European
Environment
Agency

= " -
. ) - —
i _'f.{ 5 - L - '
- 4 b
=3 — = e

European Climate Risk Assessment

EEA Report 01/2024



: W
European Environment Agency )/;')}

European Environment Agency
Kongens Nytorv 6

1050 Copenhagen K

Denmark

Tel.: +4533 36 71 00
Web: eea.europa.eu
Contact us: eea.europa.eu/en/about/contact-us

Legal notice

The contents of this publication do not necessarily reflect the official opinions of the European Commission or other institutions of the
European Union. Neither the European Environment Agency nor any person or company acting on behalf of the Agency is responsible for
the use that may be made of the information contained in this report.

Brexit notice

EEA products, websites and services may refer to research carried out prior to the UK's withdrawal from the EU. Research and data
relating to the UK will generally be explained by using terminology such as: 'EU-27 and the UK' or 'EEA-32 and the UK'. Exceptions to this
approach will be clarified in the context of their use.

Copyright notice

© European Environment Agency, 2024

This publication is published under a Creative Commons Attribution 4.0 International (CC BY 4.0) licence (https://creativecommons.
org/licenses/by/4.0). This means that it may be re-used without prior permission, free of charge, for commercial or non-commercial
purposes, provided that the EEA is acknowledged as the original source of the material and that the original meaning or message of the
content is not distorted. For any use or reproduction of elements that are not owned by the European Environment Agency, permission
may need to be sought directly from the respective rightsholders.

More information on the European Union is available on https://european-union.europa.eu/index_en.
Luxembourg: Publications Office of the European Union, 2024
ISBN 978-92-9480-627-7

ISSN 1977-8449
doi:10.2800/204249

Cover design: EEA
Cover photo: © Anténio Tedim, Well with Nature/EEA
Layout: Formato Verde/EEA


http://eea.europa.eu
http://eea.europa.eu/en/about/contact-us
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://european-union.europa.eu/index_en

Contents

Acknowledgements 7
Executive summary 11
Part A — Setting the scene 46
1 Introduction 47
1.1 EUCRA purpose and governance 47
1.2 EUCRA context 50
1.3 Assessment approach 53
1.4  Structure of the report 57
2 Europe in times of change and extremes 58
2.1 Introduction 58

2.2 Recent changes: how Europe has arrived at its
present condition 61
2.3 Exploring the future 73
2.4 Projected changes and wildcards 77
Part B — Thematic factsheets 83
3 Terrestrial and freshwater ecosystems 86
3.1 Introduction 86
3.2 Riskdrivers and impacts 87
3.3 Risk assessment and evaluation 926
3.4 Relevant policies 102
4 Marine and coastal ecosystems 104
4.1 Introduction 104
4.2 Risk drivers and impacts 105
4.3 Risk assessment and evaluation 111
4.4 Relevant policies 115
5 Water security 117
5.1 Introduction 117
5.2 Risk drivers and impacts 119
5.3 Risk assessment and evaluation 126
5.4 Relevant policies 132
6 Food production and food security 134
6.1 Introduction 135
6.2 Risk drivers and impacts 136

European Climate Risk Assessment 3



6.3 Risk assessment and evaluation
6.4 Relevant policies

7 Human health
7.1 Introduction
7.2 Riskdrivers and impacts
7.3 Risk assessment and evaluation

7.4 Relevant policies

8 Energy
8.1 Introduction
8.2 Risk drivers and impacts
8.3 Risk assessment and evaluation
8.4 Relevant policies

9 Built environment
9.1 Introduction
9.2 Riskdrivers and impacts
9.3 Risk assessment and evaluation
9.4 Relevant policies

10 EU outermost regions
10.1 Introduction
10.2 Risk drivers and impacts
10.3 Risk assessment and evaluation
10.4 Relevant policies

Part C — Risk storylines

11 Extreme heat and prolonged drought
11.1 Introduction
11.2 Recent experience with heat and water stress in Europe
11.3 Potential for future crises
11.4 Role of EU policies
11.5 Aggregated risk assessment

12 Large-scale flooding
12.1 Introduction
12.2 Flood risks in Europe today
12.3 How future climate change could intensify flood risks
12.4 The role of EU policies in mitigating flood risks
12.5 Aggregated risk assessment

13 Forest disturbances and carbon sinks
13.1 Introduction
13.2 Europe's forests under pressure
13.4 Potential for future crisis

141
147

149
149
150
158
163

166
166
167
170
174

175
175
177
185
190

192
192
193
197
202

203

206
206
207
213
218
220

223
223
224
228
233
234

237
238
238
248



14

15

16

17

13.5 Role of EU policies
13.6 Aggregated risk assessment

Infectious diseases

14.1 Introduction

14.2 Infectious disease risks in a warming Europe
14.3 Potential for future crises

14.5 Role of EU policies

14.6 Aggregated risk assessment

Major disruptions of critical infrastructure
15.1 Introduction

15.2 How climate change is testing Europe's critical infrastructure

15.3 Europe's critical infrastructure in a heating climate
15.4 Role of European policies
15.5 Aggregated risk assessment

Disruption of international supply chains

16.1 Introduction

16.2 Climate change and global supply chain risks today
16.3 International supply chain risks in a heating climate
16.4 Role of EU policies

16.5 Aggregated risk assessment

Stability of financial markets and public finances
17.1 Introduction

17.2 How Europe’'s fiscal and financial system is already
being affected

17.3 Future risks to the fiscal and financial system in a
changing climate

17.4 Policy readiness
17.5 Aggregated risk assessment

Part D — From climate risks towards societal preparedness

18

19

Synthesis: major climate risks for Europe
18.1 Introduction

18.2 Clusters and cascades of major climate risks for Europe
18.3 Structured risk assessment for major climate risks for Europe

18.4 Cross-cutting results of the EUCRA risk assessment

18.5 Key findings of the EUCRA risk assessment for risk clusters
18.6 Climate risk assessment in EUCRA compared to the IPCC

Social justice and cohesion
19.1 Introduction

19.2 Unpacking the interplay between climate risks, actions

and social justice

252
253

256
256
257
261
267
268

269
269
270
276
280
282

286
286
287
291
297
299

303
303

305

311
315
318

323

324
325
325
328
332
334
334

336
336

337



20

21

19.3 Assessment of social justice across climate risks and
adaptation actions

19.4 EU cohesion and social justice
19.5 Social justice in climate-related EU policies and actions
19.6 Outside EU context

EU adaptation policies and risk ownership

20.1 Introduction

20.2 EU adaptation policy environment

20.3 Policy readiness, risk ownership and policy horizon

20.4 A systemic approach to strengthening climate resilience
20.5 Bridging the adaptation funding gap

Priorities for action

21.1 Introduction

21.2 Inputs for identifying priorities for action
21.3 Clusters of interrelated risks

21.4 Pivotal system-wide priorities for action

Annex 1 Abbreviations and units

Annex 2 Method for structured risk assessment

References

339
343
346
349

350
350
351
354
358
362

364
365
365
366
380

385
388

398



Acknowledgements

The European Environment Agency (EEA) would like to thank its partners from
the European Environment Information and Observation Network (EEA member
countries and the European Topic Centres (ETCs)), the European Commission's
Directorate-General for Climate Action (DG CLIMA), the European Commission's
Joint Research Centre (JRC) and the Copernicus Climate Change Service (C3S),
implemented by the European Centre for Medium-Range Weather Forecasts
(ECMWEF), for their valuable contributions and input.

In particular, the EEA would like to acknowledge the contributions from the ETC on
climate change adaptation and land use, land use change and forestry (ETC CA)
for this publication.

The EEA would also like to acknowledge the contributions from the European

Climate Risk Assessment (EUCRA) community of practice, hereunder the European
Commission Working Group on EUCRA, the EUCRA Expert Advisory Group, the EUCRA
Risk Review Panel, the Eionet Group on Climate Change Impacts, Vulnerability and
Adaptation and individual experts.

The EEA wishes to thank the following EEA member countries for their input during
the review: Czechia, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Malta,
the Netherlands, Norway, Poland, Slovakia, Spain, Sweden and Tiirkiye.

The EEA coordinated the preparation of this report. In addition, EEA experts were lead
authors of Chapter 1 and Chapter 18 and contributing authors of Chapter 2, Chapter 6
and Chapter 13.

ETC CA project coordination
Giulia Galluccio (Fondazione Centro Euro-Mediterraneo sui Cambiamenti
Climatici (CMCC)), Chiara Trozzo (CMCC)

Methodological framework
Marc Zebisch (Eurac Research), Richard Klein (Stockholm Environment
Institute (SEI)), Jaroslav Mysiak (CMCC)

Factsheets coordination
Benedita Santos (Eurac Research), Marc Zebisch (Eurac Research),
Frédérique Kirkels (Planbureau voor de Leefomgeving (PBL)), Ed Beije (PBL)

Storylines coordination
Richard Klein (Stockholm Environment Institute (SEI)), Jaroslav Mysiak (CMCC),
Anna Pirani (CMCC)

Storylines scientific editor
Marion Davis (Independent)

Knowledge and references management
Fabrizio Antonio (CMCC)

European Climate Risk Assessment /



External authors

Executive summary

Mikael A. Mikaelsson (SEI), Claire Mosoni (Finnish Environment Institute (Syke)),
Johan Munck af Rosenschéld (Syke), Anna Pirani (CMCC), Benedita Santos
(Eurac Research), Marc Zebisch (Eurac Research)

Chapter 1: Introduction
Contributing: Marc Zebisch (Eurac Research)

Chapter 2: Europe in times of change and extremes

Lead: Simona Pedde (Wageningen University & Research (WUR)),

Francisco J. Doblas-Reyes (Catalan Institution for Research and Advanced

Studies (ICREA) — Barcelona Supercomputing Center (BSC))

Contributing: Timothy R. Carter (Syke), Rein Haarsma (BSC), Martin Jury
(BSC-University of Graz), Samantha Burgess (C3S/ECMWF), Rebecca Emerton
(C3S/ECMWF), Stefan Fronzek (Syke), Veruska Muccione (University of Zurich/Swiss
Federal Research Institute WSL)

Chapter 3: Terrestrial and freshwater ecosystems

Lead: Stefan Fronzek (Syke)

Contributing: Willem Maetens (JRC), Nina Pirttioja (Syke), Kimmo Tolonen (Syke),
Jelle van Minnen (PBL), Clara Veerkamp (PBL)

Chapter 4: Marine and coastal ecosystems

Lead: Marco Marcelli (Tuscia University)

Contributing: Gianluca Sara (University of Palermo), Giovanni Coppini (CMCC),
Alice Madonia (CMCC), Viviana Piermattei (CMCC), Sergio Scanu (CMCC)

Chapter 5: Water security

Lead: Monia Santini (CMCC)

Contributing: Mariachiara Alberton (Eurac Research), Marta Debolini (CMCC),
Willem Maetens (JRC), Roberta Padulano (CMCC), Hung Vuong Pham (CMCC),
Anna Sperotto (CMCC), Andrea Toreti (JRC)

Chapter 6: Food production and food security

Lead: Frank Dentener (JRC), Christoph Miller (Potsdam Institute for Climate Impact
Research (PIK))

Contributing: Frida Lager (SEI), Richard Klein (SEl), Willem Maetens (JRC),

Maurits van den Berg (JRC), Andrea Toreti (JRC), Elizabeth J.Z. Robinson (Grantham
Research Institute on Climate Change and the Environment (GRI), London School of
Economics (LSE)), Shouro Dasgupta (CMCC/GRI, LSE)

Chapter 7: Human health

Lead: Shouro Dasgupta (CMCC/ GRI, LSE)

Contributing: Jan C. Semenza (Heidelberg University/Umea University), Elizabeth
J.Z. Robinson (GRI, LSE), Katie Johnson (CMCC), Joacim Rocklov (Heidelberg
University/Umeda University), Alfredo Alessandrini (JRC), David Garcia Leén (JRC),
Rachel Lowe (BSC/ICREA), Fabrizio Natale (JRC), Cyril Caminade (The Abdus
Salam International Centre for Theoretical Physics (ICTP))

Chapter 8: Energy
Lead: Matteo Giacomo Prina (Eurac Research), Steffi Misconel (Eurac Research)
Contributing: Wolfram Sparber (Eurac Research)



Chapter 9: Built environment

Lead: Guido Rianna (CMCC), Alfredo Reder (CMCC)

Contributing: Silvia Dimova (JRC), Cristina Silvia Polo Lépez (JRC), Willem Maetens
(JRC), Johan Munck af Rosenschdld (Syke), Guglielmo Ricciardi (CMCC), Andrea
Toreti (JRC)

Chapter 10: EU outermost regions
Lead: Marina Baldissera Pacchetti (University College London (UCL)/BSC),
Alessio Ciullo (ETH Zurich/CLIMADA Technologies AG)

Chapter 11: Extreme heat and prolonged drought

Lead: Antonio Trabucco (CMCC), Noora Veijalainen (Syke)

Contributing: Marta Debolini (CMCC), Serena Marras (CMCC), Claire Mosoni (Syke),
Nina Pirttioja (Syke), Monia Santini (CMCC), Robert Zomer (CMCC)

Chapter 12: Large-scale flooding

Lead: Philip J. Ward (Institute for Environmental Studies (IVM), VU Amsterdam/
Deltares)

Contributing: Jeroen C.J.H. Aerts (IVM, VU Amsterdam/Deltares), Mariachiara
Alberton (Eurac Research), Wouter W.J. Botzen (IVM/VU Amsterdam), Serena Fatica
(JRC), Luc Feyen (JRC), Kees van Ginkel (IVM, VU Amsterdam/Deltares), Richard J.T.
Klein (SEl), Sanne Muis (IVM, VU Amsterdam/Deltares), Jaroslav Mysiak (CMCC),
Dominik Paprotny (PIK), Jana Sillmann (Universitat Hamburg/Center for International
Climate Research)

Chapter 13: Forest disturbances and carbon sinks

Lead: Ana Bastos (Max Planck Institute for Biogeochemistry; funded by the European
Union under ERC StG, ForExD, grant agreement No. 101039567)

Contributing: Jesus San-Miguel (JRC)

Chapter 14: Infectious diseases

Lead: Shouro Dasgupta (CMCC/GRI, LSE)

Contributing: Cyril Caminade (The Abdus Salam International Centre for Theoretical
Physics), Katie Johnson (CMCC), Elizabeth J.Z. Robinson (GRI, LSE), Joacim Rocklov
(Heidelberg University/Umea University), Rachel Lowe (BSC/ICREA), Jan C. Semenza
(Heidelberg University/Umea University)

Chapter 15: Major disruptions of critical infrastructure
Lead: Paul Sayers (SPL), Elco Koks (IVM, VU Amsterdam)

Chapter 16: Disruption of international supply chains
Lead: Mikael A. Mikaelsson (SEl), Marion Davis (Independent)

Chapter 17: Financial crisis and instability

Lead: Paul Watkiss (SEI), Romain Hubert (Institute for Climate Economics)
Contributing: Erica Francesca Di Girolamo (JRC), Serena Fatica (JRC), Melina
London (JRC), Mikael A. Mikaelsson (SEl), Georgios Papadopoulos (JRC),
Jan Brusselaers (IVM, VU Amsterdam), Wouter Botzen (IVM, VU Amsterdam)

Chapter 18: Synthesis: Major climate risks for Europe
Contributing: Veronica Casartelli (CMCC), Mikael A. Mikaelsson (SEI), Johan Munck
af Rosenschold (Syke), Marc Zebisch (Eurac Research)

Chapter 19: Social justice and cohesion

Lead: Robbert Biesbroek (WUR), Jaroslav Mysiak (CMCC)

Contributing: Elisa Fiorini Beckhauser (CMCC), Sarah Dickin (SEl),

Serena Fatica (JRC), Giulia Galluccio (CMCC), Frida Lager (SEI), Mélina London (JRC),



10

Annette Lof (SEI), Claire Mosoni (Syke), Georgios Papadopoulos (JRC),
Chiara Trozzo (CMCC)

Chapter 20: EU adaptation policies and risk ownership

Lead: Mikael A. Mikaelsson (SEl), Johan Munck af Rosenschdld (Syke),

Claire Mosoni (Syke), Veronica Casartelli (CMCC)

Contributing: Mariachiara Alberton (Eurac Research), Robbert Biesbroek (WUR),
Jelle van Minnen (PBL), Paul Watkiss (SEl)

