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Preface

The April 2009 EC White Paper on adaptation notes the need to better know the possible
consequences of climate change in Europe. The main objective of the PESETA (Projection of
Economic impacts of climate change in Sectors of the European Union based on boTtom-up Analysis)
project is to contribute to a better understanding of the possible physical and economic impacts
induced by climate change in Europe over the 21st century in the following aspects: agriculture, river

basin floods, coastal systems, tourism, and human health.

This research project has followed an innovative, integrated approach combining high resolution
climate and sectoral impact models with comprehensive economic models, able to provide first
estimates of the impacts for alternative climate futures. This approach has been implemented for the
first time in Europe. The project has implied truly multidisciplinary work (including e.g. climate
modelling, agronomic and civil engineering, health and economics), leading to conclusions that could

not have been derived from the scientific disciplines in isolation.

This project illustrates well the Joint Research Centre (JRC)'s mission of supporting EU policymakers
by developing science-based responses to policy challenges. The JRC has entirely financed the project
and has played a key role in the conception and execution of the project. Two JRC institutes, the
Institute for Prospective Technological Studies (IPTS) and the Institute for Environment and
Sustainability (IES), contributed to this study. The JRC-IPTS coordinated the project and the JRC-IES
made the river floods impact assessment. The integration of the market impacts under a common

economic framework was made at JRC-IPTS using the GEM-E3 model.

Early results of the project have been used by DG Environment both as evidence of impacts
concerning the justification of greenhouse gas mitigation policies (2007 Communication) and as first
results on potential impacts, providing useful insights for the conception of adaptation policies at a
pan-European scale, in the context of the Green Paper on Adaptation (July 2007) and the White Paper
on Adaptation (April 2009).

The main purpose of this publication is to summarise the project methodology and present the main
results, which can be relevant for the current debate on prioritising adaptation policies within Europe.
A series of technical publications, including the various aspects of this integrated assessment,

accompanies this summary report (please visit http://peseta.jrc.ec.europa.eu/).

Peter Kind Leen Hordijk
IPTS Director IES Director
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Executive Summary

Policy context

The international community is seeking agreement on post-2012 climate mitigation policies aimed at
reducing global greenhouse gas (GHG) emissions. The European Union (EU) has proposed to limit the
global temperature increase to 2°C above pre-industrial levels and has endorsed a commitment to
cutting GHG emissions by at least 20% by 2020 compared to 1990 levels. The G8 have supported a
GHG emission reduction goal for developed countries of at least 80% by 2050. Adaptation policies to
minimise adverse impacts of climate change and to take advantage of existing opportunities will also

be key in post-2012 climate policies.

The avoidance of environmental and economic damages and adverse effects on human health is the
ultimate justification of more stringent climate policies. Yet little is known about the potential impacts
of climate change on the European environment, human health and economy with respect to different
sectors and geographical regions. Such information is necessary to design and prioritise adaptation

strategies, as stressed by the European Commission (EC) White Paper on Adaptation.
Purpose and scope

The PESETA project makes the first regionally-focused multi-sectoral integrated assessment of the
impacts of climate change in the European economy. The project also suggests an innovative
modelling framework able to provide useful insights for adaptation policies on a pan-European scale,

with the geographical resolution relevant to national stakeholders.

Five impact categories have been addressed: agriculture, river floods, coastal systems, tourism, and
human health. These aspects are highly sensitive to changes in mean climate and climate extremes.
The approach enables a comparison between the impact categories and therefore provides a notion of
the relative severity of the damage inflicted. For the climate scenarios of the study, two time frames
have been considered: the 2020s and the 2080s. The study evaluates the economic effects of future

climate change on the current economy.

Other key impacts, such as effects on forestry, impacts in ecosystems and biodiversity and catastrophic
events, have not yet been analysed. Therefore, the PESETA project underestimates the impacts of

climate change in Europe to a large extent.
Methodology

Several research studies have estimated or employed climate damage functions as reduced-form
formulations linking climate variables to economic impacts (usually average global temperature to
gross domestic product, GDP). However, for assessing impacts and prioritising adaptation policies,

such an approach has three disadvantages: (1) estimates are based on results from the literature coming
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from different, and possibly inconsistent, climate scenarios; (2) only average temperatures and
precipitation are used, not considering other relevant climate variables and the required time-space

resolution in climate data; (3) impact estimates lack the relevant resolution and sector-specific details.

PESETA has put forward an innovative methodology integrating (a) high time-space resolution
climate data, (b) impact-specific models, which use common climate scenarios, and (c) a multi-
sectoral computable general equilibrium (CGE) economic model, estimating the effects of climate

change impacts on the overall economy.

Climate data, physical impact models and an economic model are integrated under a consistent
methodological framework following three steps. In the first stage, daily and 50 x 50 km resolution
(approximately the size of London) climate data are selected for a series of future climate scenarios. In
the second step, these data serve as input to run the physical impact models for the five impact
categories. The DSSAT crop models have been used to quantify the physical impacts on agriculture, in
terms of yield changes of selected crops. Estimates of changes in the frequency and severity of river
floods are based on simulations with the LISFLOOD model. Impacts of sea level rise (SLR) on coastal
systems (e.g. sea floods) have been quantified with the DIVA model. The tourism study has modelled
the changes in major international tourism flows within Europe assessing the relationship between bed
nights and a climate-related index of human comfort. The human health assessment has been made
using evidence about exposure-response functions, linking temperature to mortality. Heatwaves are

not considered.

In the third stage, the market impact categories (those with market prices, i.e. agriculture, river floods,
coastal systems and tourism) and their associated direct economic effects are introduced into a
computable general equilibrium (CGE) model, the GEM-E3 Europe model, modelling individually
most EU countries (Cyprus, Luxemburg and Malta are not included). This framework captures not
only the direct effects of a climate impact on a particular region and sector but also the transmission of
these effects to the rest of the economy. The CGE model ultimately translates the climate change
scenarios into consumer welfare and GDP changes, compared to the baseline scenario without climate

change.

The EU has been divided into five regions to simplify interpretation: Southern Europe (Portugal,
Spain, Italy, Greece, and Bulgaria), Central Europe South (France, Austria, Czech Republic, Slovakia,
Hungary, Romania, and Slovenia), Central Europe North (Belgium, The Netherlands, Germany, and
Poland), British Isles (Ireland and UK), and Northern Europe (Sweden, Finland, Estonia, Latvia, and
Lithuania). The main criteria for grouping countries are the geographical position and the economic

size.

