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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 8 either directly or indirectly & 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

20/02/2013 -17-



Support to the development of EuAdaptStrat to Climate Change: s
Background report to the IA, Part | Aé“;*;‘taﬁdﬁ-
EXECUTIVE SUMMARY s

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 61 andscapesdé and distribut
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.

For soils climate change may aggravate erosion, decline in organic matter, salinization, soll
biodiversity loss, landslides, desertification and flooding. The effect of climate change on soil
carbon storage can be related to changing atmospheric CO, 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 (iliness); 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 21% 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.

The impact of temperatures increase, changes in precipitation regimes and sea-level rise will
affect 7 directly or indirectly i 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 i mpact gailyiveg imterma éf Eneploymenp, bouging,e 6 s

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).

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 di sproportionately on SME&6s including
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:

A 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.

A Climate policy Omainstr eami ng deasinglypimporaft i

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.

A 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.

A 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.

A 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.
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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 / Policy option Main expected economic, social and
No EU action environmental impacts
Currently information related to adaptation | NO policy change: Guidance document for developing | A  Avoided costs for data integration into
to climate change is unsystematically A Research on climate change and setting up interfaces between Climate-ADAPT, reduced costs for the end
collected and processed at different levels. - - Climate-ADAPT and other users in compiling and processing data due
adaptation would remain patchy and : S
Therefore information is often patchy and databases to increased data availability

un-coordinated and resting with -

several knowledge gaps exist. Further various initiatives without a common A Cost savings due to better quality control of

shortcomings relate to data sharing and approach. data in-put and through making the

linking relevant information bases to ) application development faster and easier

Climate-ADAPT, un-coordinated overlaps A Climate-ADAPT will not link to other A ) )

between different research streams of EU information  sources as  existing A Increased datr;l] shan;;?j f\nd cg;peranon
: : . among researchers and data providers

funding, varying approaches of modelling technical problems of interoperability g P

climate Change impaCtS and thus not are expected to be solved. .

Develop a knowledge gap strategy A

allowing comparability, missing collection ; ) i Increased costs for collecting information
in collaboration with MS

of data and information from the national, and organising the process, reduced costs
regional and local level (including the issue due to better coordination of research funds

of language barriers). .
A Enhanced cooperation among MS, COM

and research institutions

A Improved  knowledge  generation in
particular in relation to policy needs

Developing a common climate A

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

A 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:

A 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.

A 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.

A Beyond 2014 it remains unclear how
Climate-ADAPT will further develop
and which dissemination activities
will be carried out.

No EU action:

A 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

A

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

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

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

Additional costs for organising new events

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

Additional costs for reporting and quality
assurance

Saved costs for the user for collecting
information

Better access and dissemination of

information
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Brief problem description No policy change / Policy option Main expected economic, social and
No EU action environmental impacts

becomes obsolete quickly. .
A Reduces the options to deal with uncertainty

-

A National platforms  will  gain s
importance, and data and A Lack of funding for those research groups,
information related to adaptation will which do not follow this common approach

be spread out in various databases
at EU and national level.
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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
environmental impacts

expected economic, social and

The objective of the
Framework is to impr
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:

/A 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.

Trans-boundary issues will remain a
gap in most of the strategies.

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

A

Ve

A

Marginal costs for the elaboration

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

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

All impacts depending on the extent MS
take advantage of the funding to exchange
information
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Brief problem description No policy change / Policy option Main expected economic, social and
No EU action environmental impacts
plans, etc.).

-

A 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:

A 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.

/A 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

A

Impacts depending on concrete actions
proposed, costs are considered as marginal

Set new calendar for revision of key
EU legislation

Impacts depending on concrete actions
proposed, costs are considered as marginal

Institutionalise mainstreaming at EU
level by providing guidelines for
Commission internal 1A procedure
on how to consider climate change
adaptation considerations for
amendments and new EU policies

Impacts depending on the uptake of the
option, costs are considered as marginal

Supports mainstreaming at an early stage of
policy development

Might reduce maladaptive decisions
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Problem 4: Mainstreaming CC adaptation considerations into EU policies
Brief problem description No policy change / Policy option Main expected economic, social and

No EU action environmental impacts
case of energy (only TEN-E), transport expected.
(only TEN-T) or health only limited efforts A )
have been achieved so far A 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:

A

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 / Policy option Main expected economic, social and

No EU action

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:

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.

For the transport and energy sector it
is assumed that national and
regional approaches will prevail, but
differ among Member States.

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

Low costs and a high potential to improve
climate resilience of infrastructure

Strengthens adaptive capacity and climate
impact preparedness and responses in the
private sector

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

Anticipated high investment costs are
expected to be outweighed by the long term
benefits

Ensures mainstreaming of CC adaptation
into construction, transport and energy
sectors

Might trigger new studies and increased
cooperation among MS and infrastructure
operators
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Brief problem description No policy change / Policy option Main expected economic, social and
No EU action environmental impacts

re

A 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.

climate-resilient infrastructure in Europe.
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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

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 i creating market obstacles
for those left behind.

A 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 i
creating market obstacles for those
left behind.

A

Brief problem description No policy change / Policy option Main expected economic, social and
No EU action environmental impacts
Climate change exposes the private sector | No policy change: Engage with commercial banks A Mostly indirect impacts on  social,

environmental and economic issues

Financial institutions and banks might
communicate adaptation-related information
with their customers and supply chain
partners

Facilitates long-term investment in climate
resilience

Explore market based approaches

Depending on the definition and application
of the market based approaches

Can foster ooperation between different
authorities but also with the private sector
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Brief problem description No policy change / Policy option Main expected economic, social and
No EU action environmental impacts

Legislative actions requiring
companies to undertake risks
assessments along their supply

chains /A Job creation for certification

A Cost savings if adaptation measures are
implemented;

A No social and environmental impacts are
expected

A 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:

A 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.

A 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.

A 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 ASupport
adaptation to climate c¢han gundertake@ bylthéAnvitonBehtSER/ 2 0 ]
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:

A Objective 1: Furthering the understanding of adaptation, improving and widening the
knowledge base and enhancing access to adaptation related information A This
objective feeds into objective 1 of the EU Adaptation Strategy: Better informed
decision making.

A Objective 2: Support the development of a strategic approach to adaptation action
and mainstreaming of adaptation into policies at EU level A This objective feeds into
objective 3 of the EU Adaptation Strategy: Increasing the resilience of key vulnerable
sectors.

A 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. A This objective feeds into objective 2 of the EU Adaptation Strategy:
Increasing the resilience of the EU territory.

A 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. A This objective feeds into objective 3 of the EU
Adaptation Strategy: Increasing the resilience of key vulnerable sectors.

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

A Part | i Problem definition, policy context and assessment of policy options

Part | 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.

A Part 1l i Stakeholder Involvement

Part Il will comprise an overview of all stakeholder consultations and the analysis of the
public consultation. Part Il will be presented as a stand-alone document.

2.1 Approach used for part | 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-ADAPT".

! 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 Il 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 |

This background report Part | 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:

Ve

A Information on the problem definition and policy context (for various environmental
and human, social and economic issues) (cf. chapter 3);

A Main arguments stressing the need of a EU Adaptation Strategy (cf. chapter 4);
A Objectives of an EU Adaptation Strategy (cf. chapter 5);

A Potential policy options and analysis of potential economic, social and environmental
impacts (cf. chapter 6);

Ve

A Monitoring and evaluation (cf. chapter 7).

The following Annexes comprise complementary information and background knowledge,
detailed tables and model descriptions:

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

A The ICES model (cf. Annex 3);

Ve

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

A Relevant climatic drivers and their potential impacts in regard to environmental,
economic and saocial issues per policy area/sector (cf. Annex 5);

>

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

>

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

>\

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

p>N

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

>

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

>

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

T\

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

™

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)? 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 SRES?
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 criticized®,
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 l ead to a signi-fgolciacmyt o dreprage uire fhemco

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

¥ SRES: Special Report on Emissions Scenarios, see also
http://www.grida.no/publications/other/ipcc_sr/?src=/climate/ipcc/emission/index.htm

* 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 18611 1890 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)
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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 ENSEMBLES®.

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

® http://www.ensembles-eu.org/

20/02/2013 -40-


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

Support to the development of EuAdaptStrat to Climate Change: fs

Background report to the IA, Part | Cores, e
PROBLEM DEFINITION AND POLICY CONTEXT: ”‘dap,ta”l"i‘ﬁ

What is the issue or problem that may require action?

brief 1°). 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 6representative concentration pat hways©od (R
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

O0pat hwayso6) of reaching the predetermined | evel:
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 t hese uncertainties have to do with [
uncertaintieso) other relate to the intrinsic Ve
uncertaintieso).

® 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 fAuncertainty explosiono as these ranges are multiplied

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)

-

emission carbon cycle global climate regional range of

scenarios response = sensitivity = climate possible
change impacts
scenarios

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
oftheIPCC’.This report has a full chapter dedi

and treat ment of uncertaintyo, where sever al

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 -i three volumes to be released in 2013 and 2014), these recommendations were

cated

ren

taken into consideration i n n &ow fiog apnsidtentlyctreat n ot e t

uncer t gNasttaridreas 2010) recently issued by the Panel.

The AR5 will rely on two metrics for communicating the degree of certainty in key findings
(IPCC, 2010):

A 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.

A Quantified measures of uncertainty in a finding expressed probabilistically (based on
statistical analysis of observations or model results, or expert judgment).

" 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
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ltds not only the I PCC that has, in the past, ac
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:

Ve

A 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;

A 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

A CIRCLE-2 has started a joint initiative on the issue of dealing with and communicating
uncertainties in climate change and climate adaptation®.

A The UK has a long history in dealing with the question of uncertainties (e.g. Willows &
Connell, 2003). The UKCP09' provides probabilistic climate projections i different
future climate outcomes that have different strengths of confidence associated with
them.

A In January 2012, the first edition of the UK Climate Change Risk Assessment (CCRA)
has been released 1 report to be updated every five years. The report addresses over
100 impacts from different sectors.

A Aseries of repertforomnunt@uitchamey assessment €
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

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

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

1 RIVM/MNP Guidance for Uncertainty Assessment and Communication Series (2003), RIVM/PBL, Bilthoven, the
Netherlands.
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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
with Member States in 2012, the following barriers related to information and knowledge
gaps to developing national adaptation policies were identified:

A 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
projectdos data with a new Ol abel 6 called adaptat

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.

A 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
0 Uncertainties related to emission scenarios
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O O O O O O

Missing physical understanding

Land use developments

Changes in demographic development

Changes in technology and technological development
Economic developments

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 O O o

Limits in modelling the impacts
Potential environmental impacts
Potential social impacts
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

o0 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 21% 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 (107
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 8 either directly or indirectly 8 test the vulnerability
of European society with economic, environmental, societal, geopolitical and technological
risks'?2. 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.

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))
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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 vyields,
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.

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 i state and outlook 2010 (EEA, 2010i) shows that according to the
NatCatSERVICE (2010, 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 (ltaly, Greece).

4 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, 19807 2009 (Source: EEA, 2010i,
based on NatCatSERVICE, 2010
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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 19987 2009 as shown in EM-
DAT (Source: EEA, 2010i)
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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.

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
cli mate chan glitohal task (CHRELE,a2609"). 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

Sector/themes
affecting
others

Private sector, market, insurance,

Ecosystem-based adaptation &
finance

/Agriculture and Food security
Forestry

biodiversity

Soil and natural resources
Inland water

Marine and coastal zones
Construction/Buildings
[Transport

Energy

Disaster Risk Reduction
Health

Social Issues
Jobs/Employment

Agriculture and
Food security

Forestry

Ecosystem-
based
adaptation &
biodiversity

Soil and natural

!5 1st International CIRCLE Workshop on Climate Change Adaptation in Budapest - http://www.circle-
era.eu/np4/%7BS$clientServietPath%7D/?newsld=252&fileName=CIRCLE NAS Workshop Outcomes.pdf
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resources

Inland water

Marine and
coastal zones

Construction/
Buildings

Transport

Energy

Disaster Risk
Reduction

Health

Social Issues

Jobs/
Employment

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, %l ans,

options to avoid maladaptation®’.

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 StatesA To pr
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

6 Options that would generate net social and/or economic benefits irrespective of whether or not anthropogenic
climate change occurs.

m 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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ec 0 s y s t Bhimgsofurther spelt out in the new EU biodiversity strategy to 2020 (EC,
2011b), which goes on to state that i E ¢ 0 s ybased approaches to climate change
mitigation and adaptation can offer cost-effective alternatives to technological solutions, while

delivering multiple benefits beyond biodiversi

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 i i.e.
assessing the costs of damage from an economy-wide perspective based on economic
models, or bottom-up T i.e. estimating the costs of damage in specific sectors.

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

A Stemn (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.

A 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).
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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
economyinterms of GDP | oss is estimated to be

bet weer

scenario and 65 billion G4 for the 5. 4AC scenct

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.

The Conhaz project® 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) ofappr oxi mately 0u6.4 billion are

G 1i21.5 billion (in constant prices of 2006) by the end of this century, depending on the

'8 hitp://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 (20717 2100) and control period (19617 1990) for climate scenarios B2 Had-HIR (a), A2
Had- HIR (b), B2 Ech-RCAOQO (c) and A2 Ech-RCAO (d). Source: Feyen, et al, 2012

(a) B2 Had-HIR s 1S

Floerke et al . (2011) analysed the Europeds vulnerab
60Economy Firstd scenario where little attention
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
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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
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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 impacts™.

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
(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.

Y Fora 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 detailas muchaspossi bl e the EU countri es, wher eas

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
Belgium
Czech Republic
Agriculture
Denmark .
Timber
Finland Fishing
France Coal
Germany ol
Greece Gas
Hungary Oil Products
Ireland Electricity
Italy Other Industry
Netherlands Transportation
Poland Residential
Market Services
Portugal
- Public Services
Spain
Sweden
UK
RoEU
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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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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 respectively”®.. Impacts therefore are not linear in temperature. They are also
rather moderate in aggregate?'. 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 ltaly, 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
t he A1 mdaiossécronwhich is directly affected just by a very tiny productivity decline
induced by increased expected losses from floods.

Some results can be presented as follows:

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);

% 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.
%! 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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A 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;

A the decline in fishery production in Italy and Spain (-8.3%, -3.9% respectively in the
2°C scenario in 2050);

A 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 AValrasiang 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 11%?) 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

2 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
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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

cﬁﬁﬂr-e Forestry Fishing Coal Oil Gas Oil_Pcts | Electricity | Industries | Transport dii‘:'ilél Sel;Avli((t:es SZS?EZS
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
RowW -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

cﬁﬁtrxlr-e Forestry Fishing Coal oil Gas Oil_Pcts | Electri-city | Indu-stries | Transport dz‘?:i:xl Sel;/lvli(ct:es Szlrj\?iggs
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
RowW -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

Cﬁﬁﬂr-e Forestry Fishing Coal Oil Gas Oil_Pcts | Electri-city | Indu-stries | Transport dZifizl Sel;/lvli(ct:es Szlrﬁg(;s
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

Cﬁﬁﬂr-e Forestry Fishing Coal Oil Gas Oil_Pcts | Electri-city | Indu-stries | Transport di?jilél Se?(llli((zes SZ:J\?!ZS
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
RowW 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) i 2 °C and 4 °C temperature increase

2°C 4°C
Agriculture 2.00 5.42
Forestry -5.60 -14.51
Fishing -8.76 -25.43
Coal -0.75 -4.03
Oll -1.97 -7.12
Gas -1.82 -5.50
Oil_Pcts -1.93 -6.90
Electricity -1.11 -3.44
Industries -0.26 -0.89
Transport -1.06 -3.34
Residential 0.46 2.89
Mkt Services 0.12 0.49
Public Services -0.01 0.55

Figure 14: World prices: % change wrt baseline - 2 °C temperature increase

o o
PP S
B

® O
O
A A

S
DR

S o> oV D o> D o0 A DD
& PP PP P B PP
A AR A A7 AT A A S

<
2>
%
e
s
%
23
<o
o
<>
<
>
>
v>7
%
5
23
<%
2o
2
7
%
%
kS
%
kS
&
zs
K
o
2
J

2,

e —

-10

——Agriculture  ——Forestry ——Fishing ——Coal Ol —Gas ——Qil_Pcts

—Electricity Industries ~ ==—=Transport  ———Residential Mkt Services Public Services

20/02/2013 -73-



Support to the development of EuAdaptStrat to Climate Change: p

Background report to the IA, Part | e
PROBLEM DEFINITION AND POLICY CONTEXT: Adapt :

What is the issue or problem that may require action?

Figure 15: World prices: % change wrt baseline - 4 °C temperature increase
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Figure 16: Terms of trade: % change wrt baseline - 2 °C temperature increase
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Figure 17: Terms of trade: % change wrt baseline - 4 °C temperature increase
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3.1.7.2.3 Conclusions and caveats

To conclude the major caveats in interpreting the results presented in chapter 3.1.7.2.2 are
discussed in the following:

Firstly, the impact list here considered, albeit wide, is still incomplete. Extreme events like
droughts and more in general hydro-geological risk not only associated to river floods
deserve a much better coverage and consideration.

Secondly, the treatment of non market ecosystem losses is highly speculative, very rough
and uncertain. This is another field of research where economic assessment, especially
conducted with a macro perspective is almost lacking.

Thirdly, high simplifications have been also adopted to extrapolate impacts of the 2°C case to
the 4°C scenario which prevented the consideration of discontinuities which are typical of
environmental phenomena. By the same token, simplifying assumptions have been adopted
to match the geographical specification of the impact study source of the inputs for the CGE
model and that of the CGE model itself.

Fourthly, a set of specific warnings relate to the specific economic investigation tool used:
CGE model s are based on a AWalrasiano view of th
in equilibrium and respond to the decision of optimising agents. Accordingly they cannot
examine imperfect marketsd behavi owrelevanifaorthd he spe
analysis of labour market effects of climate change. Basically the current CGE model is not
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market may originate. In CGE models the adjustment to equilibrium is instantaneous, thus
they cannot represent frictions or transitions. CGE models are usually calibrated to some
specific years, thus they can offer reliable information only if the economic context remains
reasonably similar to the initial one, therefore they should be used only for short-term
analyses. CGE models are usually static and, when dynamic, they usually allow for myopic
expectations and systematic errors.

To conclude, CGE models are GDP oriented. Accordingly their assessment is more sensitive
to shocks affecting flows and not stocks. This means that for instance stock losses like those
affecting land or more generally property values are only indirectly and partially captured as
long as they impair the ability of one country to produce goods and services. In this sense
stock losses are underestimated by CGE models.

All this said, this exercise is, however, useful in highlighting at least some qualitative
tendencies and the order of magnitude of the phenomena involved.

3.1.8 Balancing adaptation types and mitigation
3.1.8.1 Introduction

Given its predominantly local nature, research on the costs and benefits of adaptation has
been mostly conducted through bottom-up studies (cf. Agrawala et al. (2011b) for a recent
survey). Although such studies can provide valuable information about the economic
performance, viability and side effects of specific adaptation measures, they are ill suited in
providing strategic long-term and economy-wide indication on the optimal resource allocation
across different climate change strategies, especially considering the interaction between
mitigation and adaptation.

The following analysis belongs to the recent, but growing literature addressing these issues,
using macroeconomic approaches (cf. e.g. Bosello et al. (2010a, b); Bahn et al. (2010); Hof
et al. (2009); Agrawala et al. (2010a); de Bruin et al. (2009a, b)). Adaptation is typically
modeled as an aggregate strategy, or strategy types, that are fostered by some form of
planned spending and that directly reduce net climate change damages. Adaptation is then
compared with mitigation and residual damages.

The following section analyses with a dynamic growth hard-linked integrated assessment
model, AD-WITCH (for a detailed description of the model please cf. Annex 4), the
interaction between different forms of adaptation, proactive, reactive, generic and specific
adaptive capacity, and mitigation. A novel feature introduced in AD-WITCH is that generic
adaptive capacity is endogenous as it depends positively on GDP, but negatively on
population. The focus is on the EU, although results are also reported for the world as a
whole.
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3.1.8.2 Simulation of two scenarios with the AD-WITCH model

Two different scenarios are analysed with the AD-WITCH model. The first scenario examined
refers to a medium climate change damage case where adaptation is the only pursued
climate change strategy. It assumes that the public good nature of mitigation and the
associated free riding incentive prevent the reaching of an international environmental
agreement. This leaves countries only to implement those climate change policies whose
benefits are fully appropriable; this is the case of adaptation. The first scenario thus refers to
a non cooperative situation in which countries do not internalise the emission externality;
accordingly mitigation, with its public good nature and the associated free riding incentive, is
practically zero. Adaptation on the contrary, private good fully appropriable by implementers,
is undertook optimally by individual regions which match its cost and benefits at the margin.

This scenario i named iBas el i ne
cli mat e

prese

nting

Def aul to
change

Figure 18 reports its major macroeconomic assumptions.

Figure 18: BaU Default scenario. GDP Population and Fossil fuels emissions

1

2005 2020 2035 2050 2065 2080 2095

Il n a

second

12000

10000

8000

5000

Million

4000

2000

0

2005 2020 2035 2050 2065 2080 2095

c o r rrWIBOH dasdise
very

damage

Si mi

t
|

0

ar

GTon CO2

—

prd

prd

.

2005

2020

2035

2050

2065 2080

2095

S ¢ e natian in the BuBirgss asbUsyal (Bad)default is backed by
a mitigation policy aiming at stabilising CO, concentration at 550 ppm. In this case it is
assumed that a world carbon market is fully efficient and operational allowing policy cost
minimisation across world countries/regions through the equalisation of marginal abatement
costs. The 550 ppm target is not consistent with the EU policy target of keeping temperature
increase below the 2°C within the century. In fact it is consistent with a temperature increase
of 2.5-3° C. Nonetheless we think is by far more realistic and still optimistic as it is consistent
with a full implementation of the current Copenhagen Pledges whose fulfillment is far from
granted. However, countries are still left with the choice on how much to invest in adaptation.

The questions this section tries to answer are thus the following:

A What forms could take an optimal adaptation mix?

A What is the scale of investment in the different types of adaptation?

A What their effectiveness in reducing climate change damages?
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A Assuming that a mitigation policy is implemented, is there still room for adaptation?

A How will adaptation interact with mitigation?

In the following, section 3.1.8.2.1 describes the model simulation results for the EU27,
section 3.1.8.2.2 drives major conclusions. Annex 4 introduces the AD-WITCH model used
for the assessment, analyses in depth the implementation of the adaptation module of AD-
WITCH and reports on world results.

3.1.8.2.1 Model simulation Results

Figure 19 reports the composition of total climate change costs in the EU27 in the Default
BaU scenario. If uncontrolled, climate change damages can reach 3% of the EU GDP in
2100. Optimal adaptation can however cost-efficiently reduce this. In 2100 an expenditure of
roughly 0.5% of GDP would halve the damage. Total climate change cost (that is, adding
adaptation expenditure to residual damage) would drop to 2.3% of GDP. It is also interesting
to note that adaptation remains negligible until 2035. This is a consolidated result from the
top-down modelling literature on adaptation and depends upon the calibration procedure.
Indeed according to the literature used as reference, still in 2050 adaptation expenditure is
very low (cf. Annex 4).

