision-making. 

Á Partial lack of dedicated research, which is also hard to identify 

Member States, in particular from Southern Europe, highlighted that a rich source of 

information exists, but is disperse and not easily accessible. Further, research on particular 

issues relevant to major threats in different parts of Europe is not taken up sufficiently by 

national research programmes and communities to sufficiently inform the development of 

adaptation policies.  

Also for the private sector the lack of accurate and reliable information often hinders the 

uptake of adaptation investment because of a lack of awareness of climate-change related 

risks in the first place and even when awareness exists, the inability to model the risks and 

their impacts satisfactorily in order to inform investment decisions (cf. chapter 4.5). 

In general, critical knowledge gaps that might impede taking action on adaptation can be 

structured in the following way: 

1) Climatic science or socioeconomic scenarios: Knowledge gaps relate to  

o Climatic model limitations 

o Uncertainties related to emission scenarios 
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o Missing physical understanding 

o Land use developments 

o Changes in demographic development 

o Changes in technology and technological development 

o Economic developments 

o Migrations developments 

The bigger these gaps are, the more difficult it is to conclude on potential impacts. 

2) Impacts: Knowledge gaps related to impacts have been further subdivided into:  

o Limits in modelling the impacts  

o Potential environmental impacts 

o Potential social impacts 

o Potential economic impacts 

Within the knowledge gaps on impacts, a ranking might refer to the magnitude of the 

impact, the time-frame and the geographical area affected.  

3) Adaptation: Knowledge gaps related to adaptation and related measures can be 

related to: 

o Lack of available adaptation benchmark measures 

o Lack of practical process knowledge on how to start adaptation processes, 

where to set priorities and whom to involve 

o Lack of knowledge on the impact of the measure on risk reduction (incl. 

effectiveness) 

o Lack of knowledge on the impact of adaptation measures on society and 

economy 

o Lack of cost information 

o Lack of assessment tools (guidelines do exist!) which might help to serve as 

decision support on setting priority adaptation measures 

o Residual damages after adaptation measures 

o Factors determining adaptive capacity  

In all cases the availability of data is important to consider. The filling of several knowledge 

gaps requires detailed data for processing, which is often lacking.  

A compilation of critical knowledge gaps per policy area/sector that are addressed by the EU 

Adaptation Strategy can be found in Annex 8. 
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3.1.4 Main changes in climatic conditions and their likelihood for different regions in 

Europe 

Climate change can cause threats and opportunities for Europe. The main climatic drivers 

are temperature rise, changes in precipitation patterns, changes in intensity and frequency of 

extreme weather events (extreme precipitation, heat waves, cold spells, storms), sea level 

rise and changing wind patterns (Altvater, et al, 2011a). 

The average temperature in Europe has continued to increase. Temperature average over 

the land areas in the last decade (2002-2011) was 1.3°C above the pre-industrial level, which 

makes it the warmest on record. Annual average land temperature over Europe is projected 

to continue increasing by more than global land temperature during the 21st century. With the 

largest temperature increase projected over eastern and northern Europe in winter and over 

Southern Europe in summer. Extremes of cold have become less frequent in Europe while 

warm extremes have become more frequent. Since 1880 the average length of summer heat 

waves over Western Europe doubled and frequency of hot days almost tripled (EEA, 2012c). 

Annual precipitation trends in the 20th century showed an increase in Northern Europe (10ï

40%) and a decrease in some parts of Southern Europe (up to 20 %) (EEA, 2008c; Del Rio, 

et al, 2011). At the continental scale, winter snow cover extent has a high variability and a 

non significant negative trend over the period 1967-2007 (Henderson & Leathers, 2010).  

High-temperature extremes (hot days, tropical nights, and heat waves) have become more 

frequent, while low temperature extremes (cold spells, frost days) have become less frequent 

in Europe (EEA, 2011c) based on Climate Research Unit (CRU) gridded datasets HadCrut3 

(land and ocean) and CruTemp3 (land only). In Eastern Europe summer 2010 was 

exceptionally hot, with an amplitude and spatial extent that exceeded the previous 2003 heat 

wave (Barriopedro, et al, 2011). These two heat waves revised the seasonal temperature 

records over approximately half of Europe. 

Climate change has far-reaching consequences and is one of the key drivers of global 

environmental change. Current and projected impacts in Europe, together with their related 

costs, suggest that climate change will ð either directly or indirectly ð test the vulnerability 

of European society with economic, environmental, societal, geopolitical and technological 

risks12. The security, health and quality of life of European citizens are at the core of the 

matter and climate change constitutes an additional pressure13 that challenges most of the 

components of human and natural systems.  

                                                 

12
 Economic risks: volatility in food and raw material prices; under-investment in infrastructure; economic 

downturn. Environmental risks: droughts and desertification, extreme whether, water scarcity. Societal risks: 

diseases, pandemics, migration. Geopolitical risks: terrorism, corruption, governance gaps. Technological risks: 

information gaps (WEF, 2012). 
13

 Together with equally important issues such as freshwater extraction, urban sprawl, lifestyles and other forms 

of socio-economic development and land use changes, agricultural intensification, use of natural capital and 

loss of biodiversity.7 SOER 2010 Thematic assessment | Adapting to climate change The European 

environment | State and outlook. 
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Human systems in Europe are expected to be heavily affected by health problems and 

fatalities as a result of heat waves, floods, etc.; unbearable costs of damage to communities, 

infrastructures and the built environment from, for example, droughts and water scarcity; the 

loss of economic opportunities from, inter alia, lower crop yields. Climate change will directly 

or indirectly affect all economic sectors, regions and citizens, although to different degrees 

depending on their coping and adaptive capacities as well as their location. The 

consequences of climate change will also have feedback effects on socio-economic 

developments, such as settlement patterns especially in regions and areas that are 

particularly vulnerable, such as coastal zones, flood plains, mountains and cities as well as 

the Mediterranean basin and the Arctic.  

Drivers of socio-economic development in Europe also have the potential to exacerbate the 

impacts of climate change. For example land cover and land use changes such as urban 

sprawl and soil sealing may heighten the effects of floods, heat island effects and heat waves 

on urban systems or food systems could be impacted by water scarcity.  

Natural systems provide vital ecosystem goods and services for many human activities 

including agriculture, forestry and the supply of clean water (EEA, 2010g). 

