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Summary

The obijective of the COACCH project (CO-designing the Assessment of Climate CHange
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costs) is to produce an improved downscaled assessment of the economic costs of climate
change in Europe that is of direct use to end users from the research, business, investment
and policy making community. To help inform the framing of the project and the first
stakeholder workshop, the project has undertaken a review of the current knowledge on the

economic costs of climate change in Europe. The findings are summarised in the table below.

Risk / Sector

Coverage of Economic Analysis / Policy

Cost
estimates

tipping points

but no economic analysis

Coastal zones Comprehensive coverage (flooding and erosion) of economic impacts vV
and coastal at European, national and local level. Applied adaptation policy studies
storms including decision making under uncertainty (DMUU).
Floods including | Good coverage at European, national and local level, especially for river vV
infrastructure floods (less so urban). Applied policy studies including adaptation / DMUU.
Agriculture Good coverage of European and national studies (partial and general vV
equilibrium). Studies of farm and trade adaptation. Emerging policy analysis
on adaptation and economics.
Energy Studies on costs of energy demand (heating, cooling) and supply of v
individual technologies (hydro, wind, solar, thermo-electric). Many policy
studies on mitigation. Low coverage on adaptation and system-wide impacts
on energy supply.
Health Good coverage of European and national heat related mortality. Some vV
estimates for food-borne disease. Lower coverage for other impacts.
Emerging evidence base on adaptation policy (heat).
Transport Some European studies on road and rail infrastructure (extremes). Limited v
studies for air and indirect effects. Limited adaptation policy analysis.
Tourism European and national studies on beach tourism (Med.) and winter ski v
tourism (Alps). Low information on nature-based and other tourism. Low
level of policy analysis.
Forest and Limited studies of economic impacts on forestry (productivity). Some studies 4
fisheries on European forest fires. No economic studies on pest and diseases.
Limited studies of economic impacts on marine or freshwater fisheries.
Water manage- | Some national and catchment supply-demand studies (and deficit analysis), 4
ment though lack of European wide cost studies. Limited policy and cross-sectoral
adaptation studies.
Business, Low evidence base of quantitative studies. Some studies on labour v
services and productivity. Limited analysis of economic impacts on supply chains.
industry
Macro-economic | Several pan-European studies using CGE models. Low coverage of effects v
analysis on drivers of growth, employment, competitiveness.
Biodiversity Very low evidence base on economic impacts. Adaptation policy studies X
/ ecosystem limited (only restoration cost studies).
services
Climate tipping Some studies of economic costs of major sea level rise in Europe (>1m). v x
points Low economic coverage other bio-physical climate tipping points.
Social-economic | Emerging interest in socio-economic tipping points (migration, food shocks) X

Key: v'v'v' = High coverage. v'v' = Medium coverage. v' = Low coverage. x = Evidence gap.




Introduction

Climate change will lead to economic costs. These
costs, which are often known as the ‘costs of
inaction’, provide key inputs to the policy debate
on climate risks, mitigation and adaptation.

The obijective of the COACCH project
(CO-designing the Assessment of Climate
CHange costs) is to produce an improved
downscaled assessment of the risks and costs
of climate change in Europe. The project is
proactively involving stakeholders in co-design,
co-production and co-delivery, to produce
research that is of direct use to end users from
the research, business, investment and policy
making communities

This document synthesises the current
information on the economic costs of climate
change in Europe and identifies areas of possible
research to explore with stakeholders at the first
COACCH workshop.

Climate Models and Scenarios

Analysis of the future impacts and economic
costs of climate change requires climate models.
These in turn require inputs of future greenhouse
gas (GHG) emissions, to make projections of
future changes in temperature, precipitation and
other variables.

Climate models are numerical representations
of the climate system and are based on physical
properties and feedback processes. Coupled
atmosphere/ocean/sea-ice general circulation
models, commonly referred to as global climate
models (GCMs) provide a comprehensive
representation of the global climate system. This
modelling has been conducted through a series
of Coupled Model Intercomparison Projects
(CMIP), the latest of which is CMIP5.

However, these models provide outputs at a high
aggregation level: the horizontal resolution of the
GCMs involved in CMIP5 was between 100 and
300 km. Therefore, to derive a finer resolution at
local-scale, different downscaling approaches
are used. Dynamical downscaling uses the
output of GCMs to force regional climate models

Definitions
The following definitions are used in COACCH

Co-design (cooperative design) is the
participatory design of a research project
with stakeholders (the users of the research).
The aim is to jointly develop and define
research questions that meet collective
interests and needs.

Co-production is the participatory
development and implementation of a
research project with stakeholders. This is also
sometimes called joint knowledge production.

Co-delivery is the participatory design and
implementation for the appropriate use of
the research, including the joint delivery of
research outputs and exploitation of results.

Practice orientated research aims to help
inform decisions and/or decision makers.
It uses particpatory approaches and trans-
disciplinary research. It is also sometimes
known as actionable science or science
policy practice.

(RCMs) to obtain a finer representation of climate
conditions, producing results in the order of

10 km resolution. The Coordinated Regional
Climate Downscaling Experiment (CORDEX)

and the EUROCORDEX database provides the
most recent and highest resolution simulations
for Europe, covering the historical period and
different future scenarios with different RCMs.

The natural inter-annual variability of weather/
climate, which is simulated by these models,
requires long time periods to be considered.
Climate model results are therefore typically
presented for a period of 30 years — the minimum
period sufficient to capture this internal variability
of the climate system. Note also that the impact
of climate change — over and above natural
variability — is easier to detect in the signal
arising from larger forcings after 2050.

A further issues is that of uncertainty (discussed
later). The various global and regional models
have different characteristics and therefore an
ensemble of model runs is typically used (a
group of parallel model simulations).

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




Scenarios are used to provide qualitative and
quantitative descriptions of how socio-economic
parameters may evolve in the future.

These influence the economic costs that arise
from climate change, for example, the population
affected or the assets at risk. Most studies
assess the impacts of future climate change on
future socio-economic projections, as a failure to
do so implies that future climate change will take
place in a world similar to today.

Earlier studies (IPCC 4th Assessment Report)
used self-consistent and harmonised scenarios
(the SRES scenarios), in which future socio-
economic pathways and associated Greenhouse
Gas (GHG) emissions were first assessed, then
fed into global and European climate models.
These scenarios include a medium-high
non-mitigation baseline scenario (A1B) and a
mitigation scenario (E1).

For the IPCC 5th AR, a new family of scenarios
was defined, the Representative Concentration
Pathways (the RCPs). These include a set of
four new climate (forcing) pathways, which
cover futures consistent with the 2°C goal
through to high-end (>4°C) scenarios. However,
these are not aligned to specific socio-
economic scenarios (as in the SRES). Instead
the RCPs can be combined with a set of
Shared Socio-economic Pathways (SSPs) (see
box). This provides the flexibility to combine
alternative combinations of future climate and
socio-economic futures.

Key Gaps. A key issue for economic analysis
— and especially macro-economic analysis — is
the need to use consistent and harmonised
scenarios in all modelling. As shown in box 1,
there are a large number of possible RCP—
SSP combinations, and it is common practice
to sample across this matrix. COACCH aims
to capture the combinations of most interest
to stakeholders, thus this is a focus of early
engagement.

To provide added policy insight, it is useful to
assess the effects of different socioeconomic
assumptions on impacts by analysing the same
RCP (RCP4.5) for different SSPs. It is also useful
to assess the effects of different climate futures,
by analysing the same SSP (typically SSP2)

under different RCPs. There is also policy insight
from understanding the impacts of more extreme
climate change pathways.

Finally, there are a number of remaining
questions on how to consider climate model
uncertainty and how to represent adaptation in
the scenarios.

Climate Projections for Europe

The most recent downscale climate projections
for Europe are available from EUROCORDEX.
These reconfirm that Europe will warm more than
the global average, i.e. Europe will experience
more than 2°C of warming (relative to pre-
industrial levels) even if the Paris goal is achieved
in terms of emissions. However, the patterns
differ across Europe.

At 2°C of global mean warming, the Iberian
Peninsula and other parts of the Mediterranean
could experience 3°C of warming in summer,
and Scandinavia and the Baltic 4°C of warming
in winter. These areas will also reach 2°C of
local warming much earlier in time i.e. in the
next couple of decades. These trends are
exacerbated under higher warming scenarios.

There are also projected increases in extreme
events in Europe even for 2°C of global change,
which will cause more frequent and severe
impacts. This includes increases in daily
maximum temperature, extremely hot days and
heatwaves over much of Southern and South-
Eastern Europe, although relative to current
temperatures, there will also be large increases
in heat extremes in North-East Europe.

There are also robust model findings of
increases in heavy precipitation in Europe, in
both summer and winter, with (ensemble mean)
intensity increasing by +5% to 15% (and in some
areas, even more), even under the 2°C scenario.
The projected increase in heavy preciptation

is expected also over regions experiencing a
reduction of the average precipitation (such as
southern Europe). These increases drive the
potential increases in flood risk.

The change in average precipitation from
different climate simulations varies more by

The COACCH project has received funding from the European Union’s Horizon
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The Representative Concentration Pathways (RCPs)

The RCPs span a range of possible future emission trajectories over the next century, with each
corresponding to a level of total radiative forcing (W/m?2) in the year 2100. The first RCP is a deep
mitigation scenario that leads to a very low forcing level of 2.6 W/m? (RCP2.6), only marginally higher
compared to today (2.29 W/m?2, IPCC, 2013). It is a “peak-and-decline” scenario and is representative
of scenarios that lead to very low greenhouse gas concentration levels. This scenario has a good
chance of achieving the 2°C goal.

There are also two stabilization scenarios (RCP4.5 and RCP6). RCP4.5 is a medium-low emission
scenario in which forcing is stabilised by 2100. Even in this scenario, annual GHG emissions will
need to sharply reduce in the second half of the century, which will require significant climate
policy (mitigation). Finally, there is one rising (non-stabilisation) scenario (RCP8.5), representative
of a non-climate policy scenario, in which GHGs carry on increasing over the century, leading to
very high warmings by 2100. Note that achieving RCP4.5 or below always requires mitigation, but
more mitigation is required under SSP3 and SSP5. There are also new RCP 2.0 pathways being
constructed for a 1.5°C pathway.