Chapter 21: Priorities for action

Lead: Johan Munck af Rosenschdld (Syke), Mikael A. Mikaelsson (SEl),
Claire Mosoni (Syke), Veronica Casartelli (CMCC), Silvia Torresan (CMCC)
Contributing: Robbert Biesbroek (WUR), Jordan Bishop (CMCC),

Giulia Galluccio (CMCC), Letizia Monteleone (CMCC), Simona Pedde (WUR),
Chiara Trozzo (CMCC), Paul Watkiss (SEI), Marc Zebisch (Eurac Research)

EUCRA Expert Advisory Group

Birgit Bednar-Friedl (University Graz), Carlo Buontempo (C3S/ECMWF),

Suraje Dessai (University of Leeds), Martin Drews (Danish Technical

University (DTU)), Jerome Duvernoy (Observatoire national sur les effets

du réchauffement climatique), Helena Freitas (University Coimbra), Tom de

Groeve (JRC), Paula Harrison (UK Centre for Ecology & Hydrology), Francisco

Heras Hernandez (Oficina Espafiola de Cambio Climético), Daniela Jacob
(Helmholtz-Centrum Hereon), Sari Kovats (London School of Hygiene and Tropical
Medicine (LSHTM)), Markus Leitner (Environment Agency Austria), Ralf Ludwig
(Ludwig-Maximilian University Miinchen), Frank McGovern (Environmental Protection
Agency Ireland), Markku Rummukainen (Swedish Meteorological and Hydrological
Institute), Inke Schauser (German Environment Agency), Daniela Schmidt (University
of Bristol), Ted Shepherd (University of Reading), Maarten van Aalst (University of
Twente), Bart van den Hurk (Deltares), David Van Reybrouck (Independent)

EUCRA Risk Review Panel

Samuel Almond (C3S/ECMWF), Paolo Barbosa (JRC), Birgit Bednar-Fried| (University
Graz), Martin Drews (DTU), Guido Fiovaranti (JRC), Helena Freitas (University
Coimbra), Francisco Heras Hernandez (Oficina Espafiola de Cambio Climatico),
Sirkku Juhola (University of Helsinki), Sari Kovats (LSHTM), Markus Leitner
(Environment Agency Austria), llona Otto (University Graz), Daniela Schmidt
(University of Bristol)

Directorates-general of the Commission Working Group on EUCRA,

led by DG Climate Action

Agriculture and Rural Development (AGRI), Climate Action (CLIMA),
Communications Networks, Content and Technology (CNECT), Defence Industry
and Space (DEFIS), European External Action Service (EEAS), Education and Culture
(EAC), Economic and Financial Affairs (ECFIN), Eurostat (ESTAT), Humanitarian

Aid and Civil Protection (ECHO), Employment, Social Affairs and Inclusion (EMPL),
Energy (ENER), Environment (ENV), Financial Stability, Financial Services and
Capital Markets Union (FISMA), Internal Market, Industry, Entrepreneurship and
SMEs (GROW), Health Emergency Preparedness and Response Authority (HERA),
Migration and Home Affairs (HOME), International Partnerships (INTPA), Joint
Research Centre (JRC), Maritime Affairs and Fisheries (MARE), Mobility and
Transport (MOVE), Neighbourhood Policy and Enlargement Negotiations (NEAR),
Structural Reform Support (REFORM), Regional and Urban Policy (REGIO), Research
and Innovation (RTD), Health and Food Safety (SANTE), Secretariat-General (SG),
Trade (TRADE)



Executive summary

This assessment identifies 36 climate risks with potentially severe consequences
across Europe. The risks are evaluated in the contexts of risk severity, policy horizon
(lead time and decision horizon), policy readiness and risk ownership. It further
identifies priorities for EU policy action, based on a structured risk assessment united
with qualitative aspects, such as considering social justice.

Key takeaways

+  Human-induced climate change is affecting the planet; globally, 2023 was the
warmest year on record, and the average global temperature in the 12-month
period between February 2023 and January 2024 exceeded pre-industrial
levels by 1.5°C.

+  Europe is the fastest-warming continent in the world. Extreme heat, once
relatively rare, is becoming more frequent while precipitation patterns are
changing. Downpours and other precipitation extremes are increasing in
severity, and recent years have seen catastrophic floods in various regions.

At the same time, southern Europe can expect considerable declines in overall
rainfall and more severe droughts.

+  These events, combined with environmental and social risk drivers, pose major
challenges throughout Europe. Specifically, they compromise food and water
security, energy security and financial stability, and the health of the general
population and of outdoor workers; in turn, this affects social cohesion and
stability. In tandem, climate change is impacting terrestrial, freshwater and
marine ecosystems.

+ Climate change is a risk multiplier that can exacerbate existing risks and
crises. Climate risks can cascade from one system or region to another,
including from the outside world to Europe. Cascading climate risks can lead
to system-wide challenges affecting whole societies, with vulnerable social
groups particularly affected. Examples include mega-droughts leading to
water and food insecurity, disruptions of critical infrastructure, and threats
to financial markets and stability.

+  When applying the scales of severity used in the European climate risk
assessment, several climate risks have already reached critical levels.
If decisive action is not taken now, most climate risks identified could
reach critical or catastrophic levels by the end of this century. Hundreds of
thousands of people would die from heatwaves, and economic losses from
coastal floods alone could exceed EUR 1 trillion per year.

11
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Climate risks to ecosystems, people and the economy depend on non-climatic
risk drivers as much as on the climate-related hazards themselves. Effective
policies and action at European and national levels can therefore help reduce
these risks to a very significant degree. The extent to which we can avoid
damages will largely depend on how quickly we can reduce global greenhouse
gas emissions, and how fast and effectively we can prepare our societies and
adapt to the unavoidable impacts of climate change.

The EU and its Member States have made considerable progress in
understanding the climate risks they are facing and preparing for them.
National climate risk assessments are increasingly used to inform adaptation
policy development. However, societal preparedness is still low, as policy
implementation is lagging substantially behind quickly-increasing risk

levels. Most of the climate risks are co-owned by the EU and its Member
States; therefore, coordinated and urgent additional action is required at all
governance levels.

Most policies and actions to strengthen Europe's resilience to climate change
are made for the long term, and some actions have long lead times. Urgent
action is needed now to prevent rigid choices that are not fit for the future in
a changing climate, such as in land-use planning and long-lived infrastructure.
We must prevent locking ourselves into maladaptive pathways and avoid
potentially catastrophic risks.

Adaptation policies can both support and conflict with other environmental,
social and economic policy objectives. Thus, an integrated policy approach
considering multiple policy objectives is essential for ensuring efficient
adaptation.



Executive summary

Overarching findings of this report

Europe's climate is changing rapidly

Human activities have led to unprecedented global warming. The average global
temperature in the 12-month period between February 2023 and January 2024
exceeded pre-industrial levels by 1.5°C. 2023 was the warmest year on record over
more than 100,000 years globally, at 1.48°C above pre-industrial levels, with the
world's ocean temperature also reaching new heights. Europe is the fastest-warming
continent; since the 1980s, warming on the continent was about twice the global rate.

Recent years have seen many long-time climate records broken in Europe. Europe is
also facing more and stronger climate hazards, including heatwaves and prolonged
droughts, heavy precipitation leading to pluvial and fluvial floods, and sea level rise
leading to coastal floods (see Figure ES.1).

Figure ES.1 Observed and projected trends in key climatic risk drivers in different
European regions

Land regions Northern Western Central-eastern Southern European
Europe Europe Europe Europe regional
Past| Future |Past| Future |Past| Future |Past| Future seas Past |Future
Low | High Low | High Low | High Low | High
Mean temperature 2 2| A 2 A 2|2 d d A A A ||Sea surface 2 d
Heatwave days aw| A |a | Aa|alala|a | a|a]|a]|a ltemperture
Total precipitation 2 2 N N || gea level 2 a
Heavy precipitation | 2 A d A A A A A
Drought N A A d A A
The EU outermost regions R
\ are not included in the A/ Increase
Tdaa macro-regions shown in this Increase
) map owing to data (limited agreement
limitations, but the climate between models,
risks facing these regions B datasets or indices)
are assessed in a separate
chapter of the EUCRA main N Decrease
report. . Decrease
(limited agreement
f between models,
; ; S datasets or indices)
j Rj & Low confidence
F p A~ S
(\'\ﬁ/\wi "y in direction of change
\) O No change

Notes:

Source:

r**”‘/j;%d Note

‘-, (9 Other heatwave
indices show
an increase

for the past

Underlying climate variables are: heatwaves (days with maximum temperatures above 35°C), heavy precipitation
(maximum 1-day precipitation), and drought (using a standardised precipitation evapotranspiration index over 6
months (SPEI-6, Hargreaves' method)). Time periods and scenarios are past (1952-2021); future until the end of
the century (2081-2100 relative to 1995-2014); low scenario (SSP1-2.6); and high scenario (SSP3-7.0).

Copernicus Climate Change Service (C3S).

European Climate Risk Assessment
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Executive summary

Most climate hazards in Europe will further increase during the 21st century, even
under optimistic scenarios compatible with the Paris Agreement, but the magnitude
and pace of change depend on global efforts to reduce greenhouse gas emissions
(see Figure ES.2). A pessimistic scenario without additional policy action suggests
that economic damages related to coastal floods alone might exceed EUR 1 trillion
per year by the end of the century in the EU.

The climate risks Europe is facing are driven not only by increases in climate hazards,
but also by how prepared societies are for them. Figure ES.1 only shows the general
direction of travel. Climate adaptation policies need to consider a wider range of
plausible scenarios for those risk drivers that they cannot directly influence, including
plausible low probability events with high impacts (wildcards), compounding hazards
occurring at the same time or after each other, and risk cascades that stretch across
national borders or sector boundaries.

Extreme heat is becoming increasingly common, exposing a large share of the
population to heat stress, particularly in southern and western Europe. The record-hot
summer of 2022 has been linked to between 60,000 and 70,000 premature deaths

in Europe, despite considerable investments in heat-health action plans. Warmer
temperatures also facilitate the northward movement of disease vectors and their
spread to higher elevations. Southern Europe is now warm enough for mosquitoes to
transmit formerly tropical diseases.

Figure ES.2 Observed and projected temperature increase over European land area

°C

1950

Notes:

Source:

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

=== ERAS5 (observations) === SSP3-7.0 (high emissions)
=== Historical (modelled past) SSP2-4.5 (medium emissions)
=== SSP5-8.5 (very high emissions) === SSP1-2.6 (low emissions)

Temperatures are expressed relative to pre-industrial levels. The model projections show the mean and uncertainty interval. The two scenarios
assessed are SSP1-2.6: low warming, and SSP3-7.0: high warming.

Copernicus Climate Change Service (C3S).
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Heatwaves and prolonged droughts are growing with climate change. This can
lead to acute crises, such as widespread wildfires, critical infrastructure failures,
blackouts, and major health and economic impacts. Europe faces a growing risk
of megadroughts that span large regions and last for several years, and that are
even more severe than recent drought events in Europe. Prolonged droughts
cause large economic damage across many sectors and can severely degrade the
water resources that people, agriculture, industry, power plants, river transport and
ecosystems depend on.

Extreme precipitation has increased in large parts of Europe, leading to growing flood
risks and devastating floods in recent years. This trend is expected to rise further in
a warming climate.

Sea level in Europe is rising higher every year at an accelerating pace. Rising sea
levels increase the risk of coastal floods and storm surges, coastal erosion and
saltwater intrusion into groundwater. This presents an important threat to many
coastal cities, regions and ecosystems in Europe. Sea level will continue to rise
for centuries or even millennia after global temperatures have stabilised.

Various extreme climate events in recent years have severely impacted ecosystems,
populations and the economy in Europe. All of these events are consistent with a
changing climate, and attribution studies have shown that some of them become
more likely and/or severe as a result of human-caused climate change. These
events have also demonstrated how the impacts of a single event can cascade to
multiple systems and sectors, thus affecting several policy areas simultaneously.
These connections can lead to risk cascades where a risk originating in one system
is transmitted to others (Box ES.1).

Box ES.1 Examples of extreme climate events in 2021, 2022 and 2023 with severe
societal consequences

Extreme precipitation and large-scale floods took place in Germany and Belgium

in 2021 (EUR 44 billion damage and more than 200 deaths), Slovenia in 2023 (damage
estimated at around 16% of national GDP), and Greece in 2023 (submerging its
breadbasket region). These events caused severe, direct impacts on settlements,
infrastructure, agriculture and human health. They also led to wider economic impacts
in the affected regions and major fiscal challenges at national levels, and stretched the
limits of the existing EU Solidarity Fund.

+  Extreme heat in combination with prolonged drought, such as the record drought
in 2022, have caused severe, direct impacts on ecosystems, forestry, agriculture, water
supply and human health. More indirect impacts affected energy security, transport
services, tourism and the wider economy.

+  Large wildfires are facilitated by extreme heat in combination with prolonged drought,
even though humans play the dominant role in their ignition. Extreme wildfires in 2022
and again in 2023 have had severe, direct impacts on ecosystems, carbon storage
and human settlements. They also led to wider impacts on human health, critical
infrastructure, tourism and the economy in the affected regions.

15
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Climate change is a risk multiplier that can exacerbate existing risks and crises

Climate-related hazards (e.g. heatwaves, prolonged droughts and floods) in
interaction with non-climatic risk drivers (e.g. ecosystem fragmentation, pollution,
unsustainable agricultural practices and water management, land use and settlement
patterns, and social inequalities) threaten Europe's food security, public health,
ecosystems, infrastructure and economy. Climate impacts can cascade from one
system or region to another, including from the outside world to Europe and from
Europe to the outside world. Cascading climate risks can lead to system-wide
challenges affecting whole societies, with vulnerable social groups particularly
implicated.

Climate risks in Europe and the climate-sensitive systems where they manifest are
closely connected (see Figure ES.3). These connections can lead to risk cascades
where a risk originating in one system is transmitted to others. Examples of risk
cascades include:

+ Food. Climate impacts on food production (particularly in southern Europe) can
cascade to rural and coastal livelihoods, land use, the health of socially vulnerable
populations, and the wider economy.

+ Health. Climate impacts on human health and well-being, including those of
workers, can affect labour productivity and resource needs of the health system,
and thus the wider economy.

+ Ecosystems. Climate impacts on terrestrial, freshwater and marine ecosystems can
cascade to food production and security, human and animal health, infrastructure,
land use and the wider economy.

+ Infrastructure. Climate impacts on critical infrastructure, such as energy, water or
transport infrastructure, can affect nearly all aspects of society, from human health
to the wider economy and the financial system. Infrastructure assets and networks
are often interconnected, so a failure at one point in the network can also cascade
to other regions and countries.

+ Economy and finance. Many climate impacts can affect the economy and the
financial system, from where they can cascade further to other policy areas that
may be deprived of financial resources.

Awareness of risk cascades is crucial for reducing climate risks because it offers
different possible targets for risk reduction strategies. It is often more efficient to
address a risk at the beginning of the cascade than where the impacts are felt most
strongly. Comprehensive adaptation policies need to prevent the deterioration of
the foundation of basic human needs (such as ecosystems, food and health) while
promoting the resilience of human systems and activities (such as infrastructure,
economy and finance). Adaptation policies also need to consider pre-existing
inequalities and the disproportionate burden on vulnerable groups most affected by
the lack of essential services.
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Figure ES.3 Links between risk drivers and the clusters of climate risks assessed
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Note: The figure illustrates the interconnections and risk transmission pathways from key
climate-related hazards and selected non-climatic risk drivers (on top) via the main climate
impacts for five clusters of interrelated risks and the cross-cutting field 'Water'.

Source: EEA.

European Climate Risk Assessment
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Climate risks are determined by the interaction of climate-related hazards
with non-climatic risk drivers

The risks associated with climate hazards also depend on non-climatic risk drivers
as much as on the climate hazards themselves. For example, unsustainable

land use and water management, biodiversity loss, eutrophication and pollution
increase ecosystems' vulnerability to climate hazards. Well-maintained
infrastructure with built-in redundance is less likely to fail during an extreme
event than ageing infrastructure that was already at its limit under past climate
conditions. Strong health services with robust heat-health action plans are less
likely to be overwhelmed during a heatwave or climate-related infectious disease
outbreak than health services that are struggling on an everyday basis. And
communities with significant flood insurance are in a better position to recover
and build back better after a severe flood than those without external support.