The impacts of climate change vary considerably across Europe, in terms of the regions, 

territories and sectors affected (cf. Figure 3). Vulnerable regions include the Arctic, Northern, 

North-western and Central-eastern Europe, the Mediterranean region, together with cities 

and urban areas, mountains and many coastal zones and European seas. 
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Figure 3: Key observed and projected climate change and impacts for the main regions in Europe 

(Source: EEA Report | No 12/2012: Climate change, impacts and vulnerability in Europe 2012 (EEA, 

2012d)) 

 

 

Even a global temperature increase of 2°C by the end of this century would still result in 

major impacts to which the world and Europe need to adapt. The main past and projected 

impacts, vulnerabilities and hotspots are (EEA, 2010i):  

The Arctic  

The Arctic faces major changes including a higher than average temperature increase, a 

decrease in summer sea ice cover and thawing of permafrost. The reduction of ice cover is 

accelerating and projected to continue to impact the local natural and human systems. It also 

opens up business opportunities that could put an additional burden on the environment such 

as extensive oil and gas exploration and the opening of new shipping routes. Thawing of 

permafrost has the potential to seriously affect human systems, by, for example, creating 

infrastructural problems. The fragile Arctic ecosystems have suffered significantly from above 

average temperature increases and these impacts are expected to continue.  
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Northern Europe  

Projections suggest less snow and lake and river ice cover, increased winter and spring river 

flows in some parts (e.g. Norway) and decreases in other parts (e.g. Finland), and greater 

damage by winter storms. Climate change could offer opportunities in northern Europe, at 

least in the short and medium terms. These include increased crop variety and yields, 

enhanced forests growth, higher potential for electricity from hydropower, lower energy 

consumption for heating and possibly more summer tourism. However, more frequent and 

intense extreme weather events in the medium to long term might adversely impact the 

region, for example by making crop yields more variable.  

North-western Europe  

Coastal flooding has impacted low-lying coastal areas in north-western Europe in the past 

and the risks are expected to increase due to sea-level rise and an increased risk of storm 

surges. North Sea countries are particularly vulnerable, especially Belgium, Denmark, 

Germany, the Netherlands and the United Kingdom. Higher winter precipitation is projected 

to increase the intensity and frequency of winter and spring river flooding, although to date 

no increased trends in flooding have been observed.  

Central and Eastern Europe  

Temperature extremes are projected to be a key impact in central and Eastern Europe. 

Together with reduced summer precipitation this can increase the risk of droughts, and is 

projected to increase energy demand in summer. The intensity and frequency of river floods 

in winter and spring (in various regions) is projected to increase due to increases in winter 

precipitation. Climate change is also projected to lead to higher crop-yield variability and 

increased occurrence of forest fires.  

Mediterranean region  

The Mediterranean region has been subject to major impacts over recent decades as a result 

of decreased precipitation and increased temperature, and these are expected to worsen as 

the climate continues to change. The main impacts are decreases in water availability and 

crop yields, increasing risks of droughts and biodiversity loss, forest fires and heat waves. 

Increasing irrigation efficiency in agriculture can reduce irrigation water withdrawals to some 

degree but will not be sufficient to compensate for climate-induced increases in water stress. 

In addition the hydropower sector will be increasingly affected by lower water availability and 

increasing energy demand, while the tourism industry will face less favourable conditions in 

summer. Environmental flows, which are important for the healthy maintenance of aquatic 

ecosystems, are threatened by climate change impacts and socio-economic developments.  
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Cities and urban areas  

In previous years, increasing urban land take and urban population growth have in many 

places increased the exposure of European cities to different climate impacts such as heat 

waves, flooding and droughts. The impacts of extreme events such as the flooding of the 

river Elbe (2002) or the urban drainage flood in Copenhagen (2011) demonstrate the high 

vulnerability of cities to extreme weather events, even though it is not possible to attribute 

these specific events to anthropogenic climate change. In the future, on-going urban land 

take, growth and concentration of population in cities, and an aging population, contribute to 

increase further the vulnerability of cities to climate change. Urban design, urban 

management and enhancing green infrastructure may partly address these effects. 

Mountain areas  

The increase in temperature is particularly large in many mountain regions, where loss of 

glacier mass, reduced snow cover, thawing of permafrost and changing precipitation 

patterns, including less precipitation falling as snow, have been observed and are expected 

to increase further. This could lead to an increase in the frequency and intensity of floods in 

some mountain areas (e.g. in parts of Scandinavia) that can impact people and the built 

environment. Additional projected impacts include reduced winter tourism, lower energy 

potential from hydropower in southern Europe, a shift in vegetation zones and extensive 

biodiversity loss. Plant and animal species living close to mountain tops face the risk of 

becoming extinct due to the inability to migrate to higher regions.  

The retreat of the vast majority of glaciers also affects water availability in downstream areas.  

Coastal zones and European seas  

The projected sea-level rise and possible increased frequency of severe storm surges may 

have major impacts on low lying coastal areas across Europe. Observed and projected 

increases in sea surface temperature will lead to the northward movement of species and 

changes in the distribution of phytoplankton biomass. Fish stocks in many seas are already 

under pressure from over-fishing. Allocations of quotas are based on historic catch patterns 

and these may need to be revised due to climate change. For further information please cf. 

chapter 3.2.2.5. 

 

3.1.5 Climate hazards 

According to the IPCC (2007a), one of the most important consequences of climate change 

will be the increase in the frequency and magnitude of extreme events such as floods, 

droughts, windstorms and heat waves. Climate change may also trigger other hazards in 

which climate or weather conditions play a fundamental role, such as snow avalanches, 

landslides and forest fires. The recently published special report by IPCC on 'Managing the 

risks of extreme events and disasters to advance climate change adaptation' (SREX) (IPCC, 
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2012b) concerns the interaction of climatic, environmental, and human factors that can lead 

to impacts and disasters, options for managing the risks posed by impacts and disasters, and 

the important role that non-climatic factors play in determining impacts. On the latter, the 

SREX emphasizes that character and severity of impacts from climate extremes depend not 

only on the extremes themselves but also on exposure and vulnerability. 

The SREX (IPCC, 2012b) also states evidence from observations gathered since 1950 of 

changes in some extremes. Confidence in observed changes in extremes depends on the 

quality and quantity of data and the availability of studies analyzing these data. It 

consequently varies across regions and for different extremes. The Special Report identifies 

a likely increase in the frequency of heavy precipitation events or proportion of total rainfall. 

SREX also identifies, with medium confidence, an increase in the length or number of warm 

spells or heat waves. 

If we compare the projected increase with the present risk we see that climate-related risk 

already has a prominent role in damage as well as human fatalities. The EEA`s report on the 

European environment ï state and outlook 2010 (EEA, 2010i) shows that according to the 

NatCatSERVICE (201014, cf. Figure 4) about 90 % of the disasters due to natural hazards 

that occurred in Europe since 1980 and 80 % of the economic losses were caused by hydro-

meteorological or climatological hazards. In part, this conclusion may be related to the 

general absence of major geophysical hazards, such as large earthquakes or volcanic 

eruptions in Europe, with some exceptions in the North (Iceland) and South (Italy, Greece).  