It should be noted that this project did not intend to produce forecasts of the impacts of climate

change, but rather simulations under alternative future climate scenarios.
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Scenarios

The 2020s are studied with one climate scenario. For the 2080s, four future climate scenarios have
been considered to reflect the uncertainty associated with the driving forces of global emissions and
the sensitivity of climate models to GHG concentration. Two global socio-economic scenarios are
selected from the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions
Scenarios (SRES): the high-emission A2 scenario and the lower-emission B2 scenario. For each socio-
economic case, climate scenario output from two state-of-the-art regional climate models (RCMs),
nested within a global circulation model (GCM), are used, from the EC-funded PRUDENCE project.
The four 2080s scenarios are distinguished by the EU temperature increase: 2.5°C, 3.9°C, 4.1°C and
5.4°C. Compared to the preindustrial level, the global temperature increase of the PESETA scenarios

are in a range between 2.6°C and 3.4°C.

For the scenarios considered, global SLR ranges from 48 to 58 cm by the end of the 21 century. The
high range of SLR of the IPCC Third Assessment Report (TAR), an 88 cm SLR scenario, has also
been studied in the coastal systems as a variant of the 5.4°C scenario. The current high range estimate

of SLR is over 1 meter, although very uncertain.
Agriculture Findings

In the 2020s, most European regions would experience yield improvements, particularly in Northern
Europe, with the exception of some areas in Central Europe South and Southern Europe. The EU

overall yield gain would be around 15%.

In the 2080s the scenarios of lower warming would lead to small changes in yields for the EU, while
the 5.4°C scenario could mean a fall in crop yields by 10%. All 2080s scenarios share a similar pattern
in the spatial distribution of effects. Southern Europe would experience yield losses, which would
become relatively high under the 5.4°C scenario — about 25%. Central Europe regions would have
moderate yield changes. In all scenarios the Northern Europe region would benefit from positive yield

changes, and to a lesser extent the British Isles for the 4.1°C and 5.4°C scenarios.
River Floods Findings

River flooding would affect 250,000 to 400,000 additional people per year in Europe by the 2080s,
more than doubling the number with respect to the 1961-1990 period. In general terms, the higher the
mean temperature increase, the higher the projected increase in people exposed by floods. An increase
in people affected by river floods would occur mainly in the Central Europe regions and the British

Isles.

The total additional damage from river floods in the 2080s ranges between 7.7 billion € and 15 billion
€, more than doubling the annual average damages over the 1961-1990 period. The regional pattern of

economic damages is similar to that of people affected. Thus, while Northern Europe would have
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fewer damages, the Central Europe area and the British Isles would undergo significant increases in

expected damages.
Coastal Systems Findings

The number of people annually affected by sea floods in the reference year (1995) is estimated to be
36,000. Without adaptation, the number of people affected annually by flooding in the 2080s increases
significantly in all scenarios, in the range of 775,000 to 5.5 million people. The British Isles, the
Central Europe North and Southern Europe regions would be the areas potentially most affected by
coastal floods. However, when adaptation is taken into account (dikes and beach nourishment) the

number of people exposed to floods are significantly reduced.

The economic costs to people who might migrate due to land loss (through submergence and erosion)
are also substantially increased under a high rate of sea-level rise, assuming no adaptation, and
increase over time. When adaptation measures are implemented (building dikes), this displacement of
people becomes a minor impact, showing the important benefit of adaptation to coastal populations

under rising sea levels.
Tourism Findings

Concerning the 2020s, in the three main seasons (i.€. spring, summer and autumn) climate conditions
for outdoor tourism improve in most areas of Europe. Changes are most significant in the

Mediterranean region, where the area with very good to ideal conditions increases.

On the contrary, for the 2080s, the distribution of climatic conditions in Europe is projected to change
significantly. For the spring season, all climate model results show a clear extension towards the North
of the zone under good conditions. Excellent conditions in spring, which are mainly found in Spain in
the baseline period, would spread across most of the Mediterranean coastal areas by the 2080s.
Changes in autumn are more or less comparable to the ones in spring. In summer, the zone of good
conditions also expands towards the North, but this time at the expense of the South, where climatic

conditions would deteriorate.

The changes in bed nights due to changing climate conditions can be econometrically estimated,
leading to changes in expenditure associated with bed nights. In all climate scenarios there would be
additional expenditures, with a relatively small EU-wide positive impact. Southern Europe, which
currently accounts for more than half of the total EU capacity of tourist accommodation, would be the
only region with a decline in bed nights, estimated to be in a range between 1% and 4%, depending on
the climate scenario. The rest of Europe is projected to have large increases in bed nights, in the range

of 15% to 25% for the two warmest scenarios.
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Human Health Findings

In the 2020s, without adaptation measures and acclimatisation, the estimated increases in heat-related
mortality are projected to be lower than the estimated decrease in cold-related mortality. The potential
increase in heat-related mortality in Europe could be over 25,000 extra deaths per year, with the rate of
increase potentially higher in Central Europe South and Southern European regions. However,
physiological and behavioural responses to the warmer climate would have a very significant effect in
reducing this mortality (acclimatisation), potentially reducing the estimates by a factor of five to ten. It
is also possible that there may be a decline in the sensitivity of mortality to cold, though this is more

uncertain.

By the 2080s, the effect of heat- and cold-related mortality changes depends on the set of exposure-
response and acclimatisation functions used. The range of estimates for the increase in mortality is
between 60,000 and 165,000 (without acclimatisation), again decreasing by a factor of five or more if
acclimatisation is included. The range of estimates for the decrease in cold-related mortality is

between 60,000 and 250,000, though there may also be a decline in the sensitivity of mortality to cold.
Overall economic impactsin Europe

The consequences of climate change in the four market impact categories (i.e. agriculture, river floods,
coastal systems and tourism) can be valued in monetary terms as they directly affect sectoral markets
and — via the cross-sector linkages — the overall economy. They also influence the consumption

behaviour of households and therefore their welfare.

The analysis of potential impacts of climate change, defined as impacts that might occur without
considering public adaptation, can allow the identification of priorities in adaptation policies across
impact categories and regional areas. If the climate of the 2080s occurred today, the annual damage of
climate change to the EU economy in terms of GDP loss is estimated to be between 20 billion € for the

2.5°C scenario and 65 billion € for the 5.4°C scenario with high SLR.

Yet the damages in GDP terms underestimate the actual losses. For instance, the repairing of damages
to buildings due to river floods increase production (GDP), but not consumer welfare. The aggregated
impact on the four categories would lead to an EU annual welfare loss of between 0.2% for the 2.5°C
scenario and 1% for the 5.4°C scenario, variant with a high SLR (88cm). The historic EU annual
growth of welfare is around 2%. Thus climate change could reduce the annual welfare improvement
rate to between 1.8% (for the scenario with a 0.2% welfare loss) and 1% (for the scenario with a 1%

welfare loss).