Consideration of non-climatic risk drivers is thus essential for understanding
climate risks, as well as for reducing them in a just manner. Some non-climatic
risk drivers can influence the severity of many climate risks whereas others
are relevant for specific risks only. Non-climatic risk drivers are numerous and
are highly variable across Europe, which makes them difficult to address in
broad, Europe-wide scenarios. The European climate risk assessment (EUCRA)
identifies those environmental, social and economic conditions that are most
relevant for specific climate risks, including those that require consideration

in the development of effective and just adaptation policies.

Major climate risks for Europe and the urgency to act

EUCRA has followed a systematic risk assessment process to identify and
analyse major climate risks for Europe, and to determine the urgency to act.
The assessment process comprises an analysis of risk severity over time
and an indicative policy analysis. Further information is available in the
concluding section.

The systematic risk assessment process has identified and assessed 36 major
climate risks for Europe, grouped into five broad clusters: ecosystems, food,
health, infrastructure, and economy and finance (see Figure ES.4). Depending

on their nature, each of these risks alone has the potential to cause significant
environmental degradation, economic damage, social emergencies and political
turbulences; their combined effects are even more impactful. The selection was
based on a comprehensive review of the literature and the evidence related to
climate impacts and risks in Europe; it considered the potential of various climate
risks to put Europe into crisis. Almost all of the selected major risks can reach
critical or even catastrophic levels during this century. In addition, the assessment
identified three major climate risks specific to the EU outermost regions.

More than half (21 out of the 36) major climate risks for Europe identified in this
report need more action now, with eight of them being particularly urgent. Urgent
action is needed for risks from all policy clusters, indicating that policies need

to increase in ambition, scope and implementation. A third of these risks need
further investigation, including more research, better monitoring or a review of the
policy framework.

Southern Europe, low-lying coastal regions and EU outermost regions are hotspot
regions for climate risks. Southern Europe is particularly affected by heat and
prolonged drought. Three out of the eight risks in the highest urgency category are
evaluated with this high urgency score because of their high severity in southern



Europe. In contrast, none of the other three sub-continental regions stand out
as hotspots for climate risks in Figure ES.4. Low-lying, coastal regions are also
hotspots because some risks with high severity and urgency are concentrated
there. Finally, EU outermost regions are hotspots based on a separate risk
assessment outlined below.

Many climate risks are characterised by long policy horizons, meaning that

risk levels projected for the second half of this century are relevant to current
adaptation decisions. Long policy horizons can be caused by long lead times
for planning and implementing effective adaptation actions, such as in the

case of complex coastal protection infrastructure. They can also be related

to long decision horizons: current decisions can create lock-ins with long-term
implications, such as for infrastructure built or forests planted today. In the case
of long lead times or decision horizons, even climate risks that are not currently
at critical levels could require urgent action to prevent very severe impacts

in the future.

Regional aspects and geographical hotspots

Climate risks differ substantially within and across regions, sectors and
vulnerable groups. The risks depend on their exposure to climate hazards, and the
environmental and socio-economic conditions determining their vulnerability to
these hazards.

Southern Europe, low-lying coastal regions and EU outermost regions are hotspots
for multiple climate risks.

+ Southern Europe is particularly at risk from the increasing impacts of heat
and droughts on agricultural production, outdoor work, summer tourism and
fire. Within southern Europe, rural areas and local economies dependent on
ecosystem services are particularly at risk;

+ Low-lying coastal regions, including many densely-populated cities, are at risk
from flooding, erosion and saltwater intrusion aggravated by sea level rise;

+ EU outermost regions face particular risks as a result of their remote location,
weaker infrastructure, limited economic diversification and, for some of them,
strong reliance on a few economic activities. Specific climate risks may have
hotspots in regions beyond the ones highlighted here.

Regional and local economies that are dependent on tourism, agriculture, fisheries
and forestry are especially sensitive to climatic changes. This includes the Alps
and other mountain regions, coastal regions and islands in the Mediterranean,

as well as large regions in northern Europe.

Regions characterised by high levels of unemployment, poverty, emigration and
ageing populations have a lower capacity to adapt to the impacts of climate change.
Within Europe, such regions are concentrated in central-eastern Europe and parts

of southern Europe.

Densely-populated, urban areas are at particular risk from heatwaves and extreme
precipitation. The urban heat island effect can amplify the effects of heatwaves,
particularly at night. High amounts of soil sealing and limited green and blue spaces
in the city increase the risk of flooding, especially during cloudbursts.
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Figure ES.4 Major climate risks for Europe and the urgency to act on them
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Major climate risks and policy
priorities by risk cluster

@

Ecosystems cluster

Major climate risks and policy priorities for the ecosystems cluster

'Ecosystems' is the policy cluster with the highest number of risks in the categories
'urgent action needed' or 'more action needed' (see Table ES.1). This is relevant for
many other policy areas as well because climate risks to ecosystems can often
cascade to other societal systems. Risks to marine and coastal ecosystems are
particularly severe due to an interplay of climatic and non-climatic impact drivers.

Table ES.1 Assessment of major risks
Climate risks for 'Ecosystems’ cluster Urgency Risk severity Policy characteristics
to act
Current Mid-century  Late century Policy Policy Risk
(low/high horizon  readiness ownership

warming scenario)

Coastal ecosystems Medium  Medium  Co-owned

Marine ecosystems Medium  Medium EU

Biodiversity/carbon sinks due to wildfires

(hotspot region: southern Europe) Medium  Medium  Co-owned

Biodiversity/carbon sinks due to wildfires Medium  Medium  Co-owned

Biodiversity/carbon sinks due to droughts and pests Long Medium  Co-owned

Species distribution shifts (*) Medium  Medium  Co-owned

Ecosystems/society due to invasive species Medium  Medium  Co-owned

Aquatic and wetland ecosystems Medium  Medium  Co-owned

Soil health (%) Medium  Medium  Co-owned

Cascading impacts from forest disturbances Long Medium  Co-owned
Legends and notes
Urgency to act Risk severity Confidence
B Urgent action needed M Catastrophic Low: + (") Wide range of evaluations by authors and risk reviewers.
M More action needed M Critical Medium: ++
. L . High: +++
Further investigation Substantial
Sustain current action Limited

Watching brief

Climate change is one of the main drivers of biodiversity loss and ecosystem
degradation in Europe. Among climate risks related to ecosystems, risks to coastal
and marine ecosystems are the most severe in the current period and entail the
highest urgency to act.

+  The functioning of marine ecosystems is threatened by the combined effects of
climate-related drivers (e.g. marine heatwaves, acidification and oxygen depletion)
and other anthropogenic drivers (e.g. pollution and eutrophication, fishing and the
adverse impacts of maritime activities). This can result in substantial biodiversity
loss, including mass mortality events, and declines in ecosystem services.

European Climate Risk Assessment 2]
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+ Coastal ecosystems are additionally affected by erosion, flooding and permanent
inundation due to the combined effects of sea level rise, storm surges and
embankment due to coastal infrastructure. This creates critical risks and
adaptation needs for the ecosystems themselves, as well as for communities
living in coastal areas.

+ Additional climate impacts, such as the deepening of the mixed ocean layer,
species migration and the immigration of non-indigenous species are affecting
food webs. This can lead to a substantial reduction in marine primary production.

+ Eutrophication, caused by nutrient pollution and exacerbated by climatic drivers,
increases harmful algal blooms and pathogens in coastal waters, creating a
moderate to high risk for human health. This combination of factors is also
driving the expansion of oxygen-depleted dead zones, in particular in the Baltic
Sea and Black Sea.

+ All of Europe's seas are strongly affected by these climate risks and
anthropogenic pressures.

+ There are significant gaps in our knowledge about how ecological systems
respond to the interactions between different factors, and the subsequent
cascading effects within and beyond ecosystems.

+ Droughts and pollution impacting water-table levels in aquifers have a cascading
effect on both aquatic and terrestrial dependent ecosystems.

Most risks related to terrestrial and freshwater ecosystems are currently substantial,
with the potential to reach critical levels around mid-century and catastrophic levels
later in the century under a high warming scenario. The urgency to act is generally
assessed as 'more action needed'.

+ The major climate-related hazards to terrestrial and freshwater ecosystems
include longer and more severe droughts, warming, changes in rainfall patterns
and increased wildfires. These hazards, in combination with unsustainable
management choices and practices, may drive changes in species composition
due to shifts in suitable habitats, forest mortality, altered soil health, and
increased invasive alien species and insect outbreaks.

+ In southern Europe, risks related to wildfires are already rated as ‘critical’, which
leads to the urgency rating 'urgent action needed'.

Many aquatic and wetland ecosystems are already severely degraded from
unsustainable land use and water management, and industrial activities; climate
change is further aggravating the situation. These ecosystems require particular
attention, not least because risks to them can easily cascade to other ecosystems
and humans.

+ Eutrophication from agricultural fertilisers and livestock is an important stressor
in some hotspots for freshwater, coastal and marine ecosystems, particularly in
closed seas. The effects of eutrophication can interact with warming waters and
result in toxic algal blooms or oxygen-depleted 'dead zones'.

+ Pollution from industrial activities, including mining, is an important stressor
for many freshwater ecosystems. The effects of pollution are magnified during
climate-induced low flow events. This combination of stressors can lead to
ecosystem collapse, such as in the Oder River ecological disaster in 2022.



Europe's forests are strongly affected by climate change, which can exacerbate
forest fires, droughts, windthrows, and pests and diseases. At the same time,
healthy forests can play an important role in mitigating climate change and

its consequences.

+ Europe's forests provide vital ecosystem services, including carbon sequestration
and storage. It is estimated that in 2021, they removed 281 million tonnes of CO,
equivalent (Mt CO,e) from the atmosphere across the EU; about 7% of total
emissions. However, the forest carbon sink has decreased over the last 10
years, mainly due to climate-related forest disturbances and related salvage
timber harvesting.

« Climate change is exacerbating forest disturbances, including major wildfires,
storms, droughts and insect outbreaks that have caused widespread tree
mortality in several European countries. These impacts have reduced the carbon
sinks and even turned some forest areas into sources of CO, while negatively
affecting biodiversity, water regulation and other ecosystem services.

+ Forest disturbances are expected to increase with further warming, thereby
reducing carbon sequestration and increasing emissions from forest land. This
could compromise the desired increase of net carbon removals in the land use,
land use change and forestry sector (i.e. 310 Mt CO,e/year by 2030, which is a
part of the EU's climate change commitments). Greenhouse gas emissions would
have to be reduced even faster to compensate for the reduced land carbon sink.

There is considerable variation in climate risks to ecosystems across European
regions, habitats and species.

+ Ecosystems in the alpine and far northern regions are particularly vulnerable
because of limited migration opportunities, whereas southern regions are
particularly at risk from exacerbated water scarcity and heat stress.

+ Forests, freshwater and coastal habitats, wetlands and peatlands are among the
habitats most at risk from climate change.

+ Amphibians, birds, bats and molluscs are among the species groups that have
been reported to be negatively affected by rising temperatures and changes in
precipitation, but many more will be affected in the future.

Risk cascades

Ecosystems provide multiple services to humans and society. Therefore, risks
to terrestrial, freshwater, marine and coastal ecosystems have high potential to
cascade to other sectors and policy areas. These include food security, water
security and human health.

Risks to coastal ecosystems can cascade to coastal infrastructure and settlements.
This is due to their important role in flood prevention and protection against
coastal erosion.

Ecosystems can also play an important role in climate change mitigation and
adaptation through nature-based solutions and ecosystem-based adaptation.

23
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Policies and priorities for actions

Many EU policies are in place to address risks to ecosystems. However, these
policies need better coherence considering the multiple services ecosystems

provide. Policy implementation should be improved and the response to major
climate risks strengthened.

+ The EU and its Member States should implement existing policies to maintain
and restore the resilience of ecosystems, particularly by strengthening
protection and minimising anthropogenic pressures. This applies especially
to marine and coastal ecosystems.

+ Afforestation and forest conservation and restoration can help mitigate
climate change. At the same time, these measures can provide a range of
complementary benefits in terms of climate change adaptation, biodiversity
conservation and other ecosystems services.

+ Afforestation and forest restoration need to consider future climate conditions
to ensure that newly planted or regenerated forests remain in a suitable habitat
during their long lifetime. Furthermore, trade-offs between different forest and
land uses over time need to be carefully considered.

+ Europe's climate change strategies should prioritise emission reductions
without over-reliance on forest carbon sinks. Forest-based mitigation should
only play a complementary role in bridging the transition to a low-carbon
economy and offsetting remaining emissions while providing other co-benefits.

Guidance to Member States for protecting ecosystems in a changing climate
needs to be strengthened, with a focus on meeting concrete and operational
targets.

+ To that effect, ecosystems will benefit from Member States implementing the
EU Nature Restoration Law, which requires measures to restore them.

+ Guidance is also needed on spatial planning and soil health. Special attention
must be paid to the implementation and restoration of protected area networks
within and outside Natura2000, increasing ecosystem connectivity and
reintroducing green-blue corridors in cities and agricultural landscapes.

+ Member States should strengthen maritime spatial planning and implement
coastal management plans with a focus on protecting essential coastal
ecosystems under climate change.

Reducing pollution from agricultural and industrial activities should be a priority for
protecting Europe's ecosystems under climate change.
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Food cluster

Major climate risks and policy priorities for the food cluster

Risks to crop production are the most urgent in the cluster 'Food', with risk severity

already at a critical level in southern Europe (see Table ES.2). Further climate impacts

on food production within and outside Europe can create critical risks for food
security within the continent by mid-century.

Table ES.2 Assessment of major risks
Climate risks for 'Food' cluster Urgency Risk severity Policy characteristics
to act
Current Mid-century  Late century Policy Policy Risk
(low/high horizon  readiness ownership
warming scenario)

Crop production (hotspot region: southern Europe) Short Medium  Co-owned
Crop production Short Medium  Co-owned
Food security due to climate impacts outside Europe (°) Short Medium  EU
Food security due to higher food prices Short Medium  Co-owned
Fisheries and aquaculture Short Medium  Co-owned
Livestock production Short Medium  Co-owned
Legends and notes
Urgency to act Risk severity Confidence
M Urgent action needed B Catastrophic Low: + (") Wide range of evaluations by authors and risk reviewers.
W More action needed M Critical :E‘/I_e(ri"i‘um: ++

Further investigation Substantial gh: 4+

Sustain current action Limited

Watching brief

Europe faces multiple challenges to food production and food security, including

a necessity to reduce its environmental footprint. Crop production is already
facing substantial climate risks in Europe as a whole, and critical risk levels in
southern Europe.

« Crop failures and reduced yields already pose a critical risk in southern Europe

during years of prolonged drought and excessive heat. The specific regional

situation is determined by the frequency of droughts, hydrological conditions

and the status of irrigation infrastructure where available.

+ Megadroughts pose a significant threat, potentially affecting large areas for
prolonged periods. They negatively impact crop production, food security,
drinking water supplies and energy production.

+ Food production can also be impaired by specific meteorological events, such

as late frosts and heavy rain, as well as current and new pests and diseases

potentially facilitated by climate change. It is difficult to assess the overall risk

levels due to the wide variety of regional conditions.

+  Food security in Europe is determined not only by food production in Europe,
but also by production abroad and the overall socio-economic situation.
Production and supply chain risks from outside Europe are expected to
grow rapidly because of even higher climate impacts in many non-European

production regions and increasing demand from a growing global population.

European Climate Risk Assessment
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Risk cascades

Risks to ecosystems and international supply chains can cascade into risks
to food security.

+ Healthy soils, rivers, lakes and seas are critical natural resources for food
production. Climate-related hazards, such as warming and changing water
flows, combined with non-climatic risk drivers, such as increased competition
over scarcer water resources, can compromise food production and security.

+ Climate-related disruptions to food supply chains can lead to shortages and
price volatility of food and feed products in Europe. This ultimately threatens
nutritious food affordability for parts of the European population, in particular
low-income households.

The risks to food production have strong potential to impact the interconnected
systems upon which food production itself depends as well as basic
human needs.

« If crop yields are reduced under climate change, efforts to maintain overall
production levels can further increase pressures on biodiversity, water
resources, soil and ecosystems. This can create new risks to water security
and quality, ecosystems and marine environments.

+ Risks to food security, including access to nutritious food, can cascade further
to human health and social equity.

Policies and priorities for action

Addressing climate risks to food production and security requires many
policy levers. These include adapting and transforming food production
systems, influencing demand and improving access to nutritious foods for all
population groups.