                                                 

14
 http://www.munichre.com/en/reinsurance/business/non-life/georisks/natcatservice/default.aspx  

http://www.munichre.com/en/reinsurance/business/non-life/georisks/natcatservice/default.aspx
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Figure 4: Disasters caused by natural hazards in EEA member countries, 1980ï2009 (Source: EEA, 2010i, 

based on NatCatSERVICE, 2010
14

) 

 

 

Out of all types of natural disasters, flooding and storm events result the most significant 

amounts of economic losses relative to other types of disasters in the EU (25% by flooding 

and 32% by storms). Economic losses due to storms in Europe between 2003 and 2009 are 

estimated at 20 billion Euro (EEA, 2010f). There is an increasing trend in storm losses which 

is attributed to socio-economic factors. Economic losses due to major flooding events 

between 2003 and 2009 were 17 billion Euro (EEA, 2010f). These losses show an increasing 

trend, which is attributed to the increase in vulnerable assets and not to climate change. The 

most significant flooding events in terms of economic losses were in the UK in the summer of 

2007 (4 billion), in Switzerland, Austria and Germany in 2005 (2.8 billion) and in France in 

December 2003 (1.6 billion). More than 325 major river floods (including flash floods) have 

been reported for Europe since 1980, of which more than 200 have been reported since 

2000 (EM-DAT, 2012). The rise in the reported number of flood events in the recent decade 

results mainly from better reporting and from land-use changes. Floods have resulted in 

more than 2 500 fatalities and have affected more than 5.5 million people in the period from 
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1980 to 2011. Direct economic losses over this same period amounted to more than EUR 90 

billion (based on 2009 values) (EEA, 2012d). 

The most prominent natural hazard with regard to human fatalities is heat waves. The heat 

wave of the summer 2003 claimed lives of a tremendous number of people on the continent, 

with over 70.000 excess deaths being reported in 12 Western and Central European 

countries (EEA, 2008c). Heat waves were also responsible for numerous fatalities in the 

summers of 2006 in Western Europe and the summer of 2007 in Eastern Europe.  

The impact of natural hazards in terms of fatalities is not uniform throughout Europe, with 

France and Italy mourning more than 20.000 fatalities each, followed by Turkey (over 18.000 

fatalities) and Spain (more than 15.000 fatalities). The death toll reflects impact of different 

natural hazards and is thus only informative. Altogether, with the exception of heat waves, 

human fatalities tend to concentrate mostly in Eastern and Southern Europe (cf. Figure 5). 

Figure 5: Number of human fatalities caused by natural hazards in Europe in 1998ï2009 as shown in EM-

DAT (Source: EEA, 2010i) 

 

The number and impacts of weather and climate - related events increased significantly 

between 1998 and 2009, while geophysical hazards appeared to have remained more stable 

(EEA, 2010i). While it is currently impossible to determine accurately the proportion of losses 

attributable to climate change (EEA, 2008c), the contribution of the climate change factor 

could increase in future, since climate change is projected to continue.  

The SREX report (IPCC, 2012b) finds with a high level of confidence that economic losses 

from weather- and climate-related disasters have increased in the long-term, as people and 
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economic assets have been increasingly exposed to risks. For example, more people are 

living where they may be adversely affected by disasters. 

The ESPON Climate project shows that a significant driver of potential future disparities is 

the degree of adaptive capacity for tackling climate change. This is highly differentiated 

across Europe with peripheral regions in the east and south of Europe showing a low level of 

adaptive capacity. 

 

3.1.6 Climate change as a multi-sectoral and cross-cutting issue 

The consideration of climate change and the development of adaptation strategies has been 

based on a sectoral approach with the thought that each department needs to "take on 

climate changeò as an additional task (CIRCLE, 200915). However, learning from the 

experiences of diverse national developments in Europe, interactions between adaptation 

actions undertaken independently by different policy areas and sectors have the potential to 

give rise to substantial synergies and conflicts. Table 7 provides an overview of these 

potential interlinkages. In more detail, interactions are addressed in the description of all 

policy areas/sectors under chapter 3.2. 

Table 7: Interactions between various sectors/themes addressed in the Impact Assessment to the EU 

Adaptation Strategy in relation to climate change adaptation 
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15
 1st International CIRCLE Workshop on Climate Change Adaptation in Budapest - http://www.circle-

era.eu/np4/%7B$clientServletPath%7D/?newsId=252&fileName=CIRCLE_NAS_Workshop_Outcomes.pdf 

http://www.circle-era.eu/np4/%7B$clientServletPath%7D/?newsId=252&fileName=CIRCLE_NAS_Workshop_Outcomes.pdf
http://www.circle-era.eu/np4/%7B$clientServletPath%7D/?newsId=252&fileName=CIRCLE_NAS_Workshop_Outcomes.pdf
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Since all possible interactions between the direct and indirect impacts of climate change on 

the environment, society and economy cannot be forecasted precisely, there is a need to 

focus on flexible adaptation strategies, plans, actions and measures that favour óno regretsô16 

options to avoid maladaptation17.  

The ability to adapt to climate change is underpinned by the environment, which demands 

integrated action across all policy areas/sectors of the economy and must be considered in 

all interventions supported by the EU. Indeed, the EC White Paper on adapting to climate 

change (EC, 2009a) highlights that it is important for the EU and Member States ñTo promote 

strategies which increase the resilience to climate change of health, property and the 

productive functions of land, inter alia, by improving the management of water resources and 

                                                 

16
 Options that would generate net social and/or economic benefits irrespective of whether or not anthropogenic 

climate change occurs. 
17

 Maladaptation is defined by the IPCC (the Intergovernmental Panel on Climate Change) as "a change in natural 

or human systems that leads to an increase rather than a decrease in vulnerability." 
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ecosystemsò. This is further spelt out in the new EU biodiversity strategy to 2020 (EC, 

2011b), which goes on to state that ñEcosystem-based approaches to climate change 

mitigation and adaptation can offer cost-effective alternatives to technological solutions, while 

delivering multiple benefits beyond biodiversity conservationò. 

The policy areas/sectors mainly threated by climate change impacts each might follow 

different objectives leading to proposals for adaptive actions that could potentially create 

negative side effects for another policy area/sector if not coordinated. Agriculture, water 

infrastructure and availability, disaster management, health and safe infrastructure (transport, 

energy) are among the key areas that will have to respond to climate change impacts that 

have interrelated effects. Thus, effective policy responses need to be aware of the cross-

cutting nature of climate change and develop balanced proposals for adaptation action at 

EU, national, regional and local levels.   