The Shared Socio-economic Pathways (SSPs)

The Shared Socio-economic Pathways (SSPs) provide a new set of socio-economic data for
alternative future pathways. They include differing estimates of future population and human
resources, economic development, human development, technology, lifestyles, environmental and
natural resources and policies and institutions.

Five alternative future SSPs are provided, each with a unique set of socio-economic data and
assumptions. SSP2 is the central, Business As Usual (BAU) scenario, as it relies on the extrapolation
of current trends. The SSPs are presented along the dimensions of challenges to mitigation and
adaptation. For example, in a world in which economic growth is high, there are sufficient resources
to adapt, but the challenges in mitigation are high.

SSP1 Sustainability Adaptation: low Mitigation: low
SSP2 Middle of the Road Adaptation: moderate Mitigation: moderate
SSP3 | Regional Rivalry Adaptation: high Mitigation: high
SSP4 Inequality Adaptation: high Mitigation: low
SSP5 | Fossil-fuel Development Adaptation: low Mitigation: high

Combining SSPs and RCPs gives a matrix of possible combinations of socio-economic and climate
assumptions. The crosses reflect combinations of SSPs and RCPs that are not likely.

SSP1 SSP4 SSP2  SSP3 SSP5
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Finally, to analyze the effect of mitigation strategies (for specified forcing levels), different Shared
climate Policy Assumptions (SPAs) have been identified, which use carbon taxes to achieve the
required emission levels.
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model. On average, increases of +10-15% in
winter precipitation are projected for Central

and Northern Europe for 2°C, and increases in
summer precipitation for Northern Europe. At the
same time, decreases in summer precipitation,
of the order of -10-20%, are projected for
Central/Southern Europe.

This is of high policy relevance: even if the 2°C
goal is achieved, Europe will still experience
large potential impacts.

It is highlighted that these results involve
‘uncertainty’. One unknown factor affecting future
climate is the GHG emission path (the future
RCP), though this can be considered with multiple
scenarios (as above). Another factor is that climate
models do not all give the same results, though
this can be considered by using different models.
It is essential to recognise this uncertainty, not to
ignore it or use it as a reason for inaction.

Key Gaps. A key issue, especially for adaptation
policy, is the consideration of uncertainty. As well
as sampling scenarios, it is therefore common
practice to also sample across the climate
models. A key issue for the project is therefore

to understand the climate information of most
interest to stakeholders.

Economic Cost Estimates

The sector studies in this review report
monetised impacts in terms of social welfare.
This captures the costs and benefits to society,
i.e. market and non-market impacts. These
estimates are presented in terms of current
prices (Euros) for future time periods, without
adjustment or discounting. This facilitates direct
comparison, over time and between sectors.
However, as the review collates information from
different studies, some care must be taken in
comparing values. The results are from studies
that have used different methods, scenarios and
time periods. Furthermore, sometimes results
are reported as the marginal impacts of climate
change (alone), while sometimes they are the
combined impacts of future climate and socio-
economic change together.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




Coastal flooding

Coastal zones contain high population densities,
significant economic activities and provide
important ecosystem services. Climate change
has the potential to increase risks to these
coastal zones in the future, from a combination
of sea level rise, storm surge and increasing wind
speeds, which will lead in turn to flooding, loss
of land, coastal erosion, salt water intrusion and
impacts on coastal wetlands.

Economic Methods. The economic costs of
coastal impacts — and adaptation — are among
the most comprehensively covered area of study.
Methods for assessing large scale coastal flood
risk have developed and been widely applied, at
multiple scales, though estimates vary strongly
with the sea level rise scenario considered,

the digital elevation input data and population
sets used, and the consideration of existing
protection. For sea-level rise, contributions from
ice-sheets add another dimension of uncertainty:
even within one RCP scenario there is a large
range of possible SLR as the response of the
major ice sheets is not understood.

Economic Cost Estimates. A large number
of pan-European to national economic studies
exist which use integrated coastal assessment
models. There are also now an increasing
number of detailed national and local scale
economic assessments.

In Europe, recent studies using the integrated
assessment DIVA model (in the IMPACT2 and
RISES-AM projects) estimate the economic
costs from coastal flooding and erosion in the
EU are €6 to €19 billion per year for RCP2.6,
rising to €7 to €27 billion per year for RCP4.5
and €15 to €65 billion per year for RCP8.5 in the
2060s EU (no adaptation, combined climate and
socio-economic change (SSP2), no discounting)
(Brown et al, 2015).

These costs rise rapidly by the late century,
especially for higher emissions pathways. The
estimated costs in the EU rise to €18 to €111
billion per year for RCP2.6, €40 to €249 billion
per year for RCP4.5 and €153 to €631 billion per
year for RCP8.5 by the 2080s. This indicates

a disproportionate increase in costs for higher

warming scenarios in the second half of the
century, and also highlights the benefits of
mitigation strategies.

Importantly, there are major differences in the
costs borne by different Member States, with the
greatest costs projected to occur in France, the
UK and the Netherlands (i.e. around the North
Sea) if no additional adaptation occurs.

The DIVA model has also been used extensively
to look at coastal adaptation and estimate
potential costs and benefits. These studies
show that adaptation is an extremely cost-
effective response, with hard (dike building) and
soft (beach nourishment) significantly reducing
costs down to very low levels. These show it is
economically robust to invest in protection.

The European adaptation cost estimates

are complemented by many national and

local studies. Some of these indicate higher
adaptation costs, in cases where there are
high levels of assets at risk (such as in London)
or very high standards of protection (the
Netherlands). There is also an emerging focus
for applied economic studies to use iterative
adaptation strategies. The main method
applied is the “graphical method” of adaptation
pathways. Such analysis identifies adaptation
strategies in terms of flexibility, but does not
answer the question of economically efficient
flexibility and timing of adaptation.

These integrated coastal models have also been
used to assess high end sea level scenarios (see
tipping points section), which indicate very large
increases in economic cost.

Key Gaps. While there are further improvements
that can be made to the models, such as with
local differentiated sea level rise, improved
resolution of population and elevation data,

and downscaled consideration of major cities
and ports, the main gaps relate to the need to
integrate adaptation pathways and decision
making under uncertainty into the European-
national scale models and strategies. There are
also a set of activities to consider the economic,
financial and social barriers to adaptation, and
to extend the analysis of extreme scenarios to
include socio-economic tipping points.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




Flooding and Water

Climate change will affect European regional
water cycles, from changes in precipitation,
temperature, evapo-transpiration, snow recharge
and glacier melt, etc. though with important
differences between seasons and locations.

This is likely to intensify a number of potential
economic risks, including more frequent and/or
intense floods, and changes to the water supply-
demand balance, water deficits and water
quality.

Flooding

Floods are one of the most important weather-
related loss events in Europe and have large
economic impacts, as reported in recent severe
flooding events. Climate change will intensify the
hydrological cycle and increase the magnitude
and frequency of intense precipitation events

in many parts of Europe. These events lead to
tangible direct damage such as physical damage
to buildings, but also intangible direct impacts in
non-market sectors (such as health). They also
lead to indirect impacts to the economy, such

as transport or electricity disruption, and major
events can have macro-economic impacts.

Economic Methods. There are a large number
of studies of the economic costs of future

river floods at the European, national and local
scale. Most studies use hydrological models
that link flood hazard (extreme flood events)

and exposure, then use probability-loss (depth)
damage functions to capture the impacts of
events of different return periods. These are then
integrated into a probabilistic expected annual
damage (EAD). These models can also capture
existing flood protection and consider adaptation
protection levels.

Economic cost estimates. There are several
pan-European studies estimating the economic
costs of future river flooding in Europe using two
major high resolution flood risk models. Roudier
et al. IMPACT2C, 2015a) - using the LISFLOOD
model estimated the EAD from climate change
will rise from €4-5 billion/year (currently) to €32
billion/year in the EU by the middle of the century
(RCP4.5 at 2°C for mean model results, sum of
socio-economic and climate change).

Earlier LISFLOOD studies (Feyen et al, 2011)
found that costs increase significantly for higher
emission pathways, especially by the 2080s (with
estimates of €98 billion/year by the 2080s for A1B)
and also found that uncertainty was large. These
studies show an important distributional pattern,
with high climate-related costs in some EU
Member States. As highlighted by Jongman et al.,
2014, these results indicate that the EU Solidarity
Fund may face a probability of depletion. However,
the LISFLOOD modelling found that adaptation
(increased protection) could significantly reduce
these damages cost-effectively.

A similar approach was followed by Deltares in
the BASE project. The study estimated baseline
EAD (1960-1999) at 16 billion Euro, increasing
to €26-27 billion by 2030 and €28-33 billion by
2080 (RCP 4.5 and 8.5 respectively), assuming
no adaptation (Bouwer et al., 2018).

These models provide valuable insight, at EU

and Member State levels. However, they are not
accurate enough to provide in-depth estimates

of regional and local river flood damages, for
which river basin scale models are needed. There
are a growing number of such studies being
undertaken, for example in countries such as

the Netherlands and the UK, and an increasing
number of local catchment and city scale studies.
There are also important surface water flood risks,
especially for urban areas, that are not captured
in the studies above and require local modelling.
These studies indicate surface water flooding
could have similar economic costs to river floods.

The COACCH project has received funding from the European Union’s Horizon
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Key Gaps. At the European scale, state-of-
the-art estimates of EAD for river floods exist
at a high resolution. However, work is still
needed to reconcile top-down and bottom-up
(local) studies and improve model validation.
There is also a need to improve the indirect
costs and intangible impacts of flooding and
to better represent adaptation (including costs
and benefits) in the models. It is stressed

that the focus on EAD gives little insight into
large extreme events which have high policy
resonance, thus there is also a need to further
consider these events. A final priority is to
advance surface flooding estimates.