EU-aggregated economic impact figures hide a high variation across regions, climate scenarios and
impact categories. In all 2080s scenarios, most regions would undergo welfare losses, with the

exception of Northern Europe, where gains are in a range of 0.5% to 0.8% per year, largely driven by
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the improvement in agricultural yields. Southern Europe could be severely affected by climate change,

with annual welfare losses around 1.4% for the 5.4°C scenario.

The sectoral and geographical decomposition of welfare changes under the 2.5°C scenario shows that
aggregated European costs of climate change are highest for agriculture, river flooding and coastal
systems, much larger than for tourism. The British Isles, Central Europe North and Southern Europe
appear the most sensitive areas. Moreover, moving from a European climate future of 2.5°C to one of
3.9°C aggravates the three noted impacts in almost all European regions. In the Northern Europe area,

these impacts are offset by the increasingly positive effects related to agriculture.

The 5.4°C scenario leads to an annual EU welfare loss of 0.7%, with more pronounced impacts in
most sectors in all EU regions. The agricultural sector is the most important impact category in the EU
average; the significant damages in Southern Europe and Central Europe South are not compensated
for by the gains in Northern Europe. Impacts from river flooding are also more important in this case
than in the other scenarios, with particular aggravation in the British Isles and in Central Europe. In
the 5.4°C scenario variant with the high SLR (88 c¢cm), which would lead to a 1% annual welfare loss
in the EU, coastal systems would become the most important impact category, especially in the British

Isles.
Further research

The proposed methodology is complex and subject to many caveats and uncertainties. Studying other
sectors (such as transport and energy), non—-market effects (e.g. loss in biodiversity), climate
variability related damages, catastrophic damages, the cost-benefit analysis of adaptation, and
considering land-use scenarios deserves additional research efforts, as well as broadening the set of

climatic scenarios in order to better reflect climate modelling uncertainties.
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1 OVERVIEW OF THE PESETA PROJECT

1.1 Project organisation

PESETA was coordinated by JRC/IPTS (Economics of Energy, Climate Change and Transport Unit)
and involved ten research institutes (University of East Anglia, Danish Meteorological Institute,
Polytechnic University of Madrid, JRC/IES, University of Southampton, FEEM, ICIS-Maastricht
University, AEA Technology, Metroeconomica, and JRC/IPTS). The project also benefitted from the
collaboration of the Rossby Center that kindly provided climate data of a transient climate scenario.

The project has had a multi-disciplinary Advisory and Review Board, composed of renowned experts.

Notably, the PESETA project has largely benefitted from past DG Research projects that developed
both high resolution climate scenarios for Europe and models to project impacts of climate change
(e.g. the DIVA model). In particular, PESETA used climate data provided by the PRUDENCE project
(Christensen et al., 2007) and models and results from the following research projects: DINAS-
COAST, NewExt, and cCASHh.

1.2 Motivation and objective of the study

The international community is looking for an agreement on post-2012 climate mitigation policies
aimed at reducing global greenhouse gas (GHG) emissions. The European Union (EU) has pledged to
limit the global temperature increase to 2°C above pre-industrial levels and has endorsed a
commitment to cutting GHG emissions by at least 20% by 2020 compared to 1990 levels (Council of
the European Union, 2005 and 2007). The leaders of the G8 have more recently (G8, 2009) supported
the goal of developed countries to reduce GHG emissions by at least 80% by 2050. Adaptation
policies to minimise adverse impacts of climate change and to take advantage of existing opportunities

will also be key in post-2012 climate policies.

The avoidance of environmental and economic damages is the ultimate justification of more stringent
climate policies. There are some studies addressing the impacts of climate change in Europe (e.g.
Rotmans et al., 1994; Parry, 2000; Schroéter et al., 2005; Alcamo et al., 2007; EEA, 2008). However,
little is known about the potential impacts of climate change on the European economy, in particular
with respect to different economic sectors of interest and geographical regions of concern, necessary
to design and prioritise adaptation strategies, as noted by the European Commission (EC) White Paper

on Adaptation (European Commission, 2009a).

The main motivation of the PESETA project (Projection of Economic impacts of climate change in
Sectors of the European Union based on boTtom-up Analysis) has been to contribute to a better
understanding of the possible physical and economic impacts induced by climate change in Europe

over the 21st century, paying particular attention to the sectoral and geographical dimensions of
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impacts. This follows the recommendation of Stern and Taylor (2007) on following a disaggregated
approach to study the consequences of climate change, concerning different dimensions, places and

times.

The origin of the project dates back to the European Council request (Council of the European Union,
2004) of considering the potential cost of inaction in the field of climate change and, in more general
terms, to enhance the analysis of the benefit aspects of European climate policies in terms of reduction

of potential impacts.

Preliminary results of PESETA have been published in the Staff Working Paper accompanying the EC
Communication on "Limiting Global Climate Change to 2 degrees Celsius. The way ahead for 2020
and beyond" (European Commission, 2007a). Moreover, early results on the impacts for the various
sectors under one specific scenario have been published in the Green Paper "Adapting to climate
change in Europe - options for EU action" (European Commission, 2007b), and in its Annex, as well
as in the 2008 EEA report on impacts (EEA, 2008). The staff working document accompanying the
2009 White Paper on Adaptation (European Commission, 2009a) also contains early results of the

project.

1.3 Scope of the assessment

The scope of the PESETA assessment concerning its time scale, scenarios, geographical coverage and
impacts analysed is presented in what follows and, more in detail, in Chapter 2. Two time windows
have been considered: the 2020s and the 2080s. The 2020s period refers to the middle decade of the
2011-2040 period, while the 2080s relates to the 2071-2100 period. The control period of the study is
1961-1990.

Regarding the 2020s only one climate scenario has been considered, as the climate then is mostly
already determined by past GHG emissions. With respect to the 2080s, four alternative climate futures

have been considered, covering an increase of temperature in Europe in a range of 2.5°C to 5.4°C.

PESETA focuses on the EU and results are presented according to the following breakdown to
simplify interpretation (Section 2.2): Southern Europe (Portugal, Spain, Italy, Greece, and Bulgaria),
Central Europe South (France, Austria, Czech Republic, Slovakia, Hungary, Romania, and Slovenia),
Central Europe North (Belgium, The Netherlands, Germany, and Poland), British Isles (Ireland and
UK), and Northern Europe (Sweden, Finland, Estonia, Latvia, and Lithuania).

In estimating the impacts of climate change five categories have been addressed. Four are market
impact areas: agriculture, river basins, coastal systems, and tourism; and one is a non-market impact
category: human health. This enables a certain comparison between them and therefore provides a
notion of the relative severity of the damage inflicted. For each of these sectoral categories, a

corresponding sectoral-based study is developed by the project partners.
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The five aspects are highly sensitive to changes in mean climate and climate extremes. Agriculture is
the main user of land and water, and still plays a dominant economic role in the rural areas of Europe.
Previous studies (e.g. Alcamo et al., 2007; EEA, 2008) show that the stress imposed by climate

change on agriculture will intensify the regional disparities between European countries.