There is, therefore, a clear need for coordination across a wide range of political, legal and 

institutional settings, as well as different information-management approaches and financial 

arrangements. As existing institutional settings at national level might be challenged by these 

complex and far-reaching cross-cutting issues, support at a European level is required in 

order to promote rapid and synergistic adaptation. 

 

3.1.7 The costs and benefits associated with climate change impacts  

3.1.7.1 Introduction 

In recent years, a number of studies have investigated the costs and benefits of climate 

change for Europe. Most of these studies have either adopted a sectoral focus, or have 

assessed the cost of damages in a specific EU country. Studies can be top-down ï i.e. 

assessing the costs of damage from an economy-wide perspective based on economic 

models, or bottom-up ï i.e. estimating the costs of damage in specific sectors.  

Several economic reviews are available on the impact of climate change: 

Á Stern (2006) states that if human society does not act, the overall costs and risks of 

climate change will be equivalent to losing at least 5% of global GDP each year, now 

and forever. If a wider range of risks and impacts is taken into account, the estimates 

of damage could rise to 20% of GDP or more.  

Á Aaheim et al. (2010) assessed the global impact of climate change for the E1 

scenario. This scenario closely represents the achievement of the EU target to limit 

climate change. The conclusion of this report is that the impacts are modest, but 

unevenly distributed. Under an E1 scenario rich and fast growing regions are 

expected to gain, while the poorest regions bear the largest losses (Aaheim, et al, 

2010).  



Support to the development of EuAdaptStrat to Climate Change:  

Background report to the IA, Part I 

PROBLEM DEFINITION AND POLICY CONTEXT: 

What is the issue or problem that may require action? 
 

 

 

20/02/2013  -57- 

Á For Europe, the PESETA project has calculated the impact of climate change for 

different sectors. It is one of the few projects that use a consistent set of scenarios 

and assumptions. The results have been aggregated to the European economy. 

According to Ciscar et al. (2009) the annual damage of climate change to the EU 

economy in terms of GDP loss is estimated to be between 20 billion ú for the 2.5ÁC 

scenario and 65 billion ú for the 5.4ÁC scenario with high sea level rise. The damages 

in GDP terms underestimate the actual losses (Ciscar, et al, 2009). Currently, a 

follow-up to the PESETA project is incorporating new climate scenarios and an 

expanded set of sectoral analyses, but results are not yet available.  

Á The Conhaz project18 assessed the costs of natural hazards. This project provides 

more insight into cost assessment methods, which is needed for integrated planning, 

budgeting and policy action prioritisation for the various natural hazards but does not 

produce any values in monetary terms. The project has found that not all cost 

categories (especially non-market impacts) or impacts on all sectors are sufficiently 

included in analyses, and more efforts are needed to comprehensively approach the 

costs of natural hazards. In order to comprehensively capture this variability in cost 

assessment methods.  

An overview of climate change damage costs is given in Annex 2 (Table 52).  

Natural disasters can be regarded as key variable of climate impact, i.e. damage costs. 

Hydro-meteorological events (storms, floods, and landslides) account for 64 % of the 

reported damage costs due to natural disasters in Europe since 1980; climatological events 

(extreme temperatures; droughts and forest fires) account for another 20 % (EEA, 2012d). 

However, it is difficult to determine accurately the proportion of damages that are attributable 

to climate change. Further, it is important to note that the existing estimates of loss to the 

natural hazards are to be considered lower bound estimates (IPCC, 2012b) because many 

impacts, such as loss of human lives, cultural heritage, and ecosystem services, are difficult 

to value and monetize, and thus are either omitted or only poorly reflected in estimates of 

losses. 

Projections suggest potentially large costs of combined climate change impacts and 

socio-economic developments in Europe, particularly due to increases in coastal and river 

flooding, heat waves and energy demand (for cooling). The most costly impacts differ 

strongly across Europe. In southern parts of Europe the most costly impacts are increases in 

energy demand and heat waves, in Western Europe coastal flooding and heat waves, in 

Northern Europe coastal and river floods and in Eastern Europe river floods (EEA, 2012d). 

A study conducted by Feyen et al. (2012) indicates for EU27 as a whole, that current 

expected annual damages (EAD) of approximately ú6.4 billion are projected to increase to 

ú14ï21.5 billion (in constant prices of 2006) by the end of this century, depending on the 

                                                 

18
 http://conhaz.org/  

http://conhaz.org/
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scenario. The number of people affected by flooding is projected to rise by approximately 

250,000 to 400,000. 

Figure 6: Relative change in expected annual damages (averaged over administrative level NUTS2) 

between scenario (2071ï2100) and control period (1961ï1990) for climate scenarios B2 Had-HIR (a), A2 

Had- HIR (b), B2 Ech-RCAO (c) and A2 Ech-RCAO (d). Source: Feyen, et al, 2012 

 

 

Floerke et al. (2011) analysed the Europeôs vulnerability to low flow and water stress. In the 

óEconomy Firstô scenario where little attention is given to the implementation of sustainable 

approaches for water management, water stress shows a markedly increase for the 2050s 

across much of Europe compared to the actual situation. In this scenario, not only a range of 

demand management measures is captured but also the impact of climate change upon 

water availability (cf. Figure 7).  
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Figure 7: Water stress, annual, baseline, median of GCM-RCM combinations (left), Water stress, annual, 

2050 Economy First (IPCM), median of GCM-RCM combinations (right). Source: Floerke et al, 2011  

  

 

Bosello et al. (2012), analysing the economic impacts of sea level rise, found significant 

losses and increase in the incidence of coastal flooding. By the end of the century Malta has 

the largest relative land loss at 12% of its total surface area, followed by Greece at 3.5% land 

loss. Economic losses are however larger in Poland and Germany ($483 and $391 million, 

respectively). Coastal protection is very effective in reducing these impacts and optimally 

undertaken leads to protection levels that are higher than 85% in the majority of European 

Member States.  

 

Figure 8: Water stress, annual, baseline, median of GCM-RCM combinations (left), Water stress, annual, 

2050 Economy First (IPCM), median of GCM-RCM combinations (right). Source: Floerke, et al, 2011  

  

 

  



Support to the development of EuAdaptStrat to Climate Change:  

Background report to the IA, Part I 

PROBLEM DEFINITION AND POLICY CONTEXT: 

What is the issue or problem that may require action? 
 

 

 

20/02/2013  -60- 

3.1.7.2 Economic consequences of climate change impacts - Modelling results 

The following research describes a climate change integrated impact assessment exercise, 

whose economic evaluation is based on a CGE approach and modelling effort. 