Figure 19: Composition of climate change costs in EU: BaU Default.
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Figure 20 disentangles adaptation expenditure in the EU into adaptation measures and
adaptive capacity building. The former is way higher than the second, building almost the
total of adaptation expenditure. This is not surprising also considering that the EU belongs to
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those developed regions in which adaptive capacity is already developed and large
adaptation gaps have not to be filled.

Figure 20: Composition of adaptation strategies in the EU (% of GDP) BaU Default. Capacity and
adaptation activities

0.60% 0.0030%

0.50% -+ 0.0025%

0.40% 0.0020%

0.30% 0.0015%

0.20% // 0.0010%
0.10% 0.0005%
0.00% -—/ I , : 0.0000%

2010 2025 2040 2055 2070 2085 2100

Percentage of Gross Domestic Product

e A | aptation Actions (left) s e cific Adaptive Capacity (right)

Figure 21 details the difference between anticipatory and reactive adaptation (for
completeness also investment in adaptive capacity building is reported). Not surprisingly
anticipatory adaptation starts before reactive adaptation. What is more interesting to note is
that anticipatory adaptation is predominant, constituting roughly the 56% of the total
adaptation bill. The model thus suggests that it would be optimal for the EU to devote more
resources to anticipate the damages building a stock of pre-defensive capital rather than act
in emergency or ex post. At the same time, not all the damages could be prevented,
therefore a non negligible amount of resources should be anyway devoted to recovery
measures.
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Figure 21: Composition of adaptation strategies in the EU (% of GDP) BaU Default. Reactive and
anticipatory adaptation to be read on the left axis, specific adaptive capacity building on the right axis.
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To conclude, Table 14 reports the expenditure in various adaptation forms in the EU in
absolute figures for the BaU Default scenario. In cumulated terms, the prevalence of
anticipatory adaptation is even more evident.

Table 14: Composition of adaptation expenditure in the EU (2005 US$ Billion): BaU Default

Anticipatory Reactive Specific Adaptive
Adaptation Adaptation Capacity

2010 0.34 0.19 0.00

2030 4.54 2.45 0.05

2050 39.63 19.76 0.49

2100 203.43 156.22 1.88

2010-2100

_ 866.873 559.50 9.178
Discount rate 3%

Let us now assume that a CO, concentration stabilization policy is put in place jointly with
optimal adaptation. The intrinsic assumptions are that a global environmental agreement is
enforced and that all participating countries have access to a fully operational global carbon
mar ket allowing to exploit at the maxi mum
costs are thus minimised by allowing the equalisation of marginal abatement costs across all
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countries. This in turn implies that countries with the higher marginal abatement costs are
called wupon a | ower mitigation effort. The int
answer are:

A What s the role of adaptation in the presence of mitigation?

A How much the former is affected by the latter?

As shown in Figure 22, mitigation and adaptation jointly further reduce the damage
potentially experienced by the EU. In 2100 residual damages are roughly 1.3% of GDP or
USS$ trillion 0.8 compared with the US$ trillion 1.2 accomplishable by adaptation alone. In
addition, not only residual damages, but also total climate change costs, i.e. including
mitigation and adaptation expenditures are lower when mitigation and adaptation are jointly
implemented than in the adaptation only case. According to Table 15 the total climate
change (mitigation and adaptation) policy costs amount to US$ 0.35 trillion to be added to
the US$ 0.8 trillion represented by residual damage. When adaptation is the only policy
implemented the total policy cost in 2100 amounts to more than US$ 0.36 trillion (Table 14)
that need to be added to 1.2 of residual damage. Summarising, replicating a well known first-
best efficiency principle, two instruments (mitigation and adaptation) can do no worse than
one, in fact they are welfare improving. A final interesting indication is provided on the timing
of mitigation and adaptation. As emphasised by Table 15, while adaptation starts to be
appreciable in the mid century (even though some adaptation action starts in 2020),
mitigation is aggressive since the beginning. This is because mitigation works against strong
climatic inertia (from 50 to 80 years) and therefore should be implemented well in advance to
produce some results. On the contrary, adaptation, also in its anticipatory form, works
against a shorter economic inertia and can be implemented more closely in time to the
expected damage occurrence?®. All this boils down in confirming the strategic
complementarity between mitigation and adaptation.

% Of course this is a modelling result which depends on model features. The general message thus should be
taken with a grain of salt. For instance coastal defences are usually planned on very long time horizon.
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Figure 22: Residual Damage in EU: Billion USD2005 (a) and % of GDP (b).
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At the same time mitigation crowds out adaptation (Figure 23). The presence of the global
mitigation strategy reduces climate change damages and accordingly the need to adapt.
Adaptation expenditure in the EU results indeed almost halved, and postponed, albeit
remaining important. Notwithstanding the presence of mitigation, there is a residual damage
that cannot be eliminated and that can be optimally dealt with adaptation. It is worthwile to
note that the decrease in adaptation expenditure is particularly relevant after the year 2030.
Figure 24 shows finally that all the different forms of adaptation - investment in adaptive
capacity building, reactive and proactive - are affected more or less uniformly. Accordingly,
the presence of mitigation does not penalize particularly one form of adaptation with respect
to another one.
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Figure 23: Total adaptation expenditure in the EU without and with mitigation.
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Figure 24: Adaptation expenditure by type in the EU without (left) and with (right) mitigation
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Table 15: Composition of climate change policy expenditure in the EU (2005 US$ Billion):

Stab Scenario.

.. . Specific o
Anticipatory Reactive P . Mitigation
. . Adaptive
Adaptation Adaptation : Costs
Capacity
2010 0.34 0.19 0.00 50.73
2050 24.74 13.87 0.29 109.70
2100 98.83 80.79 0.84 170.60
2010-2100
. 493.35 341.00 4.89 2940.84
Discount rate 3%

The major results referred to the EU27 can be summarised as follows:

If uncontrolled, climate change damages can reach 3% of the EU GDP in 2100. Optimal
adaptation can however cost-efficiently reduce this. In 2100 an expenditure of roughly 0.5%
of GDP would halve the damage. Total climate change cost (that is, adding adaptation
expenditure to residual damage) would drop to 2.3% of GDP. Adaptation, although starting
almost since the beginning of the simulation period, remains negligible until 2030. Indeed it is
put in place only when the climatic damage reaches a detectable magnitude.

Analysing the optimal adaptation basket, proactive and reactive adaptation build almost the
entirety of adaptation expenditure and the role of investment in adaptive capacity building is
negligible. This is not surprising considering that the EU belongs to those developed regions
in which adaptive capacity is already developed and large adaptation gaps do not have to be
filled.

Anticipatory adaptation is predominant, constituting roughly the 56% of the total adaptation
bill. The model thus suggests that it would be optimal for the EU to devote more resources to
anticipate the damages building a stock of pre-defensive capital rather than act in emergency
or ex post. At the same time, not all the damages could be prevented, therefore a non
negligible amount of resources should be anyway devoted to recovery measures.

When the CO, concentration stabilisation policy is implemented together with adaptation the
damage potentially experienced by the EU is reduced further. In 2100 residual damages are
roughly 1.3% of GDP or US$ trillion 0.8 compared with the USS$ trillion 1.2 accomplishable by
adaptation alone. In addition, not only residual damages, but also total climate change costs,
i.e. including mitigation and adaptation expenditures, are lower when mitigation and
adaptation are jointly implemented than in the adaptation only case: they are US$ 1.15 trillion
instead of US$ 1.56 trillion. Summarising, the joint use of mitigation and adaptation is welfare
improving.
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In terms of timing, while adaptation needs to take place large-scale in the mid century,
mitigation is important immediately. This is because mitigation works against strong climatic
inertia (from 50 to 80 years) and therefore should be implemented well in advance to
produce some results. On the contrary, adaptation, also in its anticipatory form, works
against a shorter economic inertia and can be implemented more closely in time to the
expected damage occurrence. All this boils down in confirming the strategic complementarity
between mitigation and adaptation.

At the same time mitigation crowds out adaptation. The presence of the global mitigation
strategy reduces climate change damages and accordingly the need to adapt. Adaptation
expenditure in the EU is reduced by half, and slightly postponed, albeit remaining important.
Indeed, notwithstanding the presence of mitigation, there is a residual damage that cannot
be eliminated and that can be optimally dealt with adaptation. All the different forms of
adaptation - investment in adaptive capacity building, reactive and proactive - are affected
more or less uniformly. Accordingly, the presence of mitigation does not penalize particularly
one form of adaptation with respect to another one.
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3.2 Who is affected, in what ways, and to what extent?
3.2.1 Climate impacts on economic sectors and systems
3.2.1.1 Agriculture

Early scenarios for European agriculture in a climate change context were developed in the
context of the ATEAM project (e.g., Ewert, et al, 2005; Rounsevell, et al, 2006). The PESETA
project addressed the potential impacts on crop yields in Europe on the basis of two GCMs
and two SRES scenarios (A2 and B2, cf. Figure 25 for an example, Iglesias et al., 2009). The
study also addresses adaptation options and adaptive capacity that would ameliorate the
potential impacts. Other studies developed scenarios to determine the effects of future
climates and socio-techno-economic developments for agricultural land use, combining
models of crop growth and farm decision making to predict profitability over the whole of
Europe (Audsley, et al, 2006; Berry, et al, 2006). They find that the main effects are expected
in the agriculturally marginal areas of Europe, while the variations are much more determined
by the economic scenarios than by climate change. Olesen et al. (2006) analyse a wide
range of SRES scenarios and find that the variation in simulated results attributed to
differences between the climate models were, in all cases, smaller than the variation
attributed to either emission scenarios or local conditions, and that the methods used for
applying the climate model outputs played a larger role than the choice of the GCM or RCM.
Because of a longer growing season and higher CO, concentrations, Olesen et al. (2006)
find an increased thermal suitability for grain maize cultivation and strong increases in net
primary productivity in Northern Europe. Hermans et al. (2010) show that under a global
market scenario agricultural productivity increases, while less agricultural land will be needed
to supply the European demand for food. The results indicate a further concentration of
economically and agriculturally strong areas, despite strong population pressures in some of
these regions. The economic strength of the agricultural businesses gives them a strong
competitive advantage in a global market. Regions which currently have a low
competitiveness will have great difficulties in obtaining a stronger market position. This also
shows that non climate drivers play an important role in the development of the European
agriculture.

In general the scenario studies focus on changes in land use and productivity. Next to
climatic drivers, important drivers for the development of agriculture are social and economic
changes, such as changes in consumption, technology development, urbanisation and
globalisation. The impact of weather extremes on farm systems and productivity are not
included in most scenarios.

The Commission periodically publishes outlooks for EU agriculture and rural areas in which it
is observed that climate change will remain to influence the market outlook, with
unpredictable weather patterns leading to supply fluctuations (EC, 2010q). The Scenar 2020
studies for DG AGRI identified and analysed a number of long-term trends concerning the
demographic developments in rural regions, the dynamics of rural areas and the future of the
agricultural economy including the environmental dimension for the EU, in its planned and
potential future geographical shape until 2020 (Nowicki, et al, 2006, 2009).
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Figure 25: Crop yield changes under the HadCM3/HIRHAM A2 and B2 scenarios for the period 2071 - 2100
and for the ECHAM4/RCA3 A2 and B2 scenarios for the period 20117 2040 compared to baseline
(Iglesias, et al, 2009)
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From the literaturet her e i s evidence that Europe is one
productive suppliers of food, including both arable crops and animal products. In 2008

Europe accounted for 19% of global meat production and 20% of global cereal production

(Olesen, et al, 2011). Due to the small proportion of total GDP and employment related to
agriculture in Europe, the vulnerability of the overall European economy to changes in
agricultural production is low. However, in areas which are strongly depending on agricultural
production the effects may be substantial (Maracchi, et al, 2005).

Climatic conditions affect agriculture and the water resources needed to maintain stable
production levels in many areas of Europe (Ciscar, et al, 2009). Various authors distinguish
between direct and indirect effects of increased greenhouse gas emissions on the agro-
ecosystem. Direct effects are primarily due to higher CO, levels and include increased
biomass production and water use efficiencies. Indirect effects are related to climatic
components such as temperature, precipitation, extreme events, radiation and humidity
(Olesen & Bindi, 2004) which in turn influence crop growth and occurrence of weeds, pests
and diseases (Olesen, et al, 2011) (cf. also chapter 3.2.2.3.3). Changes in temperature,
radiation, precipitation and CO, concentration also impact plant water uptake (Supit, et al,
2010).

When studying the effects of climate change on agriculture in Europe, most literature makes
a distinction between effects in Northern and Southern Europe. In Northern Europe, positive
impacts of climate change on agriculture are expected. These are related to longer growing
seasons, introduction of new crop species and varieties, higher crop production, and
expansion of suitable areas for crop cultivation (Carter, 1998). Positive effects on agriculture
in the whole of Europe include a potential increase in CO, fertilization of plants. In Southern
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Europe however, the benefits of projected climate change will be limited, while the
disadvantages will be prevalent. Disadvantages include increased water demand and
periods of water deficit, extreme weather events (heat, drought, storms), loss of soil carbon
content, erosion, lower harvestable yield and higher yield variability, increased pesticide
requirements and crop damages, and reduction in suitable areas of traditional crops (Olesen
& Bindi, 2004; EC, 2009a; Maracchi, et al, 2005). Rising sea levels may lead to a loss of
farmland as a result of inundation and increasing salinity of soils and fresh water supplies,
particularly in low-lying areas such as the Netherlands (Iglesias, et al, 2009; Falloon & Betts,
2010). Figure 26 gives an overview of the projected impacts of climate change in different
European regions.
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Figure 26: Projected impacts from climate change in different EU regions, Source: EC, DG Agriculture
own elaboration based on literature.?*
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Socio-economic characteristics also influence the vulnerability and adaptive capacity of the
European agriculture. Impacts of climate change and variability largely depend on farm
characteristics (e.g. intensity, size, land use). Farm characteristics influence management
types and adaptation. As different farm types adapt differently, a large diversity in farm types
reduces impacts of climate variability at regional level. Certain farm types may remain
vulnerable while others are resilient to climatic changes. These factors are often ignored in
scenario studies (Reidsma, et al, 2010). Farm management and adaptation can largely
reduce the impact of climate change on crop yields and farmers income (Reidsma, et al,
2010).

3.2.1.2 Forestry

Only limited broad scale knowledge is available regarding the prediction of impacts of climate
change on European forests (EC, 2010f). This statement was confirmed two years later

24 hitp://ec.europa.eu/agriculture/publi/fact/climate_change/leaflet_en.pdf
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within an expert workshop carried out in the context of the development of the EU adaptation
strategy by several experts®.

Even if some progress has been made, only a patchy picture can be drawn and there is still a
lack of EU wide impact studies. The following note summarises the main findings on how
climate change might impact EU forest systems.

3.2.1.2.1 Change in species and forest patterns

Based on a literature survey the following picture can be drawn: Climate change is
expected to have various complex effects on European forests, at least in the mid to long
term (Lindner, et al, 2010). Forests and the way they are managed are particularly sensitive
to climate change because the long lifespan of trees does not allow a rapid adaptation to
environmental changes (EC, 2010f). Effects of climate change include increased risk of biotic
(pests and diseases) and abiotic (droughts, storms and fires) disturbances to forest health.
However, the exact effects of climate change on forests are complex and not yet well
understood. 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. Next to negative climate change impacts, especially in the long term, opportunities
arise as well in the forestry sector. Evidence to date suggests that productivity in Northern
and Central Europe has increased and is likely to continue to increase. Further, northward
expansion of potential distribution of some tree species is expected and potentially more
favourable conditions for summer recreation in mountainous regions will exist (Lindner, et al,
2010). However, with more drastic changes in climate towards the end of the 21th century,
severe and wide ranging negative climate change impacts have to be expected in most
European regions (Lindner, et al, 2008), with the Mediterranean region as the most
vulnerable to climate change based on potential impact assessment and adaptive capacity
(Lindner, et al, 2010).

Based on a literature survey (Turbe, et al, 2012) Table 16 summarises the impact of climate
change on the distribution of tree species and impacts on abiotic factors considering the
different forest types as follows.

ZCf. exper tCimtechamgeo and t he f d9.6201 (hyp/svevdréesb-r 6 hel d
thoughts.eu/events.php?eventid=54&site=about and Background report to the IA, Part Il). Also a recent large
scale conference (see http://www.gip-ecofor.org/tours2012/) has clearly demonstrated this fact as most of the
presentations are focusing on local/regional case studies or only a specific trees species.
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Table 16: Impact of climate change on the distribution of tree species and impacts on abiotic factors

Forest type Climate change Change in tree Change in abiotic
expected species distribution factors due to climate
due to climate change
change
Boreal 4-5°C of temperature Expansion of the broad Foreseen increase of
increase leaves deciduous trees damage by wind and
. . area northwards storms
A 40% increase in yearly
precipitation
Atlantic A 2°C of temperature Decrease of conifers More frequent extreme
increase distribution area events like storms and

flood in winter mainly

Continental 3-4.5°C of temperature Decrease in the number Increase of the vulnerability
increase and global of F. sylvatica to water stress in some
decrease in precipitation areas

with changes in inter-and

. o Incr f th Inerabili
intra-annual distribution crease of the vulnerability

to frost for some tree
species

Mediterranean 3-4°C of temperature Progressive extinction of | Drought stress increasing

increase the European Beech '
Forest fires become a

A 20% decrease in yearly bigger threat

recipitation e
precip Threat of desertification

and soil loss
Mountainous Rapid increase of the Predicted shifts in Forest fire threats in the
temperature compared to distribution of Pyrenees and in temperate
the other forest types herbaceous, dwarf shrub | mountain range

alpine plants and even
tree species

In mountainous regions, a temperature-induced upward shift of the tree line will improve
protection against natural hazards by stabilizing soils and erodible mass and reducing runoff
peaks. For highly specialized alpine plant communities the upward shift of the tree line
ecotone is a substantial threat. However, in managed forests where human interventions
strongly affect the biodiversity, increased competitiveness of species-rich broadleaved forest
communities can increase biodiversity.

Scenarios for forestry in Europe in a climate change perspective often focus on the effects
of forest management strategies and/or climate change on carbon stocks and flows, such as
analyses of the European Forest Institute. Based on three contrasting scenarios, the
European Forest Sector Outlook Study (UNECE/FAO, 2005) presents long term trends for
supply and demand of forest products and services and outlook to 2020 in Western and
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Eastern Europe and also notes the potential for mitigation. Even taking into account the large
uncertainties, for the forestry sector in Europe, climate change may offer opportunities for the
forestry sector by higher productivity and northward shifts of tree species. Climate change on
the other hand may reinforce damage by drought, fire, storm and insect calamities (Forest
Europe, UNECE & FAO, 2011) Forestry is also linked to climate impacts and human health
through forest fires affecting air quality (e.g. EEA, 2006).

In the European ECOCHANGE project?®, different modelling approaches have been used to
better understand and evaluate the impacts of the climate change on ecosystem. To assess
the impacts on forestry the CARAIB dynamic vegetation model (Dury, et al, 2011) under a A2
scenario was applied leading to the following results. Climate change might strongly modify
around 60 % of the European vegetation resulting in a cover change. Around the
Mediterranean Basin and the Black Sea, future landscape is likely characterized by more
open vegetation. The warm temperate open woodland expands to the detriment of temperate
broadleaved deciduous forests. The Mediterranean vegetation shifts northwards, towards
Western and Central Europe. Temperate and boreal forests shift northwards and eastwards
as well as upwards in the mountainous regions. As a consequence of this tree-line
displacement, European tundras might disappear almost completely and might be replaced
by boreal forests. The shift from mixed forest (deciduous and conifers trees) to deciduous
forest is favoured under rising CO, conditions.

The FP7 project MOTIVE (MOdels for AdapTIVE forest management)?’ has recently
produced a number of results documenting
forests. The project evaluates the consequences of the intensified competition for forest
resources given climate and land use change. The project focuses on a wide range of
European forest types under different intensities of forest management. In particular,
MOTIVE examines impacts with respect to the disturbance regimes determining forest
dynamics. Based on a multitude of Regional Circulation models the projects demonstrates
that only early successional (pioneer) tree species, for example birch, may reach migration
rates which are sufficiently large (ca. 1 km per year) to track recent rapid climate change.
Late successional species e.g European beech or oaks), reveal very low migration rates
which are considered to be insufficient to track on-going and accelerated climate change. For
these tree species, therefore, major biome shifts under rapidly changing climatic conditions
will only be possible with human intervention such as assisted migration (Vanttinen, 2012).

3.2.1.2.2 Changes in yields/productivity

The combination of rising CO, concentrations in the atmosphere and increasing
temperatures result in changing productive patterns of forests and shifting distribution of
forest biomes.

% hitp://www.ecochange-project.eu/
27 hitp://motive-project.net
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In Northwest Europe, where water supplies are not a limiting factor, growth rates are likely to
be enhanced by a combination of rising CO, levels in the atmosphere, warmer winters and
longer growing seasons, and increased nutrient availability as a result of atmospheric
deposition and increased soil mineralisation (Lindner, et al, 2010). Maracchi et al. (2005)
state that the climatic zone suitable for boreal forest can be enlarged by 150- 550 km due to
rising (winter) temperatures. As a consequence, timber yields may increase in Northern
Europe in the mid to long term with 8-22%, depending on climate scenario and species. Also,
the accumulation of carbon in biomass will be enhanced (Lindner, et al, 2010). However,
higher winter temperatures will shorten the period with frozen soils and snow cover. This
results in a reduced availability to harvest timber due to inaccessibility of forest resources
outside the frost period, which will pose a threat to the industry (Lindner, et al, 2008;
Maracchi, et al, 2005). Projections of the development with the model EFISCEN, show that
for all projected climate scenarios, climate change resulted in an increased forest growth,
especially in Northern Europe. In Southern Europe increased precipitation in spring and
increased water use efficiency of trees as a result of higher CO, concentrations compensate
for increased summer droughts (Eggers, et al, 2008). Sarris et al. (2011) state that climate
change will lead to more severe growth reduction, tree mortality and damage from forest fires
on Pinus Halepensis Miller in the Mediterranean.

The latest result from the FP7 project MOTIVE (Reyer, et al, n.d.) which on one hand carried
out a literature review and on the other hand simulated net primary production came to the
following conclusion in relation to productivity:

Most studies in Northern Europe zone show productivity increases and higher carbon
stocks under global change scenarios.

The response to global change is positive and negative in Central Europe.

In the Mediterranean, the response depends strongly on CO,. However, only a limited
number of subZegions and tree species are covered.

The degree of acclimation to higher CO,4evels is crucial.

The increase in productivity in Northern Europe contrasts with Southern Europe as the
positive effects of a rising temperature on tree growth could be counteracted by limited water
availability. Despite the fact that CO, enrichment is likely to increase water use efficiency,
more frequent and severe summer droughts may negatively influence forest stands.
Droughts resulting from increased (summer) temperatures and (possible) reduced summer
precipitation are likely to lead to reduced productivity (Lindner, et al, 2010; Maracchi, et al,
2005).

Increases in frequency, intensity and duration of drought and heat stress could fundamentally
alter composition, structure and biogeography of forests in many regions. Of particular
concern are potential increases in tree mortality associated with climate-induced
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physiological stress and interactions with other climate-mediated processes such as insect
outbreaks and wildfire (Allen, et al, 2010).