Water supply and management
Water supply and wastewater services are
vulnerable to climate change impacts. As

well as risks to water resources (and possible
supply deficits), there are also risks to water
infrastructure and water quality, and activities
that depend on water (e.g. hydro-power, river
transport, power station cooling). However,
there are differences in the general trend in
precipitation projected for wet and dry regions
and differences between wet and dry seasons,
and high uncertainty which makes any economic
cost analysis challenging.

Economic Methods. Economic studies in the
water sector use regional hydrological models,
combined with integrated (dynamic) hydrological-
economic models. Many studies use integrated
assessment (with hydrological and water
management models) to consider cross-sectoral
demand and supply for catchments. It is also
possible to use results in macroeconomic
models (partial or CGE) to assess total economic
costs.

Economic cost estimates. The high site
specificity and the need to consider multiple
sources of water demand makes analysis at the
European scale challenging. There have been
European wide assessments of the impacts of
climate change on stream-flow drought, soil
moisture drought and water scarcity in the
IMPACT2C project (IMPACT2C, 2015), but these
were not monetised.

However, there are studies assessing the cost of
adaptation in the sector, and these are a proxy
for damages. Hughes et al. (2010) estimated

adaptation costs for all water services (i.e. water
resources, treatment and networks; sewage
networks and treatment) at USD ($)110 billion
(cumulative) for Western Europe and $104 billion
(cumulative) for Eastern Europe, in the period
2010-50. The EC (2009) also reports that the
cost of desalination and water transport in 2030
could range from €8.5 to 15 billion annually. A
further study (Mima et al, 2012) estimated the
additional costs of increased electricity demand
for water supply and treatment (due to increasing
water demand from climate change) at €1.5
billion/year by 2050 and €5 billion/year by 2100
for the A1B scenario, falling significantly under an
E1 scenario.

There are also economic studies at national or
catchment level. For example, at the country
level, the Bank of Greece (2011) calculated the
cost of climate change to the water supply
sector, estimating the cumulative cost from
climate change at 1.3% of GDP by 2050,
increasing to 1.8% by late century (A2 scenario).

Agriculture

Climate change has the potential to affect the
agricultural sector, both negatively (e.g. from
lower rainfall, increasing variability, extreme
heat) and positively (e.g. from CO, fertilization,
extended seasons). These effects will arise from
gradual climate change and extreme events that
will directly affect crop production, but will also
have indirect effects, e.g. via the prevalence

of pests and diseases. These various impacts
will affect crop yields and in turn, agricultural
production, consumption, prices, trade and
decision-making on land-use (change).

Economic Methods. There is a large body of
literature on the slow onset impacts of climate
change on production, but less research into
variance and extremes. Most studies take
outputs from climate models and use these in
crop growth models or statistical models to
assess changes in yields. These can then be fed
into bio-economic models, partial equilibrium
(PE) or computable general equilibrium (CGE)
models. PE models focus on land-based sectors
only, but have more detail. CGE models can
assess impacts on other sectors via income and
price effects. This suite of models can also be

The COACCH project has received funding from the European Union’s Horizon
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used to assess some adaptation options (farm
level options and trade).

Economic cost estimates. There have been
numerous studies analysing production changes
in Europe, though not so many studies on
economic analysis. The results of crop modelling
studies tend to show a strong distributional
pattern in Europe, with productivity gains in the
North and losses in the South.

The PESETA study (Ciscar et al. 2012) used crop
model outputs in a CGE model and estimated
the impacts of climate change on agriculture in
Europe would reduce GDP by 0.3%. The study
reported strong distributional patterns, with small
productivity and economic gains observed in

the Northern European regions but large losses
observed in Central and Southern Europe.

The PESETA Il study (Ciscar et al. 2014) built
upon this work and reported losses in monetary
terms. It estimated climate related costs for
agriculture of €18 billion/year in Europe by

the 2080s (A1B), driven by yield reductions in
Southern Europe. In the short-term, the study
found technical adaptation could address yield
reductions for all of Europe (apart from the
Iberian Peninsula).

The ECONADAPT project assessed market
driven (autonomous) adaptation around demand
and supply responses using a global multi-sector
CGE model, which included agriculture (Ciscar
et al, 2016). At the global level, market-based
adaptation reduced climate damages by a third
for both GDP and welfare losses. The analysis
in Europe found that market driven benefits
were greatest in Northern Europe, but smaller in
Southern Europe, reflecting the size of impacts
and potential for substitution.

Balkovic et al. (2015) estimated the difference

in welfare (the sum of producer and consumer
surplus) with and without climate-induced yield
shocks using the partial-equilibrium model
GLOBIOM for a 2°C scenario (mid-century).
They found that when adaptation was included,
climate change had an overall positive monetary
aggregated impact on land-use related sectors
in Europe of USD $ +0.56 billion/year, but found
a loss of USD$ 1.96 to 6.95 billion/year without
adaptation.

The results of these economic studies vary with
the climate, crop and economic models used
and key assumptions made (CO, fertilisation,
interplay between sectors) and on international
effects (demand, supply and trade). A major
inter-comparison initiative (the Agricultural
Model Inter-comparison and Improvement
Project, AGMIP) investigated these issues. This
found that climate change could lead to a 20%
(mean) food price rise in 2050 globally, but
with a large range (0% to 60%) (Nelson et al.,
2014). Yield losses and price impacts rise more
sharply in later years under higher warming
scenarios.

Key gaps. The main focus to date has been

on medium to long-term productivity changes
and studies have not analysed inter-annual
price fluctuations, e.g. from extreme weather
events. There has also been less coverage

of what happens when yields and prices
diverge away from market equilibria. Most
studies tend to focus on the optimisation of
welfare or profit along a single pathway for a
single scenario and further work is needed on
uncertainty (multiple futures and costs) and
robust adaptation responses. For mitigation
policy, a key consideration is the interaction
between agriculture, forestry and bio-energy.
Finally, further research on unexpected shocks in
agricultural supply and markets, as well as long-
term tipping points, are also a priority.
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Forestry and Fisheries

Forestry is a sector with long life-times, and
so potentially at high risk from climate change.
As with agriculture, forest growth may be
enhanced by some processes but impacted
by others, with the latter including changes

in water availability, extremes (droughts, wind
storms) and pests and diseases. Additional
impacts can arise from changes in forest
ecosystem health, affecting vulnerability to
secondary impacts, and from increasing

forest fires, affecting managed and natural
forests. Climate change will also impact
marine fisheries, with changes in abiotic (sea
temperature, acidification, etc.) and biotic
conditions (primary production, food webs, etc),
affecting reproductive success and growth, as
well as the distribution of species. Similar risks
exist for freshwater fisheries and aquaculture.
While human fishing activities are the dominant
factor for commercial fisheries, climate change
will add additional pressure.

Economic Methods. For forestry, there are

a number of European (and Global) impact
models (Dynamic Global Vegetation Models),
but analysis is challenging due to the variety
of locations, landscapes and tree species. The
results of these models can be fed into partial
equilibrium models, such as the Global Forest
Model — G4M. The main approach used for
fisheries is physical modelling, using either
ecological trophic modelling, statistical analysis,
statistical forecasting, time-series analysis, or
coupled modelling approaches.

Economic cost estimates. There is relatively
little economic analysis of the impacts of climate
change on forestry and fisheries.

Forests. The warming climate in Europe

will shift the suitability of forest species

and this will have economic consequences.
Hanewinkel et al. (2013) estimated the impact
from future temperature increases in Europe
by 2100, analysing 32 tree species (A1B, B2
and A1F1). The analysis found the expected
value of European forest land will reduce due
to a decline in economically valuable species.
Depending on the scenario and discount rate,
this indicated a 28% reduction (with a range

of 14% and 50%) in the present value of forest
land in Europe, with a cost of several hundred
billion Euros.

Studies on forest fires project an increase in
frequency and extent, especially in Southern
Europe. Fires currently affect more than half

a million hectares of forest each year, with
estimated economic damages of €1.5 billion
annually (San-Miguel-Ayanz and Camia, 2010):
studies estimate the area burned in Europe could
increase by 200% by the 2080s due to climate
change (Khabarov et al. 2016).

Recent events in North America have
highlighted the high economic costs of
invasive pest and pathogens. In Europe, the
combination of increased forest stress and
changing climate suitability is expected to
increase risks, though as yet, there are no
economic assessments.

Regarding fisheries, there are several global
and regional studies on changes in annual
catch and the redistribution of stocks or catch
potential. These tend to find that productivity
will increase in high latitudes and decrease in
mid-low latitudes. Cheung et al. (2010) estimate
an average 30-70% increase in global catch
in high-latitude regions but a drop of up to
40% in the tropics by mid-century. Some
studies suggest changes may be happening
already in important European fisheries. There
is less information on the economic impacts
of climate change on freshwater fisheries and
aquaculture.

Key gaps. There is a need for further economic
analysis of impacts on production, consumption
and markets for forestry products, as well

as land-use interactions with the agriculture
sector. There are gaps on the economic costs
on wildfires, changes in pests and diseases
and on wider ecosystem services, as well

as large-scale tipping points. There are

also many gaps for fisheries, with a need to
advance the economic modelling on marine
fisheries and aquaculture production, and to
better understand key effects such as ocean
acidification.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




Transport

The risks of climate change for the transport
sector primarily arise from extreme events, such
as flooding, heat waves, droughts and storms,
especially where these exceed the design range.
As well as direct damage costs to infrastructure,
these extremes have economic costs from
passenger and freight transport disruption (travel
time) and accidents. There are also wider indirect
effects from transport disruption, affecting the
supply of goods and services, which can be
significant for major events.

Economic Methods. Most studies and methods
focus on extreme weather phenomena. A
number of studies extend flood risk modelling
(detailed earlier) to look at transport related
damages, and in some cases, extend these to
look at travel time disruption. Other methods
look at the potential threshold levels above
which damage occurs, then assess the

change in threshold exceedance and monetize
infrastructure damage, accident costs and delay.
Analysis of major events can be considered
using transport network models, input-output
models or using wider economic analysis.