Computable General Equilibrium (CGE) models are increasingly used to assess costs and 

benefits associated with climate change impacts19.  

The appeal of such tools is the explicit modelling of market interactions between sectors and 

regions (inter industry and international trade flows are accounted for by databases relying 

upon input output Social Accounting Matrices). This allows tracing adjustment mechanisms 

in the whole economic system triggered by a ñshockò concerning initially just one part of it 

(region or sector). Putting it differently, not only direct costs, but also higher-order effects can 

be determined. 

Following this approach, the Intertemporal Computable Equilibrium System (ICES) CGE 

model (Eboli, et al, 2010) is hereby used as a unifying platform to assess the economic 

consequences of a wide set of climate change impacts in the EU as they have been 

estimated by some recent research projects and initiatives, partly integrated with original 

research. 

Impact types considered are those originated by: sea-level rise, changes of energy demand, 

of crops productivity, of fish stock productivity, of tourism flows, ecosystem losses, flooding 

and health. Information on all the impacts mentioned, except those on health and flooding, is 

available at the global level and with a detail roughly compatible with that of ICES, the CGE 

model used. Data on health and flooding are available for the EU only. 

The relevant information is extracted from a set of top-down researches performed within EU 

FP6 and 7 projects and other research initiatives: primarily the ClimateCost project, 

complemented with the SESAME project, the PESETA project, and part of original research.  

Impacts are also economically assessed for a 2 °C and 4 °C warming scenarios, both are 

assumed to occur in 2050.  

In the following, section 3.1.7.2.1 briefly introduces the model used and the baseline 

scenario, section 3.1.7.2.2 presents simulation results and section 3.1.7.2.3 concludes. 

Annex 3 provides more detailed information on the ICES model, describes the impacts 

assessed, the data used and sources as well as the implementation of climate change 

impacts into the ICES CGE model. 

                                                 

19
 For a partial list, see e.g. Deke et al. (2002), Darwin & Tol (2001), Bosello et al. (2007) on sea-level rise; 

Bosello et al. (2006) on health; Darwin (1999), Ronneberger et al. (2009) on agriculture; Berrittella et al. (2007), 

Calzadilla et al. (2008) on water scarcity; Bosello et al. (2009) on sea-level rise, agriculture, health, energy 

demand, tourism, forestry; Aaheim & Wey (2010) on sea-level rise, agriculture, health, energy demand, tourism, 

forestry, fisheries, extreme events, energy supply; Ciscar, (2009) on sea-level rise, agriculture, tourism, river 

floods. 
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3.1.7.2.1 The ICES CGE Model and baseline scenario 

ICES is a recursive-dynamic CGE model improving upon the static structure of the GTAP-E 

model (Burniaux & Troung, 2002). The calibration year is 2004, data come from the GTAP7 

database (Narayanan & Walmsley, 2008) and the simulation time is 2004-2050.  

Table 8 reports region and sector aggregations for this study. Regions have been chosen in 

order to detail as much as possible the EU countries, whereas industriesô detail is the closest 

possible to the sectoral impacts estimated by source studies.  

Table 8: Regional and sectoral coverage of the ICES model (for this study) 

Countries/Regions Sectors 

Austria 

Agriculture 

Timber 

Fishing 

Coal 

Oil 

Gas 

Oil Products 

Electricity 

Other Industry 

Transportation 

Residential 

Market Services 

Public Services 

 

Belgium 

Czech Republic 

Denmark 

Finland 

France 

Germany 

Greece 

Hungary 

Ireland 

Italy 

Netherlands 

Poland 

Portugal 

Spain 

Sweden 

UK 

RoEU 

 

 



Support to the development of EuAdaptStrat to Climate Change:  

Background report to the IA, Part I 

PROBLEM DEFINITION AND POLICY CONTEXT: 

What is the issue or problem that may require action? 
 

 

 

20/02/2013  -62- 

EU GDP national and regional growth rates reported in Figure 9 derive from the 2012 Ageing Report issued by EU Commission (EC, 2012e). 

Population trends (Figure 10) also replicate the 2012 Ageing Report for EU27. For non-EU27 regions, population evolves according to UN (2011a). 

 

Figure 9: Baseline GDP growth rates by country (% change 2004-2050) 
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Figure 10: Baseline population growth rates by country (% change 2004-2050) 
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3.1.7.2.2 Results 

Figure 11 reports climate change dynamic impact on the EU GDP. Figure 12 and Figure 13 

report GDP impacts in 2050 for the 2°C and 4°C temperature increase scenarios and the 

decomposition of impacts by category. 

The EU 27 as a whole experiences a GDP loss of the -0.16% and the -0.74% in the 2°C and 

4°C cases respectively20.. Impacts therefore are not linear in temperature. They are also 

rather moderate in aggregate21. However, they are highly differentiated by country, ranging 

from the +0.56% of GDP in Denmark to the -1.76% in Greece in the 2°C temperature 

increase scenario; from the +0.59% of GDP in Finland to the -6.24% in Greece in the 4°C 

temperature increase scenario. In general they are slightly positive or basically null in the 

Northern European countries (Denmark, Finland, Germany, Sweden, the UK), negative in the 

Southern EU, highlighting its higher vulnerability. Among impacts type, agriculture clearly 

dominates, followed by tourism and ecosystem. These three impacts together build more 

than 70% of the final GDP result in the majority of the EU countries. At the EU level, 

however, positive and negative agricultural impacts almost compensate each other. 

Interesting is also country specific vulnerability. For instance, in Greece and Spain, 

agriculture and tourism impacts are by large the more concerning; agriculture is less of an 

issue in Italy, Belgium and Poland, where on the contrary tourism and ecosystem losses 

there appear to be more important.  

Table 9 and Table 10 report climate change impacts on sectoral production. These tend to 

follow generally the direction of the climatic shocks, but not always. In fact they are the final 

resultant of all the climatic shocks jointly implemented. Therefore, impacts interactions and 

aggregate effects also play a role in determining the final outcome. A straightforward 

example is what happens in the energy sectors in the 4°C case. Take for instance Greece: 

household electricity demand is expected to increase because of a strong cooling effect; 

however the final production of the sector is negative. Indeed Greece experiences a severe 

aggregate GDP loss because of climate change which prevails on any single shock. 

Accordingly also its total energy demand, including that of electricity net of the cooling effect, 

declines. Aggregate GDP effects are also the major drivers of production performances in 

the ñindustryò macro-sector which is directly affected just by a very tiny productivity decline 

induced by increased expected losses from floods.  