River floods are the most common natural disaster in Europe (EEA, 2004). Global warming is
generally expected to increase the magnitude and frequency of extreme precipitation events
(Christensen and Christensen, 2003; Frei et al., 2006), which may lead to more intense and frequent
river floods. Coastal regions are areas where wealth and population are concentrated and are
undergoing rapid increases in population and urbanisation (McGranahan et al., 2007). Sea level rise is

a direct threat for productive infrastructures and for the residential and natural heritage zones.

Tourism is a major economic sector in Europe, with the current annual flow of tourists from Northern
to Southern Europe accounting for one in every six tourist arrivals in the world (Mather et al., 2005).
Climate change has the potential to radically alter tourism patterns in Europe by inducing changes in

destinations and seasonal demand structure (Scott et al., 2008).

Human health will be affected by climate change, in direct and indirect ways (Costello et al., 2009).
Effects include changes in temperature-related mortality, food-borne diseases, water-borne diseases

and vector-borne diseases.

This project does not pretend to be comprehensive as relevant impact categories are not included in the
assessment. Market impact categories such as fisheries, forests and energy demand/supply changes
have not yet been addressed. Other non-market impact categories like biodiversity and potentially

catastrophic events are not considered in this study either.

1.4 The PESETA project methodology: innovative issues

There are two kinds of approaches to estimate impacts of climate change: top-down and bottom-up.
Several research studies (e.g. Nordhaus, 1992; Nordhaus and Yang, 1996; Mastrandrea and Schneider
2004; Hitz and Smith, 2004; Stern, 2007) have estimated or employed climate damage functions as
reduced-form formulations linking climate variables to economic impacts (usually average global
temperature to gross domestic product, GDP). An illustration is the recent update of the estimate of the
damage of climate change in the US of the Stern review (Ackerman et al., 2009). These authors

assume that economic and non-economic damages of climate change are a function of temperature:
D=aT"

where D refers to damages, T is the temperature increase and a and N are parameters.
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Indeed, this branch of the literature provided early estimates of the order of magnitude of the effects of
climate change in the world and large regions, as a function of the global temperature change (e.Q.

Fankhauser, 1994, 1995; Hitz and Smith, 2004; Tol, 2009).

Yet, for assessing impacts and prioritising adaptation policies such top-down approach has some
disadvantages. Firstly, estimates are based on results from the literature coming from different, and
possibly inconsistent, climate scenarios. Secondly, only average temperature and precipitation are
included, not considering other relevant climate variables and the required time-space resolution in
climate data. Thirdly, and because of the previous point, impact estimates lack the geographical
resolution for adaptation policies. Indeed, aggregate or top-down impact estimates might hide

variability of interest in the regional and sectoral dimensions.

Another strand of the literature has followed a bottom-up approach. This bottom-up or sectoral
approach has been implemented in PESETA, where the physical effects of climate change are
estimated by running high-resolution impact-specific models, which use common selected high-

resolution scenarios of the future climate.

PESETA builds upon examples of assessments made elsewhere, such as the California impact study
(Hayhoe €t al., 2004), the US impact studies (€.g. Mendelsohn and Neumann, 1999; Jorgenson et al.,
2004; Ruth et al., 2006; Karl et al., 2009), the Russian impact study (Roshydromet, 2005), global
adaptation assessment (World Bank, 2009), and the FINADAPT study in Finland (Carter, 2007).

PESETA is indeed the first regionally-focused, quantitative, integrated assessment of the effects of
climate change on vulnerable aspects of the European economy and its overall welfare. The PESETA

project is characterized by a quantitative or model-based assessment of impacts of climate change.

The analysis is innovative because it integrates (a) high space-time resolution climate data, (b) detailed
modelling tools specific for each impact category considered and (c) a multi-sectoral, multi-regional
computable general equilibrium (CGE) economic model. The use of a CGE model to integrate all
market impacts takes into account the indirect economic effects of climate change, in addition to the

direct effects.

Moreover, a key feature of the methodological framework is consistency across the sectoral studies
concerning the use of common socioeconomic and climate scenarios. All studies used the same
datasets. Various approaches to adaptation have been considered, including the non-adaptation case

(Section 2.4).

As noted by Rotmans and Dowlatabadi (1998), the distinctive feature of integrated assessment models,
involving several scientific disciplines, such as that of the PESETA project, is that they can have

added valued compared to a mono-disciplinary assessment.
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However, it must be noted that quantifying the expected effects of climate change in a very long-term
time horizon requires dealing with many sources of uncertainty, including e.g. future climate,
demographic change, economic development, and technological change. There is poor understanding
of processes (incomplete scientific methodologies) and large gaps in data. Consequently, the results of
the project need to be interpreted with due care and, in particular, are to be considered as 'preliminary’

given the exploratory nature of the PESETA research project.

Despite these limitations, the PESETA project provides a valuable indication of the economic costs of
climate change in Europe based on state-of-the-art physical impact assessment and high-resolution

climate scenarios (daily, 50x50 km grids).

1.5 Overview of this report

This report is divided into nine chapters, including this overview. Chapter 2 presents the main
elements of the methodological framework of the project, including the main features of the climate
scenarios. The following five chapters summarise the methodology of each sectoral assessment and its
main physical and economic results. Chapter 3 deals with the agriculture assessment, chapter 4 with

river floods, chapter 5 with coastal systems, chapter 6 with tourism and chapter 7 with human health.

Chapter 8 synthesises the whole PESETA project. The chapter presents the results of integrating the
four economic impacts (agriculture, river floods, coastal systems and tourism) into the GEM-E3
computable general equilibrium model for Europe to explore possible adaptation priorities within the
EU. The analysis assesses the welfare effects if the climate of the 2080s would occur today, therefore
without considering the influence of socioeconomic change, i.e. economic growth and population
dynamics. This implies that there is a certain underestimation of impacts. Higher future population and

GDP would lead to higher impacts, ceteris paribus.

Moreover, the GEM-E3 assessment has been made assuming that there is no public adaptation (Levina
and Tirpak, 2006). Therefore the 'potential' impacts of climate change have been studied. This
evaluation of impacts allows to explore insights on where and which sectors to prioritize adaptation

policies.