Economic cost estimates. There are a growing
number of studies in this area, across various
modes of transport, though it is stressed that
climate change has different effects on road, rail,
air and water transport, as well as intermodal
terminals.

The WEATHER project estimated that the total
costs from extreme weather events are currently
€2.5 billion/year in Europe (1998-2010). These
are dominated by road transport (€1.8 billion/year
72%), followed by air (€0.4 bn/year 14%) and rail
(€0.3 bn/year 12%) (Enei et al., 2011). The project
estimated climate change will increase these
costs by 20% by 2040-2050 (EEA, 2017). For road
transport, the costs from heat stress and flooding
are large, but are offset by a large reduction in
winter maintenance cost, thus the net increase

is 7%. For the rail sector, heat stress and heavy
rainfall are estimated to increase costs by 72%.
The impacts on air transport are very uncertain
because they result from extreme wind and fog,
but are estimated to increase by 38% (Przyluski,
et al. 2012). For inland waterways, the main

issues are low river flows, from drier summers.
Case studies for the Rhine and Danube show
these are a possible long-term issue, increasing
unit transport costs due to the switch to smaller
vessels and modal shift (Doll et al, 2014).

The PESETA Il study (Ciscar et al., 2014)
considered impacts on the road and rail
network in Europe, estimating the total damages
to transport infrastructure due to extreme
precipitation at €930 million/year by the end of
century under an A1B scenario (around a 50%
increase from the current baseline damage of
€629 million/year) and €770 million/year under a
2°C scenario. More specific estimates also exist
for road transport. The future costs are driven
by future socio-economic assumptions, i.e.
transport patterns and demand.

The EWENT project also estimated current and
future weather-related costs on transport. It
estimated current costs are €18 billion/year (2010).
This is higher than the studies above due to a
broader classification of weather events, inclusion
of operation and logistical costs, and higher
accident levels and thus costs. It projected an
increase of €2 billion/year by 2040-2060 due to
climate change. For rail transport, an increase of
€117million/year was projected between 2010 and
2040-2070 (Nokkala et al., 2012).

Finally, the JRC study on critical infrastructure
(Forzieri et al. 2018) estimated the multi-hazard,
multi-sector damage due to climate change for the
European transport sector will rise from €0.8 bn.
today to €11.9 billion by the 2080s due to climate
change. All European regions are projected to
experience an increase, though the climate drivers
differ, e.g. droughts and heatwaves dominating in
Southern and South-Eastern Europe.

Key Gaps. The main research priorities are

to improve the direct cost estimates for road
transport and the costs of flooding for rail
transport. Further method development is also
needed to assess the indirect costs of transport
disruption (for rail and road). Other priorities
include the economic costs of climate change on
critical transport infrastructure, including inland
and marine transport hubs, and the analysis of
indirect network effects. Further work is also
needed to advance cost-benefit analysis for
adaptation investment decisions.
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Tourism

While the overall demand for tourism will
continue to increase over the next few decades,
the distribution, timing, and type is expected

to shift as a result of climate change. Currently,
summer tourism in Europe is focused on the
Mediterranean where it accounts for over 10% of
GDP. Increasing temperatures, heat waves and
availability of water may have negative effects
for tourism (and expenditures) in these regions,
leading to a shift to more northerly locations
(redistribution). Sea level rise, coastline retreat
and erosion may also affect beach and coastal
recreation.

For winter tourism, changes in snow availability
and other factors will impact the length and
quality of the European season. Those resorts
at lower altitudes will have higher costs (artificial
snow) in the short term and their economic
viability may be threatened in the long term,
although impacts could be offset by summer
tourism.

Economic Methods. Quantitative evaluation

of climate change effects on tourism include
physical changes, often with the use of climate
indexes, as well as tourism demand modelling
based on revealed preferences. The majority of
studies assess beach tourism using the Tourism
Climate Index (TCI) and cost changes in tourism
expenditure. Other approaches include the use
of econometric analysis, partial adjustment
models, hedonic price models and integrated
CGE models.

Economic cost estimates. Several studies
have assessed the potential economic costs for
summer and winter tourism in Europe.

Amelung and Moreno (2012) estimated the cost
of climate change on tourism in Europe. They
identify large differences in results depending

on whether future socio-economic change (i.e.
rising demand) is taken into account, but identify
a strong redistribution of summer tourism away
from Southern Europe.

The PESETA Il study (Ciscar et al., 2014)
estimated the costs of climate change on
tourism (the fall in revenues) at €15 billion/year by

the end of the century (A1B). A further analysis in
this study (Barrios and Ibanez Rivas, 2013) used
a travel cost approach and hedonic valuation of
recreational demand and amenities and reported
that climate change could decrease tourism
revenues by 0.31% to 0.45% of GDP per year in
southern Europe (but with Northern Europe and
central Europe gaining).

Perrels et al, (2015) also assessed regional
tourism revenues from beach summer tourism in
Europe by mid-century finding similar patterns to
the studies above. They also investigated supply-
side adaptation and conclude that warmer
regions will see a shift to shoulder seasons,
while cooler regions will shift towards the peak
season.

There are also studies of the impacts of climate
change on winter tourism in Europe. In the
short term these include additional costs from
increased use of snow machines (OECD, 2007:
Damm et al, 2017). In the medium term, there
will be impacts from the reduced snow cover
and conditions, especially in low-lying ski
areas. Using time series regression models for
a +2°C scenario, Damm et al. (2017) estimated
the maximum weather-induced risk of losses in
winter overnight stays in Europe at up to €780
million per season.

Key Gaps. There has been a focus on summer
beach tourism to date, though there are still
gaps, such as the integration of multiple climate
impacts (productivity, coastal impacts, water)
alongside temperature. There is a major gap for
other tourism sectors, with further development
for winter tourism and new analysis for nature
based and other tourism types. There is also
further analysis needed for adaptation strategies
and costs.

Business and Industry,
including Trade and Insurance

Climate change impacts such as floods,

as well as high temperatures and water
availability, will all have an effect on business
and industry. However, the balance of risks will
vary with sub-sector and location, and sites
and operations will be affected in different
ways. Risks also extend along supply chains,
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with impacts in non-European countries
affecting the production and transport of raw
materials and intermediate goods. There will
also be shifts in demand for goods, services
and trade as a result of climate change. All of
these may affect business costs, profitability,
competitiveness, employment and sector
economic performance.

While climate change will affect all aspects of
business, there has been a particular focus on
insurance, because it is climate sensitive and
because it has a role in supporting adaptation
to extreme events. There are different
insurance models across the Member States,
but there will be increasing climate challenges
for national insurance systems and global
reinsurance, resulting in increasing premiums,
decreased coverage or increased moral
hazard.

Economic Methods. There are four
approaches in the literature used to assess the
impacts of climate change on business and
industry: (i) qualitative assessments,

(i) indicator-based assessments, (iii) supply
chain risk assessments, which can include
input-output analysis or network analysis and
(iv) macro-economic assessments. There is also
an analytical modelling base for disasters and
the insurance sector. At the aggregate level, a
number of insurance and economic catastrophe
models have been used to assess and stress-
test the impact of high-level climate-related
events on national and pan-European insurance
and funds.

Economic cost estimates. In general, there is a
low evidence base on the economic impacts of
climate change on business and industry.

There have been assessments of the impacts
of climate change on labour productivity
(sometimes reported as occupational health).
Earlier work focused on the impacts on outdoor
work, as work rates decline with rising heat
and humidity. Kovats et al (2011) estimated
Southern Europe would incur a mean loss of
productivity (days lost) — of 0.4% to 0.9% by
the 2080s, with total productivity losses for
the EU of €300 — 740 million (A1B). Recent
updates (Lloyd et al, 2016) extend productivity
losses to three sectors: agriculture, industry,

and service, taking account of different work
intensities. By the 2050s, they estimate a 0.4%
increase in labour time lost for southern Europe,
and a 0.2% increase for central Europe South.
Productivity losses have also been estimated in
CGE analysis at the European and global level
(Ciscar, 2014; Dellink et al. 2017) and in more
depth at the national level (Steininger et al. 2016
in Austria).

There have been some studies of supply chain
and procurement risks, focusing on disruptions
and delays in delivery and transport due to
extremes (LUhr et al., 2014). There has also
been analysis of supply chain risks using input-
output models (Wenz and Levermann, 2016)
and the risks of climate change on embodied
water in imports (Hunt et al., 2014). Several
studies indicate that the indirect effects of
climate change internationally could be as
large as the direct impacts within Europe. The
ImpactChain project (in Germany) estimates
that imports from non-EU regions could
decline by up to 2% by 2050 but also that
exports to non-EU regions could decline by

up to 0.3%, leading to a reduction in national
GDP and welfare despite higher EU trade.
There have also been a number of case studies
on specific regions and sectors, such as the
impact of losses in the automobile industry
from flooding in Thailand in 2011 (Haraguch
and Lall, 2015).

There are several studies that have looked at
insurance. As an example, the ENHANCE project
looked at the financial stress from increasing
flood risk in the EU (Jongman et al., 2014), finding
that with climate change, the EU Solidarity Fund
has a substantial and increasing probability of
depletion (insufficient funds).

Key gaps. This remains an area of low coverage
and there are numerous research priorities.
There is further work needed to investigate
supply chain effects, both in Europe and
internationally. The analysis of trade implications
on business — extending to macro-economic
analysis and the effects on public budgets —is
also of interest. The analysis of shocks and
tipping points on businesses is also an important
research gap. For insurance, the further analysis
of climate change on EU insurance arrangements
is considered a priority.
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Energy

Temperature is one of the major drivers of energy
demand in Europe, affecting summer cooling
and winter heating for residential properties and
business/industry. Climate change will affect
future energy demand, increasing summer
cooling but reducing winter heating. These
responses are largely autonomous and can be
considered as an impact or an adaptation. They
will lead to economic costs and benefits, noting
cooling is predominantly powered by electricity,
while heating uses a mix of energy sources.
These future changes need to be seen in the
context of socio-economic drivers and especially
mitigation policy. Climate change will also have
effects on energy supply, notably on hydro-
electric generation, but also on wind, solar,
biomass, and thermal power (nuclear and fossil).