Some results can be presented as follows:  

Á the negative performance of agricultural sectors especially in Spain, Greece, Portugal 

(-8.7%, -8.5%, -5.2% respectively in the 2°C temperature increase scenario n 2050) 

and partly in Italy and France (-2.7%, -2.3% respectively in the 2°C temperature 

increase scenario in 2050);  

                                                 

20
 The loss for the world as a whole is larger: -0.7% and -1.8% of GDP in 2050 for 2°C and 4°C respectively. 

21
 Note that only river flooding are included in the assessment and just for the EU countries and that catastrophic 

events are not considered. 
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Á the negative impacts on the service sector in the same countries (-2.08% in Greece, -

1.01% in Spain, -0.97 in Portugal, -1.34% in Italy in the 2°C 2050) encompassing 

recreational tourism services which are negatively hit;  

Á the decline in fishery production in Italy and Spain (-8.3%, -3.9% respectively in the 

2°C scenario in 2050);  

Á the generalized prevalence of production contraction in the energy sectors driven as 

said by the slump of world energy demand. Note also that industrial production is 

negatively affected in Denmark and Finland (-0.8%, -3.1% respectively in 2050 in the 

2°C temperature increase scenario) notwithstanding the positive GDP impact of 

climate change in those countries. This is another case where rebound effects play a 

role. The contraction in world demand can in fact impact negatively industrial 

production also in those countries where climate change is in fact positive. 

Table 11 and Table 12 report effects on labour demand. It is important to stress that the 

ICES CGE model depicts a ñWalrasianò, perfectly clearing/full employment labour market. 

The first and most obvious consequence is that unemployment is not modelled. The second 

is that any shock on the labour market implies just a re-distribution of the labour forces from 

those sectors whose production, and factor prices, are declining more in relative terms, 

toward those sectors where the opposite happens. Accordingly, one or more sectors will be 

always gaining in terms of labour demand. This said, the redistribution of the labour force 

could indirectly provide some insights of possible tensions on the labour market that climate 

change may originate. Higher labour demand contractions (Table 1122) are concentrated in 

the agricultural sector especially in Greece (-5.7%), Spain (-5.9%) and Portugal (-2.7%); in 

the fishing sector in Italy (-7.9%) and Spain (-4.5%); in the service sector in Hungary (-1.3%), 

Italy (-0.7%) and Portugal (-0.5%). Industrial labour demand declines particularly in Finland (-

4%), Sweden (-1.6%) and Hungary (-1.4%); energy sectors tend also to expel labour force. 

To conclude, Figure 14, Figure 15 and Table 13 report climate change impacts on world 

prices, Figure 16 and   

                                                 

22
 The comments on Table 12 are similar qualitatively. 
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Figure 17 on terms of trade. Prices highlight a generalized decline consistently with the 

demand decrease at the world level induced by GDP contraction. The reduction is 

particularly evident for the forestry and fishing products and for energy commodities. 

Agricultural prices show an opposite trend however, as the land scarcity induced by flooding 

and sea-level rise and the decreased land productivity especially at the mid-low latitudes 

induces a negative supply-side effect more than offsetting the reduced demand. 

This has direct implication for terms of trade. In general, EU countries which are, broadly 

speaking, energy importers and food exporters, benefit from the price shifts and gain. 

Exceptions are those Southern countries like Greece, Spain, Portugal and also Italy where 

the GDP contraction is particularly high and domestic prices decreases more compared to 

imported prices. 

 

Figure 11: Climate change impacts on EU real GDP (% change wrt baseline) - 2 °C and 4 °C temperature 

increase 
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Figure 12: Climate Change impacts on real GDP (% change wrt Baseline) and impact decomposition. 2°C 

temperature increase ref. year 2050 

 

 

 

Figure 13: Climate Change impacts on real GDP (% change wrt Baseline) and impact decomposition. 4°C 

temperature increase ref. year 2050 
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Table 9: Sectoral Production in 2050 (% change wrt Baseline) - 2 °C temperature increase scenario 

 

Agri-

culture 
Forestry Fishing Coal Oil Gas Oil_Pcts Electricity Industries Transport 

Resi-

dential 

Mkt 

Services 

Public 

Services 

Austria 5,47 -1,10 -0,62 -0,01 -0,02 -1,23 0,37 -0,34 -0,10 -1,25 -0,69 -0,07 0,09 

Belgium -1,58 -1,06 -1,44 0,01 -0,02 -0,09 0,09 -0,08 0,46 -0,28 -0,24 -0,45 -0,13 

Czech Republic -0,03 -1,38 -1,39 -0,02 -0,02 -0,15 0,32 -1,12 0,01 -0,60 -0,06 -0,24 0,12 

Denmark 13,46 -2,71 3,71 -0,01 -0,06 -0,45 0,82 0,67 -0,84 -1,87 0,46 -0,01 0,50 

Finland 19,09 -2,19 8,85 -0,04 -0,06 -3,63 0,91 -1,00 -3,08 -1,85 -0,72 0,86 1,04 

France -2,33 -2,04 -1,21 0,05 -0,01 -0,28 0,30 0,39 0,70 -0,16 -0,17 -0,28 -0,15 

Germany 0,38 -2,68 -0,81 -0,03 -0,02 -0,69 0,27 -0,65 -0,38 -0,73 -0,44 0,20 0,12 

Greece -8,47 -1,95 -0,80 0,21 0,09 0,13 -0,25 0,72 -0,49 4,74 -3,66 -2,08 -1,40 

Hungary 2,11 -3,57 -2,77 0,03 -0,06 1,09 0,49 1,79 -0,86 -0,66 0,12 -0,72 0,07 

Ireland -0,11 -2,65 -1,56 0,00 -0,02 -0,64 0,30 0,12 0,35 -0,73 -0,01 -0,60 -0,07 

Italy -2,66 -0,98 -8,27 0,11 0,01 0,35 0,20 1,87 1,78 0,30 -0,79 -1,34 -0,97 

Netherlands 0,81 -2,17 3,65 0,00 -0,03 -0,14 -0,50 -0,06 -0,20 -0,45 -0,29 -0,41 -0,03 

Poland -0,40 -1,45 1,14 -0,01 -0,01 -0,58 0,35 -0,82 -0,35 -0,52 -0,04 0,00 0,29 

Portugal -5,26 -2,51 -3,34 0,10 0,01 0,59 0,33 2,10 2,80 0,45 -0,99 -0,97 -1,34 

Spain -8,74 -0,78 -3,91 0,09 0,04 -0,60 -0,04 2,79 2,98 1,36 -3,05 -1,01 -1,16 

Sweden 17,12 -1,86 4,61 -0,01 -0,01 -0,22 -0,01 -1,23 -1,41 -1,38 -2,06 0,69 0,36 