Chapter 9 summarises the main findings of the PESETA project, discusses its limitations and possible
lines of further research. The tables in the Annex present for the EU as a whole and its regions the
main climate indicators (in terms of temperature, precipitation and SLR), the physical effects and the

economic impacts (welfare changes from the GEM-E3 PESETA model analysis).
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2 METHODOLOGICAL FRAMEWORK

2.1 Introduction

While there have been independent sectoral studies on the effects of climate change in Europe (e.g.
cCASHh for health, DINAS-COAST for coastal systems), few have followed a multi-sectoral
approach (ATEAM is one exception; Schroter et al., 2005), which would make a pan-European
assessment truly comparable across sectors, information necessary to prioritise adaptation resources.
Moreover, most integrated assessment studies are based on climate data with coarse resolution, usually
from output from Global Circulation Models (GCMs), with around 200 x 200 km grids, approximately
the surface of the Netherlands.

PESETA has tried to bridge this information gap while benefiting from the emerging new climate data
and methods. In that respect, a number of data and methodological improvements have occurred
during the last few years, mainly from European Union funded DG Research projects. This notably
includes the availability of data from several standardised high-resolution climate projections
(PRUDENCE project), with 50 x 50 km resolution - the size of London - , and the development of
bottom-up physical impact methodologies, such as for coastal systems model (from the DINAS-
COAST project). The project has used five impact assessment models in an integrated manner to look

at the following sectors: agriculture, river floods, coastal systems, tourism and human health.

Comparability of results across different sectors requires consistency in the methodology. Consistency
has been the methodological backbone of the PESETA project. The consistency of all input data and
economic valuation requirements has been explicitly addressed, while consistency in the physical
impact methods, in particular relating to the interactions between impact categories, has been covered
to a much lesser extent due to the formidable methodological challenges. All PESETA sectoral studies

have used the same assumptions about economic growth and population dynamics.

The project has followed three sequential steps: firstly, selection of climate scenarios; secondly,
assessment of physical impacts; thirdly, monetary evaluation of the physical impacts. This chapter
explains the main issues of the PESETA project methodological framework, including the selected
socioeconomic and climate scenarios, the treatment of adaptation and the economic assessment

methodologies.
2.2 Grouping of countries

The assessment covers all EU countries, with the exception of Luxemburg, Malta and Cyprus. In order
to present the results, EU countries have been grouped into five regions: Southern Europe (Portugal,
Spain, Italy, Greece, and Bulgaria), Central Europe South (France, Austria, Czech Republic, Slovakia,
Hungary, Romania, and Slovenia), Central Europe North (Belgium, The Netherlands, Germany, and
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Poland), British Isles (Ireland and UK), and Northern Europe (Sweden, Finland, Estonia, Latvia, and
Lithuania). Given that the main driver of the projected impacts is climate change and that there are
some coherent spatial patterns of climate change, the main criterion for grouping countries has been

the geographical position.

However, the grouping of countries has also tried to ensure that each region is of comparable
economic size, as defined by the share in 2000 EU GDP. With the exception of the Northern Europe
region, which only accounts for 6% of the EU GDP, the other regions have a size in the range of 18%
to 32%. The difference in the economic scale of the regions has to be considered when interpreting the

results. Figure 1 shows the EU countries by assigned region.

Figure 1. Grouping of EU countriesin the study
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2.3 Scenarios

The climate scenarios were selected to be useful for impact assessment modellers (e.g. Mearns €t al.,
2003). Several criteria were considered: be based on state-of-the-art climate models and be
scientifically credible; be readily available; meet the data needs of the sectoral impact models; reflect
part of the range of the IPCC SRES emissions scenarios; and provide European-wide information at

high resolution for two future time periods: 2011-2040 and 2071-2100.

2.3.1 Socioeconomic scenarios

Underlying all climate scenarios are emissions and concentration scenarios, i.e. projections of
atmospheric concentrations of greenhouse gases and acrosols. The most widely-used scenarios come
from the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios
(SRES) (Nakicenovic and Swart, 2000). According to SRES and IPCC (2001; 2007a), none of the six
possible future storylines or the associated marker scenarios can be considered more likely than
another. However, it was not considered feasible within the constraints of the PESETA project to
consider more than two emissions scenarios. Thus two had to be chosen that were representative of the
full range, but also for which appropriate climate model output was available. For these reasons, it was
agreed to focus on the ‘high’ A2 scenario (which reaches a carbon dioxide concentration of 709 ppm
at 2100) together with the ‘low’ B2 scenario (which has a concentration of 560 ppm at 2100). Given
that the emissions are higher under the A2 scenario than in the B2 scenario, the consequences of the
A2 scenario could be interpreted as 'the cost of inaction'. However, as there are not explicit mitigation

policies in either scenario, that interpretation does not seem appropriate.

An overview of the main driving forces of the A2 and B2 scenarios is provided in Table 1. Global
population growth is much higher under the national enterprise A2 scenario, with population reaching
more than 15 billion by the end of the century, compared with 10.4 billion for the global stewardship
B2 scenario. This is obviously one of the main determinants of the lower emissions path of B2. GDP
expands in a similar way under the two scenarios. Moreover, the economic convergence of developing
countries is slower in A2. While the ratio of GDP per capita of developed to developing countries at

the end of the 21st century is four in the A2 scenario, it is only three under the B2 scenario.
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Table 1. Overview of the main driving for ces

A2 B2
Scenario group 1990
2050 | 2100 | 2050 | 2100
Population 53 | 113 | 151 | 93 | 104
World GDP (trillion 1990US$) 21 82 | 243 | 110 | 235
Per capita income ratio: developed countries and economies 161 | 66 | a2 4 3
in transition (Annex-1) to developing countries (non-Annex-I) ' ' ’

2.3.2 Climate scenarios

Two time windows have been considered in this study: 2011-2040 (2020s) and 2071-2100 (2080s)
(Table 2). The 2020s scenario is the A2 socioeconomic SRES scenario with the RCA3 regional model

and boundary conditions from the ECHAM4 global model; this dataset comes from the Rossby Centre
(SMHI).

Table2. The PESETA climate scenarios

eS| covamots | R | seaio | Temperaure
B2 HadAM3H/HadCM3 | HIRHAM | 2071-2100 2.5°C
A2 HadAM3H/HadCM3 | HIRHAM | 2071-2100 3.9°C
B2 ECHAM4/0OPYC3 RCAO 2071-2100 4.1°C
A2 ECHAM4/0OPYC3 RCAO 2071-2100 5.4°C
A2 ECHAM4/0OPYC3 RCA3 2011-2040 -

Four climate futures for the 2080s have been considered in order to reflect the uncertainty associated
with the driving forces of global emissions and the sensitivity of climate models to GHG
concentration. For each SRES scenario, climate output from two state-of-the-art regional climate
models (RCMs), nested within a global circulation model (GCM), have been selected from the
PRUDENCE project (Christensen €t al., 2007): HIRHAM driven by HadAM3h and RCAO driven by
ECHAMA4. Daily RCM output at 50 km resolution has been used to drive the physical impact models.
The average temperature increase in the EU ranges from 2.5°C to 5.4°C, depending on the greenhouse
gas emission scenario and climate model used. Hereafter, the climate futures are called scenarios and
are distinguished by the EU temperature increase, thus 2.5°C (B2 HadAM3h-HIRHAM), 3.9°C (A2
HadAM3h-HIRHAM), 4.1°C (B2 ECHAM4-RCAO) and 5.4°C (A2 ECHAM4-RCAO).
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It should be noted that for the 2071-2100 period the EU warming is higher than that of the globe

(Table 3). Compared to the preindustrial level, the global temperature increase of the PESETA

scenarios are in a range between 2.6°C and 3.4°C.