More extensive forest fires, especially in the already fire-prone Mediterranean areas, but also
in the Temperate Continental and Boreal regions are expected (Lindner, et al, 2010;
Maracchi, et al, 2005). While small to medium fires have little or no negative impacts, more
severe fires can cause significant damage to forests stands and ecosystems (Lindner, et al,
2008). Ultimately, droughts can lead to desertification in some areas in Southern Europe. As
extended droughts have much more drastic consequences on tree growth and survival than
gradual changes in average climatic conditions, climate variability is of particular importance
in this respect (Lindner, et al, 2010).

Wind throw and other storm damage is most relevant in Central, Western and Northern
Europe. It is uncertain whether the frequency of Atlantic storms will increase in the future.
However, local thunderstorms may be more intense and damage may be greater in
combination with water saturated soils and decreased soil freezing which reduces stand
stability. The economic impacts of wind damage are particularly severe in managed forests
(cf. also Figure 27) because of the reduction in the yield of recoverable timber, the increased
costs of unscheduled thinning and clear-cutting, and resulting problems in forestry planning
(Maracchi, et al, 2005).

Changes in the patterns of disturbance by forest pests (insects, pathogens and other pests)
are expected under a changing climate as a result of warmer temperatures, changes in
precipitation, increased drought frequency and higher carbon dioxide concentrations.
However there is evidence from an FAO desk review that climate change is having
considerable and widespread impacts on forest health worldwide, and, as a result, on the
forest sector (FAO, 2008). Climate change can affect forest pests and the damage they
cause by: directly impacting their development, survival, reproduction, distribution and
spread; altering host physiology and defences; and indirectly by impacting the relationships
between pests, their environment and other species such as natural enemies, competitors
and mutualists (ibid).

Estimates of the possible influence of climate change on insect infestation are uncertain due
to complex interactions between forests, insects and climate (Maracchi, et al, 2005; FAO,
2008). However, studies show that a changing climate will have an impact on both temporal
and spatial dynamics of pest species. Increasing temperatures and altered patterns of
precipitation influence the frequency and intensity of forest pest and pathogens species as
well as their spatial distribution, size and geographical range. This can result in serious
damage to both protected forests and those used for timber production. Norway spruce and
pine forests as well as forests stands of oaks are expected to be most affected by biotic
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disturbance agents. As these tree species are of high economic importance, a higher
probability of damage might put European forests at risks (Lindner, et al, 2008). Wolf et al.
(2008) studied the effects of background herbivory by insects on vegetation growth and
production with the GUESS model framework. Temperature rise is likely to enhance the
potential insects” impact on vegetation. The impacts are strongest in eastern parts of Europe,
where potential insect damage to Betula pubescens (Downy Birch) can increase by 4i 5%.

Regions that represent northern or upper distributional limits, such as the Alps or the Boreal
zone, will probably be most affected by an increase in stability and population density of
certain pest species. Central and Northern European forests will be increasingly predisposed
to fungal diseases that benefit from longer growing seasons associated with higher
temperatures. In turn, the increased amounts of precipitation during summer as expected for
Northern Europe can support the spread of fungal diseases. In Eastern Europe, more
frequent occurrence of warm and dry years could promote pest and pathogen development.
It is likely that the present distributional range in the southern part of Europe will become too
warm for certain species, not only resulting in northward and upward shifts but also leading
to a decrease in species. The probability of the establishment of exotic species will increase
(Maracchi, et al, 2005).

Some pest might also turn forest from a carbon sink into a major carbon source, on its own
accelerating global warming (e.g. large scale outbreaks of mountain pine beetle in British
Columbia, Canada). The mountain pine beetle killed twenty million acres of trees between
the mid 1990s and 2006 and was the largest outbreak of mountain pine beetle ever
recorded. According to calculations, by 2020 the beetle outbreak will have released 270
megatonnes of carbon dioxide into the atmosphere (Kurz, et al, 2008).

Due to climate change, previously inhospi
that are accidentally transported through international trade in wood products, seeds or
nursery plants 8 as well as trade in other commodities packaged with wood materials.
However according to new (alien or exotic) insect species that may present a future threat to
woodland are more likely to be driven by global trade as by climate change (FAO, n.d.).
Recognising the increasingly serious problem of invasive alien species in Europe, the
Commission is currently working on a dedicated legislative instrument on Invasive Alien
Species which is due to be adopted in 2012. In the context of preparing these legislative
acts, the Commission has set up several working groups. The working Group on Risks
recommends to include climate change in common framework for Invasive alien species risk
assessment.

In Europe no detailed assessment has yet been made of the economic implications of
climate change, nor of the potential costs of the various adaptation measures needed. In
general, both the implications and the costs are affected by national and international forest
(and energy) policy and global markets, in addition to the supply, demand and price of wood
(Lauri, et al, 2011).
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During the stakeholder meeting convened with forest experts in June 2012 it came clear that
the overall damage due to natural catastrophes has increased massively over the last 10
years in several regions. Figure 27 shows an example from Austria (McCallum, et al, 2013).

Figure 27: Damaged Wood Development of Osterreichische Bundesforste AG
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Tol (2002) performed estimations for forestry. He based his calculations on a study of Perez-
Garcia et al. (1996). He estimated that the impact of a 1°C global temperature rise and CO,
fertilization is 134 million USD for OECD-Europe. For Central Europe and the former Soviet
Union the impact is negative. The damage costs are 136 million USD.

3.2.1.3 Transport

We focus in the transport sector mainly on climatic pressures for the infrastructure and partly
on transport equipment. The following four transport modes will be taken into account: a.) rail
(railways); b.) road (roads in general and specific cases of coastal and mountain roads); c.)
shipping (inland and ocean shipping, ports) and d.) aviation (airports). Furthermore, this
document includes the issue of urban transport which might combine all four transport
modes.

Consequences of climate change will be both negative and positive for transportation
infrastructure (Vajda, et al, 2011). The infrastructure will experience impacts unique to each
mode (e.g. scour on bridge supports), but many impacts, such as flooding and erosion, will
be common across all modes. Furthermore, impacts will differ from region to region. In
addition, the condition of the infrastructure itself will affect the impacts experienced.
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Generally speaking, the frequency and intensity of weather and climate extremes are likely to
continue to change in the future due to the projected climate change. Thus, adverse and
extreme weather events, such as heavy rain (e.g. causing floods), heavy snowfall, strong
winds, 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 that improve traffic conditions.

The following tables (Table 17 to Table 21) provide a summary on future climatic pressures
which may affect the rail infrastructure negatively. The summary is based on Altvater et al.
(2011b) and has been further developed with additional information from literature.

Table 17: Climatic pressures on RAIL infrastructure

Climatic
pressures

Risk

Time frame of
expected impact

Area mainly
affected

Summer heat

Rail buckling; material fatigue; increased
instability of embankments; overheating of
equipment (e.g. engine ventilation,
climatization);

increase wildfires can damage infrastructure

Medium negative
(2025; 2080) to high
negative (2080)

Southern Europe
medium negative
until 2025 and high
negative until 2080;

West, East and
Central EU medium
negative until 2080

Winter cold/ice

Ice on trains and catenary

Medium negative
(2025; 2080)

Northern Europe,
Central Europe

Extreme
precipitation

Damage on infrastructure due to flooding
and/or landslides; scour to structures;
destabilization of embankment

Medium negative
(2025) to high
negative (2080)

European wide

Extreme storms

Damage on infrastructure such as signals,
power cable etc. (e.g. due to falling trees,
etc.

In general: reduced safety; increased cost

for reparation and maintenance; disruption
of Ajust in time" del
passengers

No information

No information
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Table 18: Climatic pressures on ROAD infrastructure

Time frame of

Considered Climatic . Area mainly
Risk expected
part pressures . affected
Impact
Pavement deterioration and
subsidence; melting tarmac; Medium negative Southern
reduced life of asphalt road ) 9 Europe (2025),
(2025; 2080) to
Summer heat surfaces (e.g. surface cracks); - . West, East and
. S high negative
increase wildfires can damage (2080) Central EU
infrastructure; (2080)
expansion/buckling of bridges
Damage on infrastructure (e.g.
pavements, road washout);
Roads Extreme road submersion; scour to Medium negative

(including other
infrastructure
such as
bridges,

tunnels etc.

precipitation/
floods

structures; underpass flooding;
overstrain drainage systems;
risk of landslides; instability of
embankments

(2025) to high
negative (2080)

European wide

Extreme storm
events

Damage on infrastructure;
roadside trees/vegetation can
block roads

In general: speed reduction;
road closure or road safety
hazar ds;
time" delivery of goods; welfare
losses; higher reparation and
maintenance costs

di srup

No information

No information

Coastal roads

Sea level rise

Extreme storm
events

Sea level rise, extreme storm
events and heavy precipitation:

Damage infrastructure due to
flooding; coastal erosion; road
closure

Medium negative
(2080)

No information

European wide

No information

Heavy Medium negative European wide
precipitation (2025) to high P
events negative (2080)
Mountain road Permafrqst Decre_ase .0f stability; ro.ckfalls; No information No information
degradation landslides; road closure;
Sewerage Heavy Overloaded sewerage system Medium negative
precipitation can cause road flooding and (2025) to high European wide
system . ;
events water pollution negative (2080)
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Table 19: Climatic pressures on AVIATION infrastructure

Considered Climatic Risk Time frame of | Area mainly
part pressures expected affected
impact
Greater need for ground cooling; | pmedium  negative
Summer heat | degradation of runways and | (2025; 2080) to | Southern
runways foundations; | pigh negative | Europe (2025),
higher density altitudes causing | (2080) West, East and
reduced engine combustion Central EU
efficiency; decrease airport lift (2080)
and increased runway lengths
Heavy Flood.damage to runways and Medium negative | European wide
o other infrastructure; water runoff .
. precipitation . . (2025) to high
Airports avents exceeds capacity of drainage negative (2080)
(including system
runways)
Wind damage to terminals, | No information . .
Extreme storms . . . No information
navigation, equipment, signage
Flooding of runways, out-
buildings and access roads
Sea level rise In general: interruption and (I\gt(e)c;gj)m negative European wide
disruption to services supplied
and to ground access; periodic
airport closures; higher
maintenance costs
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Table 20: Climatic pressures on SHIPPING infrastructure

Considered
part

Climatic
pressures

Risk

Time frame of
expected
impact

Area mainly
affected

Inland
shipping

High river flow (e.g.
extreme
precipitation,
melt)

snow

Problems for the passage of
bridges; speed limitations
because of dike instability;
some restrictions to the height
of vessels

Medium
(2080)

negative

European wide

Low river flow (e.g.
drought)

Strong restrictions to the
loading capacity; navigation
problems, speed reduction

Medium negative
(2025) to high
negative (2080)

South, East
and Central
Europe; in
2080 also
Western
Europe

Change in ice cover

In general shorter periods of
ice cover can be expected;
nevertheless warm and early
winters, followed by a rapid
decrease in air temperature,
may result in thicker or rougher
ice cover formation and thus,
lead to ice jams, damage to
navigation signs and
infrastructure (e.g. locks)

In general: disrupt i on of
time" delivery of goods; stop of
inland shipping; welfare losses

No information

No information

Maritime
transport

Sea level rise

Navigability could be affected
by changes in sedimentation
rates and location of shoals
(TRB, 2008); more frequent
closure

Medium
(2080)

negative

European wide

Change in
conditions

sea

More severe storms and
extreme waves might affect
ships (DNV 2009%%)

No information

No information

2 hitp:/Avww.dnv.com/press_arealpress_releases/2009/designchangesneededforextremestormpredictions.asp
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Time frame of

Considered Climatic : Area mainly
Risk expected
part pressures : affected
impact
Reduce problems with ice
Less days below accumula.tlorll on  vessels, Medium  positive .
. decks, riggings and docks; European wide
freezing . (2080)
occurrence of dangerous ice
fog (TRB, 2008)
Summer sea ice
could completely
Improved  access; longer | disappearin
Reduced sea ice shipping seasons; NeW | the Arctic Ocean | No information
shipping routes (TRB, 2008) somewhere
between 2013 and
2040%
Extreme storm | Storms, sea level rise and | Storms: no . .
. . . No information
events floods/landslide may cause: information
Devastation of infrastructure; .
Sea level rise:
Sea level rise interruptions and bottlenecks in | medium negative | European wide
the flow of products through | (2080)
ports
Ports

Floods/landslide

Ingeneral: di srupti or
time" delivery of goods; welfare

losses; increased cost for
reparation and maintenance

Floods/land-slide:
medium negative
(2025) to high
negative (2080)

European wide

% WWE, Climate change: faster, stronger, sooner, A European Update of climate science, 20 October 2008.
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Table 21: Climatic pressures on URBAN TRANSPORT

Tvoe Climatic Risk Time frame of | Area  mainly
yp pressures expected impact affected
Increase of the heat island
effect (e.g. melting asphalt, 2025: Southern,
increased asphalt rutting Eastern EU
Temperature due to material constraints, Medium negative to
increase and heat | thermal  expansion  on extreme ne %tive 2080:  Northern,
waves bridge expansion joints and 9 Southern,
paved  surfaces, and Eastern, Central
damage to bridge structure EU
Urban material)
Transport
(road 2025:  Southern,
infrastructure, , Western
. Heavy Damage to infrastructure Medium negative
bike Ianes_, precipitation due to flooding, property at 2025-2080 tog hiah 2080:  Eastern,
walkways, rail | events (extreme | risk due to location, heavy ( t" 2())80 9" | southern,
infrastructure, | flash floods) water run-off negative ( ) Northern,
waterways, Western, Central
public and EU
private _
transport) Risk of inundation of road 2025:  Southern,
Western,

Sea level rise and
storm surage
flooding

infrastructure and flooding
of underground tunnels,
degradation of the road
surface and base layers
from salt penetration

Medium negative to
extreme negative

Northern EU

2080: Southern,
Western,
Northern EU

Extreme storms,
strong winds

Damages, increase  of
maintenance cost

Small to medium

impacts

European wide
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Looking at the specific transport modes in detail, main threats of climate change to the
railways are higher temperatures and extreme weather events like floods or storms. The
effects of these events are increased risk of track buckling, instability of embankments or
damage to infrastructure such as overhead wires. In addition, the capacity of railways can be
impaired during heat waves. As the climate warms, milder winter conditions would likely
improve the safety record for rails in some regions.

Less work has been done on assessing the future vulnerability of road infrastructure.
Nevertheless, due to higher temperatures impacts on road pavement and subsidence as well
as reduced life of asphalt road surfaces can be expected. Roads can be blocked by forest
fires. Summer droughts might have critical impacts on road embankments and foundations.
An increase of precipitation intensity will damage the infrastructure (e.g. pavements, road
washout) and lead to road submersion, scour to structures as well as to overstrain drainage
systems. Traffic jams are more likely to occur during rainfall. Warming winter temperatures
will bring about reductions in snow and ice removal costs. Nevertheless, more freezei thaw
conditions may occur, creating frost heaves and potholes on road and bridge surfaces and
resulting in load restrictions on certain roads to minimize the damage (Enei, et al, 2011).

In Europe, the most important inland waterways covered comprise the Rhine, the Danube,
the Elbe and the Seine Nord Canal, representing the Rhine, the south-east, the east-west
and the north-south inland waterway axes. Similarly to other modes of transport, inland
waterway transport might be affected by climate change negatively, e.g. increasing
occurrence of heavy rainfall, in particular in association with snow melt, may lead to floods
resulting in suspension of navigation and causing damage to the inland waterway
infrastructure. Negative impacts might also be expected in case of long periods of drought
which may lead to low water levels and reduced discharge, thus requiring a decreasing load
factors and increasing costs. In opposite, positive impacts of climate change could occur due
to more balanced navigation conditions throughout the year as well as shorter ice periods
reducing the duration of suspension of navigation (Schweighofer, 2010). Maritime transport
will experience severe consequences from storms/hurricanes, followed by heavy rains, high
wind speeds and, sometimes, hail, causing all kinds of damage, from infrastructure
destruction to the impossibility of accessing the port (Enei, et al, 2011).

Aviation shows high weather dependence already today. Due to climate change it will
acknowledge potential impacts which can be positive (e.g. less heavy snowfall, changed frost
conditions, less need for de-icing) or negative or uncertain (e.g. more heavy rainfall/flooding,
more storms or changed wind patterns). It can be expected that it will increasingly suffer from
extreme weather events in the future. The reason for this is two-folded. On one hand, wind
gusts will increase, especially in the southern part of Europe and on the other hand, free
capacity, which is currently used to buffer weather events, will be occupied by additional
flights (Enei, et al, 2011).

All four above mentioned transport modes might be of importance for urban transport. In
the specific case of urban areas, transport infrastructure should be ensured to better cope
with higher temperatures, low water availability and flooding.
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European wide assessments of future vulnerabilities for various transport modes are ongoing
under EU financed projects such as WEATHER, EWENT, ECCONET. The final results can
be expected in summer/autumn 2012.

Nevertheless, first deliverables are available. A summary on possible changes in extreme
weather events until 2050 has been prepared by the EWENT project (cf. Figure 28). They
conclude that the future heat related problems are probably understated in many places,
especially in the Mediterranean climate zone. Furthermore, snow and cold are in general a
strongly declining phenomena in pace with the warming. Nevertheless, the extreme snowfalls
are predicted to increase in Northern most parts of Europe. The projections are less coherent
with regard to extremes in precipitation and wind, but an increase in extreme precipitation is
likely in parts of Central Europe (Tuomenvirta & Vajda, 2012).
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Figure 28: Summary of extreme weather trends for different thresholds (1st = consequences possible,
2nd= consequences likely, 3rd=consequences almost certain) (Tuomenvirta & Vajda, 2012)
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The Weather project calculated the costs of future climate change impacts. They conclude
that from 2010 to 2050, that due to weather extremes rail transport will experience the most
substantial increase in all cost categories (comprising direct costs to the transport sector and
indirect costs to its users and to other sectors) (cf.Figure 29). Most hit are rail services in
France and the UK, but also in Central Europe and Scandinavia (Fraunhofer ISI, in: Trinks, et
al, 2012).
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Regarding road transport an increase of infrastructure costs of approximately 80 % is
predicted by the analysis. While in Scandinavia and Eastern Europe service and user costs
may experience a modest. In contrast, a considerable decrease of more than 20 % in
infrastructure, service and user costs in road transport related to extreme weather events is
predicted for Germany, Spain and ltaly (Fraunhofer ISI, in: Trinks, et al, 2012).

The impacts of weather extremes on aviation might be modest. Thus, total costs for aviation
due to weather extremes will probably undergo no substantial changes in Central Europe,
Scandinavia and Eastern Europe. However, the Mediterranean Area and again France will
be confronted by increasing service and user costs (Fraunhofer ISI, in: Trinks, et al, 2012).
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Figure 29: Change in average costs due to weather extremes by 2010-2050 (Fraunhofer ISI, in: Trinks, et
al, 2012)
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Results done by Greiving, 2011 show that regarding to sea level rise and a projected
increase in river floods, remarkably high impacts on transport infrastructure can be expected
in North-Western European coastal regions which border the Atlantic Ocean. For example,
34 European airports are expected to be at risk through sea level rise with impacts on
runway capacity, ground transport access routes and global knock-on effects (Enei, et al,
2011).

Climate change affects not only road, rail, aviation and shipping infrastructure, but also the
distribution of transportation and traffic flows, e.g. as a result of changing tourism patterns.
Furthermore, the vulnerability of the transport sector is also influenced by human behaviour
and societal changes: as different transport modes are differently affected by climate change,
the kind of mobility chosen by individuals is influencing the vulnerability of the whole sector.
For example, a strong shift from individual transport to public transport would decrease the
vulnerability as public transport is better controllable and manageable. Individual mobility in
turn is strongly influenced by other factors, such as the development of fuel costs.

The impacts of extreme weather events affect transport infrastructure already today. The

EWENT project assessed past impacts and consequences of extreme weather events on

transport system based on literature review, media mining and case studies. One result of

theanal yses is a simplified fAextreme weather i m
visualize the most urgent problems in the past (Leviakangas, et al, 2011).

In the past, precipitation in its various forms caused the most damage to transport. This is
true for all parts of Europe and all forms of transport. For example, heavy snowfall
complicates road traffic, rail transport and airport operations regardless of where in Europe it
occurs. The only differences are in how efficiently this problem can be resolved and how well
unexpected weather conditions are prepared for with, for instance, sufficient availability of
maintenance equipment. Heavy rain causes flash flooding, which disrupts transport
connections, inhibits inland waterway traffic and damages earth structures such as road,
bridge and rail embankments. Interestingly, extreme heat was not causing critical problems
in the past (cf. Figure 30; Leviakangas, et al, 2011).
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Figure 30: Sum-up of critical weather phenomena, their occurrence by region where effects are the most
severe, with the most affected modes of transport and the consequences (Leviakangas, et al, 2011)
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Furthermore, the EWENT project concluded that road transportation with its two traffic
patterns, freight transport between major knots on corridors and passenger flows in large
cities, is currently the most vulnerable transport mode. There are self-evident reasons for
this. First, the traffic volumes are highest on roads and the capacity usually most limited in
densely populated areas. The second reason is that road traffic is least controllable and
manageable. Where air control or a railway traffic management centre can quickly decide on
and execute adaptive and corrective measures, road traffic remains mostly a slow self-
adaptive system that is geographically widespread and scattered (Leviakangas, et al, 2011).

The Weather project analyses the costs of past weather events on the transport sector and
shows that the total costs amount to 2.5 billion Euro yearly (average year 2000 to 2010). The
highest damage costs are found for road infrastructure (roughly 1.8 billion Euro annually). By
far the most hit transport sector element are infrastructure assets (53% of total costs),
followed by user time losses (16%) and safety implications (13%). Looking at both
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dimensions, rain and flood impacts on road infrastructure, accounting to 35% of total costs,
dominate all other consequences of weather extremes (Enei, et al, 2011). This results stress
the fact that the most relevant implications arising from climate change concern planning,
design, construct, operate, and maintaining of transport infrastructure is likely (TRB, 2008).

Figure 31 shows the annual mean costs for roads structured along the types of extreme
events (Enei, et al, 2011).

Figure 31: Roads: annual mean costs by type of extreme events (Enei, et al, 2011)
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The total annual costs of extreme events for railways are roughly 0.3 billion Euro (while major

floods cause 80 % of damages), for air transport system the costs are roughly 0.36 billion

Euro annually. Mi nor costs are i ncur r20diliony inland watetwaysne t r an
(u 4 ntEnkiletab 20)1).These damage costs are expected to increase in future due to

climate change (Nordhaus & Boyer, 2000).

The project EWENT calculated thatt he Eur opean Unionbs 27 member ¢
at least 15 billion 0 c o dThiscaudosisuektimatalis dbgut 04%t r e me
of the EU-27 GDP (Nokkala, et al, 2012). This is significantly higher than the results taking

from the Weather project due to the fact that EWENT used a wider definition of extreme

events and non-motorised travel was taken into account (EEA, 2012a). Thus, it is important

to mention that a careful interpretation of figures related to costs is required.

3.2.1.4 Construction and buildings

The impact of climate change is particularly pertinent to the construction industry given the
life expectancy of buildings and the fact that there is a need to adapt the existing built
environment, to deal with a climate that may be significantly different from that in which it
evolved. Construction work needs to withstand a potentially very varied and uncertain
climatic impact (Dlugolecki, et al, 2009).
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Buildings and the whole construction sector can be vulnerable to climate change because of
their design (low resistance to storms) or because of their location (e.g. in flood-prone areas,
landslides, avalanches). Especially urban areas are affected by climate change due to higher
sealing-rates related to construction and buildings (e.g. higher water run-off, heat island
effect during summertime, and lack of fresh water during droughts).