United Kingdom 3,60 -1,71 0,35 -0,01 -0,04 -0,60 0,11 -0,37 -0,55 -0,74 -0,53 0,28 0,15 

RoEU 1,85 -4,61 -2,61 -0,09 -0,12 -0,65 -0,21 -0,72 -1,04 -1,22 0,25 -0,59 0,19 

RoOECD -1,21 -2,73 2,42 -0,02 -0,07 -0,42 0,92 0,85 -2,30 -1,06 -1,23 1,08 0,09 

CHIND 0,03 -0,57 -0,60 0,04 0,00 0,24 0,52 0,30 0,13 -0,59 -0,93 -1,45 -0,57 

TE -1,14 -0,31 0,54 -0,02 -0,03 -0,52 0,28 -1,55 -0,60 0,01 -1,13 3,11 0,50 

RoW -1,85 -0,26 -0,97 0,03 0,02 0,13 -0,88 1,27 -1,31 0,10 -2,03 -2,24 -1,11 
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Table 10: Sectoral Production in 2050 (% change wrt Baseline Scenario) - 4 °C temperature increase 

 

Agri-

culture 
Forestry Fishing Coal Oil Gas Oil_Pcts Electri-city Indu-stries Transport 

Resi-

dential 

Mkt 

Services 

Public 

Services 

Austria 6,42 -2,98 -2,11 -0,05 -0,09 -3,97 1,73 -1,35 -0,46 -3,01 -1,63 -0,49 0,63 

Belgium -3,89 -3,13 -4,93 -0,01 -0,08 0,01 0,67 -1,20 0,47 -0,56 -0,98 -1,21 0,04 

Czech Republic -0,08 -3,78 -4,57 -0,10 -0,08 0,06 1,20 -3,86 -0,57 -1,61 -0,44 -1,05 0,27 

Denmark 12,07 -7,74 5,97 -0,03 -0,14 -1,14 1,82 1,13 -1,00 -2,78 -0,42 -0,30 0,81 

Finland 16,83 -5,16 16,85 -0,10 -0,15 -8,31 2,22 -2,46 -6,75 -3,47 -1,28 2,64 3,69 

France -5,94 -6,06 -4,09 -0,04 -0,08 -1,76 1,24 -0,48 0,61 -0,77 -0,60 -0,77 -0,06 

Germany 1,05 -7,57 -2,65 -0,11 -0,08 -2,14 1,59 -2,15 -1,53 -1,81 -0,75 0,24 0,62 

Greece -24,13 -4,70 -2,81 0,27 -0,11 -5,14 -0,94 -1,79 -3,61 16,61 -15,32 -6,54 -6,97 

Hungary 3,99 -8,85 -8,39 -0,02 -0,24 1,66 0,81 2,86 -2,81 -1,64 0,21 -1,67 0,18 

Ireland -0,45 -7,07 -4,26 -0,04 -0,08 -2,50 0,88 -0,67 -0,02 -2,39 -0,71 -2,40 -0,43 

Italy -7,28 -2,28 -17,91 0,18 -0,03 -0,81 0,02 3,44 4,35 0,23 -4,86 -3,71 -3,17 

Netherlands 1,89 -6,53 6,49 -0,03 -0,14 -0,72 -1,59 -1,24 -1,28 -0,76 -1,19 -1,64 -0,29 

Poland -0,93 -3,74 -0,22 -0,08 -0,07 -1,68 1,46 -2,11 -1,24 -1,22 -0,01 -0,43 0,72 

Portugal -15,75 -6,16 -10,48 0,22 0,01 0,89 0,50 3,91 7,98 1,59 -6,67 -2,30 -4,96 

Spain -22,96 -1,71 -9,23 0,19 0,08 -4,27 -0,98 4,55 7,59 3,62 -12,90 -2,66 -5,02 

Sweden 16,00 -4,77 7,67 -0,02 -0,02 0,16 0,25 -3,67 -3,78 -3,17 -4,30 1,39 1,75 

United Kingdom 3,62 -4,49 -0,07 -0,06 -0,16 -1,93 0,67 -1,41 -1,41 -1,84 -1,03 0,18 0,36 

RoEU 4,71 -11,52 -10,45 -0,37 -0,42 -2,08 -0,68 -3,01 -3,56 -3,45 0,68 -1,44 1,09 

RoOECD -3,05 -8,09 3,37 -0,13 -0,27 -1,66 3,79 1,41 -7,31 -2,90 -2,03 2,69 1,16 

CHIND -0,31 -1,50 -1,53 0,06 -0,02 0,28 0,66 0,03 0,59 -1,56 -4,04 -3,51 -2,52 

TE -2,95 -0,95 1,15 -0,15 -0,15 -1,52 1,65 -3,61 -2,89 0,24 -2,54 10,93 2,51 

RoW -4,47 -0,75 -2,18 0,07 0,03 0,03 -3,17 1,11 -2,63 0,68 -7,82 -5,30 -4,39 
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Table 11: Labour demand in 2050 (% change wrt Baseline Scenario) - 2 °C temperature increase 

  

Agri-

culture 
Forestry Fishing Coal Oil Gas Oil_Pcts Electri-city Indu-stries Transport 

Resi-

dential 

Mkt 

Services 

Public 

Services 

Austria 5,68 -1,83 -3,26 -0,19 -0,35 -1,53 -1,50 -0,69 -0,18 -2,03 -0,27 -0,08 0,18 

Belgium -0,24 -2,24 -3,28 0,10 -0,14 -0,27 -0,48 0,18 0,55 -0,38 0,18 -0,24 -0,11 

Czech Republic 1,14 -1,66 -3,57 -0,13 -0,22 -0,38 -0,89 -1,37 -0,11 -1,14 0,09 -0,19 0,19 

Denmark 12,40 -3,63 0,19 -0,33 -0,61 -1,70 -2,51 -0,39 -1,13 -3,63 0,26 -0,30 0,39 

Finland 16,88 -3,40 3,89 -0,69 -0,89 -4,50 -4,08 -2,94 -4,03 -4,51 -1,68 0,07 0,84 

France -0,96 -2,87 -3,04 0,20 -0,14 -0,29 -0,34 0,50 0,76 -0,42 -0,04 -0,09 -0,07 

Germany 1,23 -3,42 -3,27 -0,17 -0,36 -0,95 -1,30 -0,75 -0,39 -1,49 -0,29 0,40 0,19 