Table 3. Glabal and EU temperatur e increase (2071-2100, compar ed to 1961-1990)

Climate scenario Global EU
B2 HadAM 3h-HIRHAM 2.4°C 2.5°C
A2 HadAM 3h-HIRHAM 3.1°C 3.9°C
B2 ECHAM4-RCAO 2.3°C 4.1°C
A2 ECHAM4-RCAO 3.1°C 5.4°C

Figure 2 shows the simulated European land temperature for the transient scenario from the Rossby

Center (covering the 1961-2100 period), and the 2080s scenarios, including also the simulation in the

respective control periods (1961-1990).

Figure 2. European land temperature (°C)
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Note: Black line: RCA3/ECHAMA4 transient; green lines: 5.4°C scenario time lines; blue lines: 3.9°C
scenario time lines; cyan line: 4.1°C scenario; to be compared with the green line for 1961-1990;

purple line: 2.5°C scenario; to be compared with the blue line for 1961-1990.
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As already noted, in this study the EU has been divided into five regions to simplify interpretation:
Northern Europe, British Isles, Central Europe North, Central Europe South, and Southern Europe.
Northern Europe is the area with the highest temperature increase, compared to the 1961-1990 period
(Table 4, Figure 3), in the 2.5°C and 3.9°C scenarios, whereas in the 4.1°C and 5.4°C scenarios
Central Europe South and Southern Europe experience the largest temperature increases. The more
oceanic British Isles have the lowest temperature increase throughout all scenarios. The regional
precipitation pattern is similar in all scenarios (Figure 4). The Central Europe South and Southern
Europe regions experience annual decreases compared to the 1961-1990 control period, while most

other EU regions have positive precipitation changes in all scenarios, but with large seasonal

differences.
Table4. Summary of socio-economic and climate scenarios
Scenarios
2.5°C 3.9°C 4.1°C 5.4°C
World population in 2100 (10') 10.4 15.1 10.4 15.1
World GDP in 2100 (10'%, 1990US$) 235 243 235 243
CO, Concentration (ppm) 561 709 561 709
A Temperature (°C)*
World 24 3.1 2.3 3.1
EUZ 2.5 39 43 5.4
Northern Europe 2.9 4.1 3.6 4.7
British Isles 1.6 2.5 3.2 39
Central Europe North 23 3.7 4.0 55
Central Europe South 2.4 39 4.4 6.0
Southern Europe 2.6 4.1 43 5.6
A Precipitation (%)*
EUL 1 -2 2 -6
Northern Europe 10 10 19 24
British Isles -5 2 10 5
Central Europe North 3 1 6 -1
Central Europe South 2 2 -4 -16
Southern Europe -7 -15 -13 -28
Sea Level Rise (high climate sensitivity) (cm) 49 56 51 59

*Increase in the period 2071-2100 compared to 1961-1990. tEuropean regions: Southern Europe (Portugal, Spain,
Italy, Greece, and Bulgaria), Central Europe South (France, Austria, Czech Republic, Slovakia, Hungary, Romania, and
Slovenia), Central Europe North (Belgium, The Netherlands, Germany, and Poland), British Isles (Ireland and UK), and
Northern Europe (Sweden, Finland, Estonia, Latvia, and Lithuania).
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Figure 3. Projected 2080s changesin mean annual temperature
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Figure 4. Projected 2080s changes in annual precipitation
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Table 5 shows the sea level rise (SLR) scenarios considered in the coastal systems assessment of
PESETA. They are consistent with the outputs of the GCMs used in the project. For each of the
climate scenarios a low, medium and high SLR case has been considered, in order to account for the
uncertainty in future SLR. They are also compared to the low and high IPCC sea-level rise figures
(Church et al., 2001). Moreover, the IPCC Third Assessment Report (TAR) high and low scenarios
have been studied because they encompass the full range of uncertainty in sea-level rise projections

(IPCC, 2001), excluding uncertainties due to ice sheet instability and melting in Antarctica.

Table 5. Global sea-level rise scenarios at 2100

Global Circulation Model ECHAM4 HADCM3 IPCC TAR
Socio-Economic Scenario A2 B2 A2 B2 A2/B2
Low 292 | 226 | 253 | 19.4 9
SLR (cm) Medium 438 | 367 | 408 | 34.1 i
High 585 | 508 | 564 | 488 88

Given recent evidence on accelerated SLR (Rahmstorf et al., 2007) only the high climate sensitivity
case has been taken into account in the integration of the market sectors into the GEM-E3 model
(Chapter 8). For the scenarios considered, this leads to a global sea level rise in the range of 48 to 58
cm by the end of the century (Table 5). The high range of SLR of the IPCC Third Assessment Report

(TAR), 88 cm, has also been studied for the coastal system impact as a variant of the 5.4°C scenario.

2.3.3 Climate data needs of the sectoral assessments

A key criterion for the final selection of scenarios was the specific climate data needs of the various
physical impact methods (Table 6). It can be seen that these needs differ from sector to sector,
particularly with respect to the variables requested, but also with respect to the preferred temporal and
spatial resolution. The river floods model was the most demanding in terms of resolution, requiring

daily data at 50 km spatial resolution, and for some specific scenarios at 12 km resolution.
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Table 6. PESETA climate data needs by sector

Sector Variablesrequested Time Spa“?‘
resolution | resolution
Max/min temperature monthly
Agriculture | Precipitation monthly | 50 x 50 km
CO,-equivalent concentration annual
Temperature
Precipitation
Net (or downward) shortwave (solar) radiation
. . 12x12 km
River Net (or downward) longwave (thermal) radiation dail and
Floods | Humidity y 50 % 50 ki
Wind speed
For comparison purposes: evaporation, snow and
runoff.
Coastal Regional surfaces of sea level rise
annual -
Systems
Max/average temperature
Tourism | Hours ofsunor loud cover monthly | 50x 50 km
Relative humidity or vapour pressure
Human Max/min/average temperature .
Health Relative humid%ty or \gpour pressure daily 50 x 50 km

2.3.4 Overview of scenarios in each impact category

The impacts of climate change in a specific sector depend both on the socio-economic and the climate

signals. The climate change signal was considered in all sectoral impact studies (Table 7). The coastal

systems and human health assessments have also taken into account the influence of the change in the

socio-economic scenario from the present to the future, i.e. economic growth and population

dynamics.