The impacts of the changing climate on the built environment can be grouped into three
broad categories (Gething, 2010; HM Government UK, 2012):

those that affect comfort, health and energy performance i warmer winters may
reduce the need for heating, but keeping cool in summer without increasing energy
use and carbon emissions will present a challenge;

those that affect construction T resistance to extreme conditions, detailing, and the
behaviour of materials;

managing water 7 both too much (flooding) and too little (shortages and sail
movement).

Overheating is already a growing problem, in particular in cities. In London, for example, the
number of days per year when temperatures rise above 26°C is projected to increase from
the current average of 18 to between 27 and 121 by the 2080s (HM Government UK, 2012).
10% of the UKOs @amasenechanieally cdollediro1994.sThis proportion is
expected to rise to 40% by 2020. Through overheating comfort and health of occupants can
be affected by climate change (cf. chapter 3.2.2.3). At present the majority of buildings in
Europe are naturally ventilated and do not use heating or cooling equipment (Jentsch, 2008).

Construction work needs to withstand and adapt to a potentially very varied and uncertain
climatic impact, especially looking at the coming decades. The longer the use period the
greater the climatic influence exerted. Much will centre on design flexibility, suitability of
materials used and a skilled workforce during the construction phase. Thereafter sound
standards of upkeep and maintenance must be observed. Construction-induced changes to
drainage can be critical, for example, changing climatic conditions can quickly impose
demands on drainage not anticipated when installed perhaps over a century ago (Dlugolecki,
et al, 2009). Recent focus has been mostly on new homes but existing homes and other
buildings will need to be adapted as well. There are few opportunities for intervention to
influence the standards of existing stock, but sensible interventions may be possible, for
example, at the time of resale or major refurbishment (Sir John Harman, chairman of the
Environment Agency, UK).

Further, Carmin & Zhang (2009) call attention to the preservation of historic buildings,
monuments, and archives in the historically very rich European cities, for example because
building facades as well as statues and other monuments can deteriorate as a consequence
of exposure to salts, pollutants, and changing weather patterns.
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In the past, precipitation in its various forms caused the most damage to buildings and
infrastructure. This is true for all parts of Europe and all forms of buildings and civil
engineering works. For example, heavy snowfall caused building collapses, heavy rain and
storm waters causing flash flooding lead to infiltration of water into buildings, damage or
destruction. Additional salt water intrusion can cause deterioration of facades, statues and
monuments. Heavy snowfall and landslides can seriously affect not only the day to day
functioning of infrastructure (i.e. railways, roads) but also fast and efficient relieve activities.

With more intense extreme precipitation events expected, there is also a significant risk of
drains and foul sewers flooding and failing to function. Recurring flooding and changes in
ground water levels will require investment in flood resistance and resilience, while urban
flash flooding must also be considered during extreme rainfall events (Gething, 2010).

In coastal areas, coastal protection (e.g. sea walls, barriers) might lead to increased
maintenance costs and higher frequency of updating works (Dlugolecki, et al, 2009).

Flooding is (after earthquakes) one of the most costly kinds of disasters and this is mainly
due to flooding events in built-up areas. For example, between May and June 2007, extreme
rainfall led to widespread flooding in England and Wales, causing 13 deaths and £3.2 billion
in damage.*® Further, many European cities have been built on a river; and these rivers will
respond to extreme rainfall or snowmelt events with extreme discharges; threatening the
cities with floods. For example, Cologne was flooded by the river Rhine in 1995; Dresden
was flooded by the Elbe in 2002, and Budapest was flooded by the Danube in 2009 (cf. also
Figure 32). In July 2011, Copenhagendés worst flood in its recor
and commercial infrastructure®'. The flood, categorized as a one-in-1,000 year-event, cost
the capital millions in economic damages. The Copenhagen flooding was estimated to cost
reinsurers $800mn*2. Even when the buildings themselves can withstand the water, the
movable property at ground floor and lower is usually lost; to prevent such losses, new
developments should either not be planned in flood-prone areas or should be built flood-
proof. Water management in flood and drought must be adapted and the structural stability
and weather resistance of current building materials must be investigated.

%0 http:/Avww. parliament.uk/business/publications/research/key-issues-for-the-new-parliament/green-
growth/reducing-flood-risk/

31 http:/Avww.unisdr.org/campaign/resilientcities/news/view/2687 1

%2 hitp://www.insuranceinsider.com/copenhagen-storms-set-to-cost-reinsurers-800mn
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Figure 32: Exposure of population in European cities to flood risk under climate change (scenario A2 &

high emissions; 100-years flood). Source: EEA, 2010g.
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Due to a lack of space for settlements, flood plains are more and more used for housing and
industry. The problem is how to maintain development within acceptable insurable risk
parameters. Short term social, commercial, economic and political pressures may outweigh
scientific caution and environmental concerns (Dlugolecki, et al, 2009). Research has shown
that the increase in economic damage of the past decade is not merely caused by climate
change but rather by an increase of economic assets in vulnerable places (Dlugolecki, et al,
2009; IPCC 2012b). A lack of information on future risks prevents local governments and
citizens to make different choices. Insurance companies often look at history to define flood
risks, and do not take climate change into account.

During the past ten years, Europe has seen a number of serious floods and heat waves. The
flood incidents have been analysed by EEA (cf. Table 22) and although the flood damage
costs show a growing trend, this cannot be ascribed to climate change yet. Instead, it is
ascribed to an increase in valuable properties in areas with flood risk.
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Table 22: Significant flood disasters in Europe (damage costs 500 million and more between 1998 and
2009, based on Wehrli & Jol, 2010)

Time Place Estimated damage costs
in Euro (value of 2009)

May 1998 Turkey 2.5 billion

September 1998 Belgium and the Netherlands 600 million

May 1999 Germany and Switzerland 370 and 435 million

November 1999 France 570 million

October-November 2000 England and Wales 1.4 billion

October 2000 Italy, France and Switzerland 11.4 billion

July 2001 Poland 810 million

August 2002 Germany, Czech Republic, Austria 20.9 billion

September 2002 France 1.5 billion

February 2003 Greece 650 million

August 2003 Italy 510 million

December 2003 France 1.6 billion

August 2004 England 700 milion

April-May 2005 Romania, Serbia 565 million

July-August 2005 Romania 1.2 billion

August 2005 Switzerland, Austria, Germany 2.8 hillion

March-May 2006 gzggg%’ fJZl’r?:’iaée?nﬁamn?ma’ Serbia. Czech 590 and 210 million

June 2007 England and Wales 1.9 billion

July 2007 England and wales 1.9 billion

A DEFRA study (DEFRA, 2010) has analysed the costs of the 2007 floods in England in
more detail. The damage to residential property, both buildings and contents, was the
largest, amounting to an estimated 1.2 billion British pounds. Of this amount, the researchers
ascribe 75 to the household inventories and 25% to building structures. The number of
affected homes was estimated at 46.000-48.000 houses; a quick calculation shows that on
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average, a flooded house costs 15.000 pounds in structural damage and 45.000 pounds in

movable property.

The year 2003 is a well known example with heat waves that cost 70.000 lives (Wehrli & Jol,
2010), and was a wakeup call for many governments. In 2006 and 2007 heat waves cost a

total of 3000 lives (Wehrli & Jol, 2010).

Overall, the lack of knowledge on damage costs as well as costs of adaptation seems a
bottleneck. In order to make sensible decisions one should be able to compare the
investment costs for the measures with the damage costs they aim to avoid. Concrete and
preferably quantitative assessments of consequences of climate change and associated
costs for buildings or the construction sector are hardly available. It is difficult to distinguish

i mpact costs on
0settl ementsd are
net wor ks, and (in

buil dings from the I
used, whi ch can i ncl
the case of

6settl ement s606)

irteebr aaur e.
ude not
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different ways in the literature: damage costs without adaptation; or the costs of adaptation
plus residual damage. Nordhaus & Boyer (2000) estimate the impact costs of climate change
for settlements at 0,25% of GDP (repeated in Agrawala, 2010b; Bosello, et al, 2009).

Table 23: Cost estimates of climate change impact on the construction sector

Regional coverage, time

Estimates* frame and/or climate Sources
scenario
Total impact on 0.25 %GDP total Europe, +2°C Nordhaus & Boyer (2000);

building and housing

Agrawala et al. (2010);
Bosello et al. (2009)

Impact costs of
flooding

currently totals
around £1.2 billion
per year i projected to
rise to between £2.1
billion and £12 billion

Annual damage to England
and Wales properties due to
flooding from rivers and the
sea by the 2080s.

HM Government UK (2012)

Costs of adapting
vulnerable
infrastructures

10-100 billion USD

Global; 5-20 % increase in
investments in 2030

World Bank (2006)

Rising costs of flood
damage

9.7 billion

A four-fold increase by 2080

ABI (2005)

* Units: %GDP = percentage of Gross Domestic Product; USD = United States Dollars.

More specific figures have been produced in the ClimateCost project for river flooding, as
shown in Table 24. Assuming that these costs occur mainly in inhabited areas, they can be
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seen as an example of the damage costs-adaptation costs ratio (being more or less around
10:1). The ClimateCost project also puts the relation with mitigation efforts into the picture; it
shows that, due to the slow reaction of the climate system, mitigation is especially relevant
for the generations after 2050.

Table 24: Damage costs and adaptation costs for river flooding in billion Euros per year in the EU27

Baseline
2020 2050 2080

1961-1990
EstlmaFed Annual Damage costs high emission 55 20 46 98
scenario A1B
Estlma_ted Annual Damage costs low emission 55 15 42 68
scenario E1
Adaptqtlon cost (for agh@vmg a l-.ln-lOO year 0 17 34 79
protection level) high emission scenario A1B

The energy sector is of vital importance for Europe's economic performance. Climate change
has far reaching consequences for the sector's stability, sustainability and resilience. Both
mitigation and adaptation are policy responses which need to be taken on board.

While mitigation has been in the focus of the sector's climate action for decades, adaptation
policies are rather new yet vital for an approach to cope with the effects of changing climatic
parameters. Indeed, recent studies suggest important impacts of climate change on the
energy sector and underpin the need for adaptation in the sector (cf. for example DG ENER
study by Rademaekers, et al, 2011, Ebinger & Vergara 2011 and Williamson, et al, 2009).
Impacts of climate change, such as an increased frequency of extreme weather events or
changing water and air temperatures have effects on energy demand, supply and
transmission. Adaptation should therefore be considered in the planning and operating of
energy systems i and at all territorial levels, from local to European.

However, adaptation is not necessarily a further (separate) field for action, but more one that
can be mainstreamed into existing energy policies on e.g. the internal energy market, TEN-
E/CEF, the energy road map, energy efficiency policies and other strategies already set by
the EU and the important players in the field (cf. SET plan and smart grid initiative). In
addition, a great number of mitigation measures and policies already have the potential to
include and mainstream adaptation action. This includes measures on the demand side of
electricity consumption just as well as measures going along with the extension of renewable
energy systems.

The energy 2050 roadmap (EC, 20110) depicts the current primary energy consumption and
shows the plausible ranges of five different decarbonisation scenarios in 2030 and 2050.
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The analysis suggests the following shifts from current primary energy consumption to 2030
and 2050:

Table 25: Shifts from current primary energy consumption to 2030 and 2050

Primary energy source current 2030 2050
Renewable energy 9% ~25% ~40-60%
Gas 24% ~25% ~20-25%
Qil 37% ~30% ~18%
Solid fuels 16% ~8-10% ~3-10%
Nuclear 14% ~10-14% ~5-15%

Three major trends are significant for energy sector adaptation:
1. The increasing share of renewable energy sources (water, wind, solar and biomass)

2. The decreasing importance of conventional thermal power generation. This excludes
gas power plants, which will play a crucial role as backup capacity (since most
flexible) for the decarbonisation/transition phase of the EU energy system.

3. The high uncertainty of nuclear power supply for the forthcoming decades.

The current EU electricity production/supply mix is roughly depicted in Figure 33 and shows
a higher share of nuclear, wind and hydro power compared to the primary energy mix, which
indicates that primary energy consumption is much more triggered by fossil fuels (due to their
dominance in mobility/transport and heating):
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Figure 33: 2010 electricity production in EU-27. Online source of Eurostat:
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Electricity production and supply statistics
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A national breakdown for the electricity energy production (cf. Figure 34) shows a wide range
of energy mixes among the EU-27 and thus very different energy supply vulnerabilities. This
is due to i) different national energy policies (cf. nuclear policy) and ii) The different
topography and geographic setting of the countries (cf. different potential for wind, solar and
water power supply) and iii) The access to resources (primarily gas, oil and coal).

This is a first hint that adaptation efforts for energy supply remain more a national and energy
company challenge than a responsibility for the EU.
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Figure 34: 2010 electricity production country-wise for EU-27. Online source of Eurostat:
http://epp.eurostat.ec.europa.eu/statistics _explained/index.php/Electricity production_and supply statistics
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Source: Eurostst (online data code: nrg_103a, nrg_105m)

Over the last decade a substantial shift in the energy supply mix has already taken place (cf.
Figure 35) and exhibits already a trend which underpins the scenarios.

Figure 35: Shift in the primary energy mix from 1999 to 2009. Online source of Eurostat:
http://epp.eurostat.ec.europa.eu/statistics _explained/index.php/Energy production_and_imports
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Note that the post-Fukushima shut-down of several (especially German) nuclear power
stations has caused a (further) dip in nuclear energy supply which is not shown in this graph.
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The energy sector is affected by climate-triggered threats in all three major parts of the
system:

Transmission and distribution of energy (mainly electricity) is challenged by new
demand patterns as well as direct physical destruction due to extreme weather
events;

Supply/generation of electrical energy is affected by efficiency decreases due to
climate change, the more complex vulnerability setting of renewable energy (as
compared to fossil fuel based energy supply) to changing climate parameters; and

Demand of energy is already triggered particularly by extreme periods (heat waves,
floods/mass movements, droughts) causing demand-driven overstress of energy
infrastructure, their direct destruction and consequent interruptions in energy supply.

Important challenges related to the transmission and distribution of energy are:

Having climate-resilient transmission and distribution networks for electricity:
Transmission and distribution of energy is vulnerable to climate change since its
security is undermined by direct climate threats (e.g. destruction of transmission and
distribution lines caused by extreme weather events) as well as climate-induced
changes in demand patterns (e.g. energy consumption peaks in hot summer).
Overall, transmission and distribution networks for electricity are more vulnerable to
interruptions caused by atmospheric conditions than the oil and gas transmission and
distribution networks.

0 Ensuring the resilience of electricity distribution networks: The distribution
infrastructure is most vulnerable in many regions as networks are often
operated by smaller (e.g. regional/provincial) electricity companies. E.g. power
pole constructions of the low voltage distribution system have much lower
resilience towards wind, snow or ice loads since quite often wooden poles are
used. Rural forested areas in which distribution infrastructures are highly
exposed to wind fall (narrow aisles), mass movements, floods or ice/snow
loads are thus highly vulnerable to black outs caused by climatic triggers i.e.
extreme events (Martikainen, et al, 2007). While Martikainen (2007) argues
that for Finland all high voltage (in Finland >45kV, in other countries >60 kV or
>110kV) transmission infrastructure is sufficiently resilient towards climate
change, the rural distribution infrastructure is regarded as vulnerable.

o Coping with changing energy demand patterns and peaks:
As a number of studies have shown, energy demand are subject to change
under altered climatic conditions T namely to increase during summer (cf.
Dolinar, et al, 2010; Mirasgedis, et al, 2007). The most crucial challenge is the
potential coincidence of i) High demand during e.g. heat waves, ii) The
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problems to meet this demand by supply as it is in parallel subject to shrinking
cooling water supply and less efficiency of thermal power plants during heat
waves as well as iii) the high loads of the transmission grid towards Southern
Europe (e.g. Italy).

This includes the management of overloads and demand at European scale.
As September 2003 black-outs in Italy have shown, cross-border and cross-
European transmission is sensitive to threats caused by demand peaks which
canot be met by domestic supply. Heavy o
Trans-European energy transmission is thought to be the reason why a flash
over and a subsequent black-out happened.

An increase in maintenance and investments for redundancies in the north-
western and southern grid networks and particularly into cross-border
interconnectors was suggested by two UCTE® reports following the black out
in Italy 2003 and Germany 2006 to help with the disconnection and
reconnection of loads in case of interruptions and had already been
addressed in TEN-E decision 1364/2006/EC (EC, 2006h) (cf. Annex | on
priority axis) since then.

Making electricity transmission and distribution grid infrastructure fit for an
increasing share of renewables: Investments into the distribution grid infrastructure
are necessary to connect new renewable energy production (often decentralised or
remote energy supplies) to the grid. Significant investments are necessary to enable
a true European grid that interconnects for example solar power production in
Southern and Central Europe with Wind power in the North Sea and water power
supplies in Norway or the Alps (including the pumped water storage systems). This is
embraced by EU energy policies and initiatives already (cf. CEF, smart grid initiative
etc.). However, new grid infrastructure should undergo an ex ante climate proofing,
which should be incorporated into the pertinent EU policies.

Ensuring sufficient throughput capacities for gas might cause problems, but
since gas demand is lowest in summer season (when throughput capacity is
constrained by high temperatures), the risk seems manageable

Protecting against storm surges/sea level rise for oil refineries might cause
problems in coastal areas, although most infrastructure should be resilient at least for
non-abrupt climate change/sea level rise.

Interruptions in the transmission and (more often) distribution network (due to extreme
weather events or demand-driven overloads in the network or coincidence of both) are the
mo st i mportant reason for electricity interrupt:i
stored at private households (or just to a minor degree) and the number of electric devices

% Union for the co-ordination of transmission of energy
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with important functions has increased, t he
supply has raised. This dependence (and the indirect economic effects of black outs) is due
to further increase with e.g. more tele work offices and more electric mobility.

Most industrial production is dependent from external electricity production and does not
produce own electric power (island facilities independent from the grid). Thus, cost
assessments of electricity black outs usually come up with high values e.g. due to production
and workflow interruptions®*.

The current national situation of electricity black-outs has improved significantly across
Europe with about 100 average black-outs minutes per year becoming the EU average in
2008.

Yet, there is no clear evidence for a correlation between black-outs i.e. the performance of
the Customer Average Interruption Duration Index (CAIDI) on the one hand and e.qg. rising
temperatures, droughts or increased frequency of extreme events on the other hand.

However, some important signals can be detected i all of which reveal that black-outs are
not solely subject to 6force majeurd, but t
respectively to a significant degree:

A Black-out September 2003 in Italy, which was caused by a flash-over from trees to
the heavily overloaded Lukmanier and San Bernardino highest voltage transmission
lines storm events and heavy demand for cooling purposes.*®

A Black-outs in Sweden in September 2003 and January 2005, when a series of
rainstorms caused black-outs for 3,5 million resp. 400.000 people.

A Black-out in Germany in November 2005 where wet snow deposit caused a long-
lasting black-out for around 250.000 people in the region of Miinster. *

These plus numerous small-scale black-outs exhibit the vulnerability of the electricity grid to
weather and climate extremes. Especially the large-scale 2003 event in Italy shows, how
badly accelerated electricity demand due to the 2003 heat wave and severe weather may
collude. In fact, this event should be (and has already been) taken as a warning sign for hot
summer threats and vulnerabilities across Europe.

Special attention should be drawn to the fact that overloaded grid lines are more vulnerable
to flash-overs from trees than normally loaded ones.

As a result, a correlation exists between economic losses due to weather and climate
extremes®’ and the occurrence of black-outs (cf. CEER, 2008).

% Cf. for Austria: http://www.energyefficiency.at/web/projekte/blacko.html (German only)

% Cf. http://news.bbc.co.uk/2/hi/3146136.stm and SFOE (2003) for more details

% http://de.wikipedia.org/wiki/Liste historischer Stromausf%C3%Ad4lle and
http://news.xinhuanet.com/english2010/world/2010-03/15/c_13211267.htm
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It can be expected that in principle all European citizens might be affected by black out
threats, particularly because of cascadal effects becoming relevant if ever black outs happen.
In fact, some patterns for different vulnerability settings remain and become visible
throughout Europe when comparing the average minutes without electricity per year and
country as depicted in Figure 36.

Figure 36: Per capita average minutes without electricity. Source: CEER (2008). Note that more recent
data has not been collected with a common method.
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Disparities at regional level

Differences according regional vulnerabilities result from discrepancies between urban and
rural and higher scale high-voltage transmission and distribution in (remote) regions.

According to oral information gathered, most cities across Europe use underground cabling
up to a certain extent for the distribution infrastructure in their realm. This is why e.g.

37 Cf. NatCat Service data from MunichRe at for example:
http://www.munichre.com/app_pages/www/@res/pdf/NatCatService/great _natural catastrophes/NatCatSERVIC
E_Great 1950 2011 losses weather_de.pdf
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Wi enenergie (Viennabs main energy supplier and
cabling® can be regarded as climate resilient at least when focussing at the distribution
infrastructure. However, substations and transformers are still exposed to extreme events

and might fail as well as interconnection to and from the superior grid.

Distribution System Operators (DSO) would play an important role in the design of resilient
grid structures and might be regarded as most vulnerable towards extreme events such as
wind, snow and ice load. However, the big energy producers own a good share of the
distribution network I sometimes via sub-companies, sometimes directly i too. From the
energy production side, all electricity production companies depending on cooling and
running water have an inherent vulnerability towards heat waves connected with droughts.

3.2.1.5.2 Supply/Generation

Important challenges related to the supply (generation) of energy are:

A Ensuring cooling-water for thermal power generation: For all thermal (including
nuclear) power plants, effective air or water cooling is essential with respect to the
CARNOT efficiency® as well as the security of e.g. nuclear power plants, which must
be shut down, if no sufficient cooling can be guaranteed (cf. various Central and
Western European nuclear power plants during heat summer 2003).

A Considering changing climate conditions for renewable energy generation: With
respect to the 20-20-20 goals and the envisaged 20% share of renewable energy,
PV, wind and small water power facilities will be further extended. All these facilities
are directly dependant from (changing) climate parameters such as wind speed,
radiation and water run-off (depending on the river run-off regimes precipitation, snow
or ice melting). According to the EU 20-20-20 goals, an extension of renewable
energy supply is crucial. While theisonbyl (inc
sensitive to temperature (i.e. mainly impacts on efficiency) and precipitation/run-off
changes (i.e. mainly impacts on cooling water supply), electricity supply from
renewable energy sources is directly exposed and sensitive to wind speed, water
flow, solar radiation (cloudiness), and NPP*® (biomass) (cf. recent DG ENER study by
Rademaekers, et al, 2011).

A Securing electricity generation during extreme weather events: For certain (e.g.
flood prone) power plants, more frequent extreme events might become a significant
problem. As for efficient cooling, many thermal and nuclear power plants are located
at rivers, lakes or at the coast. For the latter, storm floods (partly in conjunction with
sea level rise) is a relevant climate threat.

¥ \www.wienenergie.at

% Also referred to as CARNOTransmission theorem and basically stating that the efficiency of thermal
combustion is reciprocal to the ambient or cooling water temperature supplied to a power plant.
9 Net Primary Production (allows an assessment of how much biomass extraction is sustainable)
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A Overcoming lack of regional and local electricity storage: Despite on-going
efforts in electrical battery and other energy storage technology development,
electricity cannot yet be stored like oil and gas at least not at relevant scale (e.qg.
households, cities, regions or companies). So there is no possibility to build electricity
storage reservoirs as it can be done for energy based on burning fuels. This leads to
the fact 1T although dependency from electricity rises i that no suitable emergency,
contingency or substitution plans could have been elaborated so far.