Greece -5,70 -1,93 -2,02 0,83 0,87 2,46 4,75 4,14 1,51 8,70 -1,31 1,26 -0,52 

Hungary 2,66 -3,85 -4,50 0,12 -0,41 0,89 -1,67 0,98 -1,37 -2,15 -0,04 -1,26 -0,07 

Ireland 0,71 -2,76 -3,24 -0,02 -0,27 -0,59 -0,90 -0,04 0,52 -1,54 0,33 -0,41 0,01 

Italy -0,93 -1,04 -7,93 0,50 0,12 0,65 0,87 2,46 2,18 0,96 0,72 -0,73 -0,90 

Netherlands 1,70 -3,45 0,97 -0,04 -0,27 -0,27 -1,67 -0,21 -0,31 -1,15 -0,04 -0,14 0,10 

Poland 0,67 -1,82 -2,89 -0,08 -0,25 -0,88 -0,85 -0,98 -0,35 -1,11 0,09 0,19 0,35 

Portugal -2,68 -3,16 -3,90 0,59 0,22 1,56 1,56 2,87 3,20 1,54 -0,24 -0,50 -1,27 

Spain -5,85 -0,91 -4,47 0,97 0,51 0,79 3,08 4,94 3,89 3,89 -2,08 -0,12 -0,80 

Sweden 14,49 -2,49 0,01 -0,30 -0,60 -1,56 -2,80 -1,41 -1,62 -2,48 -2,06 0,63 0,34 

United Kingdom 3,83 -2,64 -2,34 -0,19 -0,38 -1,04 -1,73 -0,59 -0,66 -1,72 -0,23 0,38 0,25 

RoEU 2,36 -4,76 -7,03 -0,39 -0,55 -1,20 -2,64 -2,05 -1,69 -3,07 -0,22 -1,35 0,01 

RoOECD -0,86 -3,94 -0,98 -0,26 -0,61 -1,10 -2,42 -0,07 -2,54 -2,70 -1,14 1,06 0,06 

CHIND 0,74 -1,20 -1,54 0,33 0,09 0,93 0,96 1,39 0,60 -0,16 -0,41 -1,02 -0,40 

TE -0,42 -0,95 -1,19 -0,18 -0,31 -1,70 -1,35 -2,78 -1,00 -0,78 -0,38 3,96 0,48 

RoW -0,07 -1,23 -1,96 0,79 0,55 1,31 2,42 3,67 0,11 2,31 -0,30 -0,92 -0,59 
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Table 12: Labour demand in 2050 (% change wrt Baseline Scenario) - 4 °C temperature increase 

 

Agri-

culture 
Forestry Fishing Coal Oil Gas Oil_Pcts Electri-city Indu-stries Transport 

Resi-

dential 

Mkt 

Services 

Public 

Services 

Austria 8,16 -4,76 -9,65 -0,67 -1,17 -4,71 -4,49 -2,08 -0,35 -5,21 -0,25 0,10 0,93 

Belgium -0,37 -6,25 -10,21 -0,11 -0,73 -0,88 -2,79 -0,50 0,71 -1,48 0,73 -0,29 0,08 

Czech Republic 3,09 -4,47 -10,50 -0,65 -0,89 -0,86 -3,51 -4,40 -0,64 -3,28 0,50 -0,27 0,77 

Denmark 12,62 -9,92 -2,58 -0,71 -1,35 -3,73 -5,37 -0,44 -1,20 -6,18 -0,29 -0,21 0,81 

Finland 15,26 -7,64 6,06 -1,62 -2,22 -9,94 -9,51 -6,16 -8,43 -9,06 -2,66 1,29 3,35 

France -2,47 -8,16 -9,23 -0,03 -0,84 -1,76 -2,72 -0,13 0,88 -2,47 0,19 0,10 0,39 

Germany 3,38 -9,34 -9,40 -0,73 -1,35 -2,86 -4,36 -2,53 -1,51 -4,55 -0,03 1,22 0,95 

Greece -16,79 -4,57 -6,32 1,21 2,29 3,32 14,96 8,10 3,07 31,83 -7,80 5,21 -4,08 

Hungary 5,80 -9,44 -12,60 -0,16 -1,43 1,34 -5,99 1,19 -3,67 -5,56 0,36 -2,16 0,15 

Ireland 1,93 -7,31 -8,93 -0,44 -1,01 -2,12 -3,47 -1,12 1,33 -5,05 1,13 -0,95 0,05 

Italy -2,58 -2,40 -17,91 0,97 0,05 0,12 0,76 5,13 6,06 2,08 -0,49 -0,85 -2,96 

Netherlands 4,46 -9,74 -1,43 -0,52 -1,07 -1,22 -6,11 -1,60 -1,49 -3,32 0,12 -0,17 0,44 

Poland 1,98 -4,62 -9,03 -0,49 -0,97 -2,19 -3,19 -2,83 -1,08 -3,35 0,77 0,60 1,05 

Portugal -8,63 -7,40 -11,66 1,33 0,49 2,92 3,64 6,26 9,59 4,78 -3,31 -0,16 -4,64 

Spain -15,61 -1,84 -11,78 2,22 1,22 -0,63 7,30 10,91 10,68 11,15 -9,81 0,65 -3,83 

Sweden 15,07 -6,19 -4,26 -1,02 -1,81 -3,85 -7,98 -3,76 -4,14 -6,17 -4,08 1,55 1,77 

United Kingdom 5,37 -6,65 -7,46 -0,74 -1,25 -3,07 -5,28 -1,78 -1,55 -4,86 0,24 1,08 0,80 

RoEU 6,14 -11,85 -20,68 -1,56 -1,91 -3,70 -8,82 -6,73 -5,12 -8,91 -0,48 -2,97 0,63 

RoOECD -2,33 -11,06 -5,51 -1,32 -2,20 -4,07 -8,10 -2,02 -8,01 -8,49 -1,18 2,84 1,18 

CHIND 1,93 -3,07 -4,72 0,59 -0,06 1,11 0,48 2,28 1,91 -0,78 -1,68 -1,75 -1,92 

TE -1,49 -2,93 -2,10 -1,07 -1,49 -4,95 -6,11 -7,89 -4,60 -3,62 -0,45 13,24 2,27 

RoW 0,38 -3,28 -6,04 1,86 1,28 2,31 4,56 6,94 1,21 6,25 -2,61 -1,38 -2,92 
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Table 13: World prices in 2050 (% change wrt Baseline Scenario) ï 2 °C and 4 °C temperature increase 

 

 

 

Figure 14: World prices: % change wrt baseline - 2 °C temperature increase 
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Figure 15: World prices: % change wrt baseline - 4 °C temperature increase 

 

 

Figure 16: Terms of trade: % change wrt baseline - 2 °C temperature increase 

 

  














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