Table 7. Socio-economic and climate signals acr oss impact studies

Socio- . Socio-
I mpact . Climate .
Category economic signal economic and
signal climatesignals
Agriculture - X -
River
Floods ) X )
Coastal
Systems X X X
Tourism - X -
Human
Health X X X
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Table 8 shows the number of cases analysed in each impact study. The five sectoral impact
assessments have considered the four 2080s scenarios. The agriculture, coastal systems and human
health studies have also assessed the 2020s scenario. In some sectors a number of additional cases
have also been considered. As previously noted, in coastal systems for each climate scenario three sea
level rise (SLR) cases have been taken into account: low, medium and high. In addition, the lower and
higher range of the IPCC TAR SLR scenarios have been studied, as well as a case with no SLR. For
each of the SLR cases, both a non-adaptation and an optimal adaptation case have been analysed with
the DIVA coast model (section 5.1). Concerning tourism, three cases of impacts have been considered,
depending on how tourism demand reacts to changing climate (section 6.1). In the human health study,

two different exposure-response functions have been used (section 7.1).

Table 8. Cases analysed per sector

I mpact Climate Scenarios : Total number of
Categor Variants cases analysed
SOy | 20205 | 2080s y
Agriculture 1 4 - 5

River

Floods i 4 i 4

No SLR

Coastal 1 4 Low/medium/high SLR 7

Systems IPCC low/high SLR
Non adaptation/optimal adaptation

Tourism - 4 Alternative demand assumptions 12
Human 1 4 Two exposure-response functions 8
Health P P

2.4 Adaptation

Adaptation assumptions are relevant for the overall results by impact category. In the PESETA project
an effort has been made to have a realistic and credible approach to adaptation. In the various models
applied in this analysis private adaptation actions (Levina and Tirpak, 2007) have been taken into
account: farm level adaptation in agriculture, change in tourism flows in the tourism assessment,

acclimatisation in the human health study, and migration to safer areas in coastal systems.

In addition, the coastal systems assessment has explicitly considered public adaptation measures, using
a simplified cost-benefit framework. The optimal protection level is determined by the equalisation of
marginal costs and benefits (Tol, 2005). Two hard, engineering adaptation measures are considered.
First of all, dikes are built to protect the coast. The costs of dikes are compared to the benefits in terms
of lower sea flood damages, river flood damages, salinisation costs and migration costs. The second

measure is beach nourishment, which is decided by comparing the nourishment costs (basically a
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function of cubic metre of sand) with its benefits. The benefits depend on agriculture land value if
there are not tourists, and where there are tourists, the benefits depend on the number of tourists and

their expenditure.

2.5 Economic assessment

2.5.1 Discounting

The simulated economic effects of climate change refer to the 2020s and 2080s. Yet those effects
cannot be directly compared to the size of the economy as of today. Economic effects are usually
discounted in order to account both for the growth in per capita income of the economy (the same
Euro has a higher value today than for the richer future society) and the fact that there is a preference
for current consumption versus future consumption (as reflected in the positive interest rate e.g. of

public bonds).

However the choice of the discount rate is a very controversial issue (Stern and Taylor, 2007;
Nordhaus, 2007) because it requires value judgements, €.g. the valuation of future generations' welfare

by today's generation.

In order to make the economic assessment of PESETA transparent it was decided to report
undiscounted monetary effects in the economic estimates for the 2080s. Concerning the integration of
market impacts into the GEM-E3 model (Chapter 8), as the evaluation is made concerning the impacts

of future climate on today's economy, so discounting monetary impacts is not required.

2.5.2 Valuation methods: direct economic effects

The sectoral studies produced estimates of the "direct" economic effect. Those effects are limited to
the sector under consideration and do not take into account the consequences in the rest of the

economy. This is known in the economic literature as partial equilibrium analysis.

The river flood, coastal systems, tourism and human health studies have made a direct economic effect
analysis. In particular, the river flood assessment considers the direct damages due to river floods,
mainly affecting residential buildings and economic activities (Section 4.3). The costal systems study
considers the impacts in terms of land losses, migration costs and sea flood costs (Section 5.3). The
tourism study measures the effect in tourism expenditure from assumptions on expenditure per bed
night (Section 6.3). Finally, the human health study values mortality effects using standard economic

methods: value of statistical life and value of life years lost (Section 7.3).

Nevertheless, the direct effects provide only part of the overall economic consequences of climate
change because they will also affect the rest of the economy (e.g. Darwin and Tol, 2001). This is the

case for instance of river floods. The impact assessment provides the damages due to land uses in the
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flooded area. But those damages also will induce additional effects in other sectors and aspects of the
economy. Thus the damages to the commercial sector will lead to lower income for the business
owners, which will lead to lower expenditure by them, additionally depressing economic activity in
other sectors of the economy. A similar case occurs with agriculture. In countries facing drops in
yields, other industries will undergo lower production levels, such as the agroindustry sector. The
study of the overall economic consequences, considering the indirect effects in addition to the direct
effects, can be made with computable general equilibrium (CGE) models (Shoven and Whalley,
1992).

2.5.3 Valuation methods: overall economic (general equilibrium) effects

Two sectoral studies have applied the CGE methodology. The agriculture and coastal system
assessments have both used the GTAP general equilibrium model to value the overall effects on the
economy. They have assessed the impact of future climate on the future economy. Both the climate

signal and socioeconomic change have been taken into account.

Moreover, in the last stage of the project the four impact categories that can be considered as 'market’
impacts (agriculture, river floods, coastal systems and tourism) have been integrated in the GEM-E3
CGE model (Chapter 8). There, to ensure consistency, only the impact due to climate change is

considered, which was studied in all sectors (Table 7).
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3 AGRICULTURE IMPACT ASSESSMENT

Agriculture is the main user of land, and water, and it still defines society in the rural areas of Europe.
European agriculture accounts for one half of the global trade of food products and it is directly
influenced by European and global policy. Climatic conditions directly affect agriculture and the water
resources needed to maintain a stable production in many areas of Europe (Iglesias €t al., 2007; 2009a;
Olesen and Bindi, 2002) and the provision of essential ecosystem services (Metzger €t al., 2006). It is
likely that the stress imposed by climate change on agriculture and water intensifies the regional
disparities in rural areas and the overall economy of European countries (Alcamo €t al., 2007; EEA,
2008; Stern, 2007). Understanding the impact of climate change is complicated because changes in
physical and social variables are often derived by using different assumptions and inconsistency of
inputs across geographical and time scales. As a result, some of the most profound impacts of climate

change may be more difficult to project than the future climate itself.