A DG ENER study of Rademaekers et al. (2011) shows the impact of certain climate
parameters on the different energy production technologies as follows (cf. Figure 37). The
classification and the assessment are based on stakeholder consultation, expert judgement
and literature review.

Figure 37: Impacts of changing climate parameters on different energy supplies. Source: Rademaekers et
al. (2011)

Nuclear 1 2 1 -
Hydro - - 2 _ 1
Wind (onshore) - - - 1 - 1
Wind (offshore) - - - 1 _ 1
Biomass 1 2 - 1 -

PV - - - 1 1

CSP - - - - 1
Geothermal - - - - -
Natural gas 1 2 - 1 -
Coal 1 2 - 1 -

Qil 1 2 - 1 -

Grids - - -

Note: 3 = Severe impact, 2 = Medium impact, 1 = Small impact, - = No Significant impact;

The results give some important hints on the players that are most affected in the energy
sector by impacts of climate change:

1. TSOs, since the grid is T due to its linear and exposed structure i most vulnerable.
For the O6gridsé referred to in the table, a
distribution grid and the (usually) physically more robust transmission grid should be
incorporated (cf. Martikainen, et al, 2007).

2. Energy companies with a large share of thermal and hydro power in their energy
production mix (i.e. almost all conventional energy companies).

In general, al | energy product i on-andiemperature-i { dnop en e n tl G
(i.e. onshore wind and solar power i at least dry-cooled Collective Solar Power and
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Photovoltaic power) mi ght be regarded-pavomedb. bédtreel dcH
PV due to temperature increase of 2°C might just be around 1%). Companies with these
energy mixes could thus have advantages in future.

Mima et al. (2011) have modelled the impacts for hydropower across four major regions in
Europe until 2100 and found out most adverse impacts in Southern and Western Europe,
while Northern Europe might gain surplus hydropower potential (cf.Figure 38).

Figure 38: Hydropower generation in TWh modelled for A1B emission scenario using different GCMs.
Source: Mima et al. (2011)
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3.2.1.5.3 Demand

Important challenges related to the demand of energy are:

A Cooling demand is supposed to increase further: Electricity demand is driven by
ambient temperatures and by getting indoor temperatures comfortable. This is the
case for private housing, office buildings and the service sector (for example shops
and malls). A significant cooling demand is also given by food and pharmacy storage
as well as for certain production processes. Temperature raise and extended heat
periods in summer become more and more relevant for energy demand pattern
throughout the year, since peak demands already occur in southern countries during
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heat waves in the summer season. In conjunction with reduced cooling water supply
for power plants during summer heat/drought waves and overload capacities of
electricity transmission towards the import-dependent southern countries, increased
demand becomes a very relevant challenge for supply and transmission. For the
Mediterranean part of Europe, the additional (electrical) energy for air conditioning
might even outweigh the decrease of primary energy consumption for less heating
energy in winter.**

A Demand for irrigation during drought periods is supposed to increase: With
longer droughts and dry season especially around the Mediterranean, irrigation of
agriculture land is expected to be extended significantly challenging supply and
transmission of electric energy accordingly to the threats posed to energy supply by
cooling water (and air) shortages. Furthermore, many irrigation/pumping devices are
powered by petrol or diesel generators and thus increase demands on direct fossil
fuel consumption.

From EU <citizensd perspective, energy demand i s
mobility, gas, oil and coal for heating), sometimes biomass and biogas (primarily for heating)

and electricity (for heating, cooling, cooking, running electrical devices of various types

(including office equipment) and recently emerging electrical mobility).

Less heating demand has positive effects on the residential sector, while more cooling
demand is cost-intensive. In fact, 1K cooling is much more cost-intensive than 1K heating.
This is why the saved costs for heating and the additional costs for cooling are balanced
across EU-27 (cf. Figure 39), but indeed there are significant disparities among EU citizens
with Northern European citizens benefiting and Southern European citizens having a higher
6energy billé.

“L A further challenge for electrical energy supply is that cooling (air conditioning) is supplied by electrical energy,
whereas (reduced) heating is mostly met by other energy sources (with France being an exception).
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Figure 39: Comparison of additional cooling demand and saved heating demand for A1B and E1 emission
scenarios. En for water stands for surplus energy needs for water treatment, ser stands for service
sector, res for residential sector. Source: POLES model, LEPII-EDDEN, ClimateCosts after Mima et al.
(2011).
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Taking into account all three system compartments, it becomes obvious that Southern
Europe is most affected:

A The transmission of electricity towards Southern Europe has most striking bottlenecks

A On the supply side, energy efficiency for thermal and nuclear power plants and
hydropower potential show most adverse effects in Southern Europe

A The demand patterns are triggered by surplus cooling further enforcing the
transmission problems and accelerating energy cost increases for Southern
European citizens and companies

3.2.1.5.4 Megatrends affecting the energy system

Energy security is already the core objective of all relevant energy strategies at Member
St at es 6 an(EC, 0bi; EG2008i). This implies primary energy sources as well as
electricity production and the policy on critical infrastructures (cf. EPCIP and EC, 2008l).

All three compartments of the energy system, Transmission/Distribution, Supply and
Demand, are driven by megatrends and political developments driving the vulnerability
patterns of the European energy sector.

The multi-stress environment of the energy sector has been described by AEA (2009a) with
the following bullet points for Transmission:

A Development of the EU internal energy market, but still facing many monopolies
which are hampering urgently needed investments in energy infrastructure (e.g. new
transmission and distribution);
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A The increasingly interconnected and complex EU energy system (cf. Figure 40);

Figure 40: The six synchronous areas in the European grid. Each of them aims at high integration
towards interoperability and common standards. Source: ENTSO-E (2011).

ENTSO-E SYNCHRONOUS AREAS

crd”
. Continental European synchronous area . British synchronous area * synchronous with the continental European system
. ) :
[ Batio synchronous area [ st synchronous area synehronous withthe Baltic system
* Since September 2010 in trial parallel intercon-
. Nordic synchronous area . Isolated systems of Cyprus and lceland nection with the continental European system

A Management of intermittent distributed generation on the electricity grid;

A The integration of the grid (transmission and distribution of electricity) in the frame of
the internal energy market and further developments of smart grids and smart
metering have already led to a certain level of ICT dependence (and will lead to more
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in future), which raises the vulnerability towards IT system failures and cyber attacks,
which have to be taken into account (IT security)*?.

A trend towards energy production in (as seen from a grid perspective) remote areas
(e.g. offshore wind parks) in many parts of the EU leading to a need for more
distribution and transmission infrastructure that is vulnerable to direct impacts from
e.g. extreme events and indirect climate impacts by certain (mostly temperature
triggered) demand peaks;

Urbanisation and the need to supply growing agglomerations with energy that is often
produced quite far from end-user location;

Ageing energy infrastructure urgently requiring significant investments;

The expansion of the EU energy market beyond the EU borders via the Energy
Community;

On Supply and Demand:

> > >

Increasing global energy demand and prices;
The expansion of renewable energy sources;
Geopolitical and terror risks;

Some Member States facing very high import dependencies and the EU as a whole
facing import dependencies for oil and gas

A summary of future climatic pressures which may affect the energy system negatively
(based on Altvater, et al, 2011a) is provided in Annex 5.

“2 The AEA (2009a) report commissioned by DG Justice, Freedom and Security focuses on risks for the energy
sector caused by ICT dependencies and points out that an increase in connectivity, wireless networks, IP based

network communications, cloud computing system complexity and smart grids, their dynamics and regulatory
requirements thereof result in increased risks from ICT system failures or cyber attacks. This has to be taken

into account when claiming smart grids, smart metering and other ICT-based technologies to support adaptation

e.g. by helping to cut off demand peaks, smart distribution of energy or steering of supply (power plants) in a

6smarter than today6 grid. There is no direct reference t

remain the key for mitigation but also for adaptation efforts as they are able to match demand and supply in an
optimum way. A regionally more volatile base load due to more renewable energy resources supply is only
possible with a stronger physical as well as smart-driven grid (transmission and distribution). This implies

chances for adaptation: smart-metering for demand steering, cut-offs from the grid for electricity consumption of
critical infrastructure that are self-sustaining due to own PV or other electricity production (6 i s ands 6) ,

steering of power plants to avoid surplus energy that is not demanded and so on. But, with a higher integration
there comes a higher risk of knock-on effects if a part of the system collapses 1 be it either due to physical
transmission interruption by an extreme event, by cyber attacks or supply failures.
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3.2.2 Climate impacts on environmental and human systems
3.2.2.1 Soil

A large range of soil types exists across the European Union (for a soil map of the EU, cf.
Figure 41). Soils are an important natural resource both for nature and for agriculture.

Figure 41: Soil classification map; this is an example from the Soil Atlas
(http://eusoils.jrc.ec.europa.eu/projects/soil_atlas/Atlas_Contents.html)

The relation between climate and soil is complex; three important categories of relations can
be identified:

A Direct adaptation issues: Climate change can have an impact on soil processes (for
example, prolonged droughts influence soil moisture).

A Indirect adaptation issues: Autonomous soil degradation processes may aggravate
climate impacts (for example, soil sealing is an important factor in the urban heat
island effect).

A Mitigation issues: Loss of soil carbon (for example, because of oxidation of peat soil)
can increase the greenhouse effect; at the same time, carbon sequestration can
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mitigate climate change (for example, in new forests). Loss of soil organic matter is
also an adaptation issue because it reduces soil fertility and changes soil moisture
characteristics.

In the following, the focus lies on the first two categories, while shortly addressing the third
issue as well.

Climate change possesses a variety of threats to various soil types in Europe. In its 2002
Communication O60Towards a Thematic Strategy on So
identified eight main threats to soils in Europe: erosion, decline in organic matter,
contamination, salinization, compaction, soil biodiversity loss, soil sealing, landslides, and
flooding. The Thematic Strategy stated that o&éthe
climate change on soil, but it appears likely that it will increase the potential of the threats.

This in turn suggests that soil protect EQN wi l I
2002a). From the eight threats mentioned in this note, we consider three as human-induced

drivers unrelated to climate change (contamination, compaction, and soil sealing). The other

five are, or may be aggravated by climate change (erosion, decline in organic matter,

salinization, soil biodiversity loss, landslides, and flooding).

According to a conference on the interactions between climate change and soil, the main
impacts of climate change concern soil degradation through erosion, loss of soil organic
matter and progressive desertification (EC, 2008p). Desertification is caused by prolonged
drought, but also by declining soil organic matter (EC, 2008p).

Based on the current state of the art the potential impacts from climate change on soils are
described below for soil carbon storage, erosion, salinization, landslides, soil biodiversity
loss, and desertification. Soil cracking is a horizontal issue that relates to biodiversity loss,
erosion and desertification. Flooding is dealt with under the headings of erosion and
salinization. Soil sealing will be addressed shortly under the paragraphs on drivers and
underlying causes below.

Soil carbon storage

Soil carbon is a mixture of organic compounds with turnover times ranging from days to
millennia. The overall change in soil carbon is determined by the balance between carbon
inputs from photosynthesis and carbon losses through decomposition and hydrological
processes, including erosion. The effect of climate change on soil carbon storage can be
related to changing atmospheric CO, concentrations, increased temperatures and changing
precipitation patterns.

The evidence of changes in soil carbon content as a result of increased atmospheric CO;
concentrations is limited. However, a meta-analysis concludes that if results of various
experiments are combined, a net increase in soil carbon of about 6% would be observed as
a result of the climate change over the next 50 T 100 years, indicating an overall positive
effect of elevated CO; on soil carbon input to soils (Schils, et al, 2008).
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Elevated temperatures have been shown in experimental studies to generally increase the
rate of soil respiration and thereby the loss of soil carbon content due to increased
decomposition rates. It is expected that the effects of increasing temperatures on
decomposition have a higher and more sustained impact on soil carbon than the effects of
temperature on plant production, due to the fact that soil respiration is more sensitive to
changes in temperature than photosynthesis and plant respiration. Increase in decomposition
rates ranges from 15 to 45% in different studies across a range of habitats. The loss is
thought to be greatest in northern latitudes as current decomposition processes are presently
limited by low temperatures and permafrost. The consequence of loss of soil carbon will be a
positive feedback to the climate system in the long term.

A more extreme hydrological cycle as a result of climate change will result in more extreme
and frequent periods of soil moisture deficit. This will decrease the rate of decomposition in
many systems but increase decomposition in waterlogged system such as peat lands, where
much carbon is stored. Long term effects of repeated summer droughts vary; in a range of
European shrub lands, droughts were observed to either stimulate soil respiration rates by
40% or depress the rates by 30%, depending on initial hydrological conditions. The largest
emissions of CO, from soils are caused by land use change and especially drainage of
organic (peat) soils. It amounts to 20-40 tonnes of CO, per hectare per year (Schils et al,
2008).

On average, soils in Europe will most likely accumulate carbon on a net basis with a sink for
carbon in soils under grassland and forest (from O i 100 billion tonnes of carbon per year)
and a smaller source for carbon from soils under arable land (from 10 - 40 billion tonnes of
carbon per year). Soil carbon losses occur when grasslands, managed forest lands or native
ecosystems are converted to croplands. When cropland is converted to forest or nature,
carbon stocks increase, albeit it slower (Schils, et al, 2008). Changes in land use and land
cover are also behind major changes in terrestrial emissions of other greenhouse gases,
especially methane (through altered surface hydrology and elimination of forest cover) and
nitrous oxide (through agriculture).

Droughts in combination with higher temperatures could exacerbate the loss of carbon by
erosion. As a result, Mediterranean countries have a relatively high risk of desertification. In
the mountainous areas of Central Europe, expected changes in rain storm frequency and
intensity may increase soil erosion. Flood events will partly remove eroded carbon from soils
but they will also redistribute the carbon across the landscape.

Erosion

Erosion is the displacement of soil particles due to heavy rainfall, wind and ice melt, and is
often speeded up by human land use activities. Erosion has a negative impact on soil
productivity because of removal of the most fertile topsoil. Also, it leads to increased
vulnerability to drought, because the organic matter present in top soil has an important
function in soil water retention. In areas with a shallow top layer erosion may lead to an
irreversible loss of natural farmland (Bakker, et al, 2007). Several types of soil erosion can
increase as a resul't odi ncelsismad whwalgle . sdeanaar i ®
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Environmental Agency (EEA) expects an increase in erosion risks of 80% in agricultural
areas in Europe, especially in places where erosion is already severe. Extreme precipitation
events, melting of snow, high river discharges and increased droughts are all climate related
events which influence soil degradation. Accelerated erosion by running water has been
identified as the most severe threat to soil in Europe (Kirkby, et al, 2004). However, this
climate related phenomenon is often not the only driver of erosion: erosion risks depend also
on the types of land use, vegetative cover, slopes and land management. Land use,
vegetative cover and land management contribute to a large extent to soil degradation (EEA,
2007b). Although the Mediterranean region is historically most severely affected by erosion
there is growing evidence of significant erosion occurring in other parts of Europe as well
(e.g. Austria, Czech Republic and the loess belt of Northern France and Belgium).

In more than one third of the total land area of the Mediterranean basin, average yearly soil
losses exceed 15 tons/ha (EC, 2002a). In this region, where droughts are expected to occur
more often due to a changing climate, water and wind erosion can lead to increased land
degradation. While the abandonment of agricultural land and subsequent reversal of
permanent vegetation may have contributed to reduced erosion rates, a lack of maintenance
of terraces in mountain areas may have actually led to increased erosion (EEA, 2007b). In
mountainous areas of Central Europe, expected changes in the frequency and intensity of
precipitation events may increase soil erosion (Schils, et al, 2008).

Salinization

Saline soils are expected to increase in coastal areas as a result of salt water intrusion from
the sea side, because of rising sea levels and (periodically) low river discharges. A higher
sea level increases the pressure on the groundwater along the coastline and the salty water
will displace the freshwater to a certain extent. An occasional flooding with sea water will also
leave behind a saline soil which may need several years of rain before it is again usable as
arable land. Salinization alters soil quality and reduces crop vyields, thereby reducing an
a r e aapaxity to produce food, which in turn has severe socio-economic implications (EEA
2007b).

Salinization can also take place after inappropriate irrigation practices, use of salt-rich
irrigation water and poor drainage conditions. This type of salinization affects approximately
3.8 million hectares in Europe (Jones, et al, 2012). Artificial salinization occurs in Portugal,
Spain (Ebro valley), Italy (Sicily), France, Greece, Hungary, Slovakia and Romania.

Landslides

Although there are multiple causes of landslides, landslides in Europe are most often the
result of soil saturation with water from heavy rainfall events and snow melt. Landslides
mainly have a local effect, and it is therefore difficult to make general statements about
landslides on a European scale. Landslides result in soil loss in the case of shallow
landslides, or soil transfer in other cases. Particular physical soil properties such as structure,
bulk density, water permeability and retention capacity can be affected. This can
subsequently result in loss of soil functions and an increased vulnerability of the soil to other
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threats, such as erosion and compaction (Eckelmann, et al, 2006). Landslides are also
caused by human activities such as cultivation, removal of vegetation (including
deforestation), construction activities and changes in the shape of a slope (Jones, et al,
2012).

Loss of soil biodiversity

Living organisms in the soil form a web of biological activity (Jones, et al, 2012). This system
delivers key ecosystem services such as processing of nutrients and influencing of water
retention characteristics. Soil biodiversity is already under threat because of sall
contamination, soil sealing (urbanisation), mining, deforestation and other human-induced
impacts. There is little information available on impacts of climate change on soil biodiversity,
also because the majority of soil organisms are still unknown (e.g., nematodes, fungi,
microorganisms). Soil biodiversity is related to all other aspects of soil degradation (e.g. loss
of organic matter, erosion, desertification); cf. Figure 42 for an example.

Stokes & Slade (1994) pose an additional impact of climate change, namely soil cracking. It
can play a role in heavy clay soils during a drought period. Soil cracks in these environments
can be used by small animals such as rodents and reptiles to protect themselves against the
daily heat. These aspects have been reported for the US Great Plains and in Queensland,
Australia; it is yet unknown if it is also relevant in Europe. If climate change has an impact on
this phenomenon this can be considered as an aspect of the impact of climate change on soil
biodiversity but will also have an impact on infrastructure such as electricity lines and pipe
systems.
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Figure 42: example of interrelated aspects of soil degradation (EC, 2010e)
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Desertification

Desertification is a form of land degradation in arid and semi-arid areas, caused by climatic
variations and human activities (EC, 2010e). Desertification often results from the
overexploitation of vegetation cover leading to topsoil erosion and hence reduced
productivity, or improper water use resulting in salinization. This affects crops, nature and soil
biodiversity. As climate change can lead to more extreme drought, this may take the land in
arid countries closer to the tipping point. In Europe, Bulgaria, Cyprus, Greece, Hungary,
Latvia, Italy, Malta, Portugal, Romania, Slovakia, Slovenia, and Spain are already affected by
desertification.

The agricultural and forestry sector is closely connected with soil and is affected by soll
degradation through soil carbon loss, erosion and salinization. Coastal areas and irrigated
agricultural land are sensitive to salinization. Biodiversity may be reduced due to soil
degradation. At the same time, European cities are expected to increase their sensitivity for
floods and the urban heat island effect by increasing the percentages of sealed soils.

The northern latitudes are most affected by the loss of CO, through decomposition of organic
matter in soil. Currently decomposition processes are limited by low temperatures and
permafrost. Peat lands are sensitive to increased decomposition if they are exposed to more
extreme and frequent periods of soil moisture deficit.
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Droughts in combination with higher temperatures could exacerbate the loss of carbon by
erosion. Mediterranean countries have a relatively high risk of desertification as a result. As
climate change can lead to more extreme drought, this may take the land in arid countries
closer to the tipping point.

Soil sealing

Soil sealing (permanent covering of soil with layers that are impermeable for water, such as
buildings, asphalt and concrete) affects the vulnerability and resilience of European cities
and areas to climate change. The driving force behind soil sealing is the need for new
housing, business locations and infrastructure. Soil sealing interrupts the exchange of water,
biochemical compounds and energy between the soil compartment and the biosphere,
hydrosphere and atmosphere. All processes in the water cycle, the biochemical cycles and
energy transfers are affected (Prokop, et al, 2011). Soil sealing is an important factor in the
urban heat island effect. Soil sealing can be described through the DPSIR model as a driver
leading to the following climate related impacts (Prokop, et al, 2011):

Reduced soil functions

Loss of water retention and increase of flood risk

Less soil sequestration and carbon storage

Landscape fragmentation leading to increased vulnerability of ecosystems

Higher surface temperatures and increase of the risks of the urban heat island effect
Unsustainable living patterns such as increased traffic and air emissions

A lack of productive soils for food and other biomass production. It may also lead to
less availability of fertile soils for future generations

The main pressures driving biodiversity loss include land use change and management
(agriculture), the expansion of commercial forestry, infrastructure development, human
encroachment and fragmentation of natural habitats, as well as pollution and climate change.
However, climate change is projected to become the fastest growing driver of biodiversity
loss to 2050, followed by commercial forestry and bioenergy croplands (OECD, 2012).

There is clear evidence collated by the Intergovernmental Panel on Climate Change (IPCC)
to show that biodiversity is already responding to climate change and will continue to do so
as impacts become more severe in the years and decades to come (IPCC, 2007a).

Species respond individualistically to climate change, with direct impacts including changes
in phenology, species abundance and distribution, community composition, habitat structure
and ecosystem processes (Mitchell et al., 2007; Hodgson et al., 2009a).
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Many studies and reports have shed light on some of the consequences of climate change
for Europeb6s species and h éipacts aftckmate ¢hangetahde
selected renewable energy infrastructures on EU biodiversity and the Natura 2000 network,
Hodgson et al. (2009a) cited evidence and modelled projections for the following key impacts
on biodiversity and the physical environment:

A Phenological changes

Ve

A Decoupling of events
A Climate-related stress and changes to disturbance regimes

A Range contraction and expansion

A Species and habitat composition changes.

Similarly, a series of reports from the EEA (EEA, 2010a; EEA 2010b; EEA 2010c; EEA
2010d) provide observational evidence for changes in habitat composition and shifts in
species distributions in response to climate change. The reports anticipate more severe
impacts in the future due, for example, to an increase in heavy rainfall events and flooding in
Northern Europe and to drought and desertification in Southern Europe. Climate change also
interacts with, and often exacerbates, other threats to biodiversity.

Ecosystems play a vital role in climate regulation (EC, 2009a). Changes in ecosystem
structure, function and composition have important implications for the interactions between
the biosphere and the climate system. Oceans, forests, grasslands, wetlands and, in
particular, peatlands are essential in mitigating climate change (terrestrial and marine
ecosystems currently absorb around 50% of anthropogenic CO, emissions). However,
climate change and the degradation and destruction of these ecosystems are weakening
their capacity to sequester and store carbon, and can lead to significant releases of
greenhouse gases. For example, degraded peatlands account for around 10% of
anthropogenic emissions, and deforestation and degradation around 23%. Climate change
can also have significant impacts on other ecosystems and the services that they provide (cf.
Figure 43).
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Figure 43: Potential impacts of climate change on natural systems, their services and human benefits.
Source: EC (2009b).
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Hodgson et al. (2009a) undertook a systematic review, synthesis and analysis of published
reports, information and data relating to the observed and projected impacts of climate
change in Europe, with a particular focus on the species and habitats in the EU 27 Member
States. Information on the observed and projected implications of climate change for the
EUOG s ni ne bi o g e oig Algine,h Atlantic, r Bdagki ®en, sBoreal, Continental,
Macronesian, Mediterranean, Pannonian, Steppic 1 is provided in Annex 5, Table 73
(Hodgson, et al, 2009a).