+ Increased efforts are urgently needed to manage the risk of prolonged
drought, including in the common agricultural policy (CAP) strategic plans of
the Member States. This could look like supporting drought-resilient crops or
varieties and favouring less water-intensive crops. An analysis of the current
CAP strategic plans indicates considerable room for further improvement.

« There is a need to raise awareness of risks to food production that is
water-intensive or depends heavily on imported fodder. More resources must
be allocated to risk management and decision support tools, and measures
to minimise risks to drought-sensitive crops should be promoted.

The development and application of sustainable and transformative agricultural
practices that also enhance ecosystem resilience should be supported at all
policy levels.

+ Such measures promote food security while strengthening ecosystem
resilience, such as by improving soil quality and health, enhancing water
retention and limiting soil erosion.



Diversifying agricultural approaches and promoting sustainable agricultural
models, such as regenerative agriculture, are crucial for increasing adaptive
capacity and coping with climate extremes.

The consistency and coherence of key EU policies affecting food production and
security needs to be improved.

The key EU policies related to food production, the CAP and the common
fisheries policy (CFP), do not address climate risks and adaptation needs
adequately.

Mainstreaming and clarifying the options available to Member States under the
CAP, as well as further integrating risks to aquaculture and fisheries into the CFP,
are essential for comprehensive policy development.

The transition to more climate-resilient and sustainable food systems in Europe
requires actions at many levels, from farms to national and EU policies. EU policy
and governance has a critical role to play to support and accelerate this transition,
such as by better coordinating actions at territorial level.

Production changes, dietary shifts and targeted social policies are further levers to
ensure food security in a changing climate.

A partial shift from animal-based to plant-based food, as foreseen under the
Farm to Fork Strategy and in line with international dietary guidelines, can reduce
freshwater consumption for food production, as well as dependency from feed
sourced outside Europe.

Such a shift towards more sustainable and healthier dietary patterns can be
supported using policies targeting both supply and demand.

Social policies should ensure access to nutritious diets and affordability, also for
disadvantaged groups.

27
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Health cluster

Major climate risks and policy priorities for the health cluster

'Health' is impacted in many ways by climate change, both at the individual level

and through systemic risks to the health system. Heat is the largest and most urgent
climate hazard for human health, affecting different population groups in different
ways. More and urgent action is needed to reduce health risks from heat indoors
and outdoors as well as from wildfires (see Table ES.3). At the same time, we should
better prepare to counter outbreaks of vector- and water-borne diseases associated
with extreme weather conditions.

Table ES.3 Assessment of major risks
Climate risks for 'Health' cluster Urgency Risk severity Policy characteristics
to act
Current Mid-century  Late century Policy Policy Risk

Wamg'ﬁ]‘g’/shc'gﬂano) horizon  readiness  ownership
Heat stress — general population Long Medium  National
ol ot o Wl
Population/built environment due to wildfires Medium  Medium  Co-owned
Wellbeing due to non-adapted buildings (*) Long Medium  Co-owned
(hotspot region:southern Europe) Short  Medium  Co-owned
Heat stress — outdoor workers Short Medium  Co-owned
Pathogens in coastal waters Medium  Medium  Co-owned
Health systems and infrastructure Medium  Medium  National
Infectious diseases Short Advanced Co-owned
Legends and notes
Urgency to act Risk severity Confidence
M Urgent action needed M Catastrophic Low: + (7) Urgency based on high warming scenario (late century).
B More action needed M Critical Medium: ++

Further investigation Substantial Al
Sustain current action Limited

Watching brief

Climate change poses major risks to human health systems; risks related to heat are
already at critical levels in southern Europe.

+  Europe is experiencing more frequent and more intense heatwaves. This warming,
as well as its more potent effects on ageing groups, exposes a larger part of the
population to heat stress, especially in southern and western-central Europe.

+ Inthe summer of 2022, between 60,000 and 70,000 premature deaths in Europe
were attributed to heat. Heat risks to the general population are already at critical
levels in southern Europe.

+ Different population groups are exposed to and affected differently by hot

temperatures indoors and outdoors. These differences need to be considered
in adaptation policies.

European Climate Risk Assessment



Wildfires are associated with multiple risks to human health, which are already
at critical levels in southern Europe.

+  Wildfires can destroy people's homes as well as infrastructure that is crucial
for their health and wellbeing.

+ The smoke associated with wildfires is a major health threat, which can affect
populations far away from the actual fire.

+ Accidental burn injuries could happen, leading to a long recovery and adding an
additional burden for local hospitals. Firefighters and other rescue service workers
may be subject to additional risks at work when combatting wildfires.

+ Urgent action is needed to reduce wildfire risks to human populations, particularly
in southern Europe.

Climate change can increase risks from infectious and water-borne diseases.

+ Hotter summers, milder winters, and more frequent floods and prolonged droughts
are creating favourable conditions for the spread of several infectious diseases.
These include vector-borne diseases, such as West Nile virus and tick-borne
infections, and water- and food-borne infections such as those from Campylobacter
and Salmonella.

«  Warmer temperatures have facilitated the northward movement of disease vectors
and their spread to higher elevations. Southern Europe is now warm enough
for mosquitoes to transmit formerly tropical diseases, including dengue and
chikungunya, and several outbreaks have occurred in recent years.

+ Tick-borne diseases, more prevalent in northern and central Europe, are also
moving northwards as climate change favours tick survival and development in the
northern distribution range.

Climate risks to health are most severe for vulnerable populations, and health
systems' capacity to protect them may be impaired under climate change.

+ Climate-sensitive health risks are disproportionately felt by the most vulnerable
and disadvantaged population groups, such as children, older people, persons with
disabilities, and those who are immuno-compromised or have other pre-existing
medical conditions.

+ Some climate-sensitive health risks are gender-sensitive. In the general population,
women are more affected by heatwaves than men due to biological, demographic
and socio-economic factors. At the same time, men are disproportionally
exposed to climate-related hazards at work because more men than women work
in construction and agriculture, or as firefighters.

+ Language barriers, precarious socio-economic conditions and social isolation can
increase the vulnerability of population groups during extreme weather events.

+ Health infrastructure can be directly affected by climate change, e.g. by large-scale
flooding or high temperatures.
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Risk cascades

Social and economic factors as well as infrastructure conditions crucially influence
how climate change and extreme weather affect human health.

Population groups living in dwellings with poor insulation, in densely-inhabited urban
quarters or with a strong urban heat island effect, and with inadequate access
to cooling or secure drinking water are disproportionally at risk from heatwaves.

Climate-related disruptions of critical infrastructure, including energy, water supply
and sanitation, can cascade into health risks.

Climate risks to health can affect the overall health system and cascade into many
economic sectors.

A combination of infectious disease outbreaks and a surge in heat stress-related
illnesses could considerably strain health systems that are already under pressure.
This strain could more broadly affect patients in the health system overall.

Impaired health and wellbeing during heatwaves can reduce labour productivity,
especially in southern Europe and for outdoor workers. This reduction can lead
to wider economic and financial impacts in the most affected regions.

Policies and priorities for action

Key priorities for policy action include improved coordination of health policies at
different levels and between Member States. This is to ensure timely and effective
responses to the various health impacts of climate change.

Health policies are primarily a responsibility of Member States. The EU could
support assessments of health systems' preparedness for climate risks in Member
States. It could also support efforts for mutual learning and building relevant
capacities in the health sector.

Further assistance could be provided by strengthening the Union Civil Protection
Mechanism. This would support cross-border mobilisation of medical personnel
and supplies during climate-related health emergencies, as well as the deployment
of, for example, emergency medical teams. Continuous education for healthcare
workers is important so they can identify illnesses that have not previously been
prevalent in a given country or region.

Many levers to reduce climate-related health risks lie outside classical health policies.

Human health considerations, with a focus on the most vulnerable population
groups, should be incorporated into all relevant policies and climate adaptation
measures.

Spatial planning and building standards are key policy levers to reduce heat-related
health risks. These policies have a long decision horizon and need to consider future
climate change to prevent lock-ins of unsustainable infrastructure.

The EU can use its legislative authority, including the European Framework Directive
for Safety and Health at Work, to establish mandatory requirements and robust
enforcement mechanisms to protect outdoor workers from extreme heat (e.g. in
agriculture and construction).



+ Provisions can be introduced within the framework of the EU's Critical Entities
Resilience Directive to enhance health infrastructure resilience to climate impacts.

EU measures to address significant cross-border health threats may have to be
strengthened.

+ The EU is already taking measures to tackle the effects of climate change on

infectious diseases. This is being done through policy initiatives, such as EU4Health.

In addition, different Commission services and EU agencies ensure adequate
preparedness for and responses to possible future outbreaks.

+ Disease surveillance systems for climate-sensitive systems may have to be
strengthened and harmonised across Europe.

« The EU may support relevant actions of Member States, such as vector and
infectious disease control programmes (including vaccination programmes where
vaccines exist), the development and implementation of health action plans and
resilience measures tailored to regional needs.
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Infrastructure cluster

Major climate risks and policy priorities for the infrastructure cluster

'Infrastructure' is highly susceptible to climate risks, with risks from pluvial, fluvial and

coastal flooding the most urgent to evaluate and address (see Table ES.4). In addition
to these, further major climate risks are affecting buildings, the energy system and the
transport system.

Table ES.4 Assessment of major risks
Climate risks for 'Infrastructure’ cluster Urgency Risk severity Policy characteristics
to act
Current Mid-century  Late century Policy Policy Risk
(low/high horizon  readiness  ownership
warming scenario)
Pluvial and fluvial flooding Long Medium  Co-owned
Coastal flooding Long Advanced Co-owned
Damage to infrastructure and buildings (*) Long Medium  Co-owned
Energy dlSFUPtIOﬂ due to heat and drought Medium Medium  Co-owned
(hotspot region: southern Europe)
Energy disruption due to heat and drought Medium  Medium  Co-owned
Energy disruption due to flooding Long Advanced Co-owned
Marine transport Medium  Medium  Co-owned
Land-based transport Medium  Medium  Co-owned
Legends and notes
Urgency to act Risk severity Confidence
M Urgent action needed W Catastrophic Low: + (") Urgency based on high warming scenario (late century).
B More action needed M Critical Medium: ++
X L ) High: +++
Further investigation Substantial
Sustain current action Limited

Watching brief

Extreme weather events are posing increasing risks to the built environment and

infrastructure in Europe, as well as the services they provide. Such events can disrupt

essential services, including energy supply, water supply and transport networks.

+ The impacts of extreme weather events and slow onset climate change pose
a serious risk to Europe's built environment and infrastructure, with grave

implications for human wellbeing. This risk is further exacerbated by the ageing

condition of much of Europe's buildings and infrastructure, as well as growing
demand for the services they provide.

+ Pluvial and fluvial flooding are already creating substantial risks for the
built environment and population across Europe, as evidenced by various
highly destructive floods in recent years. Further increases in flood risk are
projected for the future, and urgent action is needed to ensure that long-lived
infrastructure is climate-resilient.

+ Coastal flood risks have been successfully managed in Europe overall, with
no major destruction or loss of life during the last 50 years. However, the

accelerating pace of sea level rise and the exponential increase in the resulting

flooding risks require more action now. The focus should be to prepare

settlements, critical infrastructure and the European population for this major

and rapidly rising threat in the future.

European Climate Risk Assessment



+ Projected increase in sea level and changes in storm patterns will increase the
frequency and severity of coastal flooding in Europe, with potentially devastating
impacts on Europe's population, infrastructure and economic activities.

In addition, the risk of compound flooding arising from the concurrence of high
sea levels and heavy precipitation will also increase.

Climate change can pose major risks to all modes of water and land-based
transportation.

« This report includes broad assessments of the risks to marine (or maritime) and
land-based transport, but transport on inland waterways is also affected.

+ Inthe absence of comprehensive sectoral risk assessments, considerable
uncertainty remains about the direct and cascading impacts of climate change on
transport infrastructure and services.

The European energy system is exposed to multiple climate risks, with southern
Europe affected most strongly.

+ The energy system in southern Europe already faces substantial risks from the
impacts of heat and prolonged droughts on energy production, transmission and
peak demand.

+ Inland and coastal flooding create substantial risks to energy production,
distribution and storage infrastructure in Europe.

Risk cascades

Infrastructure assets are often part of a network of systems, where a disruption to
one asset can quickly cascade and affect other sectors and assets.

+  Power outages caused by extreme climate conditions can disrupt
telecommunication and transportation systems as well as many other
economic activities.

+ Conversely, climate-related disruptions to digital infrastructure can lead to power
outages as power generation, transmission and distribution are controlled by
digital systems.

+ The impacts of extreme weather on critical infrastructure and buildings can
exacerbate the health consequences of climate change, as health systems are
dependent on power and water supply as well as transportation services.

+ Poorly adapted dwellings and other buildings can increase the risk of heat stress
during heatwaves.

Policies and priorities for action

Key priorities for policy action include conducting assessments and implementing
measures to enhance the resilience of critical infrastructure on a systems level, and
incorporating climate projections into the Eurocodes ().

(") Eurocodes: European standards to guide the structural design of buildings and civil engineering works. These are further explained below.
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+ The Critical Entities Resilience Directive adopted in 2022 provides important
opportunities for assessing and improving the resilience of critical entities in
Europe, independent of whether they are publicly or privately owned. These
opportunities should be utilised to the fullest, including for resilience to climate
change and extremes.

+  Some of the critical infrastructure is agreed and co-financed at the EU level, such
as the trans-European networks for transport (TEN-T) and energy (TEN-E). The
EU should carry out or facilitate systems-level assessments of current and future
climate risks to critical infrastructure and its services in Europe. The bloc should
also develop guidance that promotes systems- and network-centred methods to
support systemic adaptation of critical infrastructure in Member States.

+ The EU and its Member States urgently need greater clarity about the location
and characteristics of critical infrastructure, and its exposure and vulnerability
to climatic hazards. This entails both stress tests to identify weaknesses and
regulatory oversight to monitor where progress is lacking. More clarity on private
and public infrastructure is key to assess risk ownership and financial implications
from measures. This is needed to increase resilience to hazards or reconstruction.

« A series of European standards (Eurocodes) is currently being updated to guide
the structural design of buildings and civil engineering works. However, these
standards are largely based on historical climate data. To account for future
climate risks during the lifetime of current infrastructure, these standards need to
incorporate climate projections based on scenario analyses, including worst-case
scenarios for particularly critical assets.

Increasing resilience to climate change needs to be an essential part of EU climate
and energy policies, including integrated national energy and climate plans (NECPs).
Ensuring security of supply in southern Europe during prolonged droughts and
heatwaves is key.

+ EU climate and energy policies should better integrate climate adaptation into the
planning and implementation of measures in the energy sector. This will help actors
meet objectives on energy system decarbonisation and security of supply.

+ EU policies have been successful in safeguarding energy supply so far but more
actions are needed for demand-side management, especially during extreme
climate events.

+ Cooling needs for buildings are increasing due to climate change, but cooling can
create trade-offs with mitigation objectives because of the associated energy
needs. Therefore, developing low-carbon approaches for cooling buildings, both
passively and actively, and facilitating their wide implementation, is a high priority.

+ The operation of existing energy infrastructure and the planning of a new one
should incorporate hydrological forecasting and monitoring systems to manage
risk from prolonged droughts and water scarcity. New energy infrastructure in
water-scarce regions should be as water-efficient as possible and be planned
considering climate projections and potentially competing demands from
other sectors.
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Economy and finance cluster

Major climate risks and policy priorities for the economy and finance cluster

'Economy and finance' are facing multiple, climate-related risks. Risks to European
solidarity mechanisms are already at critical levels and require urgent action (see

Table ES.5). Three other financial risks are evaluated as 'more action needed!, and all
of them could reach catastrophic risk levels in the late century without proper action.

Table ES.5 Assessment of major risks
Climate risks for 'Economy and finance' Urgency Risk severity Policy characteristics
cluster to act
Current Mid-century  Late century Policy Policy Risk
(low/high horizon  readiness ownership
warming scenario)

European solidarity mechanisms Short Medium  Co-owned
Public finances Medium  Medium  Co-owned
Property and insurance markets Medium  Medium  Co-owned
Populatlon/gcopomy due to water scarcity Medium Medium  Co-owned
(hotspot region: southern Europe)
Population/economy due to water scarcity Medium  Medium  Co-owned
Pharmaceutical supply chains (*) Short Medium  EU
Supply chains for raw materials and components (*) Short Medium  EU
Financial markets Short Medium  Co-owned
Winter tourism Medium  Advanced National

Legends and notes

Urgency to act Risk severity Confidence
W Urgent action needed W Catastrophic Low: + (") Wide range of evaluations by authors and risk reviewers.
M More action needed M Critical Medium: ++
. . . High: +++
Further investigation Substantial
Sustain current action Limited

Watching brief

Current assessments project that the European macro-fiscal and financial system

are at substantial risk from the impacts of climate change, both within Europe

and abroad. Serious sector- and regional-specific risks to Europe could catalyse a

systemic financial shock.