This chapter summarises the methodology and the main results of the agriculture impact assessment.
Detailed information can be found in the accompanying PESETA technical report of Iglesias et al.
(2009b).

3.1 Agriculture integrated methodology

3.1.1 The modelling approach

European scenarios of agricultural change for the years 2020s and 2080s are developed based on
global scenarios of changes in environmental and socio-economic variables and the understanding of
the sensitivity of each agricultural region to these changes. The most important determinants of
changes in agricultural production are: changes in agroclimatic regions, crop productivity, and crop
management (deliberate adjustments of the crop calendar, nitrogen fertiliser, and amount of irrigation
water in order to optimise productivity in each scenario); livestock production is not considered,
except for the possible inference of crop productivity. Then, the expected change in future crop
productivity is calculated across Europe. Finally, monetary estimates of the projected changes are
derived. It is assumed that (i) farmers follow an adjusted crop management in response to climate; (ii)
irrigated areas do not increase significantly; and (iii) fiscal policies remain unchanged. Because of the
nature of these assumptions, it is considered that the results represent an agricultural policy scenario
that does not impose major additional environmental restrictions beyond the ones currently
implemented, neither include pollution taxes (for example for nitrogen emissions to mitigate climate

change).

The assessment links biophysical and statistical models in a rigorous and testable methodology, based

on current understanding of processes of crop growth and development, to quantify crop responses to
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changing climate conditions. Dynamic process-based crop growth models are specified and validated
for sites in the major agro-climatic regions of Europe. The validated site crop models are useful for
simulating the range of conditions under which crops are grown, and provide the means to estimate
production functions when experimental field data are not available. Variables explaining a significant
proportion of simulated yield variance are crop water (sum of precipitation and irrigation) and
temperature over the growing season. Crop production functions are derived from the process based
model results. The functional forms for each region represent the realistic water limited and potential
conditions for the mix of crops, management alternatives, and potential endogenous adaptation to

climate assumed in each area.

In particular, nine agro-climatic regions are defined based on K-mean cluster analysis of temperature
and precipitation data from 247 meteorological stations, district crop yield data, and irrigation data.
The yield functions derived from the validated crop model, the DSSAT model (Rosenzweig and
Iglesias, 2008; Rosenzweig and Iglesias, 2002; Iglesias et al., 2006; Rosenzweig and Iglesias, 1994),
are then used with the spatial agro-climatic database to conduct a European wide spatial analysis of

crop production vulnerability to climate change.

Adaptation is explicitly considered and incorporated into the results by assessing country or regional
potential for reaching optimal crop yield. Optimal yield is the potential yield given non-limiting water
applications, fertilizer inputs, and management constraints. Adapted yields are calculated in each
country or region as a fraction of the potential yield. That fraction is determined by the ratio of current

yields to current yield potential.

The methodology incorporates a number of strengths: it is based on an interdisciplinary, consistent
bottom-up methodology that uses a range of emission scenarios to provide insights into the effects of
climate change policy. The physical approach expands process-based crop model results over large
areas and therefore overcomes the limitation of data requirements for the crop models; it includes
conditions that are beyond the range of historical observations of crop yield data; and includes
simulation of optimal management and thus estimate agricultural responses to changes in regional

climate.

3.1.2 Limitations and uncertainties

There is a large uncertainty surrounding future emissions and their underlying dynamic driving forces.
This uncertainty is increased in going from emission values to climate change, from climate change to
possible impacts and finally from these driving forces to formulating adaptation and mitigation
policies (Gupta et al., 2003). The study considers changes in agroclimatic regions but not on the
evolution of land use to the 2080s. Determining how farmers will adapt to climate change is a very

complex dynamic process which is difficult to quantify. The study considers that farmers optimise
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management under climate change scenarios but cannot implement changes that require policy
intervention. How agriculture policies might react to a changing climate is another critical factor

which cannot be incorporated in the simulations.

The uncertainty of the climate scenario is characterised by selecting two emission scenarios (A2 and
B2), two global climate models (HadCM3 and ECHAM) downscaled across Europe, and two time
frames. In all regions, uncertainties with respect to the magnitude of the expected climate changes
result in uncertainties of the agricultural evaluations. For example, in some regions projections of
rainfall, a key variable for crop production may be positive or negative depending on the climate
scenario used and variable in each season. In general, the assessment shows that the estimated yield
changes vary more among different climate models, while the GDP projections show more
discrepancy across socio-economic scenarios. Nevertheless, the time horizon is the main determinant

of the physical and economic projections.

3.2 Physical impacts

The results show that agroclimatic regions will have substantial modifications as a result of climate
change, in agreement to previous analyses. These changes in agroclimatic regions have important
implications for the evaluation of impacts on future crop productivity. Here, the production functions
are implemented in future agroclimatic regions - that is, the farmers in each location in the future have
knowledge of how and what to produce. That is, the crop productivity changes include the changes in
crop distribution in the scenario due to modified crop suitability under the warmer climate and
farmers’ adaptation (non-policy driven). European crop yield changes include the direct positive
effects of CO, on the crops, the rain-fed and irrigated simulations in each district. It is very important
to notice that the simulations considered no restrictions in water availability for irrigation due to
changes in policy. In all cases, the simulations did not include restrictions in the application of
nitrogen fertilizer. Therefore the results should be considered optimistic from the production point and

pessimistic from the environmental point of view.

There are large differences among European regions in the impacts of global change in crop
productivity. Figure 5 to Figure 8 shows modelled European crop yield changes for all the 2080s
scenarios, and Figure 9 for the 2020s scenario. The estimates for each European region appear in
Table 9. The crop productivity changes include the changes in crop distribution in the scenario due to
modified crop suitability under the warmer climate and farmers’ adaptation. The 2080s less warming
scenarios would lead to small changes in yields for the EU, while the 5.4°C scenario could mean a fall
in crop yields of 10%. All 2080s scenarios share a similar pattern in the spatial distribution of effects.
High yield improvements in Northern Europe are caused by lengthened growing season, which
decreases cold effects on growth and extends the frost-free period. Crop productivity decreases in

Southern Europe are caused by a shortening of the growing period, with subsequent negative effects
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on grain filling. The British Isles would have yield losses for the two less warming scenarios (2.5°C
and 3.9°C), which would become gains under the other two warmer scenarios. Regarding Central

Europe, the country projections of yield changes depend on the particular scenarios.

Concerning the 2020s, all European regions would experience yield improvements, particularly in
Northern Europe, with the exception of some areas in central Europe South and Southern Europe. The

EU overall yield gain would be 17%.

Figure5. Agriculture: crop yield changes of the 2.5°C scenario (2080s)
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Table 9. Agriculture: crop yield changes (%), compar ed to the 1961-1990 period