Climate change will also lead to indirect impacts on biodiversity through changes in socio-
economic drivers, working practices, cultural values, and policies. These have potential to
exacerbate many of the main pressures driving biodiversity loss. These include habitat
fragmentation and loss due to land use change, over-exploitation and unsustainable use of
natural resources, pollution of air, water and soil and, increasingly, invasive alien species
(EEA, 2010a, b, c, d). Further, human consumption and production patterns are causing
ecosystems to degrade and depriving them of their capacity to withstand climate change and
deliver essential services, such as crop pollination, clean air and water, and control of floods
or erosion (RUBICODE project, 2006i 2009*%). Due to their scale, scope and speed many
could be more damaging than direct impacts (Smithers, et al, 2008), with knock-on
implications for ecosystem services on which our society and economy rely.

3 http://www.rubicode.net/rubicode/index.html
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The DG ENV study Impacts of climate change and selected renewable energy infrastructures
on EU biodiversity and the Natura 2000 network and complementary work for the EEA
included the development of vulnerability assessments for species and habitats (Sajwaj, et
al, 2009; Harley, et al, 2010). In addition to estimating potential impacts (i.e. the combined
effects of exposure and sensitivity), the methodologies consider the adaptive capacity of
species (either individually or as proxies for assessing habitat vulnerability). The results of
the species assessments (Sajwaj, et al, 2009) suggest that the majority of species from the
four exemplar taxonomic groups studied are likely to be vulnerable to some extent. Of the
212 species assessed, the vulnerability of 135 (64%) was ranked as high, very high, critical
or extremely critical under at least one future climate change scenario. The assessment also
shows that vulnerability primarily arises where species are constrained in their ability to move
to and colonise new areas with suitable climate. This complements the findings of other
vulnerability assessments, which have typically focused on particular species or groups of
species within Member States or regions.

The vulnerability of habitats to climate change is also likely to be a problem for species,
particularly those that are habitat specialists and are already constrained by habitat
availability and/or condition. Climate change is likely to exacerbate such threats, rather than
create new opportunities (Harley, et al, 2010).

The results of vulnerability assessments should, however, be treated with some caution. This
is due to the large number of caveats and assumptions associated with attempts to
understand the implications of climate change for biodiversity, including the uncertainties and
limitations inherent in the use of climate models in impact projections and the reliance on
expert judgements in determining constraints on adaptive capacity.

Climate and weather have a powerful impact on human, animal and plant health. A variety
of impacts are projected for European countries. The most important health effects from
future climate change are projected to include (Watkiss, et al, 2009; D" Amato, et al, 2007):

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

Increases in the risk of accidents and wider well-being from extreme weather events
(floods, fires and storms);

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

Changes in the seasonal distribution of some allergenic pollen species, range of
virus, pest and disease distribution.

Climate changes can effect human, animal and plant health directly by thermal stress (heat
waves) and casualties and injuries of extreme events (floods and storms), and indirect by
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changes in distribution of vector-borne diseases, rodent-borne diseases, water-borne
diseases, food-borne diseases and air quality, ozone, air allergens and ultraviolet radiation.
The IPCC 4™ Assessment Report (AR4) concluded with a very high degree of confidence,
that climate change is contributing to the global burden of disease and causing premature
deat hs, and that while currently these effects
increaseinallcount ri es and regetal80d). (Confal oni er i

As stated in the OECD Environmental Outlook to 2050 7 The consequences of inaction,

climate change affects human health adversely through extremes in temperature, weather

disasters, photochemical air pollutants, vector-borne and rodent-borne diseases, and food-

related and water-borne infections (OECD, 2012). Also the WHO Report on protecting health

form climate change: connecting science, policy and people (WHO, 2009b) highlights the

effects on human health in a similarway. Es peci ally the CEHAPI S WP2 re
of climate change in the European Union: evidence for a ¢ t i @EHAPIS( 2012, DRAFT)

highlights the consequences of climate change on human health.

All people are affected, but potential health effects depend largely on populations'
vulnerability and their ability to adapt, and may be modified by ecological, social, economic
and cultural factors, including education, access to health care, etc. (EEA, 2010g).

Temperature increase

There is a direct relationship between human mortality and temperature (thermal stress due
to extreme high temperature events, heat waves) that differs by climatic zone and
geographical area. High ambient temperature is associated with mortality from heat stroke,
and also illnesses (e.g. cardiovascular diseases). However, rising temperatures will also
reduce winter excess deaths. At present cold and extreme cold temperatures (cold spells)
lead to more deaths than warm/hot temperatures in Europe (WHO, 2010c).

A warmer climate will have particular benefits in northern latitudes of Europe (Watkiss, et al,
2009). Nevertheless the IPCC AR4 chapter 12, which focuses on Europe*, reported that
heat waves are very likely to become more common and severe over the next century. The
2003 heat wave was the most dramatic in recent history, but there have been a number of
fatal heat waves in Central and Southeastern Europe over the last ten years. Heat waves in
Central and Southeastern Europe between 2005 and 2007 caused at least 839 heat wave
related morbidities in Romania, Slovakia and Bulgaria (EM-DAT, World Bank 2009).

The number of climate-related extreme events in Europe increased by 65% between 1998
and 2007, with overall economi c nlramstiseepseviodso u b | i n g
decade. About 40 million people have required help with their health and basic survival
needs, such as safe shelter, medical assistance, safe water supply and sanitation, in the past

“ http://www.ipcc-wg2.qov/AR4/website/12.pdf
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20 years. This is a growth of about 400% compared to the 8 million people affected in the
previous two decades® (WHO Europe, Information for the media, 2011)*.

As reported to EM-DAT/CRED* (The International Disaster Database - Centre for Research
on Epidemiology of Disasters-CRED), the highest health impact, in terms of numbers of
people killed, was linked to extreme temperatures (especially heat waves) in most regions of
Europe, particularly in the south and west. Floods and wet mass movements were linked with
the highest death rates in Southern and Eastern Europe, droughts and wildfires in Southern
Europe, while for storms higher death rates were reported in Northern and Western Europe.
Between 1980 and 2011, the number of reported climate related extreme events in Europe
increased (EEA, 2012b).

Between 1900 and 2012, 38 drought events occurred in Europe, killing 1.2 Million people
(31.579 average per event) (directly related to thermal stress from heat waves), affecting
15.4 Million (407.447 per event) and causing a damage of US$ 21 billion (US$ 564.771 per
event) (EM-DAT, 2012)*®. The most serious drought in the Iberian Peninsula in the last 60
years occurred in 2005 (e.g. in many parts of Portugal, January 2005 was the driest January
in more than 100 years)*, reducing overall EU cereal yields by an estimated 10%. The
drought also triggered forest fires (27.000 fires occurred, 400 fires a day)®°, killing 15 people
and destroying 180.000 ha of forest and farmland in Portugal alone (UNEP, 2006). However,
there is no evidence that river flow droughts have become more severe or frequent over
Europe in general in recent decades (Hisdal et al. 2001)**, nor is there conclusive proof of a
general increase in summer dryness in Europe over the past 50 years due to reduced
summer moisture availability (van der Schrier, et al, 2006).

45 According to data from the Centre for Research on the Epidemiology of Disasters (CRED) International
Disaster Database (EM-DAT), 2009

8 http://www.euro.who.int/en/what-we-publish/information-for-the-media/sections/latest-press-releases/extreme-
weather-events-threaten-safe-drinking-water-and-sanitation

47 http://mww.cred.be/ and http://www.emdat.be/

8 http://www.emdat.be/result-disaster-
profiles?disgroup=natural&period=1900%242012&dis_type=Drought&Submit=Display+Disaster+Profile##summt
able

9 http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=14717

% http:/iwwf.panda.org/who_we are/wwf_offices/spain/news/?22801/WWE-urges-Portugal-to-fight-root-causes-
of-forest-fires

*! http://onlinelibrary.wiley.com/doi/10.1002/joc.619/pdf
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Extreme weather events

Climate change comprises changes in weather patterns and an increase in extreme
weather events, such as heavy rainfall with subsequent floods, which are the most
immediate and obvious health risks. Projections indicate that these events will become more
intense and frequent (Work Bank, 2009). Floods (e.g. a consequence of heavy storms, sea
level rise as well as increased glacial melt (EEA, 2009a)) and storms are the most common
natural disasters causing loss of life and economic damage in Europe. In the past 20 years,
953 disasters killed nearly 88.671 people in Europe, affected more than 29 million others and
caused a total of US$ 269 billion economic losses. Compared to the rest of the world,
economic loss per capita is high in Europe, partly because it is very densely populated
(United Nations International Strategy for Disaster Reduction Secretariat (UNISDR, 2009c)
and the economic wealth by capita is high.

Adverse health impacts associated with flooding include direct physical effects (drowning and
injuries), but also wider effects on well being (e.g. mental illnesses from the effect of flooding
and displacement) (Watkiss, et al, 2009). Most importantly, the disruption and stress of a
flood event have negative effects on mental health for a long time after the event (Ahern, et
al, 2005).

Additional floods and storms can lead to indirect effects, e.g. contamination of e.g. soil, fresh
water, and groundwater with persistent organic pollutants (POPs) and heavy metals. This
can cause problems, like long-range chronicle contamination of water bodies, ground water
and food chain. Several climate-related factors combined (e.g. excessive heat or greater
cold, overcrowding and disease spread associated with population migration) will aggravate
the effects of POPs on humans. Other determinants of health (e.g. socio-economic status,
education, adequacy of shelter, general health status) will also combine the adversely
affecting human responses to POPs and climate change (UNEP/AMAP Expert Group report
i Climate Change and POPs: Predicting the Impacts)®2.

Vector-, rodent-, water- and food-borne diseases

Climate is important in determining the geographical range of vectors carrying a range of
vector-borne diseases (Semenza & Menne, 2009). Climate and other changes (e.g.
demographic, socio-economic, migration, trade and travel) are likely to affect the distribution
of the vectors of infectious diseases and pest species in Europe in the future. There is good
evidence that the distribution of vectors and pathogens has already changed in Europe due
to anthropogenic warming.

There is a continuing risk of Chikungunya and Dengue fever importation into Europe due to
international air travel. The presence of a competent vector and a conducive climate,
particularly in the Mediterranean area calls for heightened surveillance of potential outbreaks.
There have been increases in incidence of tick-borne encephalitis and Lyme disease,

2http://chm.pops.int/Implementation/GlobalMonitoringPlan/ClimateChangeandPOPsPredictingthelmpacts/tabid/1
580/language/en-US/Default.aspx
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particularly in Northern/Central and Leishmaniasis in Southern Europe over recent decades,
though there are many additional factors associated with these increases (e.g. the influence
of increased travel, changes in leisure activity affecting exposure, levels of reporting)
(Semenza & Menne, 2009). Tick-borne diseases and the associated Lyme borreliosis
disease and tick-borne encephalitis are moving into higher altitudes and latitudes (Semenza
& Menne, 2009). Changes in the geographical distribution of the sandfly vector (which is a
competent vector for Sicilian, Naples, Toscana phlebovirus and other related viruses) are
occurring in several European countries (high confidence), e.g. Cypress, Italy, Spain and
Portugal (Depaquit, 2010). For leishmania parasite, temperature influences the biting activity
rates of the vector, diapauses, and maturation of the protozoen parasite in the vector and
there is a risk of expansion of human Leishmania® cases further north. The two tick-borne
diseases - Crimean-Congo haemorrhagic fever (CCHF) and Rickettsia - may be influenced
by climate change, but the evidence is currently rather limited. Potential reasons for the
emergence or re-emergence of CCHF (e.g. in 2009 six confirmed cases in Bulgaria and two
in Germany, ECDC, 2011) include climate changes, which may have a significant impact on
the reproduction rate of the vector Hyalomma ticks, as well as anthropogenic factors (e.g.
changes in agricultural and hunting activities). There are models that show the probability of
CCHF extending to other countries around the Mediterranean basin, suggesting that vector,
veterinarian and human surveillance should be enhanced (Maltezau & Papa 2011).

The Asian tiger mosquito (Aedes albopictus), a transmitter of a number of viruses (e.g.
Arboviral Encephalitides®, Dengue Fever, West Nile Virus, Yellow Fever, Chikungunya®
Fewer), has extended its geographical range in Europe®® (preliminary in Italy, Southern
France and the Adriatic Coast) substantially over the past 20 years and is projected to
extend even further”” (ENHanCE team Animation i The Asian Tiger Mosquito: climate
controls in Europe®®) and to larger parts in Europe, which are climatically suitable for Aedes
albopictus, meaning that additional expansion of the vector is highly probable (Caminade, et
al, 2012).

Projected temperature increases in the United Kingdom could increase the risk of local
malaria transmission only by 8 to 15%; in Portugal a significant increase in the number of
days suitable for the survival of malaria vectors is projected. However, the risk of localised
malaria transmission is low (Semenza & Menne, 2009). The malaria vectors (Anopheles

%% Asiatic and African parasite transmitted by local Phlebotomine sandflies highlights the risk of introduction
diseases potentially transmitted by European Phlebotomine sandflies.

> Arthropod-borne viruses are maintained in nature through biological transmission between susceptible
vertebrate hosts by blood feeding arthropods (mosquitoes, psychodids, ceratopogonids, and ticks). Vertebrate
infection occurs when the infected arthropod takes a blood meal.
http://www.cdc.gov/ncidod/dvbid/arbor/arbdet.htm

5 Chikungunya is a viral disease that is spread by mosquitoes. It causes fever and severe joint pain. Other
symptoms include muscle pain, headache, nausea, fatigue and rash.
http://www.who.int/mediacentre/factsheets/fs327/en/

56http://ecdc.europa.eu/en/activities/diseaseprogrammes/emerging_and_vector_borne_diseases/ Pages/VBORNE
T_maps.aspx

> http://ecdc.europa.eu/en/healthtopics/aedes_albopictus/Pages/index.aspx

%8 http://www.liv.ac.uk/enhance/news/index.htm
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mosquitos) are present in much of Europe. In the past decade, a few cases of autochthonous
transmission occur in continental Europe (for example, Florescu, et al, 2011 and Danis, et al,
2011). Rodent populations are affected by weather conditions and landscape features. Under
climate change scenarios, rodent populations could be anticipated to increase in temperate
zones, resulting in greater interaction between human beings and rodents and a higher risk
of disease transmission (rodent-borne diseases, e.g. hantavirus®®), especially in peri-urban
and urban areas (Semenza & Menne, 2009). In some European countries, breakdown in
sanitation and inadequate hygiene are contributing to serious rat infestations (ECDC)®,

In Europe, the incidence of salmonellosis and campylobacteriosis has decreases or stayed
constant over the last years but is strongly seasonal where elenated temperatures influence
the transmission (Semenza, et al, 2012b) (food- and water-borne disease).

There has been a linear increase in reported cases of some food-borne diseases for each

degree increase in weekly or monthly temperature over a certain location-specific threshold

(medium confidence). Thousands of cases of salmonella will continue to occur, particularly in

countries where food safety standards are poor. Higher temperatures favour the growth of

bacteria in food (Semenza, et al, 2012b). Infections with Salmonella spp. rise by 51 10% for

each 1°C increase in weekly temperature, at ambient temperatures above 5°C (Semenza, et

al, 2012b). The annual costs of food-b or ne s al monel | a i n28tblienp&EU r eac
year (CEHAPIS, 2012, DRAFT). In the Mediterranean, additional public health issues from

recreational water use due to microbiological water contamination are projected, which would

require proper monitoring and surveillance (Semenza & Menne, 2009).

Changing frequency and intensity of precipitation events (and temperature) from climate
change may result in outbreaks of water-borne diseases (high confidence) and could
mobilise pathogens. Increased temperature will generally have a eutrophication-like effect
(e.g. Schindler, 2001), with enhanced phytoplankton blooms (e.g. Wilhelm & Adrian, 2008),
and increased dominance of cyanobacteria (blue-green algae) in phytoplankton
communities, resulting in increased threat of harmful cyanobacteria and enhanced health
risks in water bodies used for public water supply and bathing. As an example, one category
of algal blooms, cyanobacteria, in the Baltic, has been present for decades, but have recently
increased in duration, frequency, and biomass. Resulting toxins trigger gastrointestinal
illnesses and liver damage in cases of persistent exposure, and ingesting contaminated
water has killed cattle and pets (World Bank, 2009). Vibrio bacteria (including V. vulnificus
and V. cholerae), native to the North and the Baltic Sea, proliferate in warmer water
temperatures during unusually hot summers (Semenza & Menne, 2009). They can infect
open wounds that can necrotise and cause septicaemia.

A recent study conducted by the European Centre for Disease Prevention and Control,
Mapping Climate Change Vulnerabilities to Infectious Diseases in Europe (Semenza, 2012a),

* Humans may be infected with hantaviruses through rodent bites, urine, saliva or contact with rodent waste
products. Some hantaviruses cause potentially fatal diseases in humans, hemorrhagic fever with renal
syndrome (HFRS) and hantavirus pulmonary syndrome (HPS).

60 http://www.ecdc.europa.eu/en/healthtopics/climate_change/health_effects/Pages/rodent_borne_diseases.aspx
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assessed incidence, outbreak frequencies and distribution of many infectious diseases in
relationship to climate change. In 2007 and 2009/2010 national infectious disease experts
from Europe were surveyed and peer-reviewed literature was evaluated. A large majority of
respondents agreed that climate change would affect vector-borne (86% of country
representatives), food-borne (70%), water-borne (68%), and rodent-borne (68%) diseases in
their countries. Based on this assessment seven diseases call for changes in the
surveillance system (Lindgren, 2012). Imported cases of chikungunya fever (CF) dengue
fever (DF), and Rift Valley fever (RVF) are currently reported to ECDC, either voluntarily (CF)
or legally (DF, RVVF); however, autochthonous transmission demands heightened
surveillance. Lyme disease, tick-borne encephalitis (TBE), Vibrio spp. (except V. cholera O1
and O139) and visceral leishmaniasis.

The ECDC Technical Report - Assessing the potential impacts of climate change on food-
and water-borne diseases in Europe (ECDC, 2012) needs to be seen as a starting point in
this field. Nevertheless, it was concluded that the risk of campylobacteriosis® is associated
with mean weekly temperatures, although this link is shown more strongly in the literature
relating to salmonellosis. Irregular and severe rain events are associated with
Cryptosporidium® spp. outbreaks, while non-cholera Vibrio sp. displays increased growth
rates in coastal waters during hot summers. In contrast, Norovirus and Listeria spp. show
only a relatively weak association with climatic variables, but a much stronger one with food
determinants.

Ozone and fine particulate matter

There is growing evidence that the effects of heat wave days on mortality are greater on
days with high levels of ozone and fine particulate matter (PM10). This affects the elderly
(751 84 years) in particular and the total daily number of deaths in this age group increased
by 16.2% on heat wave days with high ozone levels and by 14.3% on days with high PM10
levels, respectively, compared to an increase of 10.6% and 10.5% on days with low levels of
ozone and PM10 (WHO, 2007).

In 2005, 40 European Member States faced a total of 500.000 premature deaths per year
from particulate matter (PM) air pollution. Changes in wind patterns, increased desertification
and fires boost the long-range transport of air pollutants. The projected increase in heat
waves in Europe is expected to result in more frequent ozone episodes. During heat waves
mortality is higher when PM and ozone pollution are high (CEHAPIS, 2012, DRAFT).

As ozone is potentially threatening human and animal health, this could have very serious
consequences such as eduction in lung function, aggravation of preexisting respiratory
disease (such as asthma), increases in daily hospital admission and emergency department

61 Campylobacteriosis is an infection by the Campylobacter bacterium. It is among the most common bacterial
infections of humans, often a food-borne iliness. It produces an inflammatory, sometimes bloody, diarrhea or
dysentery syndrome, mostly including cramps, fever and pain.

62 Cryptosporidium cause gastro-intestinal illness with diarrhea in humans. Treatment is symptomatic, with fluid
rehydration, electrolyte correction and management of any pain.
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visits for respiratory causes, and excess mortality (WHO, 2003). In addition to an estimated

200000 prematur e death associated wi t h oz%ne

(maximum daily 8-hour average), excessive exposure to ozone is linked with 14.000
respiratory hospital admissions every year in EU25, and more than 100 million person-days
with minor activity restrictions, respiratory medication use, cough or lower respiratory
symptoms (WHO, 2008a).

Climate change may increase summer episodes of photochemical smog due to increased
temperatures, and decreased episodes of poor air quality associated with winter stagnation.
Stratospheric ozone depletion and warmer summers influence human exposure to ultraviolet
radiation and therefore increase the risk of skin cancer (IPCC, 2007a). In the past, climate
change has contributed to an increase in ozone concentration in Central and South-western
Europe, and the climate-induced increase in ozone levels might be hampering current ozone
abatement efforts. Nevertheless, detailed projections for the future effects of climate change
on air quality are largely missing (EC, 2009b).

Allergenic disorder

There is also the potential for an increase in the seasonality and duration of allergic
disorders, with implications for directcostsi r oughl y esti mated at
EU-15% i in terms of care and medicines. Indirect costs are also considerable and include
opportunity costs associated with non-optimal performance of market and household
activities, for example, the sizeable loss of school and working days/hours, the negative
impact on school performance and on social and sport activities for the individual patients.
The IPCC AR4 (IPCC, 2007a) reported with high confidence that climate change altered the
seasonal distribution of some allergenic pollen species. There may be other indirect health
effects due to climate change acting on other health determinants, such as on indoor and
outdoor air quality (accumulation of pollutants), the level of air pollution and the nature,
severity and timing of air allergens, such as pollen or mould (EC, 2009b). Also Blando et al.
(2012) argues, the evidence that links climate change to the exacerbation and the
development of allergic disease is increasing and appears to be linked to changes in pollen
seasons (duration, onset and intensity) and changes in allergen content of plants and their
pollen as it relates to increased sensitization, allergenicity and exacerbations of allergic
airway disease. Also synergistic effects such as increase of potent allergen plants and also
animals related to a changing climate occur (Blando, et al, 2012).

The introduction of new invasive species with highly allergenic pollen, in particular ragweed
(Ambrosia artemisiifolia), presents important health risks. Several laboratory studies show
that increasing CO, concentrations and temperatures increase ragweed pollen production
and prolong the ragweed pollen season and increase some plant metabolites that can affect
human health (BMU & UBA, 2010).

8 http://www.allergie.wur.nl/UK/Research/
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The IPCC AR4 (IPCC, 2007a) reported that there may be other indirect health effects due to
climate change acting on other health determinants, such as on indoor and outdoor air
quality (accumulation of pollutants), the level of air pollution and the nature, severity and
timing of air allergens, such as pollen or mould (EC, 2009b). Climate Change and air
pollution is directly impacting indoor air quality, taking into account that people spend about
90% of their time indoor. Especially indoor air quality can be improved in order to raise health
benefits like identified in the Report of DG Health and Consumers (Jantunen, et al, 2011)
Promoting actions for healthy indoor air (IAIAQ).