+ Existing assessments and stress tests provide a first assessment of the risks

to important financial actors. However, they are likely to underestimate the
cascading and compounding risks from climate change both in the EU and
internationally, and the tail risks associated with rare extreme events.

+ Public finances of EU Member States face substantial risks from climate
change, even in the near-term. Costly climate extremes can result in reduced
tax revenues, increased government expenditure, lower credit ratings and

increased cost of borrowing, among others. Recent examples include the fiscal

implications of large floods in Germany in 2021 and in Slovenia in 2023.

+ The viability of EU solidarity funds is already critically threatened as these have

been oversubscribed by various costly events, such as floods and wildfires in
recent years.

European Climate Risk Assessment
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+ The European property and insurance markets are also facing substantial
risks from climate change. Intensifying climate impacts can further increase
insurance premia, widen the existing protection gap, amplify economic
losses, and exacerbate vulnerability among low-income households and other
disadvantaged groups.

+ Financial institutions are exposed to climate risks from increased probability of
default and loss of asset value.

European societies, including businesses and services in essential sectors, are
exposed to risks from climate-related disruptions to supply chains.

+ Climate-related disruptions can interact with supply chain shocks caused by other
factors, including geopolitical tension.

+ Supply chain disruption can have downstream implications for food security,
access to medicine and business operations.

+ Risk severity is uncertain due to the lack of stress tests and insufficient monitoring
of supply chain vulnerabilities against current and future climatic hazards.

Risk cascades

Climate change presents a systemic risk to the European macro-fiscal and financial
system and the real economy, with effects transcending both borders and sectors.
The likely transfer of risk from the private sector to the public sector will amplify the
impacts of climate change on public finance.

«  With more awareness and disclosure of climate-related financial risk, financial
markets and companies will increasingly price physical and transition climate
risks, and take them into account in their investment, lending and insurance
activities. This could result in shifts, divestments or exit from high-risk sectors
and regions, which could transfer more risks to households and the public sector.

+ There is a considerable risk that the potential effects of climate change are
brought forward by financial market anticipation or exacerbated by overreaction.
The high potential for risks to be transferred within the system (contagion and
second-round effects) and also to governments exacerbates climate risk to public
finance. Several risks could reach catastrophic levels throughout this century
under high warming scenarios.

Policies and priorities for action

Better integration of physical climate risks and adaptation needs is required for
existing disclosure and due-diligence frameworks.

+ Recently-introduced EU taxonomy disclosures, tools and future corporate
sustainability due diligence requirements, as part of the sectoral regulatory and
broader EU sustainable finance framework, are likely to improve predictability
and oversight of the risks and opportunities in improving sustainability.
However, these measures alone will not ensure the climate resilience of the
system. This is because exposure to physical climate impacts and related
adaptation needs are not systematically assessed.



Corporate disclosure and due diligence frameworks should better account for
physical climate risks and adaptation needs within companies' own business
operations and along the wider value chain. This should occur alongside existing
requirements on transition and a consideration of human rights risks. This would
help private sector actors identify mutual benefits and trade-offs.

EU policies should introduce dedicated financial- and market-pull mechanisms to
incentivise business-led adaptation.

Business-led adaptation, including through investment into nature-based
solutions, is currently limited among larger corporates due to low climate risk
awareness and lack of risk data. The same is largely absent among small- and
medium-sized enterprises (SMEs), as well.

In the absence of market incentives, EU policies are needed to incentivise
adaptation and level the playing field for early-movers in the private sector.
This can take place through public procurement mechanisms and dedicated
adaptation support for SMEs.

Public finance resilience in Member States needs to be strengthened through
financial and insurance instruments.

EU-level policy response must ensure a robust increase in the resources of the

EU Solidarity Fund, the Union Civil Protection Mechanism and other solidarity
mechanisms. These should also be used to incentivise higher adaptation action
at the national level. These policies should also introduce or reinforce insurance
and climate-resilient debt instruments to mitigate the impacts of extreme weather
on public finances and the wider EU financial system.

Stress tests need to better account for cascading, compounding and tail risks from
climate change.

Increased funding and efforts are needed to strengthen the stress tests of
financial institutions alongside wider risk assessments. They should include
broader sets of hazards and scenarios, and better account for cascading,
compounding and tail risks to the overall EU economy, strategic industry and
productive sectors, and financial markets.

More action is needed to facilitate affordable access to and increase the purchase of
weather-related insurance for homeowners and businesses.

Policies need to promote insurance with resilience-enhancing provisions that
simultaneously incentivise vulnerability reductions, provide affordable access
to insurance and limit the stress on public finances following extreme events.
They also need to consider large differences in insurance penetration and
arrangements across Member States.
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EU outermost regions

Major climate risks and policy priorities for the EU outermost regions

EU outermost regions (EU OMRs) are comprised of islands and coastal regions

in subtropical and tropical zones (French Guiana, Martinique, Guadeloupe, Saint
Martin, La Réunion, Mayotte, Canary Islands, Madeira and the Azores). Due to their
remote locations, weaker infrastructure and economic vulnerability, urgent action is
needed to help them cope with tropical cyclones, sea level rise, marine heatwaves,
and droughts and wildfires. These risks are in addition to those affecting mainland
regions of the EU (see Table ES.6).

Table ES.6 Assessment of major risks

Climate risks for EU outermost regions Urgency Risk severity Policy characteristics

to act
Current Mid-century  Late century Policy Policy Risk
Warrf]'i?\‘g/shc'ggario) horizon  readiness  ownership

Marine ecosystems due to marine Medium  Medium  Co-owned
heatwaves (all outermost regions)

Ecosystems/built environment due to sea-level rise Lon Medium  Co-owned
and tropical cyclones (small islands in tropical regions) 9

Ecosystems/built environment due to sea-level rise Lon Medium  Co-owned
and tropical cyclones (Macaronesia) 9

Ecosystems/built environment due to sea-level rise L Medi c d
and tropical cyclones (French Guiana) ong edium o-owne
Er\(;l(;zsrt)erzzzig;]e to wildfires . e Long Medium  National
Ecosystems due to wildfires (small islands in tropical Lon Medium  National
regions and French Guiana) (*) 9

Legends and notes

Urgency to act Risk severity Confidence

M Urgent action needed W Catastrophic Low: + (") Urgency based on high warming scenario (late century).

B More action needed M Critical M_ed|um: A

) o ) High: +++
Further investigation Substantial
Sustain current action Limited

Watching brief

This report has assessed major climate risks specifically for the EU outermost
regions, further divided into three subregions.

+ Therisk assessment has followed the same approach as for mainland Europe, but

the results are not directly comparable. This is because the threshold values for
classifying risk severity have been adjusted downwards to account for the small
area, population size and economic output of EU OMRs.

+ All EU OMRs are facing critical risks to their marine ecosystems from ocean
warming and marine heatwaves that require urgent action.

« Tropical cyclones and sea level rise can lead to catastrophic risks for assets,
infrastructure and ecosystems in small islands in tropical regions (Martinique,

Guadeloupe, Saint-Martin, Saint-Barthélémy, La Réunion and Mayotte). These risks

call for urgent action, as well.

European Climate Risk Assessment



« The Macaronesian islands (Canary Islands, Madeira and the Azores) are already
facing critical risks from wildfires. More action is also needed in relation to risks
from sea level rise and tropical cyclones.

Policies and priorities for action

The main responsibility for addressing climate risks in the EU OMRs lies with these
regions and the relevant Member States, but EU policies can support these efforts.

+  Most relevant EU policies for the EU OMRs do not have a clear climate adaptation
focus. For successful implementation, a better understanding of the specific risk
and governance contexts of each individual region will be required.
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What can Europe do to reduce climate risks and increase societal preparedness?

Figure ES.5
Major climate risks, by cluster
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Links between major climate risks for Europe and exposed policy areas

Exposed EU policy areas
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Climate risks are outpacing the development and implementation of EU policies

The impacts of climate change compromise the ability and efficiency of EU policies
to meet their objectives. The projected impacts of climate change that lie ahead
could profoundly affect every aspect of society and every economic sector in
Europe. Against this backdrop, addressing climate risks is an increasingly important
responsibility of European governments, and more resources are required for
adaptation-related action and investments.

Most EU policy areas are exposed to climate risks, either directly or indirectly.
Public health, environment, agriculture and energy are among those policy areas
most directly affected by major climate risks in Europe that require urgent action.
The policy analysis displayed in Figure ES.5 reveals that various other EU policy areas
are highly exposed, as well; in particular, industry, trade and economic, social and
territorial cohesion.

The existing array of EU-level policies is insufficiently progressing to manage most
climate risks. EUCRA carried out a preliminary assessment of policy readiness at

the EU-level, drawing on an evaluation of relevant EU policies by sector experts and a
review by an independent risk review panel. For most major climate risks, EU policies
are not specific enough to ensure resilience against rapidly increasing risk levels.
Stronger policy action or implementation is particularly urgent to reduce climate risks
to marine, coastal and terrestrial ecosystems, food production, health risks from
heatwaves, risks from coastal and inland flooding, and risks from wildfires. Urgent
action is also needed to ensure that European solidarity mechanisms can cope with
increasing climate-related disasters.

Uncertainties and tail risks call for a precautionary policy approach

Due to limitations, current climate risk assessments tend to underestimate overall
risk levels. This calls for a precautionary approach to climate risk assessment. It

is essential that adaptation policies are underpinned by sound scientific evidence.
However, existing approaches for climate impact modelling and quantitative climate
risk assessments tend to underestimate risk levels associated with climate variability
(e.g. extreme weather events), compound effects (e.g. interplay between climatic and
non-climatic drivers), complex cascading risks, indirect economic impacts (e.g. run
on the markets), and unlikely yet plausible scenarios of risk drivers (also known as
'tail risks'). Hence, most current climate risk assessments are inherently conservative
and tend to underestimate the potential impact of climate change. EUCRA attempts
to address this bias by complementing quantitative evidence of climate risks with an
expert-based assessment of current and future risk levels.

European adaptation policies on both EU and Member State level should follow a
precautionary approach to risk management, particularly for risks with potentially
catastrophic consequences. While it is standard practice in insurance and the wider
financial industry to focus on low-probability, high impact scenarios (so-called tail
risks), current European adaptation policies largely centre on middle-of-the-road
scenarios at the cost of neglecting tail risks. Since the weather extremes of recent
years increasingly suggest that the effects of climate change are likely to exceed
many scenarios from climate models, it is thus imperative that adaptation (and
mitigation) policies designed by the EU and Member States hedge against this
uncertainty by developing policies that also consider the impacts of tail risks. Failing
to account for them can leave the EU dangerously exposed to the extreme and
unexpected impacts of climate change, such as catastrophic coastal flooding under
high-end sea level rise scenarios.
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A systems-approach for increasing Europe's resilience to climate change

A systems-approach to adaptation and resilience-building must be prioritised

on both EU and Member State level. This will help transcend sector silos and
isolated risk drivers to better account for cascading and compounding risks. It is
evident across EUCRA that the effects of climate change can be exacerbated by the
compound effects of multiple climate drivers, and the interplay between climate and
non-climate drivers. Therefore, a holistic and integrated approach to ensure policy
coherence and adaptation on a whole systems level is needed. This is particularly
important as the policies that may be most effective in managing the risk can reside
outside the exposed policy area. Indeed, EUCRA indicates that policies related to
ecosystems, agriculture and health have an especially high adaptation potential
across different sectors.

Some progress has been made, in particular since the adoption of the EU Adaptation
Strategy in 2021, which sets out important objectives around mainstreaming
adaptation across different policy areas. The EU has introduced or expanded
important horizontal policies and instruments to support adaptation across

sectors, including the Critical Entities Resilience Directive, the Union Civil Protection
Mechanism, the European Regional Development Fund, the Cohesion Fund and the
European Social Fund Plus. The EU should bolster climate adaptation actions further
through regulatory and policy levers. This includes, among others, the CAP, the CFP,
the Water Framework Directive and the Nature Restoration Law. The development of
a systems-approach to adaptation remains a major area for future research.

Investing in social justice and cohesion

Addressing underlying social drivers of climate risks is essential to achieving just
resilience. Demographic and socio-economic factors (e.g. age and health status;
access to resources, healthcare, social protection, transportation, insurance and
communication; and occupational exposure to climate-related hazards) are shaping
the distribution of climate risks and exacerbating the effects on specific population
groups in Europe. Furthermore, ill-designed adaptation policies can leave vulnerable
and marginalised social groups behind in benefitting from collective adaptation
action. Some adaptation responses can even exacerbate existing inequalities and
worsen security and overall well-being, thereby increasing climate vulnerability.
Therefore, considerations of justice, fairness and inclusiveness must be central to
EU adaptation policies. At the national level, a few European countries have started
to integrate 'just resilience' and social justice concerns into adaptation policies, but
consideration of these factors is still sporadic and uneven.

Inclusive decision-making processes that involve marginalised and vulnerable

groups are essential to adaptation planning at national, regional and local levels.

The consideration of diverse perspectives contributes to more effective and equitable
transformative adaptation strategies. Local knowledge and community engagement
are essential to identifying context-specific vulnerabilities and effective adaptation
strategies. Inclusive approaches to climate risk management can also discourage
recurrence to climate litigation, which has become an important legal tool to address
climate risks and inequalities.

Risk ownership and governance barriers
The EU and Member States need to work together to reduce climate risks in

Europe effectively. Most major climate risks for Europe identified in this report are
'co-owned' by the EU and its Member States, which may involve further sub-national



levels. This means that policies key to mitigating climate risks fall under the EU's
shared competences or multiple competence areas under the auspices of both
the EU and Member States. In many cases, this involves the EU providing policy
framing whereas the Member States maintain the responsibility for designing the
implementation approaches.

The complicated and at times ambiguous configuration of risk ownership between
the EU and its Member States can be a barrier to effective risk reduction. The EU's
policy and legal frameworks also place constraints on the EU's ability to introduce
binding legislation or targets on adaptation. For instance, one of the main climate
risks identified that requires urgent policy action is the risk to human health from
heat stress exacerbated by climate change. With the exception of occupational
health, relevant health policies are mainly the responsibility of individual Member
States, which places real limits on EU-level adaptation to this risk. In addition,
adaptation objectives are inherently difficult to quantify.

The rapid rise of climate risks across Europe may require new ways of cooperating
across governance levels to achieve tangible and measurable progress in reducing
the most urgent climate risks. Such approaches can be informed by experiences
with the EU Mission on Climate Adaptation and other relevant EU instruments

and policies.

Stronger policy objectives and improved risk analysis for the most urgent
climate risks

Some of the commitments outlined in the 2021 EU Adaptation Strategy are
underpinned by legally-binding EU directives in relevant policy areas, but many of its
objectives and actions are vaguely defined and lack concrete proposals.

Some actions rely on voluntary commitments by Member States, most of which
in turn rely on legally non-binding commitments and soft policies for guiding
adaptation actions.

Stronger EU policy action is urgently needed to manage several climate risks where
the EU either has the legislative responsibility or is in the position to act. A few
major climate risks identified in this report either largely reside under the legislative
responsibility of the EU, or the EU appears in the best position to act based on the
cross-border nature of the affected system. For example, the risk relating to climate
change impacts on marine ecosystems requires urgent policy action in policy areas
from maritime spatial planning to marine environmental protection, to fisheries policy
and land-based pollution control. While some of these policies fall under the shared
responsibility of the EU and Member States, the international coordination required to
protect marine ecosystems under climate change suggests that the EU is in the best
position to lead these efforts.