Economic Methods. At the European and
national level, there are large number of energy
models already in use, including least cost
energy modelling and general equilibrium
models, as well as studies that use econometric
analysis. These can be extended to take account
of changes in heating and cooling demand,
typically by assessing the impact of climate
change on heating and cooling degree days.

Economic cost estimates. There are economic
costs studies on the effects of climate change on
both energy demand and supply in Europe.

Mima et al. (2011) assessed the costs of additional
cooling for residential and commercial sectors

in Europe using a partial equilibrium model of
the energy system, assessing the marginal costs
of generation. These indicate large increases in
cooling costs, estimated at around €30 billion/
year in EU27 by 2050, rising to €109 billion/year
by 2100 (A1B scenario). These fall to €20 billion/
year under an E1 scenario. These costs had a
strong distributional pattern, with large increases
in Southern Europe. The study projected a similar
level of economic benefits from reduced winter
heating demand, though these primarily arise in
North and North-West Europe.

The PESETA Il study (Ciscar et al, 2014)
estimated overall EU energy demand could fall
by 13% by 2100 (A1B) due to reduced heating
requirements. It projected reductions in energy

demand except in Southern Europe, where the
need for additional cooling increases demand
by 8%. Under a 2°C scenario, the demand
reductions are lower. Similar findings, with an
overall reduction in aggregate total final demand
for Europe, were found by De Cian and Sue
Wing

On the supply side, there have been several
studies on the effects of climate change on
hydro-power generation. For Europe, most
studies show a positive effect for northern
Europe and a negative effect for South and
Eastern Europe, though the overall change
varies across studies from almost no effect to
decreases of 5-10% by the end of the century.

Tobin et al. (2014) assessed the potential impacts
of climate change on wind generation, finding
that mean energy yields will reduce by less than
5% by 2050 (2°C scenario), and as part of the
same study Vautard et al. (IMPACT2C, 2015)
found limited changes in photovoltaic power
potential and plants yields.

A number of studies have looked at the impacts
of climate change on power plant cooling water
and the reduced efficiency of thermal power
plants (nuclear and fossil). Mima and Criqui
(2015) estimated that thermal and nuclear power
generation could be reduced by up to 2-3%
(thermal) and 4-5% per year (nuclear) for current
plant (A1B) though changes in plant design would
reduce these significantly. The TopDAd study
assessed these impacts for nuclear power in
France and estimated losses could vary between
tens and several hundred billions of euros per
decade by 2100 (for current infrastructure and
policies), but adaptation strategies can reduce
the losses significantly.

Key Gaps. While there are some studies,

a major gap still exists on cooling demand,
including extremes and the costs and benefits
of adaptation options for cooling. There are
gaps remaining also on the economic costs of
extremes on hydropower, wind, and thermal
generation, and overall energy security.

Health

There are a number of health impacts from
climate change. These include direct impacts,
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such as heat-related mortality, deaths and
injuries from flooding, etc., but also indirect
impacts, e.g. from climate change affecting
vector-, food- and water-borne disease. There
are also risks to the delivery of health services
and health infrastructure.

Economic Methods. There are a number of
studies that have quantified and valued the
impacts of climate change on health in Europe.
These use impact assessment, subsequently
valuing the total effect on society’s welfare

in terms of the resource (treatment) costs,
opportunity costs (lost productivity) and dis-
utility (from willingness to pay studies).

Economic cost estimates. The most studied
health impact in Europe is heat-related mortality
(Watkiss and Hunt, 2012: Kovats, 2011: Ciscar

et al, 2014). The most recent study (Kendrovski

et al. 2017) estimated an additional 23 thousand
attributable deaths at 2°C of warming (mid
century) in Europe, with estimated economic
costs of € 41 billion/year (using the VSL, two thirds
due to the climate signal), increasing strongly
under high emission later in the century. The
highest impacts were found in Mediterranean and
Southern Eastern EU countries. Values from these
studies differ considerably according to whether a
full Value of a Statistical Life (VSL) or a Value of a
Life Year Lost (VOLY) approach is used (Chiabai et
al., 2018.), though assumptions of acclimatisation
are also important.

These studies also do not include early adaptation,
including heat alert systems. Recent analysis
shows these have very high benefit to cost ratios,
but do not completely reduce all heat related
impacts (Hunt et al, 2016: Sanderson et al, 2018).

Climate change will also reduce future cold-
related mortality in Europe, but these benefits
have been less studied. Earlier studies indicate
(Watkiss and Hunt, 2012) that cold related
benefits from climate change are at least as large
as heat related impacts at the European level,
though with a different geographical distribution.

There have been a number of studies on climate
and food-borne disease, notably salmonellosis.
Kovats et al (2011) estimated welfare costs of
€68 to €89 million/year in the 2050s and 2080s
respectively, for the EU, falling to €46 to €49

million/year if a decline in incidence (due to
better regulation) was included. A latter study
(IMPACT2C, 2015b) estimated resource costs
for additional hospital admissions and additional
cases of salmonellosis and campylobacteriosis
at around €700 million in 2041-2070 period for
the A1B scenario and around €650 million in the
E1 scenario.

There are also fatalities and injuries from climate
induced increases in coastal flooding, river
flooding and wind storms. The potential impacts
of coastal floods in Europe (Kovats et al, 2011)
were estimated at €151 million/year in the 2050s
rising to €750 million/year by the 2080s, but were
significantly lower under a mitigation scenario (and
lower still under an adaptation scenario). There
has been less analysis of climate related health
impacts from river flooding and storms, though
some country analysis of increased mental iliness
post-disaster at the national level (Hunt, 2012).

Climate change will also change the prevalence
and occurrence of some vector-borne diseases
(VBDs), notably infections transmitted by
arthropods. In Europe, tick-borne diseases (Tick-
borne encephalitis (TBE) and Lyme disease)

are the key concern, however, there are no
valuation studies to date (though some studies
of adaptation costs [vaccinations]). There are
risks of mosquito borne disease increasing, such
as malaria, dengue fever and chikungunya, but
these risks are considered low due to effective
vector control measures.

Finally, climate change will affect air quality. These
impacts were quantified (IMPACT2C, 2015b) and
found to be low for ozone, but potentially high

but uncertain for particulate matter. There is a
further risk of changes in aeroallergens, such as
pollen concentration, volume and distribution, but
quantified estimates are lacking. There are much
larger economic benefits from mitigation policy,
from air quality and health co-benefits, estimated
in analysis of European 2030 climate and energy
policy (e.g. Scasny et al., 2015).

Key Gaps. To date, most focus has been on heat
related mortality, though important issues remain
in this area with regard to valuation, distributional
impacts (between north and south), hot-spots
and adaptation strategies. There are key gaps

in relation to vector borne disease and aero-
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allergens, a need to understand the potential
impacts on health services and social care, and
to consider possible health tipping points.

Macroeconomics, growth
and competitiveness

A number of studies consider the wider
economic costs of climate change in Europe and
globally. These can investigate the relationship
between climate change and the economic
performance of countries, most commonly
represented by indicators of competitiveness,
GDP and, in broader terms, growth. This is

a step beyond the aggregation of costs at

the sectoral level, as it aims to identify the
interactions across different impacts, and the
economic reaction and transmission channels
(including market-driven adaptation). It also can
assess how these interactions affect the overall
capacity of country economies to produce
goods, services and ultimately “welfare”.

Economic Methods. The macro-economic
effects of climate change can be assessed

by feeding sector results into economy-wide
simulation models, such as computable
general equilibrium (CGE) models. These

have the advantage of capturing the whole
economy (sectors, domestic and international
interlinkages) and can analyse impacts on
national production, welfare and GDP, however,
it is often challenging to represent impacts and
these models omit non-market effects. More
recently, there has been a focus on coupled
assessments, linking process-based models
(i.e. those determining climate change induced
losses in crop yields, land loss due to sea-level
rise etc.) to CGE models. It is also possible

to use econometric analysis, establishing

past relationships between climate and the
economy, then applying these to future climate
change. Finally, there are global and continental
economic estimates provided by “hard-linked”
integrated assessment models (IAMs). These
provide a self-consistent integrated analysis

of emissions, climate change, impacts and
economic effects, including both market and
non-market impacts. They report aggregate
economic impacts as a % of GDP, through
simplified and compact damage functions, rather
than undertaking full macro-economic analysis.

Economic cost estimates. A number of studies
have used CGE models to assess the macro-
economic costs of climate change. The PESETA

[l study (Ciscar et al., 2014) estimated the total
damages from climate change in the EU at

€190 billion/year for an A1B scenario (@ median
temperature increase of roughly 3°C by the end of
the century) by the 2080s, with a net welfare loss
equivalent to 1.8% of current GDP. These impacts
fell to €120 billion/year under a 2°C scenario.
There was a strong distributional pattern with

high impacts in southern regions. Overall welfare
impacts were dominated by health effects.

The OECD (2015) also used a CGE model to
estimate the economic costs of climate change
through to 2060. Their central projection
estimated global damages of a 1.5% GDP loss
by 2060, but found lower damages in Europe,
as agricultural benefits from enhanced trade
offset coastal, tourism and health impacts. This
study was updated (Dellink et al. 2017) using a
production function approach, which estimated
global GDP losses at 1.0 — 3.3% by 2060.

There have also been a number of regional and
national assessments. The CIRCE project (Navarra
and Tubiana, 2013) estimated climate costs in
the Mediterranean focusing on tourism, sea-level
rise and energy demand patterns using a CGE
model, and reported losses of 1.2% of GDP by
2050 (A1B). A macro-analysis in Greece (BoG,
2011) estimated GDP could fall by 2% by 2050
and 3-6% by 2100, largely due to climate change
impacts on tourism. A recent study in Austria
(Steininger et al., 2016) estimated current welfare
costs of climate extreme events at €1 billion/year,
rising with climate change to €4-5 billion/year by
mid-century, but highlight large tail-end events
could increase annual damages to €40 billion.