In general, the quality of health care is high in Europe, but quite different depending on the
region (CEHAPIS, 2012, DRAFT). The WHO Regional Office for Europe concludes that
health services play an important role in identifying impacts as well as raising awareness
about and adapting to climate change (in Altvater, et al, 2011a).

Furthermore, the short- to medium-term impacts of climate change on health are mainly
expected to be exacerbations of existing effects. In this case, it can be concluded that much
of the expected increased burden could be avoided through scaling up existing cost-effective
interventions (Hutton, 2011) or prevented by introducing new instruments (e.g. heat health
action plans in order to prevent, react upon and contain heat-related risks to health).

With regard to impacts on animal health, climate is an important factor in determining the
geographical range of vectors (for instance mosquitos) that carry a range of diseases. There
are vector-borne animal diseases including some of zoonotic character for which an
increased geographical distribution has been observed in recent decades. Many factors
influence the emergence and spread of infectious diseases such as trade in live animals and
animal products, international tourism, migration, food preferences, political and economic
stability, and increased contact to wildlife by growing urbanisation, constructing in previous
animal habitats or increase in outdoor activities. However, the expansion of the distribution of
bluetongue disease and its emergence during 2006/07 in Northern Europe outside of its
previously known geographical range is one of the most prominent examples for the potential
impact of climate change on animal health.

Non-statutory diseases

Non-statutory diseases are animal diseases for which no EU harmonised veterinary
legislation is laid down as it is the case for some epidemic and highly contagious diseases.
Their appearance does not influence the official animal health status of a country in particular
with a view to possible cross border spread, but they may also be important for the farmer's
income.

As stated in the accompanying documents® of the White paper on adaptation (EC, 2009a)
climate change has an impact on non-statutory diseases, affecting the animals' living

8 http://ec.europa.eu/health/ph_threats/climate/docs/com 2009-147 en.pdf
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conditions and conducive to pathologies such as parasitic diseases (e.g. infestation/affection
by nematodes and taenia), nutritional disorders, sunstroke or dehydration.

Statutory diseases

Statutory diseases are mainly serious transmissible infectious animal diseases, which are
subject to international and EU veterinary legislation and which are relevant in determining
the animal health status of a country. Some of them can be considered to respond to climatic
changes especially vector-transmitted diseases dependent on specific weather conditions
and those transmitted by wildlife. This includes a number of vector-borne diseases such as
Rift Valley Fever, African Horse Sickness, African swine fever and West Nile Fever and most
importantly Bluetongue (effects ruminants) with its emergence in the summer of 2006 in
the Netherlands, Belgium, Germany, France, Luxemburg and spread up to Sweden, which is
much further north outside the previously known range (Southern Europe) of virus
distribution. Climate change is likely to have facilitated the expansion of Bluetongue in
Europe (e.g. Takken & Knols, 2007).

Bluetongue emergence in Europe is thought to be linked to increased temperatures, which
allows the insects that carry the virus to spread to new regions and transmit the virus more
effectively (Guis, et al, 2011).

Using these future projections, researchers found that in Northern Europe there could be a
17% increase in incidence of the bluetongue virus, compared to 7% in southern regions,
where it is already much warmer.

It is also a relevant example the discovery of >150 cases of Chikungunya in Italy (Takken &
Knols, 2007).

The recently discovered (November 2011) Schmallenberg virus fits into the wider pattern of
animal diseases and their vectors moving northwards. The virus belongs to a group of
viruses (Bunyaviridae) that are spread by insect vectors.

Temperature increase

Heat waves provoke stress in animals, but provided they have a shelter place, adequate
ventilation and fresh water, livestock animals are rather resistant to heat. Also livestock
animals are quite resistant to cold, but are more vulnerable in adverse weather condition
(e.g. humidity, wind) (Gobin, et al, 2008).

Non vector disease

The dynamics of non vector-borne diseases such as infections with avian influenza may
also be influenced by changes to migratory routes of wild waterfowl. The EU has already
experienced during early 2006 that very cold weather in some areas causing feed scarcity
and unusual freezing of open waters forced wild waterfowl to change their flyways, which has
led to the introduction of highly pathogenic avian influenza of the H5N1 subtype into the EU.
Some wild bird species have already decreased their range of migration, which could also
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contribute to the spread of certain infectious fish diseases to new areas. Virus persistence in
the environment including in water may also be influenced by changes in temperature.

Highly pathogenic avian influenza of the H5N1 subtype has caused an international crisis
affecting more than 60 countries in Asia, Africa and Europe leading to important economic
losses and social disruption. As regards human health more than 607 confirmed cases and
358 deaths have been reported to the WHO®. The disease remains a reason for concern
due to its unprecedented involvement of wild birds in long distance virus spread and the
endemicity of the infection in domestic poultry in Egypt, Indonesia and some other Asian
countries, which seems not to be eradicated in the short term.

The dynamics of non vector-borne diseases such as avian influenza may also be influenced
by changes to migratory routes of wild waterfowl.

Wildlife plays an important role in transmission of animal diseases such as avian influenza,
rabies, classical swine fever and tuberculosis. Reduced water availability will lead to
increased congregation of animals and be conducive to conditions for the persistent
circulation of pathogens.

In the light of the global repercussions of transboundary animal diseases on animal health
and trade, and on human health, awareness, early detection, diagnosis and response efforts
must be fast, well coordinated and strategically planned to help stop diseases before they
spread. The capacity and performance of the veterinary services are crucial in this context.

3.2.2.3.3 Plant Health

Changes in climate impact on the susceptibility of plants to pests and diseases. In addition,
warmer summers and shorter winters will in general result in increasing populations of
harmful organisms and extension of their geographic range, and will enable new ones to
become established in the EU. The crops selected for cultivation will also change in
response to climate change, bringing fresh opportunities for pests and diseases.

The timing of seasonal events in plants and animals is changing across Europe. Between
1971 and 2000, phenological events in spring and summer have advanced on average
between 2.5 and 4 days per decade. The pollen season today starts on average 10 days
earlier and is longer than it was 50 years ago. Climate change is regarded as the main cause
of these changes (EEA, 2012d).

Impacts of climate change on plant health as stated in the accompanying documents®® of the
White paper on adaptation (EC, 2009a) are, inter alia, effects on cropping system, plant
breeding, natural vegetation, forest, meadows, woodland.

Several European plant species have shifted their distribution northward and uphill. These
changes have been linked to observed climate change, in particular to milder winters. The

& http://www.who.int/influenza/human_animal_interface/H5N1 cumulative table archives/en/index.html
% http://ec.europa.eu/health/ph_threats/climate/docs/com 2009-147 en.pdf
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rate of climate change is expected to exceed the ability of many plant species to migrate,
especially as landscape fragmentation may restrict movement (EEA, 2012d).

While a fair amount of information is already available concerning the impacts of climate
change on the worl dodés species and ecocorsigesablle ms, f
more information is needed on the impacts on forests, forest pests and the complex
relationships relating to climate change.

Emerging pests and diseases

Direct consequences are related to emerging pests (e.g. spruce bark beetle as a result of
increased temperature and precipitation reduction) (Marini, et al, 2012) and disease as well
as indirect risks to agricultural productivity and trade. Additional, breeding seasons are
lengthening, allowing extra generations of thermophilic insects such as butterflies,
dragonflies (Hassall, et al, 2007), bark beetles and others to be produced during the year
(EEA, 2012a).

Changes in plant phenology have shown to be good bio-indicators (e.g. Estella, et al, 2009;
Gordo & Sanz, 2006) for climate change impacts, which already occur, like earlier start of the
growing season, onset of bud break reported for numerous species in the northern
hemisphere (Walther, 2003). Especially in mountain areas, the continent-wide response of
vegetation to climate change is a fact and it is shown that ongoing climate change gradually
transforms mountain plant communities. The more cold-adapted species decline and the
more warm-adapted species increase, a process described as thermophilization (Gottfried, et
al, 2012).

With increasing global trade, new challenges emerge due to the increased risk and
frequency of trade-driven international pest movement (Evans, 2008). When pests expand
into new territories without the checks and balances provided by natural enemies, or
encounter either a new host species or a large expanse of their natural host species,
opportunities may be created for significant outbreak episodes, resulting in reductions in
forest growth and tree mortality. Gradual shifts in climatic suitability in previously unsuitable
regions of the world provide new opportunities for forest pests to establish in new locations.

Disturbances

Disturbances such as fire, drought, landslides, species invasions, insect and disease
outbreaks, and storms such as windstorms and ice storms influence the composition,
structure and function of forests (Dale, et al, 2001).

All of these impacts related to increased temperature and changes in precipitation patterns
on trees and forests will inevitably have widespread impacts on the forest sector. Changes in
the structure and functioning of natural ecosystems and planted forests (due to temperature
changes and rainfall regimes) and extreme events and disasters (droughts, fires and pests)
will have negative impacts on the productive function of forest ecosystems, which in turn will
affect local economies (FAO, 2005).
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Changes in the patterns of disturbance by forest pests (insects, pathogens and other pests)
are expected under a changing climate as a result of warmer temperatures, changes in
precipitation, increased drought frequency and higher carbon dioxide concentrations. These
changes will play a major role in shaping the world's forests and forest sector.

Insects and pathogens

Insects and pathogens have been noted to respond to warming in all the expected ways,
from changes in phenology and distribution to influencing community dynamics and
composition. While some impacts of climate change may be beneficial in terms of protecting
forest health (e.g. increase winter mortality of some insect pests due to thin snow cover;
slower larval development and increased mortality during droughts), many impacts will be
quite detrimental (e.g. accelerated insect development rate; range expansions of pests).

Climate change can affect forest pests and the damage they cause by directly impacting their
development, survival, reproduction, distribution and spread; altering host physiology and
defences; impacting the relationships between pests, their environment and other species
such as natural enemies, competitors and mutualists.

Different forest insect pests, diseases and other pests have already impacted or are
predicted to have impacts on forests due to climate change. For example, Agrilus
pannonicus (=A. Biguttatus (Fabricius)) has recently been associated with a European oak
decline throughout its natural range and has increased in incidence in several countries
including France, Germany, Hungary, Poland and the Netherlands, and the UK where it is
believed to be contributing to oak decline (Gibbs & Greig, 1997; Ciesla, 2003). Infestations
can result in extensive tree mortality which, combined with other factors involved in the
decline, can drastically alter the species composition of oak forests.

With short generation times and low developmental threshold temperatures, aphids can be
expected to be strongly influenced by environmental and climatic changes. In general, it has
been predicted that aphids will appear at least eight days earlier in the spring within 50 years,
though the rate of advance will vary depending on location and species (Harrington, et al,
2007). This could potentially result in greater damage to host plants depending on the
phenology of host plants and natural enemies.

Zhou et al. (1995), for example, investigated the timing of migration in Great Britain for five
aphid species (Brachycaudus helichrysi, Elatobium abietinum, Metopolophium dirhodum,
Myzus persicae, Sitobion avenae) over a period of almost 30 years and concluded that
temperature, especially winter temperature, is the dominant factor affecting aphid phenology
for all species. They found that a one degree Celsius increase in average winter temperature
advanced the migration phenology by 4 to 19 days depending on species.

The green spruce aphid (Elatobium abietinum) is also believed likely to benefit from the
increase in winter survival, leading to more intense and frequent defoliation of host spruce
trees (Picea spp.). Infestations in the UK have resulted in large losses of spruce foliage and
height both during the active infestation and in subsequent years. Westgarth-Smith et al.
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(2007) showed that warm weather associated with a positive North Atlantic Oscillation (NAO)
index caused spring migration of E. abietinum to start earlier, last longer and contain more
aphids.

Native to Central and Southern Europe, Thaumetopoea processionea is a major defoliating
pest of oak. Since the late 20™ century it has been expanding its range northwards and is
now firmly established in Belgium, Denmark, Northern France, and the Netherlands and has
been reported from Southern Sweden and the UK. It is believed that the northward
progression of the oak processionary moth is due to improved synchrony of egg hatch and
reduction of late frosts as a result of warmer temperatures (Evans, 2008).

The larch bud moth, Zeiraphera diniana, is a European pest that has been defoliating large
areas of larch forests in the Alps every 8 to 10 years for centuries (Battisti, 2004). It has an
annual life cycle, overwintering as an egg on the larch branches and feeding on the needles
as soon as the bud breaks. As such synchrony between egg hatch and bud burst is critical.

Increased temperatures associated with climate change have affected this relationship
leading to asynchrony and reduced incidences of the moth in Switzerland (Evans, 2008). It
has been reported that abnormally high temperatures result in unusually high egg mortality
(Battisti, 2004).

Increases in ground-level ozone are likely in some regions due to warmer temperatures,
which would cause a decrease in forest health and growth, which in turn has critical
implications for forest distributions and future rates of carbon sequestration (Matyssek, et al,
2012 in: EEA, 2012d).

Climatic conditions affect agriculture and the water resources needed to maintain stable
production levels in many areas of Europe (Ciscar, et al, 2009). Various authors distinguish
between direct and indirect effects of increased greenhouse gas emissions on the agro-
ecosystem. Direct effects are primarily due to higher CO, levels and include increased
biomass production and water use efficiencies. Indirect effects are related to climatic
components such as temperature, precipitation, extreme events, radiation and humidity
(Olesen & Bindi, 2004), which in turn influence crop growth and occurrence of weeds, pests
and diseases (Olesen, et al, 2011).

Invasive species (IS) are treated separately, since they are not a sub-challenge of human or
animal health, but instead they are a chapter for invasive species affecting human, animal
and plant health and biodiversity problems.

Invasive Species like the Asian tiger mosquito, which is increasingly present in Europe and is
a vector for at least 22 arboviruses (including dengue, Chikungunya, Ross River, and West
Nile), was introduced via trade in used tyres. Climate change is likely to foster its spread
further north (EC, 2008b).

20/02/2013 -153-



Climate,

Background report to the IA, Part | changes ', 2
PROBLEM DEFINITION AND POLICY CONTEXT: ”‘daptaﬂ"?{fs
Who is affected, in what ways, and to what extent? )

Support to the development of EuAdaptStrat to Climate Change: f’

The main identified costs related to Invasive species in Europe comprise eradication and
control costs and damage to agriculture, forestry, commercial fisheries, infrastructure and
human health. While it may appear that there are either impact costs or eradication costs, in
fact partial eradication and control programmes are undertaken in parallel, on an ongoing
basis in order to try and limit the impact. In 2008, an initial estimate assessed annual
Invasive Species-r el ated costs in Europe at bet ween
year (Kettunen, et al, 2008). This figure is undoubtedly an underestimate, as it is based on
current expenditure to eradicate and control Invasive Species plus the documented cost of
the economic impact. Given that many countries are only now starting to document and
record costs and effects, the real figures for the financial costs involved will be considerably
higher (EC, 2008b).

3.2.2.3.5 Climatic drivers affecting human health

Temperature increase

According to the Impact Assessment accompanying the White pape r AAdapting

change: towards a European framework for actiono (EC, 2009a), the WHO (WHO, 2010b)
and the IPCC (IPCC, 2007a) the primary concern in Europe with regard to climate change is
the mortality and morbidity related to heat waves. Heat waves are very likely to become more
common and severe (IPCC 2007a). People become more sensitive to heat waves, if the
duration is longer. The sensitivity is country specific and is a result of differences in
physiological and social conditions. The IPCC concludes that elderly, disabled, children,
women, ethnic minorities and those on low incomes are more vulnerable and need specific
consideration (IPCC 2007a).

The EEA Urbarpadaptatiorfito climate change in Europed ( E E A, highl@its2that)
thermal stress, increases cardiac output and redirection of blood flow to the skin (Hajat, et al,
2010). Diminished or delayed physiological responses cause people to be extra sensitive to
heat exposure. In particular the elderly, young children and those using certain medication
are sensitive to heat (Kovats & Hajat, 2008) as well as pregnant women (EEA, 2012c).

The impacts of climate change on human health in the 2080s without acclimatization were
analysed in the Peseta Study (Watkiss, et al, 2009). The estimated range of increase in
annual heat-related mortalities is between 60.000 and 165.000, while the range of diminution
of cold-related mortalities is between 60.000 and 250.000. Acclimatisation to warmer climate
in summer would reduce the projected mortality changes by a factor of five, but heatwaves
have not been considered in the project (Watkiss, et al, 2009).

In addition, people living in cities are specifically vulnerable for heat stress as a result of the
urban heat island effect. According to the EuroHEAT®’ project, the increase in mortality
during heat wave days (study period 1990-2002 and 2004), ranged from +7.6% in Munich to
+33.6% in Milan. The increase was up to three times greater during episodes of long duration
and high intensity. Pooled results showed a greater impact in Mediterranean (+21.8% for

87 http://iwww.euro.who.int/ _ data/assets/pdf file/0010/95914/E92474.pdf
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total mortality) than in North Continental (+12.4%) cities. The highest effect was observed for
respiratory diseases and among women aged 75-84years( D6 | ppo)®. ti, 2010

A ten-year analysis in 15 European cities, carried out by the PHEWE (Assessment and
Prevention of acute Health Effects of Weather conditions in Europe)®® project, estimated a
2% increase in mortality in northern cities and a 3% in southern cities for every 1°C increase
in apparent temperature above the city threshold level.

A European heat wave occurred during the summer of 2003 causing health problems for

between 22.000 and 35.000 mainly elderly people, of which 14.802 died within 20 days. The
associated costs of this heat wav&Haae20@Bamdst i mat e
van Aalst, 2006, in: Altvater et al. 2011a). Related to a study by (LoVecchio, et al, 2005)" in

the United States, during 19791 2002, 6% of the 4.780 deaths classified as heat-related

occurred in children (Ebi & Meehl, 2007).

According to the EEA Report No 4/2008 (EEA, 2008c) increasing temperatures are likely to
increase the number of heat-related deaths. Mortality risk increases by between 0.2% and
5.5% for every 1°C increase in temperature above a location-specific threshold. Heat-wave
events can have detrimental effects on human health. More than 70.000 excess deaths were
reported from 12 European countries in the hot summer of 2003 (June to September). Long
heat waves (more than 5 days) have an impact 1.5 to 5 times greater than shorter events.
86.000 net extra deaths per year are projected for the EU Member States for a high-
emissions scenario with a global mean temperature increase of 3°C in 20717 2100 relative to
19611 1990. Heatwaves can compromise public health, reduce the ability to work and result
in lower productivity thus shortening or delaying the delivery of products and services to
clients (EEA, 2012a).

Heat exposure and heat stress have a major effec
activity, whether it is a part of general daily activities (such as carrying things to and from the
household) or part of daily work. Heavy labour is most affected as such jobs generate heat in
the body. If the body cannot be cooled down sufficiently by sweating or other cooling
mechanisms (radiation, conduction or convection), the only way to avoid heat stroke is to
slow down and reduce work output, affecting worker productivity or "work ability”". Using the
common heat stress index WBGT (Wet Bulb Globe Temperature), the reduction of "work
ability" due to increasing heat exposure is based on international guidelines like 1SO, 1989
(WHO, 2009c). The WHO report 2009 highlights that for e.g. Delhi at the peak heat exposure
of WBGT at 28°C, the loss of work ability is almost 50% and the losses in a heavy labouring
job (500W, e.g. construction worker) become extreme, and in fact during the middle of the
day no work of this type can be carried out. For a person working with less physical demand
(200W) the work ability losses are less, but still almost 100% in the middle of the day. As an

®8 http://www.ehjournal.net/content/9/1/37
® http://cordis.europa.eu/projects/rcn/70003_en.html
0 http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5425a2.htm
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example, Athens has been analysed showcasing that the lowest work ability outdoors in the
hottest month, July is at around 7% (500W) and 30% (200W).

Extreme weather events

The life of thousands of people may be threatened by more frequent extreme weather events

in the future. The value of excessdeat hs i s e st iliomaabhneally (vehen valuing 0 b i |
eachexcessdeat h) and G4 120 billion (when vafromi ng the
heat alone. The greatest impact is in Central Southern Europe. These impacts are, however,

likely to be balanced out by reduced cold-related deaths, with the greatest gains in Northern

Europe and the British Isles (CEHAPIS, 2012, DRAFT).

The intensity of heavy rain events has increased in the past 50 years. Up to 20% of the
European population lives in river basins that are likely to be affected by increased flood
hazards, direct by e.g. drowning or injury or indirect by e.g. allergy to moulds of infectious
diseases (EEA, 2012¢). For example, intense precipitation events have been associated with
large water-borne disease outbreaks, through contamination of water treatment and
distribution systems with cryptosporidium (Semenza & Nichols, 2007). The number of winter
floods is projected to rise in north-western countries, and of flash floods throughout the
region. Between 2000 and 2009 death incidents from flooding were highest in Central and
Eastern Europe. Particular risks were from fast flowing water, hidden hazards, water of
unknown depth, driving and walking through flood water and infectious disease outbreaks
(Semenza & Menne, 2009). Sea level rise and storm surage cause coastal flooding, which is
likely to threaten an additional 1.6 million people and their health every year in the European
Union (WHO, 2008b), especially in the Northern Mediterranean, Northern and Western
Europe might experience coastal flooding by 2018 (Nicholls, 2004), compared to past data.
According to CEHAPIS (2012, DRAFT), the areas potentially most affected by coastal floods
are the British Isles, the Central Europe North and Southern Europe regions. PESETA (2009)
estimated that the number of people affected by coastal flooding in the EU in 1995 (reference
year) is estimated to be 36.000. Without any adaptation measures, the number of people and
peopl ed sannhakyaffettdd by coastal flooding in the EU is approximately between
775.000 and 5.5 million, depending on the scenario. The impacts on public health (including
school education) accounted for about 9% (£287 million) of economic costs. £260 million of
this comprises the mental health cost associated with flooding based on estimates of
p e o p wibiriyrsess to pay to avoid exposure to the distress caused by flooding (CEHAPIS,
2012, DRAFT).

Vector-borne diseases

Climate change is likely to affect the geographical distribution, seasonality, and incidence of
many of the vector-borne diseases that are endemic in Europe or neighbouring regions
(Semenza & Menne, 2009). T o draéeyc@neectedness with rapid travel and trade increase
the risk of introduction of new pathogens, vectors, and hosts into new places’’. Tick-borne

" http://edinburgh.academia.edu/JonathanSuk/Papers/1032512/Future_infectious_disease_threats_to_Europe
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diseases, Lyme disease and Crimean Congo fever are likely to further change their
distribution; a northern spread of Leishmania is expected; mosquito-borne diseases may
further spread in parts of Europe and create localized outbreaks including dengue fever,
Chikungunya and West Nile Fever. An empirical model estimated that, in the 2080s, an
additional 1.5-2.5 billion people (two fifths of the world's population) would be at risk of
dengue as a result of climate change and population increase (CEHAPIS, 2012, DRAFT).

Water-borne diseases

By the 2020s, the average annual number of temperature-related cases of salmonella may
have increased by a total of almost 20.000 as a result of climate change in Europe (on top of
any increases expected from population changes). For the 2080s, the climate change
induced increase in temperature-related cases of salmonella could be around 40.000
annually, on average for the whole of Europe. A number of other food-borne diseases could
follow similar trends, although salmonella is the most common form of food-related illness in
Europe (Watkiss, et al, 2009). The damage costs of increased Salmonella cases in the EU
due to higher average temperatures has also been estimated, with an annual damage cost of
bet we e+139 mifliGn until 2040, based on the average medical treatment cost per case
o f .50M(Watkiss, et al, 2009).