The EU can play an important role in improving the analysis of major climate risks
identified in this report through legislation, monitoring, funding and technical
support. About a third of the major climate risks for Europe identified in this report
were categorised as 'Further investigation'. These include risks to energy systems,
transport networks and other critical infrastructure, and risks of climate-related,
supply chain disruptions from outside Europe. Most of these risks can reach critical
or even catastrophic levels, but current knowledge may be insufficient for adopting
concrete policies to reduce these risks. The EU can play an important role in filling
such knowledge gaps and improving the understanding of the risks themselves, as
well as of the ability of European and national-level policies to address these risks.
Such information would also be instrumental input for a follow-up EUCRA.
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Focus and scope of the report

The first European Climate Risk Assessment (EUCRA) aims to support the
identification of climate adaptation-related policy priorities in Europe and policy
development in climate-sensitive sectors. It was conducted by the European
Environment Agency at the request of the European Commission, with involvement
of a wide range of experts and stakeholders.

EUCRA focuses on climate risks that have potentially large consequences in Europe
or need coordination at the European or transnational level. EUCRA also indicates
particularly affected regions, sectors or population groups where possible.

This report builds on, extends and complements the existing knowledge base on
climate impacts and risks for Europe. This knowledge base includes recent reports
by the Intergovernmental Panel on Climate Change (IPCC), the Copernicus Climate
Change Service (C3S) and the Joint Research Centre of the European Commission
(JRC); outcomes of EU-funded research and development projects; and national
climate risk assessments. The current knowledge is synthesised with the goal to
make it more directly relevant to strategic policymaking. Innovations in EUCRA
include a more granular identification of major climate risks for Europe, linking these
risks with the European policy context, a structured risk evaluation process and
systematic involvement of key stakeholders throughout the production of the report.

The first EUCRA is a fast-track assessment that does not cover all aspects about
how climate change can impact Europe. This report has been produced over one and
a half years, which is much shorter than typical national climate risk assessments.
Considering the limited time available, the political priorities and the expertise of

the partners involved, some climate-related risks for Europe have received limited or
no attention. These include risks related to the EU's Common Foreign and Security
Policy, including geopolitical risks, and climate risks that are predominantly being
managed by private actors. Furthermore, this report does not review adaptation
policies and actions at the national level, and it does not assess specific adaptation
solutions or their costs and benefits.

This report presents information in thematic factsheets and risk storylines. Thematic
factsheets give a concise overview of how climate change affects specific sectors
or systems, using a common structure. Risk storylines address 'complex' climate
risks resulting from the interaction of various climatic and non-climatic risk drivers,
which can cascade across sectors or national borders and could lead to systemic
impacts. The risk storylines use a common structure as well, but their content shows
more variation than for factsheets. Impact chains played an important role in the
development of this report; they were used in all factsheets and several storylines.

European Climate Risk Assessment



A systematic process for assessing the severity and urgency of climate risks

EUCRA has followed a systematic risk assessment process to identify, analyse and
evaluate major climate risks for Europe. The risk analysis assesses risk severity
according to four categories (catastrophic, critical, substantial and limited (%))

for three time periods (current, mid-century and late century). This analysis also
addresses the distribution of risks across regions where relevant and the confidence
in the knowledge base. The policy analysis includes indicative assessments of the
policy horizon (lead time and decision horizon), risk ownership across governance
levels (describing where the lead responsibility to manage a major climate risk lies),
and an indicative assessment of policy readiness (°) with a focus at the EU level.
Climate risks are as a general principle evaluated at the pan-European level. When a
climate risk affects different parts of Europe very differently, regional assessments
were conducted for four sub-continental regions: northern, western, central-eastern
and southern Europe.

EUCRA evaluates the urgency to act for all major climate risks according to five
categories: urgent action needed, more action needed, further investigation, maintain
current action and watching brief. The urgency to act for each climate risk is
determined based on the risk severity and confidence level over time, policy horizon
and policy readiness.

EUCRA was supported by an independent risk review panel. This panel consisted of
senior European experts on climate impact modelling, climate risk assessment and
adaptation planning. The panel members reviewed and, where necessary, adjusted
authors' initial assessments of risk and policy characteristics to ensure homogeneity
and comparability across the different chapters of the EUCRA report.

EUCRA draws on a wide range of knowledge and expertise, but subjective elements
cannot be completely avoided. The risk assessment process was designed to
produce policy-relevant results in a transparent manner. Nevertheless, each step
includes some subjective elements from the experts involved, such as how narrowly
or widely to define a climate risk, how to combine knowledge from different sources
or assumptions related to the future development of non-climatic risk drivers.
Furthermore, the methodology includes guidance on how to evaluate the severity

of risks to the economy, health and ecosystems in a comparative manner. Such a
comparison unavoidably requires assumptions on the importance of risks affecting
very different systems and aspects of societies. Finally, the policy assessment

is only indicative: this first EUCRA did not consider national policies and policy
implementation in a systematic manner.

Complementary information on the European Climate Risk Assessment is available
on the Climate-ADAPT platform at https://climate-adapt.eea.europa.eu/en/eucra.

(%) Risk severity categories: Catastrophic — very large and frequent damage, very large extent or very high pervasiveness, irreversible loss of system
functionality, systemic risk. Critical — large and frequent damage, large extent and high pervasiveness, long-term disturbance of system functionality,
cascading effects beyond system boundaries. Substantial — substantial losses, moderate extent or pervasiveness, temporary or moderate disturbance
of system functionality. Limited — limited or rare losses, no significant disturbance of system functionality. Further information, including quantitative
benchmarks related to climate risks to people, the economy and ecosystems, is available in the main report.

() Policy readiness categories: Medium — policies, plans, strategies or legislation are in place, but their targets and objectives are vague, or only short
term actions are considered. Advanced — policies, plans or strategies that manage the risk effectively are partly in place.
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Part A
Setting the scene

[}

.

© Onu.'r'Dodm? Well with Nature/EEA-

A



Introduction

About this report

+  This report presents the first European Climate Risk Assessment (EUCRA),
as announced in the 2021 EU strategy on adaptation to climate change.
It contributes to the European Green Deal.

«  Thereport was produced by the European Environment Agency (EEA) together
with many partner organisations, supported by a wide range of stakeholders
and experts.

+  EUCRA aims to help identify policy priorities related to climate change
adaptation and policy development in climate-sensitive sectors during the next
EU policy cycle (following elections to the European Parliament in 2024), both
at the European and national levels.

+ It focuses on risks for Europe caused or aggravated by human-caused climate
change, but it also considers non-climate risk drivers and the policy context.

+  Thefirst EUCRA is a fast-track assessment, which mainly builds on existing
knowledge sources. It combines both quantitative and qualitative lines of
evidence.

+  Major climate risks for Europe are presented in ‘thematic factsheets' and in
cross-cutting 'risk storylines'.

+  The report comprises an assessment of major climate risks and the policy
context, including a coarse evaluation of risk ownership and policy readiness.

+  The report identifies 36 major climate risks for Europe. The urgency of
addressing these risks is evaluated using a structured framework, which
considers both the severity of risks over time and policy characteristics.

+  EUCRA identifies priorities for EU policy action, considering the outcomes
of the structured risk evaluation jointly with qualitative aspects, such as
considerations of social justice.

1.1 EUCRA purpose and governance
1.1.1 EUCRA purpose and target audience

This first EUCRA report intends to help identify adaptation-related policy priorities
in Europe and policy development in climate-sensitive sectors during the next EU
policy cycle, following the elections to the European Parliament (EP) in 2024. It may
also be relevant for identifying priorities for future investments, but no cost-benefit
analysis of specific adaptation measures has been conducted. This report is
targeted primarily at policymakers at the European level, in particular the European
Commission (EC), the EP and the Council of the European Union and relevant
advisory bodies, such as the European Committee of the Regions (CoR).
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This report is also intended to provide an EU-wide point of reference for conducting
and updating national or subnational climate risk assessments, including in relation
to the EU Mission on Adaptation to Climate Change, in support of policymakers and
planners addressing climate-related risk at the national or subnational level.

Finally, the EUCRA report and the supplementary material made available online
aims to provide relevant information and data to societal stakeholders, the scientific
community and the general public with interested in understanding climate risks and
building climate resilience.

This first EUCRA report was conducted within a short period of time, which

placed some constraints on the assessment approach (see Section 1.3 for further
information). A future EUCRA may wish to cover additional topics or address further
decisionmakers and stakeholders. To achieve the stated objectives, its development
should be preceded by a discussion about the most suitable assessment approach
and the institutional and resource context.

1.1.2 EUCRA scope and mandate
The EU adaptation strategy adopted in 2021 states under No 14:

Building on its Overview of natural and man-made disaster risks the European Union
may face, relevant research projects, its series of PESETA reports, and taking into
account existing sector regulations, the European Commission will draw up an
EU-wide climate risk assessment'. In September 2022, the EP adopted a resolution
on the 'consequences of drought, fire and other extreme weather phenomena:
increasing EU's efforts to fight climate change' (European Parliament, 2022b).
Under Number 12, this resolution 'calls on the Commission to urgently draw up a
comprehensive EU-wide climate risk assessment paying special attention to the risks
of droughts, forest fires, health threats, ecosystem vulnerabilities and the effect on
critical infrastructures and network hot spots in order to guide and prioritise short-,
medium- and long-term adaptation and resilience efforts ... (EC, 2021b).

Against this policy background, the EEA has produced this EUCRA report in
response to a request from the EC. The scope was further clarified in discussions
between the EC's Directorate-General for Climate Action (DG CLIMA) and the EEA,
which considered the time and resource constraints for producing the first EUCRA
as well as the valuable input obtained from the EUCRA Community of Practice
(see Section 1.1.3).

This EUCRA report has the following scope and focus:

+ climate-sensitive risks that may require action at the European or transnational
level to avoid major impacts on Europe's citizens, economy or ecosystems of
international importance or the overall functioning of the EU;

+ climate-sensitive risks where changes in climatic hazards are a major contributor to
current and future risk levels while acknowledging the importance of non-climatic
risk drivers;

+ 'complex’ climate risks, including risks caused by the combination of various
climatic and/or non-climatic hazards (‘compound hazards'), risks cascading
through systems and sectors (‘cascading risks') and risks impacting Europe from
outside Europe (‘cross-border risks'). It is acknowledged that standard quantitative
risk assessment approaches may be difficult to apply to some of these complex
risks and risk pathways;



the social justice implications of climate risks and climate risk management,
including identifying the European regions most affected by and the population
groups most vulnerable to the major climate risks assessed in this report;

going beyond framing scientific evidence by also addressing how climate risks can
impact specific policy areas. This includes the identification of EU policies exposed
to climate risks and those that can increase resilience to these risks, encompassing

both financial aspects and non-financial policies;

+ identifying priorities for further action for integrating risks in relevant policy
areas based on a transparent assessment of risk severity and urgency and using
quantitative information where available. The assessment of risk urgency also
considers the timing of risks, risk ownership and the relevant policy context;

« pinpointing possible synergies and trade-offs between increasing climate resilience

and other policy objectives, such as climate change mitigation and nature
protection, based on the available evidence;

+ assessing climate risks in all EEA member countries and cooperating countries,
including non-EU countries, based on the available evidence. However, the policy
analysis and identification of priorities for action focus on the EU.

The following aspects are not covered in this EUCRA:

+ climate-related risks linked to the EU's common foreign and security policy,
including risks of uncontrolled mass migration and geopolitical risks;

+ the global adaptation framework, with the exception of selected climate risks
outside Europe that affect Europe;

+ climate change adaptation policies and actions in individual European countries;
+ specific adaptation solutions, including their benefits and costs;
+ opportunities presented by climate change where these may occur;

« risks related to the transition to a low-carbon economy (‘transition risks").

1.1.3 EUCRA governance and implementation

The first EUCRA was prepared through the collaboration of a wide range of
organisations and experts under the joint leadership of the EC (represented by
DG CLIMA) and the EEA, together forming the EUCRA Steering Group. The report's

preparation was further supported by a Community of Practice, which involved many
external experts, policymakers and other stakeholders through the following groups

(see Figure 1.1):

«  EC Working Group on EUCRA (managed by DG CLIMA);
«  EUCRA Expert Advisory Group (managed by the EEA);

« EUCRA Risk Review Panel (managed by the EEA);

+ Eionet Group on Climate change impacts, vulnerability and adaptation
(managed by the EEA).
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Figure 1.1 Institutional setup of EUCRA
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Source: EEA.

For a list of the individual experts and their host organisations who have contributed
to EUCRA as authors or members of the Community of Practice, please see the
Acknowledgements section.

1.2 EUCRA context
1.2.1 Climatic context

This EUCRA report has been prepared against the backdrop of countless long-term
climate records being shattered worldwide and in Europe in recent years. The
planet's 10 warmest years on record have all occurred since 2000. The global mean
temperature has already increased by about 1.2°C above pre-industrial levels (based
on 10-year averages), whereas the mean temperature over European land areas has
risen even faster, by about 2.1°C (EEA, 2023f). Globally, 2023 was the hottest year
on record, close to 1.5°C above pre-industrial levels and most likely the hottest year
in more than 100,000 years. July and August 2023 were the two hottest months

on record and each month from June 2023 to January 2024 was warmer than the
corresponding month in any previous year (C3S, 2024c).

Many extreme climate events in Europe have had wide-ranging impacts on
ecosystems and ecosystem services, people and the economy. 2022 saw the hottest
summer on record in Europe and the years 2018, 2019, 2021, 2022 and 2023 all
experienced record-breaking heatwaves, often combined with extreme droughts.
The extreme heatwaves of 2022 have been associated with 60,000 to 70,000 excess
deaths in Europe (Ballester et al., 20233, 2023b). Heatwaves in combination with
increasingly severe droughts have also facilitated the weather conditions for huge
and destructive forest fires, as witnessed in 2022 and again in 2023. Finally, the
heat and drought conditions in 2022 interacted with environmental risk factors

(in particular, discharges of wastewater with a high salt content from mining
activities) to create an ecological disaster along the Oder river in the German-Polish
border region in the summer of 2022 (EC, 2023b).



Rising temperatures over land and sea have increased the risk of torrential rainfall.
Sea surface temperatures reached record warm levels during the summer of 2023,
both globally and in Europe. Marine heatwaves in the Mediterranean Sea have
created the conditions for Mediterranean cyclones. For example, Storm/Cyclone
Daniel in September 2023 brought torrential rain to parts of south-east Europe, where
some areas of Greece received around 80cm of rain within a single day, leading

to large-scale flooding. Various other regions in Europe have experienced extreme
flooding as well. In August 2023, flash floods submerged large parts of Slovenia,
causing an estimated EUR 10 billion of damage, corresponding to 16% of national
GDP (EBRD, 2023; Bezak et al., 2023). Two years earlier, flooding following torrential
rainfall in July 2021 led to more than 200 fatalities and estimated damage of EUR 44
billion in parts of Germany, Belgium and the Netherlands (Mohr et al., 2022; EEA,
2023d). Extreme climate events in recent years have also had substantial impacts
on many economic sectors in Europe, including agriculture, forestry, energy supply,
transport and tourism.

Extreme event attribution, a relatively new branch of climate science, has shown

that many of these extreme events would have been less severe, less likely, or — in
the case of some heatwaves — virtually impossible in the absence of anthropogenic
climate change (Robinson et al., 2021; Pearce et al., 2022; World Weather Attribution,
2023). Further information on past and future changes in climate hazards is provided
in Chapter 2.

1.2.2 European policy context

In the European Green Deal (EC, 2019b), the EC has committed to tackling

climate- and environment-related challenges as a top priority. The European Climate
Law adopted in 2021 (EU, 2021), a key initiative of the Green Deal, provides the legal
framework for the EU's policies and measures on adaptation to climate change.
Article 5 requires the EU and its Member States to ensure continuous progress in
enhancing adaptive capacity, strengthening resilience and reducing vulnerability to
climate change. It further obliges the EC to adopt a Union strategy on adaptation to
climate change in line with the Paris Agreement and to establish a regular review
process to assess progress, while Member States must adopt and implement
national adaptation strategies and plans, taking into consideration the Union strategy.

In 2021, the EC adopted a new, more ambitious EU strategy on adaptation to
climate change (EC, 2021b). This was welcomed by the Council of the EU, which
also explicitly endorsed its long-term vision (Council of the EU, 2021, 2022a). The
strategy sets out how the EU should adapt to the unavoidable impacts of climate
change and become climate resilient by 2050. It commits the EC to 48 actions
grouped under the four core objectives of facilitating smarter, faster, more systemic
and global adaptation to the threats of climate change. The strategy proposes to
step up adaptation planning and risk assessments as one of the key steps towards
achieving these objectives.