One study (Triple E Consulting 2014) used

the EXIMOD model to quantify the impacts of
climate change on employment in EU sectors.
This estimated 240 thousand and 410 thousand
job losses by 2020 and 2050 (no adaptation),
respectively, finding distributional differences
(gains in the North and losses in the East).
There are, as yet, no quantified studies on
competitiveness.

Finally, an emerging issue is whether climate
change might actually affect the drivers of
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growth (and growth rates), not just levels of
outputs, and how much modelling approaches
are able to capture this. For instance, the
econometric literature (Dell et al. (2012) and
Burke et al. (2015)) suggest that climate does
have a negative effect on growth (at least in
less developed countries) and report economic
costs that are much larger than the CGE studies
mentioned above. When this issue has been
assessed with GCE models (notably OECD,
2015), impacts on growth have been detected,
but they are (relatively) modest.

Key Gaps. There is a need to develop consistent
and harmonised European economic cost
estimates, including disaggregated estimates
at national and subnational levels. This
requires improving the interlinkages between
process-based and sector analysis and the
CGE models. Additional priorities include
analysis on the impacts of climate change on
growth rates (drivers of growth) and analysis of
sectoral differences and changes in the level
of competitiveness. Further research priorities
include the integration of trade and market
effects, as well as representation of major
extremes and tipping points.

Biodiversity and Ecosystem
Services

Climate change poses very large risks to
terrestrial, aquatic and marine biodiversity and the
ecosystem services they provide (provisioning,
regulating, cultural and supporting services). It

will shift geographic ranges, seasonal activities,
migration patterns, reproduction, growth,
abundance and species interactions, and will
increase the rate of species extinction, especially
in the second half of the 215t century (Settele et al.,
2014). As well as terrestrial ecosystems, there are
potentially large impacts on marine ecosystems,
including from ocean acidification, ocean
warming and sea-level rise, as well as impacts on
freshwater ecosystems (rivers and lakes).

Economic Methods. This remains one of the
most challenging areas for economic cost
analysis. There is a lack of quantitative studies
on the physical impacts of climate change on
biodiversity and ecosystem services, making
it difficult to undertake subsequent costing.

Where information on impacts does exist, these
are generally not captured by market prices,
which makes valuation challenging. Non-

market measures of the willingness to pay (to
avoid impacts) can be used, though these are
highly specific and are difficult and resource
intensive to obtain, though the valuation literature
has been advanced under The Economics of
Ecosystems and Biodiversity initiative (TEEB,
2009: TEEB 2010). There are also challenges for
valuation given the risk of non-marginal changes.

Economic cost estimates. Impact cost studies
are very rare at the European and national level.
Tietjen et al. (2010) used the Lund-Potsdam-Jena
Dynamic Global Vegetation Model for managed
Land (LPJmL) to assess changes in natural and
managed vegetation under climate change, then
mapped existing Willingness To Pay (WTP) results
from TEEB to the changes in ecosystem services
identified. However, as the study only captured
vegetation shifts, the resulting costs were modest.

There are some national studies (Berry and Hunt,
2006) that have looked at potential costs using

a replacement cost approach to value changes
in habitat coverage, linking model outputs for
species and habitats of national and regional
significance, including some which have a direct
economic value.

There have been some very indicative macro-
economic modelling studies of climate change
on biodiversity and ecosystem services. Palatnik
and Nunes (2014) examined the climate-change-
induced impacts on biodiversity in the agricultural
sector in terms of changes in agricultural land
productivity. OECD (2015) undertook a global
economic analysis, with regional disaggregation.
They modelled changes in terrestrial mean
species abundance as an indicator of biodiversity
and valued biodiversity loss using a function

that relates expenditure to temperature change.
The cost estimates for EU countries under these
scenarios were large, estimated at 0.5% to 1.1%
of GDP (RCP6 and RCP8.5, respectively).

Key Gaps. There are very large gaps in this field,
starting with estimates of physical impacts, and
including all aspects of the economic valuation
of biodiversity and ecosystem services. More
underlying work is needed to understand risk, at
the spatial disaggregated level across Europe,
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and to develop WTP estimates. There is also a
need to include climate alongside other drivers
of change. A final issue is the consideration of
possible non-marginal impacts and tipping
points.

Climate Tipping Points

Tipping points relate to critical thresholds

at which a small perturbation can alter the

state of a system. A number of global tipping
elements have been identified, which could pass
tipping points as a result of climate change,
leading to large-scale consequences. These
may be triggered by self-amplifying processes
(feedbacks) and they can be potentially abrupt,
non-linear and irreversible.

These ‘bio-physical’ climate tipping points
provide a key justification for global mitigation
policy, yet they are poorly represented in
economic assessments of climate change.
Lenton et. al. (2008) compiled a list of global
tipping elements and Levermann et al. (2012)
identified the most important for Europe.
Several studies make indicative estimates

of the warming levels (°C) that might trigger
these events.

Based on current literature, two tipping points
are likely to be exceeded in the short term. Artic
summer ice is projected to disappear at warming
of 1-2°C (though winter sea ice will not likely
disappear until 5°C). This does not affect sea
levels, but it will influence Atlantic storm tracks
into Europe and could be associated with cold
winters and increased probability of extreme cold
events. It will also have major impacts on Artic
ecosystems, though with potential benefits of
shorter navigation times and access to Artic
resources. Alpine glacier melting will occur
with warmer temperatures, accelerated by
ice-albedo feedback. Models project that at
2°C of warming (+3-4°C locally) there could
be an almost complete loss of glacier ice in
the Alps. This will affect water availability as
glaciers shrink. In the short-term, flows may
increase with melt water, but in the longer-
term, the seasonal buffering will decline

and summer river flows are projected to fall,
affecting water availability, hydropower and
stability (landslide risk).

There are also risks from rapid sea level rise
(SLR) in this century and beyond, with previous
tipping point studies identifying the accelerated
melt of the Greenland Ice Sheet (GIS) and/

or the accelerated melt / possible collapse of
the (West) Antarctic Ice Sheet (AIS). The water
stored in these would raise global sea levels by
about 7 m (GIS) and 5 metres (WAIS), although
such increases would take millennia. The
tipping points for the onset of these events are
uncertain, though more likely to be above 2°C.
Nevertheless, recent modelling has shown that
the mass loss of the AIS could be very sensitive
to temperature rise and mitigation targets:
under high (8.5) RCP scenarios and with certain
instability processes, the AIS could contribute
around one metre by 2100 and about 15 meters
by 2500 to global-mean sea-level rise (DeConto
and Pollard, 2016).

In the longer-term, climate change may also
trigger a weakening or even collapse of the
Atlantic Thermohaline Circulation (THC), resulting
in a large temperature decrease in Northwest
Europe, as well as reduced precipitation and
local sea level rise. The tipping point for this
event is complex, and although it is very likely

to weaken, an abrupt transition or collapse

is considered very unlikely over this century
(Stocker et al, 2013).

Finally, other global tipping elements could affect
Europe, for example with accelerated warming
due to permafrost melting or major forest
dieback, as well as impacts from tipping point
changes in regional weather systems (in other
parts of the world) affecting Europe indirectly.

Artic sea ice melt
Extremes, storm tracks

N/

Greenland
ice sheet
Major sea
level rise

Global Tipping
Atlantic Elements
Thermohaline (permgfrost,
Circulation (THC), forestE(tile)back,
c

Cooling

X

Alpine glacial melt
Water availability

Antarctic ice sheet
Major sea level rise
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Economic Cost Estimates and key gaps.

The entire field of tipping points is a priority for
economic research. There are a small number
of studies of high SLR scenarios for Europe,
which use the existing integrated models (see
coastal section). Brown et al (2012) estimated the
economic costs of 1.4 metres in the EU at €156
billion/year by the 2080s — which was found to
be six times higher than the economic costs of
the A1B scenario. The recent RISES-AM study
estimated that with 2.5 metres of sea level rise,
the 21st century cumulative economic costs

in Europe could rise to €18.8 trillion (without
additional adaptation), approximately equivalent
to today’s EU GDP. Lontzek et al. (2015)
estimated damages of 10-20% of world GDP
for a collapse of the THC and there are some
studies using stochastic Integrated Assessment
Models (Lontzek et al., 2015, Cai et al., 2016).

Socio-economic tipping points

The COACCH project is developing a new
concept of socio-economic tipping points. This
idea recognises that even gradual climate change
may abruptly and significantly alter the functioning
of socio-economic systems, which can lead to
major economic costs. These changes may arise
directly in Europe, but may also involve global
events that spill-over into Europe.

It is more difficult to translate the strict definition
of tipping points into the socio-economic domain,
and there are different types of pathways that may
occur. These may involve a case where climate
change triggers a large-scale socio-economic
event (@ major shock). It might also involve
climate change (above a threshold) affecting the
functioning of an established socio-economic
system. Either of these might involve feedback
loops (and amplification), and they could be
non-linear and irreversible. They could therefore
trigger a rapid increase in costs, e.g. as measured
by a large drop in the GDP of a region, or they
may require a fundamental new functioning of an
existing system with high associated costs.

Key Gaps. Socio-economic tipping points

are an emerging concept. The COACCH
project is seeking stakeholder inputs on socio-
economic tipping points of interest, as part

of the co-design process. These are likely to
include different types of tipping points, of
interest to different stakeholders. For example,
a European policy maker might be interested
in large-scale pan-European shocks, while

a national stakeholder might be interested in
smaller-scale or regional events. In contrast, a
business stakeholder might be concerned when
climate change requires a transformative shift
in business operations. The figure below gives
some illustrative examples.