Invasive species and allergenic pollen

The introduction of new invasive species with highly allergenic pollen, in particular ragweed
(Ambrosia artemisiifolia), presents important health risks. Several laboratory studies show
that increasing CO, concentrations and temperatures increase ragweed pollen production
and prolong the ragweed pollen season and increase some plant metabolites that can affect
human health (BMU & UBA, 2010).

Ozone and fine particular matter

Air quality may also attribute to the additional deaths during heat waves; this is due to a
combination of factors, such as high temperature and radiation, stagnation of air masses and
weak dry deposition, which favour the accumulation of ozone precursors and the build-up of
ozone (Tressol, et al, 2008). In the Netherlands Fischer et al. (2004) suggest that a
significant proportion of the deaths now being attributed to the hot summer weather of 2003
can reasonably be expected to have been caused by air pollution. There is a potential that
populations will slowly acclimatize to higher temperatures. Dessai (2003) assumes that it
takes three decades to acclimatize to 1°C temperature rise (in Altvater, et al, 2011a). The
combined effect of heat-waves and of peaks of ozone or PM10 (particulate matter with a
di ameter wunder 10 &m) air pollution increases n
(those aged 751 84 years) (WHO Regional office for Europe, n.d.b).
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Diseases

One potential consequence of significant and permanent changes to our climate is altered
patterns of disease in humans and animals. Such may include 1) the emergence of new
disease syndromes and 2) a change in the prevalence of existing disease, particularly those
spread by biting insects. A wider geographic distribution of known vectors and/or the
recruitment of new strains to the vector pool could result in infections spreading to more and
potentially new host species. Some of the diseases impacted by climate change may be
endemic some show an epidemic pattern. In general, warmer temperatures can result in
higher virus titres within vectors, increased vector survival from season to season and higher
vector biting frequency. The Culicoides midges, which disseminate Bluetongue virus have
shown to invade new territories finding a virgin host population and finally involving
indigenous insects in the gradual development of the disease.

Climate change does not only refer to incremental changes of long-term means over time,
but also to changes in variability and increases in frequency and intensity of extreme events.
Rift Valley Fever strongly depends on rainfall patterns. Extreme weather events might then
create the necessary conditions for that disease to expand its geographical range northwards
(Matrtin, et al, 2008).

For example, the highly pathogenic avian influenza remains an unparalleled international
crisis. Other animal diseases also present cause for alarm. Prevalent in many areas of the
world, African swine fever, foot-and-mouth disease, Rift Valley fever and other transboundary
animal diseases are often not recognized in time.

Swift to spread from herds to markets and beyond, some of these diseases are also
transmissible to humans and can move to cities, countries and regions if left unchecked.

In light of the global repercussions of transboundary animal diseases on animal health and
trade, and on human health, response efforts must be fast, well coordinated and strategically
planned to help stop diseases before they spread.

Food safety

Climate change will additionally impact livestock production systems across Europe and thus
affect food safety. In some areas, farmers will need to adapt their practices to combat, for
example, new animal diseases and detrimental impacts to pasture land. Direct and indirect
impacts of climate change on animal health and boosting weather-related deaths and
diseases will also be crucial factors for the reduction of livestock productivity and
management, and certainly the location of production. The integration and intensification of
systems of monitoring and surveillance of animal diseases ensure early detection of
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outbreaks and better adaptation (copa*cogeca, European farmers and European agri-
cooparatives)’®. Cf. also chapter 3.2.3.2 and 3.5.3.2).

3.2.2.3.7 Climatic drivers affecting plant health

Changes in climate impact on the susceptibility of plants to pests and diseases. In addition,
warmer summers and shorter winters will in general result in increasing populations of
harmful organisms and extension of their geographic range, and will enable new ones to
become established in the EU. The crops selected for cultivation will also change in
response to climate change, bringing fresh opportunities for pests and diseases.

Climate change affects plant health in diverse ways and thus impacts different kinds of
utilisation of land like forestry and agriculture.

Pests

A considerable effect on pathways of exotic pest introduction in new geographic regions is
anticipated: as climatic conditions become more favourable, new or migrant plant pests may
become established and more widespread in areas that were previously considered being
pestfree. An example is that of pine wood nematode Bursaphelenchus xylophilus currently
causing great damage in Portugal. The nematode is a considerable threat for the northern
areas in the EU and it has been estimated that if the average temperature increases above
20°C during July or August, a mortality of 50-90% of conifers should be expected.

Indigenous plants will be subjected to greater environmental stress and will become more
vulnerable to pests and diseases. In principle, fungal and bacterial pathogen outbreaks are
expected to increase both in number and in terms of the severity of outbreaks in areas with
increased rainfall”>. However, warmer summers may also favour certain thermophilic fungi.

It would be reasonable to assume that most insect pests have the potential to become more

damaging due to global warming. Itis al so | i kely that the pestsbod
increase, making the overall effect less predictable. This is because in many cases there is a

fine balance between pests/diseases, their natural enemies and their host plants.

Regarding plant health, it is recognised that the recent rapid increase in agriculture (e.g.
Western corn rootworm Diabrotica virgifera virgifera), forestry and public green sites (e.g.
Pinewood nematode Bursaphelenchus xylophilus, Pitch canker Gibberella circinata and Red
palm weevil Rhynchophorus ferrugineus) pest incursions, into the EU necessitates the
establishment of closer links between plant health and environmental policy.

"2 http://www.copa-cogeca.be/img/user/file/Climate/5659%20version%20E.pdf
73 http:/Avww. foresight.gov.uk/Infectious%20Diseases/t7_2a.pdf
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The European Food Safety Authority (EFSA)™ focussed in it last Scientific Colloquium on
emerging risks in plant health (EFSA, 2011) inter alia on climate change as a driver of
emerging plant health risks and potential impacts of climate change on emerging pests, e.g.:

Pest range changes: leading to pest overwinter survival, longer growing season,
change in reproductive cycle, extreme climatic events

Host range changes: host overwinter survival, changed cropping patterns (crops and
cultivars)

Host-pest synchrony changes: temperature change impacts on phenological
development

Increased pest virulence: increased generations, increased fecundity, increased
multiplication, increased host susceptibility

Increased pest entry: atmospherically transported pests, pest entry with new biofuel
crops and exotic horticulture plants

Forests and the way they are managed are particularly sensitive to climate change, because
the long lifespan of trees does not allow a rapid adaptation to environmental changes
(Lindner, et al, 2008). Effects of climate change include increased risk of biotic (pests and
diseases) and abiotic (droughts, storms and fires) disturbances to forest health. However, the
exact effects of climate change on forests are complex and not yet well understood. 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.

In the field of forest health, the most commonly studied insects belong to the orders
Lepidoptera and Hemiptera, while there is only limited information on coleopterans. There is
also scant information available on the effect of climate change on symbionts and host
dynamics. Further detailed studies of important forest pests would allow for the development
of pest management strategies for the future and assist forest managers and policy-makers
to better prepare for the challenge of dealing with climate change and provide insights into
future pest adaptations to climate change.

Opportunities

Next to negative climate change impacts, especially in the long term, opportunities arise as
well in the forestry sector. Evidence to date suggests that productivity in Northern and
Central Europe has increased and is likely to continue to increase. Further, northward
expansion of potential distribution of some tree species is expected and potentially more
favourable conditions for summer recreation in mountainous regions will exist (Lindner, et al,
2010). However, with more drastic changes in climate towards the end of the 21th century,

" http://www.efsa.europa.eu/en/panels/plh.htm
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severe and wide ranging negative climate change impacts have to be expected in most
European regions (Lindner, et al, 2008), with the Mediterranean region as the most
vulnerable to climate change based on potential impact assessment and adaptive capacity
(Lindner, et al, 2010).

The relation between human health and climate change are complex and interact with
several other factors. Important factors are the population health status, population
demographics and the health infrastructure. Vulnerable groups among are children, elderly,
pregnant women, low income groups and people with health issues (WHO, 2010a). In many
parts of Europe population is aging. The figure below shows the relationship between climate
change, its drivers, effects on systems and socioeconomic development, health, mitigation
and adaptation (WHO, 2010b).

Communicable diseases continue to emerge in Europe and elsewhere, and it is by now
widely understood that myriad social and environmental risk factors influence their
emergence. Major drivers of emerging infectious diseases that could threaten control efforts
in Europe include globalization and environmental change (including climate change, travel,
migration, global trade); social and demographic drivers (including population ageing, social
inequality, lifestyles); and public health system drivers (including antimicrobial resistance,
health care capacity, animal health, food safety). These factors, alongside many others,
interact in dynamic and stochastic ways to drive the emergence and re-emergence of new
diseases. Yet, individually, such factors are not easily addressed by medical and public
health communities alone, woven as they are into the fabric of our societies. This, however,
does not obviate medical and public health communities of the responsibility to assess,
communicate and address the potential risks from communicable diseases that society
faces. In an increasingly complex world, it is ever more important to anticipate and prepare
for the unexpected. ECDC has completed an infectious disease threat assessment with
international experts (Suk & Semenza, 2011). In the threat assessment numerous key
disease drivers were identified to explore how they might interact to create new risks or
exacerbate current ones. They are shown in Figure 44.
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Figure 44: Interaction between disease drivers and scenarios: European Union ™
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The global spread of disease vectors is facilitated by global trade and travel patterns (Suk &
Semenza, 2011). Three developments are concerning for 2020. First, the introduction of new
disease vectors, which creates new opportunities for disease transmission, such as has
happened with the introduction of Aedes albopictus into Europe through global trade and
then transmitted an outbreak of Chikungunya in Italy in 2007, when the virus was introduced
by a traveller. A second possibility is that vectors currently exist in Europe prove to have a
previously unknown capacity for disease transmission, such as has happened with the
spread of Bluetongue, as well as with a mutation in the Chikungunya virus that made it easier
to be transmitted by Aedes albopictus. The third development is the shift in the transmission
range of a disease, the host and its vector such as Tick-Borne Encephalitis, which had a
marked increase in incidence in the Baltic region that has been linked to socio-economic
change as well as a northerly expansion of the vector in Nordic countries linked to climate
change. Consequently, vector-borne diseases may be an increasing problem across the EU
by 2020 (ECDC, 2012).

"5 http://ajph.aphapublications.org/doi/pdf/10.2105/AJPH.2011.300181
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Changes in animal phenology have shown to be good bio-indicators (e.g. Estella, et al, 2009;
Gordo & Sanz, 2006) for climate change impacts, which already occur like composition of
fish fauna, spread of invasive species, statutory disease spread (e.g. Bluetongue).
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Figure 45: Climate change and health: pathway from driving forces, through exposures to potential health impacts (CEHAPIS, 2012, DRAFT)
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Figure 45 can be accordingly interpreted for animal and plant health.
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The recently completed ClimWatAdapt project’”® has investigated the future water situation

and devel opments in the water sector in Europe
scarcityo, Avul nerability to dCilinnWagAdaptshas beemnd Av u
used as the main source for this chapter, but has been accomplished by additional

information. Water quantity and water quality aspects were addressed, with water quality

issues mainly addressed by literature review because of gaps in research, data collection,

and observation. The sectoral level of detail involves the agricultural, energy, industrial, and

tourism sectors, as well as navigation and aquatic ecosystems (environmental flows).

Overall, one emission scenario (SRES A1B) using a multi-model ensemble of 11 GCM-RCM

combinations and two socio-e conomi ¢ scenari os, particularly 0
ASustainabil it yandiysedmthiSrefolRUE) , wer e

The ClimWatAdapt project concludes that changes in future water scarcity are mainly driven
by changes in water withdrawals. Under the EcF scenario, 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. No water stress occurs in
Northern Europe. In river basins under severe water stress, there will be strong competition
for scarce water resources between households, industry, agriculture, and nature. Overall,
this situation is most severe during summer when river flows are low and are becoming lower
due to climate change. Additionally, the water demands are highest during the summer due
irrigation demands and tourism water use.

Under the SUE scenario, the water withdrawals are significantly reduced and as a result, the
percentage of area under severe water stress is expected to decrease in all regions by 2050
and almost diminishes on an annual basis. Southern Europe and parts of Western Europe
are still likely to suffer from water scarcity during summer, primarily caused by agricultural
water use together with decreasing water availability because of climate change. The
vulnerability of hydropower, navigation, and environmental flows is less affected by the water
use scenarios since climate change is the dominant driver; however, water abstractions need
to be considered to avoid further depletion and maintain the ecological function of the rivers.

In Western Europe, the energy sector in particular is extremely vulnerable to water scarcity
and droughts under the EcF scenario conditions because of increased electricity production.
This would lead on the one hand to cooling water stress during the low flow period, i.e. when
cooling water requirements cannot be fulfilled, and on the other hand, to thermal pollution
when water temperature is high and there is reduced cooling water intake. Alternative energy
sources like hydropower are also at risk due to reduced river discharges, and growing biofuel
crops may result in increasing diffuse source loadings. Hence, depending on the location, the

"® This text is mainly taken from: Flérke et al. (2011).
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expansion of hydropower might be critical. Irrigation water stress only occurs occasionally
during the summer season, and maize yields are likely to decrease under rainfed conditions.
Environmental flows are at risk or severe risk in the future and the same may be the case for
the navigation sector.

Considering 100-year flood events, Western Europe is likely to be hit but these larger and
richer EU countries can afford the rather high absolute costs. With respect to water scarcity
and droughts, measures should preferably address the thermoelectric power sector. A shift in
cooling systems reduces water stress as shown by the SuE scenario but increases water
consumption, and therefore, a reduction in thermal electricity production as such or changing
consumption patterns should be preferred. A special role is given to the navigation sector,
which has to adapt to climate change impacts regardless of the water use scenario.
Temperature increases and reduced snow cover will influence winter tourism in the Alps. In
Western Europe, the different upstream and downstream-related vulnerabilities of
transboundary river basins need to be carefully analysed to avoid negative side effects of
adaptation measures. Most of the transboundary river basins have been subject to water
quality and flood problems so far, but in the future, they need to be better prepared to avoid,
e.g., losses in the thermoelectric power sector due to water shortages during low flow
periods or even droughts. This is obvious for the Rhine where the navigation sector will be
affected, too.

For Eastern Europe, the results of the vulnerability assessment are not as clear as for
Western or Southern Europe. Although the percentage of area under severe water stress is
anticipated to increase due to higher water withdrawals no individual sector is particularly
affected. Rather, the occurring water stress is caused by the cumulative water stress of the
all sectors. An exception is the thermoelectric energy sector during low flow conditions when
cooling water requirements are probably not met. The minimum flow for maintaining aquatic
ecosystems is depleted under the EcF scenario and the navigation sector is affected in the
lower Danube. In this area, the occurrence of severe droughts is rather likely. Extreme flood
events are expected to increase in Eastern Europe, leading to higher flood damages. For
example, among the European countries, Hungary is likely to suffer from the highest costs in
percent of GDP due to direct impacts of flooding. Flooding damages might decrease the
Hungarian GDP by 0.09% in 2050. In Eastern Europe, measures addressing floods and
droughts should have highest priority; water scarcity seems not to be a major problem.
However, the latter seems to be the case in the lower Danube where minimum
environmental flows as well as navigation are expected to be at risk. This is an important
result since the Danube, as a transboundary river basin, has to deal with a range of
vulnerabilities affecting different sectors.

In Southern Europe, agriculture is the major water use sector and will remain so in the future.
Irrigation water stress occurs throughout the year and especially during the summer. In some
river basins much more water is consumed by crops than is available. Seasonal water
shortage may be overcome by water stored in reservoirs. However, there is also a risk that
the fAwater gap, 0 the i mda bupplyc will bb elosade ey roverd e ma n d
exploitation of groundwater resources. Most prone to an increase in drought hazard is
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Southern Europe, which already suffers most from water scarcity. Due to reduced river
discharge, aquatic ecosystems and transitional waters will be threatened. Saltwater intrusion
along the coastline is most likely, polluting aquifers that are used for domestic water supply.
Additional pressure is caused by the tourism sector, which increases demand during
summer. With respect to the energy sector, losses in hydropower electricity production are
most likely for run-of-the-river plants and for reservoir stations. In some river basins,
thermoelectric power plants will also be at risk during the low flow season. Changes in flood
hazards are expected to increase in parts of Southern Europe with a strong increase in lItaly.
Concerning adaptation measures, Southern Europe is mainly affected by water scarcity and
droughts but also by (flash)floods. The imbalance between water supply and water demand
is caused by increasing water withdrawals and decreasing water availability. For instance, a
large portion of the agricultural land is intensively irrigated causing water stress and
competition with other water users. A large decrease is necessary on the demand side to
reduce water stress as could be shown with the SuE scenario. This cannot be reached only
through technical measures addressing water use efficiencies. Instead, non-technical
measures/actions that lead to a change in demand and water use are very important.
Transboundary issues are mainly related to water scarcity and droughts and this will remain
so in the future. However, in order to solve the problems between upstream and downstream
user needs, integrated management is of high importance as well as cuts in agricultural
sector water use by e.g., reducing the irrigated area or changing crop patterns. It is rather
likely that downstream areas have to struggle with saltwater intrusion due to reduced
freshwater intake but also sea level rise destructing wetland areas and reducing biodiversity.

In Northern Europe, no water stress occurs and only (locally) the thermoelectric sector may
be at risk during low flow periods. The main water user in Central & Eastern Europe in 2000
was the electricity production sector. However, average annual precipitation and temperature
are expected to increase, leading to changes in snow cover during winter. This can lead to a
shorter snow season and reduced snowmelt-induced flood peaks in the spring. Nevertheless,
some areas are affected by an increase in flood hazards. Due to increased use of water in
the agricultural sector, water quality problems may occur and resulting in an increase in
diffuse source loadings. Results from WATCH recommend the relationship between air and
water temperatures and river flow levels should be included to improve estimates of river
temperatures, especially during dry, warm spells.

The drought atlases delivered by the WATCH project provide spatial-temporal evolution of
droughts (and high flows) for the past and future across Europe in a single diagram. These
atlases provide an objective means to assess the duration and spatial extent of droughts
using a regional deficiency index. Using this approach a multi-model assessment to evaluate
extremes (drought & floods) for the future across Europe suggests for temperate regions of
Europe the number of large scale drought events is projected to increase by the end of the
21st Century.

With respect to water quality, less information is available on the European scale; however,
some findings from SCENES are presented. The EU-FP7 project ClimateWater addresses
water quality issues as well (but no modelling) and concludes with the urgent need for the
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development of a broad range of catchment models that are calibrated and verified against
time series from catchment monitoring stations. Combining such models with long-term field
monitoring allows the assessment of relationships between, e.g., diffuse pollution and its
impacts. Hence, clear recommendations are given for the improved control of pollution with
the increasing impact of climate change. Current management practices are inefficient in
eradicating all pollution, the relative merits of which remain a contentious issue, therefore
requiring the development of inter-disciplinary research.

However, water quality will deteriorate as a consequence of climate change, e.g. reduced
runoff leading to lower dilution rates and higher runoff causing higher nutrient loads. It turns
out that climate change-induced diffuse source pollution loadings would have a major impact
on Europeds water resources. According to
adaptation strategies is available so far. This statement is contradicted by the fact that diffuse
source pollution is expected to grow to high levels due to catastrophic flooding and wash-off
events after heavy rainfall. Finally, it becomes more important to consider both, the
development of future water quantity and water quality to identify regions or sectors that are
vulnerable to climate change.

Al the above mentioned iissues wil!/l cl ea
ongoing study’’ is review existing knowledge on the potential effects of climate change on
drinking water resources across the EU. The preliminary findings show that climate change
will also affect drinking water supply from ground and surface water. In particular changes in
groundwater recharge and low flow conditions are the main issues. Most vulnerable areas
are:

Coastal aquifers, because of the combined effects of increasing sea levels, reduced
recharge and often high abstraction pressures. Mediterranean 1 whilst there is still
considerable climate uncertainty, Spain, southern Italy and Greece appear to be at
risk of decreased groundwater recharge. Further supply reservoirs located in these
areas will face a higher risk from sea flooding and increase wave heights.

A number of studies suggest decreased groundwater resources in parts of Germany,
Belgium, UK.

Mountainous, permafrost and boreal areas, where increasing temperatures lead to
changes in snow accumulation and melting, with resultant impacts on groundwater
recharge and discharge

Most small islands are especially vulnerable to future changes and distribution of
rainfall because they have a limited water supply, and water resources.

"Cf. second i nter i rhiteratarp @vietv ontthe potehtial climateuichange effects on drinking
water resources across the EU and the identification of priorities among different types of drinking water
supplies i ADWICE projectd c ont r a cO703ZB(SERFE2RIN/610284/D1
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PROBLEM DEFINITION AND POLICY CONTEXT: Adap oy
Who is affected, in what ways, and to what extent?

In the case of increasing frequency of flood events, combined with associated
increased pollutant peaks (combined sewer overflows, pesticide runoff etc) all
drinking water resources along rivers could be impacted as well as systems that use
bank filtration

However it should be noted that additional pressure will arise from socio-economic pressures
due to increased urbanisation, growing water demand in other sectors (in particular
agriculture) and further loss of ecosystems.

In the literature, climate change risks and impacts relevant for marine areas and coastal
zones include, among others, changes in sea surface temperature, sea level rise, ocean
current and the direction and power of waves, coastal erosion, algae blooms impacts on
aquatic species, changes in biodiversity and ecosystems and ocean acidification. To date,
however, studies and report dedicated to climate change adaptation in coastal zones focus
primarily on sea level rise.

Increased sea surface temperature (SST), coupled with changes in precipitation, wind and
salinity, influence sea ice coverage as well as the diversity and number of marine species
(EEA, 2008c). Increases in SST have been greatest in the Baltic Sea and the North Sea, with
lower rates identified in the Black Sea and the Mediterranean Sea. In the North Sea and the
Baltic Sea values are over 0.06-0.07 °C/year (ibid). The fourth IPCC assessment report
reports global scale SST increase in the A1B scenario, including deep ocean temperatures.
Under both the A2 and the B2 scenarios, the mean annual surface temperature can be
expected to increase by 2-3°C during the 21% Century, with larger increases up to 3-4 °C
expected during the spring and summer months (Meier, 2006 in MacKenzie, et al, 2007). The
warming trend is expected to be greater in the upper 100m of the ocean, but also the lower
reaches will be affected in the latter half of the century (IPCC, 2007a). Current ocean-climate
models are limited in their spatial resolution and are not able to project changes in SST for
different geographic regions across Europe (EEA, 2008c).

Over the past 60 years, the extent of Arctic sea ice at the end of summer melt has declined
at a rate of -7.8%/decade; the last 20 years have seen a trend of -9.1%/decade (Stroeve, et
al, 2007). Current projections indicate that summer ice is very likely to continue to shrink in
extent and thickness, although winter sea ice will continue to cover large areas in winter.
New models, however, indicate that ice-free summers could start to occur sooner than
previous estimations under all IPCC models (IPCC AR4), which projected this phenomena by
the end of the century, as actually observed melting has been faster than the average
expected trends (ibid). Taking into account forced change by greenhouse gas loading,
Stroeve et al. (2007), estimate that between 47-57% of sea ice melting can be attributed to
GHGs (from 1979-2006), which is a much more considerable contribution than what the
IPCC AR4 models take into account. As such, observed trends show that sea ice melt in the
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