Adaptation to observed and anticipated climate change is a cross-cutting policy issue
relevant to many sectoral policies (EEA, 2023a). Close links exist with, for instance,
disaster prevention and preparedness, which is addressed at the EU level through

the Union Civil Protection Mechanism (EU, 2013a, 2019). In a bid to accelerate EU
adaptation efforts, the EC launched the Mission on Adaptation to Climate Change to
galvanise actions across hundreds of EU regions, cities and local authorities to build
resilience against adverse climate impacts (EC, 2022f; EC and EEA, 2023b). The LIFE
programme has been another significant source of funding for climate change
adaptation and other environmental objectives in the EU (EC, 2021i).
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Furthermore, through the Technical Support Instrument (TSI), the EC is providing
technical support to reforms in EU Member States, including for the development

of climate change adaptation strategies and improving resilience to climate-related
hazards (EC, 2021p). For example, the TSI has provided Member States with expertise
to improve the management of rural wildfires, flood risks and heatwaves. Finally,

the EU sustainable finance framework aims to mobilise private finance to mitigate
climate risks, adapt to climate change and reduce associated risks in the financial
sector (EC, 2023i).

On the knowledge side, the EC is funding the Copernicus Climate Change

Service (C3S) and other relevant services under Copernicus, the Earth observation
component of the EU Space programme. C3S' mission is to support society by
providing authoritative information about the past, present and future climate in
Europe and the rest of the world through publications, data and tools (C3S, 2023b).
The EC has also launched the Destination Earth (DestinE) initiative to develop
highly accurate digital twins (DTs) of the Earth on a global scale (EC, 2023n). This
will contribute to achieving the objectives of the twin green and digital transitions,
as part of the EC's Green Deal and digital strategy. DestinE's DT on climate change
adaptation will provide simulations of climate scenarios from global to regional and
national levels at a multi-decadal timescale, including uncertainty quantification
(ECMWEF, 2023). These initiatives and the wider policy context related to managing
climate risks are reviewed in Chapter 20 and other parts of this report.

EU Member States and EEA member countries are also adapting to climate change
and every second year, EU Member States report on national adaptation actions
under the Regulation on the Governance of the Energy Union and Climate Action

(EU) 2018/1999 (EU, 2018). The results of their reporting are summarised in regular
EEA reports (EEA, 2022a, 2023i), which provide important input for assessments of
national measures and of Union progress and measures required under the European
Climate Law (EC, 2023c, 2023g, 2023d).

The CoR estimates that local and regional authorities implement 90% of climate
change adaptation policies in Europe (CoR, 2020). Against this background, in
October 2023, the EC adopted the Communication on Enhancing the European
Administrative Space (EC, 2023j). The aim is to strengthen the capacity of public
administrations in EU Member States in several crucial areas, with Pillar 3 focusing
specifically on their ability to lead the green transition and build resilience.

1.2.3 Environmental and socio-political context

EUCRA focuses on those risks that are either caused by, or are considerably aggravated
by, human-caused climate change. However, climate change has close links to other
global environmental problems, as exemplified by the concepts of the 'triple planetary
crisis' (UNFCCC, 2022) and the nine 'planetary boundaries' (Richardson et al., 2023).
Hence, policies to reduce the risks from climate change need to consider synergies as
well as trade-offs with environmental and other policy objectives.

The multiple challenges facing the EU since the COVID-19 pandemic and Russia's
war of aggression against Ukraine have often been described as 'multiple crises'
or 'poly-crisis' (EEA, 2022h; EC, 2023q). These unprecedented, non-climatic shocks
have led to the development of new policy priorities and instruments at both the EU
and Member State levels, as discussed in the most recent EU Strategic Foresight
Report (EC, 2023y).

In response to the COVID-19 pandemic, the EU has significantly increased
collaboration in various policy areas, as exemplified by the common procurement of



vaccines, the establishment of the Health Emergency Preparedness and Response
Authority and the creation of NextGenerationEU, an unprecedented post-pandemic
recovery plan (EC, 2021i; Council of the EU, 2023). The pandemic has also
showcased the interaction between climatic and non-climatic risk factors, such as
heatwaves disproportionally impacting health personnel wearing personal protective
clothing or the limited capacity of emergency services already stressed by the
pandemic during climatic disasters.

The disruption of supply chains due to the pandemic and Russia's war of aggression
against Ukraine are key factors behind rapidly rising inflation in Europe, with
particularly strong price increases for energy supply. Rising geopolitical tensions

in Europe and beyond have also led to rapidly increasing public expenditure on
defence and military support in Europe. At a global level, the combined impact of the
COVID-19 pandemic's economic repercussions, limited grain exports from Ukraine
and extreme climatic events, such as multi-year droughts affecting the Horn of
Africa, have led to an unprecedented rise in the number of people facing acute food
insecurity (WFP and FAQ, 2022).

According to the latest Eurobarometer survey on climate change, about 80% of

EU inhabitants believe climate change is a very serious issue and more than half

see the EU as having a leading role in tackling this issue (EC, 2023d). At the same
time, various European countries are experiencing political polarisation, which might
create barriers to collaboration across the political spectrum and thus undermine the
sustainability of adaptation policies. Furthermore, citizen movements in different

EU countries have highlighted the importance of social justice issues in
environmental and climate policies. In response, considerations of social justice

and fairness have found their way into several recent EU policies, such as the Just
Transition Mechanism (EC, 2021q), Council recommendations on ensuring a fair
transition towards climate neutrality (Council of the EU, 2022b) and the Social
Climate Fund (EU, 2023b). They also figure prominently in various EEA publications in
the context of the transition to a climate-resilient society (EEA, 2018b, 2022k).

The afore-mentioned environmental and socio-political challenges are not the focus
of EUCRA, but they provide an important context for the climate risk assessment. In
particular, various risk storylines explore further the interaction between climatic and
non-climatic risk drivers, considering recent experiences.

1.3 Assessment approach

This section presents the report's knowledge context and analytical approach. The
choices presented here take into account the fact that the first EUCRA is a fast-track
assessment, conducted over about 18 months.

1.3.1 Knowledge context

This report builds largely on the available scientific knowledge base, thus integrating
various lines of evidence, including quantitative and qualitative knowledge sources.

Key information sources considered on climate change, associated impacts and
adaptation in Europe include:

+ reports and data from C3S;

+ the review of scientific literature in the Intergovernmental Panel on Climate
Change's (IPCC) Sixth Assessment Report (AR6) (IPCC, 20214, 2022a);
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publications from research projects funded under Horizon 2020 and Horizon
Europe (see EC, 2022m);

other relevant academic publications;
reports and knowledge sources produced by the EC, including but not limited to:

Overview of natural and man-made disaster risks the European Union may face
(EC, 2021j);

the series of 'PESETA projects' undertaken by the Joint Research Centre (JRC)
(EC, 2022i);

other products developed and managed by the EEA, including:
the Climate-ADAPT portal (EC and EEA, 2023a);

Is Europe on track towards climate resilience? (EEA, 2023i).

1.3.2 A policy-focused assessment

EUCRA has incorporated the following innovative elements intended to maximise its
relevance for policymakers and other stakeholders in Europe:

involving a wide range of stakeholders from the outset of the assessment process
(see Section 1.1.3);

presenting complex climate-related risks (i.e. compound, cascading, cross-sectoral
and cross-border risks) through risk storylines (see Part C);

identifying 36 major climate risks for Europe and three additional climate risks for
EU outermost regions, compared to four key risks (with various sub-risks) in the
IPCC AR6 chapter on Europe (Bednar-Fried| et al., 2022);

assessing those major climate risks according to their severity over time and
confidence, complemented by an initial assessment of the policy horizon, risk

ownership and EU policy readiness, supported by an external risk review panel;

determining risk urgency for those major climate risks in a structured way based on
the outcomes of the risk and policy evaluation;

providing supplementary information online.

In this context, it is also important to stress the limitations of the first EUCRA, as
outlined in Section 1.1.2 above.



1.3.3 Analytical approach and risk terminology

Figure 1.2 Methodological framework of EUCRA
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Figure 1.2 presents the methodological framework of EUCRA, including key terms.

EUCRA follows the risk concept of the IPCC ARG, according to which (climate)
'risk is defined as the potential for adverse consequences for human or ecological
systems ... Relevant adverse consequences include those on lives, livelihoods,
health and wellbeing, economic, social and cultural assets and investments,
infrastructure, services (including ecosystem services), ecosystems and species'
(IPCC, 20224, Glossary).

Risk drivers are broadly distinguished into climate-related hazards and non-climatic
risk drivers. Climate-related hazards comprise chronic and acute changes in
climate conditions that can cause risks to human or ecological systems. Largely
synonymous terms include climate hazards, climatic hazards, climate change
hazards, climatic impact drivers and climatic risk drivers. Non-climatic risk drivers
comprise those processes and conditions that determine how certain climate-related
hazards, individually or in combination, affect a human or ecological system. They
include (1) environmental stressors, such as pollution or ecosystem fragmentation,
(2) technical factors, like the design standards of critical infrastructure,

(3) socio-economic factors, such as access to flood insurance and universal
healthcare, and (4) policy aspects, like the designation of flood risk areas and the
enforcement of construction bans within them.

The risk assessment approach in EUCRA follows the ISO 31000 standard on risk
management and ISO 14091 on adaptation to climate change with its phases of
risk identification, risk analysis and risk evaluation (ISO, 2018, 2021b). However,
simplifications were required due to the fast-track nature of this first EUCRA.
Other approaches for assessing climate-related risks are being applied by private
companies and regulators, e.g. in the financial sector.
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EUCRA is building directly on the IPCC AR6's Europe chapter (Bednar-Fried|

et al., 2022). The IPCC AR6 assessment contains various new elements compared

to the Fifth Assessment Report. This includes the attribution of observed climate
impacts to human-caused climate change and the improved consideration of
non-climatic conditions in climate risk assessment, of compound, cascading,
cross-sectoral and cross-border risks and of distributional justice dimensions of
climate impacts and adaptation. It also identifies key risks for Europe, including eight
economic risks and provides sectoral key risk tables for Europe as a whole and four
sub-European regions for three levels of global warming.

EUCRA extends and modifies the IPCC AR6's findings in several ways:

+ First, it identifies 36 major climate risks for Europe, compared to four key risks
(with several sub-risks) in the IPCC AR6 chapter on Europe.

+ Second, EUCRA assesses the overall severity of climate-related risks rather than
only the magnitude attributable to recent and projected climate change.

+ Third, it complements the risk analysis with an initial assessment of policy
characteristics, such as the policy horizon, risk ownership and policy readiness, to
evaluate the urgency of risk-reducing measures. Within EUCRA, the policy context
of major climate risks comprises relevant EU policies that may be adversely
affected by climate risks or which can mitigate specific risks.

1.3.4 Structured risk assessment of major climate risks

A structured risk selection, analysis and evaluation was conducted for EUCRA. The
risk selection identified major climate risks for Europe based on common criteria.
The risk analysis classified these risks according to their severity over time, based
on their potential for severe consequences for Europe. The risk evaluation phase
evaluated the urgency for EU action considering risk severity over time, confidence
in the risk severity assessment and the temporal aspects of potential adaptation
actions jointly with risk ownership, policy readiness and the policy horizon.

The structured risk evaluation involved the author teams of the relevant chapters and
an independent risk review panel.

The objectives were:

+ ensuring the comparability of the risk evaluation for major climate risks for Europe
within and across EUCRA factsheets and storylines;

+ ensuring the legitimacy of the risk evaluation by drawing on the competence of a
large group of experts with cross-cutting expertise in climate risk assessment;

+ supporting the identification of priorities for action by combining the risk
assessment with relevant policy characteristics.

+  Further information on the structured risk evaluation is available in Annex 2. The
outcome of the evaluation, including the urgency to act for all major climate risks
identified in EUCRA, is presented in Chapter 18.



1.4 Structure of the report
The overall structure of the report is as follows:

« Thematic factsheets (part B) focus on major climate risks for eight selected
systems and sectors.

 Risk storylines (part C) complement the factsheets with a more detailed analysis
of selected compound climate risks across sectors and systems.

+ The concluding chapters (part D) summarise the findings of the factsheet and
storylines, present an overview of the 36 major climate risks for Europe identified
therein, discuss the relevant EU policy context and suggest priorities for action.

+ Annexes explain acronyms and provide methodological information on the
structured risk assessment.
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2 Europe in times of change and extremes

Key messages

+  Human-induced climate change has manifested itself in unprecedented levels
of warming and many other phenomena, including extreme events. Globally,
2023 was the warmest year on record, at 1.48°C above pre-industrial levels
and Europe is the fastest-warming continent at about twice the rate of the
global average.

+ Heatwaves are getting worse in Europe: more frequent, longer and hotter.
Many European countries have experienced their warmest-ever temperatures
in recent years.

«  Precipitation patterns in Europe are changing, with downpours and other
precipitation extremes increasing in magnitude. Recent years have seen
catastrophic floods in various regions, while southern Europe can expect
considerable declines in overall rainfall. Accelerating sea levels are threatening
coastal cities and communities.

«  Europe's climate will continue to change in the future, but the rate of change
depends on how quickly global greenhouse gas (GHG) emissions are reduced.

+  Climatic hazards can interact with environmental and social risk drivers to
create cascading and compound impacts on the economy, ecosystems, equity
and human health.

+  Projections of climate and non-climate impact drivers can increase confidence
in anticipating future risk and better underpin adaptation policies. 'Wildcards'
— unexpected climatic and geophysical, political and social events — should
also be considered when planning for future scenarios.

2.1 Introduction

Recent increases in heatwaves, floods, wildfires and droughts, among other
hazards, indicate that Europe faces worse-than-anticipated climatic extreme

events. These recent extreme events need to be understood in the context of
gradual socio-economic developments that have affected Europeans' quality of life,
including their exposure and vulnerability to such hazards. Moreover, risks have been
compounded by concurrent, emergent and unexpected events such as the COVID-19
pandemic, Russia's war of aggression against Ukraine and related geopolitical
tensions. Such interactions between climatic and societal changes have highlighted
the systemic nature of multi-hazard risks confronting European policymakers
addressing the need for climate change adaptation (Schweizer, 2021).

Climate changes of relevance to risks in Europe are expressed through observed and
projected changes in climatic impact drivers (CIDs), which vary across the continent
in their direction, magnitude and rate. A heterogeneous landscape of climate change
impacts is an outcome of the interaction of these drivers with levels of exposure,



adaptive capacity and vulnerability affected by non-climatic impact drivers (NCIDs)
that describe societal trends. Though there are regional exceptions, overall adaptive
capacity is high in many parts of Europe and the European population's current
vulnerability to natural disasters is mostly low to moderate (IPCC, 2022a). However,
the increased frequency and intensity of extreme climate events in Europe, such as
the 2023 Slovenian floods, which caused an estimated EUR 10 billion in damage
(Bezak et al., 2023), require an updated understanding of adaptive capacity and risk.
For example, the more than 200 deaths and about EUR 44 billion in damage from the
July 2021 floods affecting countries with ostensibly high adaptive

capacity — Germany, Belgium and the Netherlands (EEA, 2023d) — suggest
deficiencies of adaptation that may reflect in part our limited knowledge of how to
prepare for the potentially non-linear, multiplier effects of systemic risks.

Confronted by these challenges, a climate change risk assessment typically
constructs scenarios for representing a credible range of alternative future
developments of CIDs and NCIDs, based on the best available knowledge, that
can help to define and delimit future risks. In addition, it can be both instructive
and prudent to make provision for other types of surprise, or wildcard events, that
might alter scenario trajectories, potentially compounding risks and leading to
further impacts that would not otherwise be considered in the assessment. The
present assessment follows this dual approach for characterising future drivers
of climate change risks in Europe: complementing a small set of scenarios with
selected wildcards.

Section 2.3 provides an overview of the recent changes in CIDs and NCIDs. Drivers
are analysed over four EUCRA land regions and four marine regions (see Figure 2.1).
Section 2.4 presents the concepts of scenarios and wildcards. Finally, Section 2.5
covers the CIDs and NCIDs in the near-, medium- and long-term future under two
illustrative scenarios.
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Figure 2.1 The EUCRA land and marine regions
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Reference data: © EuroGeographics, © FAO (UN), © TurkStat Source: European Commision — Eurostat/GISCO
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This map serves as a working mean only and shall not be considered as an official or legally-binding map representing marine borders in accordance

with international laws. This map shall be used without prejudice to the agreements that will be concluded between Member States or between Member
States and non-EU Countries in respect of their marine borders.