Failure of critical
infrastructure
e.g. transport or protection

Large scale retreat from
coastal zones

Repeated major urban heat
wave and mortality events

R

T

Southern European food
production shocks, e.g. shifts out
of suitability, sudden price shocks

Low-lying Alpine resorts
close because of increase
in winter temperatures

International supply
Climate induced large-scale
migration into Europe

chain shocks

lllustrative Socio-Economic Tipping Points
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Findings and Policy Insights O%@OCOHCCH

This report has undertaken a review of the current knowledge on the economic costs of climate
change in Europe. It provides an update of the coverage of impacts and assesses the key gaps by
sector.

The review shows that the evidence base on the costs of inaction, and the economic benefits of
mitigation and adaptation are increasing, but major gaps in our knowledge remain. The synthesis
also provides a number of early policy-relevant findings.

First, the review indicates that the costs of inaction will be potentially large in Europe. The figure
below presents the evidence collated in this review. Details of the exact studies used are included in
the appendix. It is clear that the economic costs in Europe, even by mid-century, significantly differ
depending on whether the world is on a 2° or 4°C pathway. Second, the review provides evidence of
the significant economic benefits to be gained from mitigation, but also from adaptation, to reduce
the costs of inaction. These economic benefits rise strongly towards the end of the century.

Finally, these aggregate costs mask considerable differences in the distribution of economic costs
across Europe and in individual Member States. It is important to analyse economic costs at this
disaggregated level, as planned in the COACCH project, because many impacts converge on
particular geographical areas.

Moving forward, the COACCH project will build on this evidence base, co-designing its research
activities in direct collaboration with stakeholders to define and address key gaps and information
needs and to advance the policy debate.
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+ Business and Industry including Tourism * Agriculture Forestry & Fisheries
« Biodiversity and ecosystem services 700 - ’ Wat.er management (d.rough.t) . 4C pathway
200 - . . * Business and Industry including Tourism
* Tipping points * Biodiversity and ecosystem services
E Transport 600 - « Tipping points
% Energy (cooling)
o 150 -
S 500 -
w River floods
[
§ 100 - Transporf 400 -
-CE Energy (cooling)
Coastal
River floods
300- ) Residual cost
50 - (el Cost of Inaction 2C pathway after adaptation
Health Health 200 - 4C pathway
4C pathway
0- " Residual cost
Energy (heating) . 100 - S e cy after adaptation
Energy (heating) aCpathway 2C pathway
50 2C pathway
2050s 2°C path  2050s 4°C path 2050s 2080s
Indicative estimates of sectoral Indicative estimates of the cost of inaction
cost of inaction in Europe in 2050. and the benefits of mitigation and adaptation
Current prices, undiscounted. Source in Europe. Current prices, undiscounted. Source
COACCH, 2018. See Appendix. COACCH, 2018. See Appendix.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




References

Amelung, B. and Moreno, A. (2009). Impacts of climate change in tourism in
Europe. PESETA-Tourism Study, Joint Research Centre. http:/ftp.jrc.es/
EURdoc/JRC55392.pdf.

Balkovi¢, J., et al. (2015). D7.2. Report on modelling results (including maps)
and adaptation options (Update). IMPACT2C. Quantifying projected
impacts under 2°C warming. FP7-ENV.2011.1.1.6-1.

Bank of Greece (2011). The Environmental, Economic and Social Impacts of
Climate Change in Greece.

Barrios, S. and Ibafiez Rivas, J.N. (2013). Tourism demand, climatic
conditions and transport costs: An integrated analysis for EU regions.
Report for the PESETA Il study on the impact of climate change in
Europe. JRC.

Berry, P. and A. Hunt (2006) Climate Change Impact Costs on Biodiversity.
Project E, Defra Cross-Regional Project on Climate Change. Defra. London.

Bosello, F., Eboli, F., & Pierfederici, R. (2012). Assessing the Economic
Impacts of Climate Change-An Updated CGE Point of View.

Bouwer, L., Capriolo, A., Chiabai, A., Foudi, S., Garrote, L., Harmackova, Z.
V., ... Zandersen, M. (2018). Upscaling the impacts of climate change in
different sectors and adaptation strategies. In H. Sanderson, M. Hilden,
D. Russel, G. Penha-Lopes, & A. Capriolo (Eds.), Adapting to climate
change in Europe (pp. 173-244). Amsterdam: Elsevier.

Brown S, Nicholls RJ, Vafeidis A, Hinkel J, Watkiss P (2011). The Impacts
and Economic Costs of Sea-Level Rise in Europe and the Costs
and Benefits of Adaptation. Summary of Results from the EC RTD
ClimateCost Project. In Watkiss, P (Editor), 2011. The ClimateCost
Project. Final Report.

Brown at al. (2015). The impacts of sea-level rise on European coasts
in a 2°C world Results and analysis of Task 6.5 prepared as part of
IMPACT2C: Quantifying project impacts under 2°C warming.

Burke, Marshall, Solomon M. Hsiang, and Edward Miguel (2015). “Global
non-linear effect of temperature on economic production.” Nature
527.7577 (2015): 235-239.

Cai, Y., Lenton, T. M. & Lontzek, T. S. (2016). Risk of multiple interacting
tipping points should encourage rapid CO2 emission reduction. Nature
Climate Change volume 6, p. 520-525. doi:10.1038/nclimate2964.

Cheung, William et al. (2010). Large-scale Redistribution of Maximum
Fisheries Catch Potential in the Global Ocean under Climate Change.
Global Change Biology. 16. 24 — 35. 10.1111/j.1365-2486.2009.01995.x.

Chiabai, A., Spadaro, J.V., Neumann, M.B., 2018. Valuing deaths or years of
life lost? Economic benefits of avoided mortality from early heat warning
systems. Mitigation and Adaptation Strategies for Global Change.
https://doi.org/10.1007/s11027-017-9778-4.

Ciscar, J-C., Szabo, L., van Regemorter, D., Soria, A. (2012). The
integration of PESETA sectoral impacts into the GEM-E3 Europe model:
methodology and results. Climatic Change 112:127-142.

Ciscar JC, et al (2014). Climate Impacts in Europe. The JRC PESETA Il
Project. JRC Scientific and Policy Reports, EUR 26586EN

Ciscar JC et al (2016). Deliverable 8.2: Modelling autonomous adaptation
with the GEM-E3 model and planned adaptation with the ICES model.
Deliverable for the Econadapt project. www.econadapt.eu.

Damm, A., Greuell, W., Landgren, O. and Prettenthaler, F. (2017). Impacts of
+2 °C global warming on winter tourism demand in Europe. https://www.
sciencedirect.com/science/article/pii/S2405880715300297?via%3Dihub

De Cian, E. & Sue Wing, I. (2017). Global Energy Consumption in a Warming
Climate. Environ Resource Econ https://doi.org/10.1007/s10640-017-
0198-4.

DeConto, R.M., Pollard, D., 2016. Contribution of Antarctica to past and
future sea-level rise. Nature 531, 591-597. https://doi.org/10.1038/
nature17145.

Dell, Melissa, Benjamin F. Jones, and Benjamin A. Olken. “Temperature
shocks and economic growth: Evidence from the last half century.”
American Economic Journal: Macroeconomics 4.3 (2012): 66-95.

Dellink, Rob, Elisa Lanzi, and Jean Chateau (2017). “The Sectoral and
Regional Economic Consequences of Climate Change to 2060.”
Environmental and Resource Economics (2017a): 1-55. https://doi.
org/10.1007/s10640-017-0197-5.

Doll, C., Klug, S., & Enei, R. (2014). Large and small numbers: options for
quantifying the costs of extremes on transport now and in 40 years.
Natural Hazards, 72(1), 211-239. https://doi.org/10.1007/s11069-013-
0821-9

EC (2009), Adapting to climate change: Towards a European framework for
action. Impact Assessment. Brussels.

EEA (2017). Climate change, impacts and vulnerability in Europe 2016:
an indicator-based report. European Environment Agency. https://doi.
org/10.2800/534806

Enei, R., et al. (2018) Escalating impacts of climate extremes on critical
infrastructures in Europe. General Environmental Change, 48, January
2018, 97-107, https://doi.org/10.1016/j.gloenvcha.2017.11.007.

Forzieri, G., Bianchi, A. Silva, F. B. e, Marin Herrera, M. A., Leblois,

A., Lavalle, C., C.J.H.Aerts, J. CJ.H., Feyen, L. (2018) Escalating
impacts of climate extremes on critical infrastructures in Europe.
General Environmental Change, 48, January 2018, 97-107, https://doi.
org/10.1016/j.gloenvcha.2017.11.007.

Hanewinkel, M., Cullmann, D.A., Schelhaas, M.J., Nabuurs, G.J.,
Zimmermann, N.E. (2013). Climate change may cause severe loss in
the economic value of European forest land. Nature Climate Change 3,
203-207.

Haraguchi, Masahiko, and Upmanu Lall. 2015. ‘Flood Risks and Impacts:
A Case Study of Thailand? Floods in 2011 and Research Questions
for Supply Chain Decision Making’. International Journal of Disaster
Risk Reduction 14 (December): 256-72. https://doi.org/10.1016/j.
ijdrr.2014.09.005.

Hughes, G., P. Chinowsky and K. Strzepek (2010), The costs of adaptation
to climate change for water infrastructure in OECD countries, Utilities
Policy, Vol. 18(3).

Hunt, A. S. P., Wilby, R. L., Dale, N., Sura, K. and P. Watkiss (2014).
Embodied water imports to the UK under climate change. Climate
Research. 59:89-101. doi: 10.3354/cr01200.

Alistair Hunt, Julia Ferguson, Michela Baccini, Paul Watkiss, Vladimir
Kendrovski (2016). Climate and Weather Service Provision: Economic
Appraisal of Adaptation to Health Impacts. Climate Services. DOI:
10.1016/j.cliser.2016.10.004.

IPCC (2013). Summary for Policymakers Working Group | Contribution to
the IPCC Fifth Assessment Report Climate Change 2013: The Physical
Science Basis.

IMPACT2C (2015a). D6.2. Impacts and costs of sea-level rise, for water,
energy, tourism, transport, infrastructure. Deliverable of the IMPACT2C
project.

IMPACT2C (2015b). Deliberable D8.1 Design and production of an
ensemble of air quality simulations and evaluation of health impacts.
Deliverable of the IMPACT2C project.

Jongman, B., et al 2014 Increasing stress on disaster-risk finance due to
large floods: Nature Climate Change. 4, p. 264-268.

Kendrovski, V., Baccini, M. Martinez, G. S., Wolf, T., Paunovic, E., and
Menne, B. (2017). Quantifying Projected Heat Mortality Impacts under
21st-Century Warming Conditions for Selected European Countries.

Int. J. Environ. Res. Public Health 2017, 14(7), 729; doi:10.3390/
ijerph14070729.

Kovats, S, Lloyd, S, Hunt, A and Watkiss, P. (2011). Technical Policy Briefing
Note 8: The Impacts and Economic Costs on Health in Europe and the
Costs and Benefits of Adaptation, Results of the EC RTD ClimateCost
Project. In Watkiss, P (Editor), 2011. The ClimateCost Project.

Nikolay Khabarov, N., Krasovskii, A., Obersteiner, M., Swart, R., Dosio,

A., San-Miguel-Ayanz, J., Durrant, T., Camia, A., Migliavacca, M. (2016).
Forest fires and adaptation options in Europe. Regional Environtal
Change (2016) 16: 21-30, DOI 10.1007/s10113-014-0621-0.

Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S.,

& Schellnhuber, H. J. (2008). Tipping elements in the Earth’s climate
system. Proceedings of the National Academy of Sciences of the
United States of America, 105(6), 1786-1793. https://doi.org/10.1073/
pnas.0705414105.

Levermann A, et al (2012). Potential climatic transitions with profound
impact on Europe—Review of the current state of six ‘tipping elements of
the climate system.” Climate Change 110(3):845-878.

Lontzek, T. S., Cai, Y., Judd, K. L. & Lenton, T. M. (2012). Stochastic
integrated assessment of climate tipping points indicates the need for
strict climate policy. Nature Climate Change volume 5, pages 441-444.
doi:10.1038/nclimate2570.

Simon Lloyd, Sari Kovats, Zaid Chalabi, Swarna Khare (2016). Assessment
of global climate change impacts on human health. Report to the
European Commission Joint Research Centre.

Lahr, Oliver, Dr Jan-Philipp Kramer, Jannis Lambert, Christian Kind, and
Jonas Savelsberg. 2014. ‘Analyse spezifischer Risiken des Klimawandels
und Erarbeitung von Handlungsempfehlungen fir exponierte industrielle
Produktion in Deutschland (KLIMACHECK)'. Studie im Auftrag des
Bundesministeriums fir Wirtschaft und Energie Bearbeitungsnr.: 1 C 4 —
02 08 15 — 30/12. Berlin: Prognos / adelphi.

Mima S, Criqui P, and Watkiss P (2011). The Impacts and Economic Costs
of Climate Change on Enery in Europe. In Watkiss, P (Editor), 2011. The
ClimateCost Project. Final Report. Volume 1: Europe. Published by the
Stockholm Environment Institute, Sweden, 2011. ISBN 978-91-86125-
35-6.

Mima, S., & Criqui, P. (2015). The costs of climate change for the European
energy system, an assessment with the POLES model. Environmental
Modeling and Assessment, 20(4), 303-319.

Navarra, Antonio, Tubiana, Laurence (2013): Regional Assessment of
Climate Change in the Mediterranean — Volume 2: Agriculture, Forests
and Ecosystem Services and People.

OECD (2015): The Economic Consequences of Climate Change, OECD
Publishing, Paris. http://dx.doi.org/10.1787/9789264235410-en.

Nelson, G. C., et al. (2013). Climate change effects on agriculture:
Economic responses to biophysical shocks. Proceedings of the National
Academy of Sciences, 111(9): 3274-3279.

Nokkala, M., Levidkangas, P. and Oiva, K., 2012, The costs of extreme
weather for the European transport systems, EWENT project, Deliverable
4, VTT Technology.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




OECD (2015). The Economic Consequences of Climate Change, OECD
Publishing, Paris. http://dx.doi.org/10.1787/9789264235410-en

OECD (2007). Climate Change in the European Alps: Adapting Winter
Tourism and Natural Hazards Management, OECD Publishing, Paris,
http://dx.doi.org/10.1787/9789264031692-en.

Palatnik, R. R. and P. A. L. D. Nunes (2014) Economic Valuation of Climate
Change Induced Biodiversity Impacts on Agriculture: Results from a
Macroeconomic Application to the Mediterranean Basin. Journal of
Environmental Economics and Policy 4(1).

Perrels et al (2015). Policy brief: How will climate change affect tourism
flows in Europe? Adaptation options for beach and ski tourists assessed
by ToPDAd models.

Przyluski, V., Hallegatte, S., Tomozeiu, R., Cacciamani, C., Pavan, V.,

Doll, C., (2011). EU FP-7 WEATHER D1: Weather Scenarios and Wider
Economic Impacts.
Przyluski, V., Hallegatte, S., Nadaud, F., Tomozeiu, R., Cacciamani, C.,

Pavan, V. and Doll, C., 2011, Weather trends and economy-wide impacts:

WEATHER Project D1, WEATHER project, Deliverable 1, Fraunhofer —
ISI, Karlsruhe.

Rojas, R, Feyen, L and Watkiss, P. Climate Change and River Floods in
the European Union: Socio-Economic Consequences and the Costs
and Benefits of Adaptation. Global Environmental Change. GEC-D-13-
00086R2. Global Environmental Change, Volume 23, Issue 6, December
2013, Pages 1737-1751. doi.org/10.3354/cr01200.

Sanderson H, Hildén M, Russel D, Penha-Lopes G, Capriolo A (Eds).
Adapting to Climate Change in Europe 1st Edition. Exploring Sustainable
Pathways — From Local Measures to Wider Policies. Elsevier. ISBN
9780128498873.

San-Miguel-Ayanz J, Camia A (2010) Forest Fires. In: Mapping the impacts
of natural hazards and technological accidents in Europe an overview of

_ the last decade. EEA Technical Report N13/2010. doi:10.2800/62638.

Scéasny, M., Massetti, E., Melichar, J., Carrara, S. (2015), Quantifying the
ancillary benefits of the Representative Concentration Pathways on air
quality in Europe. Environmental & Resource Economics. Volume 62,
Issue 2, pp 383-415. DOI: 10.1007/s10640-015-9969-y.

Settele, J., R. Scholes, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J.T.

Overpeck, and M.A. Taboada, 2014: Terrestrial and inland water systems.

In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A:
Global and Sectoral Aspects. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA, pp. 271-359.

Stefan Sobolowski, Erik Kjellstrom, Grigory Nikulin (2014). D1.1.6
Identification of robust climate change patterns in scenarios from M1.1.1
and M1.1.2 (Euro-CORDEX and Med-CORDEX). Deliverable of the
IMPACT2C project. Published in Vautard, R., et al. (2014). The European
climate under a 2°C global warming. Environment Research Letters. ERL-
9 034006. doi:10.1088/1748-9326/9/3/034006.

Stocker, T.F., et al, (2013): Technical Summary. In: Climate Change
2013: The Physical Science Basis. Contribution of Working Group |
to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K.
Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.

Steininger, K.W., Bednar-Fried|, B., Formayer, H., Kénig, M. (2016),
Consistent economic cross-sectoral climate change impact scenario
analysis: method and application to Austria, Climate Services 1: 39-52;
doi: 10.1016/j.cliser.2016.02.003

TEEB (2009) TEEB Climate Issues Update. September 2009.

TEEB (2010) The Economics of Ecosystems and Biodiversity: Ecological
and Economic Foundations. Edited by Pushpam Kumar. Earthscan,
London and Washington.

Tietjen, B., Cramer, W., Bottcher, H., Obersteiner, M., Fuss, S.,
Kindermann, G., Hunt, A. and P. Watkiss (2010) Ecosystems and Forests
Report Analysis for Europe. Report for EC Full Costs of Climate Change
(ClimateCost) Project (No. 212774).

Tobin, I. ,Vautard, V., Balog, I. and co-authors (2014). Assessing climate
change impacts on European wind energy from ENSEMBLES high-
resolution climate projections. Climatic Change. DOI : 10.1007/s10584-
014-1291-0

Triple E Consulting (2014) Assessing the Implications of Climate Change
Adaptation on Employment in the EU. https://ec.europa.eu/clima/sites/
clima/files/adaptation/what/docs/climate_change_employment_eu_
en.pdf.

Watkiss, P. and Hunt, A. (2012). Projection of economic impacts of climate
change in sectors of Europe based on bottom up analysis: human health.
Climatic Change, 2012, Volume 112, Number 1, Pages 101-126. DOI:
10.1007/s10584-011-0342-z.

Wenz, L., and A. Levermann. 2016. ‘Enhanced Economic Connectivity to
Foster Heat Stress-Related Losses’. Science Advances 2 (6): e1501026—
e1501026.

The COACCH project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 776479




Appendix

For health, values are taken from the IMPACT2C (2015b) analysis, complemented with the valuation
of impacts estimated in Kendrovski et al (2017). For adaptation, the effectiveness is based on
adaptation effectiveness as estimated by Chiabai et al (2018). Note that cold related mortality
benefits are not included.

For coastal, values for impacts and adaptation are from the DIVA model and IMPACT2C study
(Brown et al, 2015). High end scenarios for late century also draw on the RISES-AM study.

For river floods, values for impacts and adaptation are from the LISFLOOD model with estimates as
presented in IMPACT2C (2015a) and ClimateCost (Rojas et al).

For energy, values for impacts are based on Mima et al (2012).
For transport, values for impacts are based on the WEATHER project (Enei et al., 2011; Przyluski, et

al. 2012), the EWENT project (Nokkala et al., 2012), the PESETA 1l study (Ciscar et al., 2014) and the
JRC study on critical infrastructure (Forzieri et al. 2018).
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