Notes: Spatially aggregated regions for four subcontinental land regions and four marine regions. For a
list of countries included in the different regions, see Annex 2.

Source:  EEA and adapted from the UN Geoscheme for Europe, 2023.

European Climate Risk Assessment



2.2 Recent changes: how Europe has arrived at its present condition

2.2.2 Climate impact drivers

CIDs are the climatic and related physical factors that are driving impacts of climate
change (*). They are combined here into five groups that are related to temperature
(‘heat and cold'), the availability of water (‘wet and dry'), wind ('wind’), freezing

conditions ('snow and ice') and the aquatic environment (‘'marine, coastal and lakes').

Table 2.1

Categories of CIDs and NCIDs discussed in this chapter and associated
illustrative impacts or risks

Impact driver

lllustrative impacts or risks

Climatic impact drivers (CIDs)

Heat and cold

Temperature effects on vegetation zones, growing season, energy demand
for air conditioning and space heating; heat stress for human health, crops,
ecosystems and infrastructure

Wet and dry Pluvial and fluvial flooding with risks to infrastructure, economy, mental
health; drought effects on fire risk, crop yields and pest outbreaks; water
resource risks for hydropower, irrigation and domestic water supply

Wind Risks to infrastructure, forests and energy production

Snow and ice

Risks to infrastructure and transport, winter recreation and tourism and
slipping injuries

Marine and
coastal

Water quality (e.g. toxins, acidity and temperature) impacts on marine ecology,
fisheries distribution and abundance, algal formation and recreation; sea-level
rise risks to coastal flooding and erosion and salinisation

Compound
events (*)

Preconditioning (e.g. flooding due to heavy precipitation on already saturated
soil; land use change amplifying heat/flood risk); multivariate (e.g. fluvial
flooding and coastal storm surge; flooding and landslides due to heavy

rain and snowmelt); temporally compounding (e.g. cumulative impacts of
consecutive storms; heat- and wind-related fire risk); spatially compounding
(e.g. upstream precipitation leading to downstream flooding)

Non-climatic-impact drivers (NCIDs)

Exposure

Population at risk of heat stress, flooding, landslides, water shortage and
quality, coastal erosion and infrastructure failure; land use impacts on
urban heat island; soil nutrients; green spaces; confounding environmental
hazards (*) such as sea-level rise and water quality (see CIDs above),
atmospheric composition (e.g. risks of surface ozone, NO,, SO,, dust

and pollen to human health and plant growth) and atmospheric CO,
concentration (e.g. impacts on growth/water use of forests and crops)

Vulnerability

Income and wealth affects quality of life; health status; residence; service
provision; educational status related to awareness and preparedness;
inequality may compromise access to services; influence and voice; health
status affects susceptibility to heat and cold extremes and allergies

Adaptive
capacity

Indicators act in reverse sense to exposure and vulnerability (not identified
explicitly in this chapter)

Notes: (%) Some may also be classified as climate impact drivers.

Sources: ETC CA and (*) based on Zscheischler et al., 2020.

(*) This chapter uses the term 'impact drivers' to identify the constituent elements affecting climate change-related impacts/risks. Hence, CIDs include
climate-related variables (indicators) affecting the (aggregate) hazard of importance for impact/risk. That terminology is also used to distinguish them
from NCIDs, which embrace socio-economic and related indicators affecting exposure and vulnerability, also of importance for impact/risk.
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Europe in times of change and extremes

Heat and cold

Temperatures for Europe show continuing long-term warming trends for both annual
and seasonal averages. The warming trend over the last 30 years is steeper than
over the last 70 years, which highlights that Europe's rate of warming has increased
in recent decades (see Figure 2.2). For the annual mean and for the extremes,

the greatest increase in recent decades is in central-eastern and southern Europe
(see Table 2.2).

Since the 1980s, Europe has been warming twice as fast as the global average,
becoming the fastest-warming continent on Earth. This is due to several factors,
including the proportion of European land in the Arctic, which is the fastest-warming
region on Earth, and to changes in atmospheric circulation that favour more frequent
summer heatwaves (C3S, 2024d).

Figure 2.2 Observed and projected increase of European temperature compared to
the pre-industrial level

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090

=== ERAS5 (observations) === SSP3-7.0 (high emissions)
=== Historical (modelled past) SSP2-4.5 (medium emissions)
=== SSP5-8.5 (very high emissions) === SSP1-2.6 (low emissions)
Notes: Observed (ERAS5) and projected near-surface temperature for different Shared Socioeconomic

Pathways (SSPs) across the 21st century relative to pre-industrial levels for the EEA-38. The two
scenarios assessed are SSP1-2.6: low warming and SSP3-7.0: high warming.

Sources: EEA and author's compilation based on data from C3S, 2023h.
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Europe in times of change and extremes

Table 2.2 Observed trends over the EUCRA land and marine regions
Northern Europe Western Europe Central-eastern Europe Southern Europe
1952-2021 1992-2021 1952-2021 1992-2021 1952-2021 1992-2021 1952-2021 1992-2021
ERA5 E-OBS ERA5 E-OBS ERA5 E-OBS ERA5 E-OBS ERA5 E-OBS ERA5 E-OBS ERA5 ERA5
Mean
°C per decade
temperature
Cooling °C day per
degree days decade
Heating °C day per
% degree days decade
E Frost days days per decade
S I
g Daily minimum °G per decade
T temperature
Trend in
maximum °C per decade
temperature
Heatwave days per
days decade
Total
L % per decade
precipitation
Heavy
precipitation % per decade
(1 day)
Heavy
precipitation % per decade
(5 days)
Consecutive days per
dry days decade
-E Standardised
E precipitation
s index for st.dev. per
= 6 months decade
cumulation
period*
Standardised
precipitation
evapo
transpiration  st.dev. per
index for decade
6 months
cumulation
period*
B Mean wind
£ % per decade
= speed °p
Q
z e
g T Snowfall mm/day 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
w5 per decade
. North-east .
Black Sea Mediterranean Sea . Baltic Sea
Atlantic Ocean
1952-2021 1992-2021 1952-2021 1992-2021 1952-2021 1992-2021 1952-2021 1992-2021
& Seaicecover % perdecade 0.00 0.00
T g
c f;
7: & Seasurface °C per decade
7 2 temperature
©
o 8 .
O 3§ Relative sea decad
©  levelrise m per decace
B Positive trend No trend W Negative trend
Notes: Trends for 1952-2021 and 1992-2021. Trends are estimated using linear ordinary least squares and calculated with annual regional means. E-OBS

data for Southern Europe has been omitted due to large data gaps. E-OBS does not provide observations over the ocean. Underlying climate
variable for heatwave days is the days with maximum temperatures above 35°C.

* A negative trend indicates increasing drought and vice versa.

Sources:  Author's compilation based on data from ERA5 (Hersbach et al., 2020), E-OBS (Cornes et al., 2018) and Copernicus Marine Service (C3S, 2018).
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Europe in times of change and extremes

The observed rate of increase in annual mean temperature for specific regions in
Europe is more than two and a half times the global mean temperature increase

(see Figure 2.3). There is enhanced warming in northern Europe, mainly due to warming
in winter. Enhanced warming over the Pyrenees, the Scandinavian Mountains and the
Swiss Alps affects both snow depth and permafrost (Rottler et al., 2019).

Figure 2.3 Enhanced warming in Europe compared to global warming
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Enhanced warming in Europe
compared to global warming
Dimensionless
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[} Outside coverage

Reference data: © EuroGeographics, © FAO (UN), © TurkStat Source: European Commission — Eurostat/GISCO

Notes: European annual mean air temperature trend (temperature regressed on time as the independent
variable) expressed as multiples of the annual mean global temperature trend (°) between 1950
and 2023.

Source:  Author's compilation based on data from ERA5 (Hersbach et al., 2020).

(°) Grid-point level annual mean temperature trend divided by global annual mean temperature trend.
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The 10 warmest years on record in Europe have all occurred since 2000 and the
five warmest since 2014. The average temperature for Europe for 2018-2022 was
around 2.2°C warmer than the pre-industrial level (1850-1990) (C3S, 2023c). The
average global temperature for the same period was 1.2°C above the pre-industrial
level (C3S, 2023f), but 2023 witnessed exceptional anomalies. Every month from
June 2023 to January 2024 saw record-breaking global average temperatures
compared to the corresponding month in any previous year (C3S, 2024b, 2024c).
2023 was the warmest year on record, with the global near-surface annual mean
temperature at 1.48°C above the pre-industrial level (C3S, 2024a). The average
global temperature in the 12 month period between February 2023 and January 2024
exceeded pre-industrial levels by 1.5°C (C3S, 2024c). A critical driver of the unusual
air temperatures experienced throughout 2023 was the unprecedented high surface
temperatures in the ocean. The global average sea surface temperatures (SSTs)
between April and December were the highest for the time of year in the ERA5
dataset. However, the transition to El Nifio alone does not explain all of the increase
in ocean surface temperatures at a global scale in 2023; high SSTs outside of the
equatorial Pacific also played a large role in the record-breaking global sea surface
temperatures. This is particularly true in the North Atlantic, which saw exceptional
SSTs throughout June to December, with monthly anomalies well above average for
the time of year and daily SST records broken (C3S, 2024a).

In Europe, every summer since 2015 has been warmer than the 1991-2020 average,
with 2022 experiencing the warmest summer on record by a large margin at 1.4°C
above average and 0.3-0.4°C above the previous warmest summer, which occurred

in 2021 (C3S, 2023c). Likewise, seven of the eight autumn and winter seasons since
2015 have been warmer than average. The six spring seasons from 2015 to 2020
were all warmer than average, with spring 2021 and 2022 slightly cooler than average
(C3S, 2023c). The frequency of heatwaves observed in Europe has increased in
recent decades, with extreme heatwaves across Europe in 2018, 2019, 2021 and
2022 (C3S, 20204, 2021, 2022, 2023d; Di Napoli, 2023). The trend of increasing

heat extremes across Europe is larger than the trend simulated by climate models
(Vautard et al., 2023). This indicates that the uncertainty of climate projections is
larger than might be inferred from the spread in models from the Sixth Phase of

the Coupled Model Intercomparison Project (CMIP6) and that they might severely
underestimate the induced hazards and associated risks of certain CIDs (see also
Box 2.3). Heat stress has increased in summer across all European regions, with
cities particularly sensitive to enhanced heat stress and exceedance of critical

heat stress thresholds for outdoor activities (IPCC, 2021a). The number of days in
summer with strong or very strong heat stress (°) has increased across Europe and,
in southern Europe, the number of days with extreme heat stress has also risen

(C3S, 2023c). The 10 years with the highest number of days with very strong heat
stress in southern Europe have all occurred since 2010, apart from 2003, which ranks
fifth after 2022, 2017, 2012 and 2021 (Di Napoli et al., 2021b). 2022 saw the warmest
summer on record, with an unparalleled number of days with very strong or extreme
heat stress and up to 30% more warm days than average in south-western and
western areas (C3S, 2023b). While 2023 witnessed a summer of contrasts across
Europe, southern Europe experienced a record number of days with extreme heat
stress, although confined to localised areas (C3S, 2023d). Some regions, such as
southern Spain, saw up to 60 days of very strong heat stress and, locally, up to 5 days
of extreme heat stress. In 2021, a new temperature high was set for Europe, at 48.8°C
in Sicily (WMO, 2023b).

(®) Based on the indicator Universal Thermal Climate Index (UTCI), based on temperature, humidity, wind speed, sunshine and heat emitted by the surroundings,
and how the human body responds to different thermal environments. A UTCI between 32°C and 38°C corresponds to strong heat stress, between 38°C and
46°C to very strong heat stress and above 46°C corresponds to extreme heat stress (Di Napoli et al., 2021a).
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While recent years have been characterised by more warm than cold events,
notable cold spells occurred in 2018, 2021 and 2022 (C3S, 2023c). In February and
March 2018, extremely cold air caused below-average temperatures, which resulted
in above-average frost days for western Europe and above-average ice days in
northern Europe (C3S, 2019a). Cold records were also broken in April 2021 for much
of Europe (C3S, 2022). Although it has been hypothesised in the literature that the
cold spells were induced by Arctic warming, the IPCC AR6 assessed all available
literature to concluded that there is low confidence in this hypothesis.

Wet and dry

Overall, Europe is seeing an increase in precipitation, but the change varies by region
(IPCC, 2021; Table 2.2). Northern Europe is becoming wetter and southern Europe
drier, especially in winter. Although during winter, northern Europe is getting wetter,

it is becoming drier in summer. These changes are also simulated by global and
regional climate models and have been attributed to climate change (IPCC, 2021a).
Heavy precipitation frequency trends have been detected in northern, western and
central-eastern Europe, with observed increases in pluvial flooding in northern Europe
(IPCC, 2021a). Mountains are particularly prone to extreme precipitation events due
to orographic effects (caused by moist air moving over elevated terrain), with the
potential cascading consequences of floods, landslides and lake outbursts. There is an
increasing trend of river floods in western and central-eastern Europe and a decrease
in northern and southern Europe (see also Box 2.2). Coastal floods are affecting cities
and other settlements in particular. Compound flooding due to simultaneous storm
surges and high river flows is increasingly frequent in several cities and/or low-lying
areas in Europe (Bevacqua et al., 2019; Ganguli and Merz, 2019).

Due to enhanced evaporation, a drying trend in Europe as a whole has accelerated during
recent decades, which is strongest in southern and central-eastern Europe (SPEI6 in
Table 2.2). This drying due to enhanced evaporation occurs even in regions with an
increase in annual precipitation. It has resulted in summer drying in western and northern
Europe. Severe droughts with large economic losses occurred in 2018 and 2023 in
western and northern Europe (see also Box 2.1). Due to the drying, there has also been

a negative trend in soil moisture since around 2000 and seven of the eight years since
2015 have seen below-average soil moisture, with one year slightly above average. The
second lowest soil moisture for Europe in the last 50 years was in 2022 (C3S, 2023c).
Hydrological droughts have increased in southern Europe for the entire year, and in spring
and summer for western and northern Europe. Agricultural and ecological droughts

have increased in Europe, too. In northern and western Europe, summer droughts have
increased despite no change or increase in annual precipitation. These droughts have
been attributed to human influence. The combination of reduced soil moisture and heavy
precipitation enhances the possibility of floods because parched soils repel water rather
than allowing it to soak in (Yin et al., 2023).

Recent drought events

Much of Europe has experienced drought conditions in recent years. In 2022, a persistent
lack of precipitation affected large parts of Europe from winter to summer, which,
together with higher-than-average temperatures, triggered a severe-to-extreme drought.
At its peak, the drought affected just over one-third of Europe. In 2021, large parts of the
central Mediterranean region were affected by droughts of exceptional magnitude, with
some areas seeing soil moisture values among the lowest 10% of the last 40 years. In
2018, northern Europe experienced drought conditions that at the time were the most
severe since 1976, while in 2017 drought conditions in some areas of south-western
Europe persisted for up to a year (C3S, 2023c; Toreti et al., 2023b).



Box 2.2

Since 2015, seven out of eight years have seen below-average river flow for Europe as
a whole, with only 2016 slightly above average (C3S, 2023c). The sixth consecutive year
of below-average flows was 2022, with the second-lowest average river flow in records
dating back to 1991. However, 2022 was also the driest year on record in terms of the
areas affected, with 63% of Europe's rivers seeing below-average flow.

Above-average temperatures and drought conditions in 2021 and 2022 led to extreme
fire danger and the spread of wildfires, with 2022 seeing the second-largest burnt area
on record across the EU (C3S, 2023c). Several large wildfires occurred in southern
Europe in 2023.

Recent flood events

Numerous flood and flash flood events have occurred across Europe in recent years.

At least 12 countries were affected by flood events in the first half of 2023. The same
year, major flood events hit Italy (May), Norway and Sweden (August), Slovenia (August),
Greece (September) and the UK and Ireland (November). North-western Europe was
affected by above-average precipitation and flooding from October to December 2023
due to increased storm activity. Europe also saw numerous more localised floods

and flash flood events in 2023. In July 2021, a slow-moving low-pressure system
travelled across Europe, contributing to higher-than-average, and in some locations,
record-breaking, precipitation and extreme flooding, affecting parts of Belgium, Germany
and surrounding countries. Precipitation amounts in parts of the region were 'by far the
largest' in the ERA5 record dating back to 1950 (C3S, 2022). River flows in the Meuse
and Rhine catchments were the highest since European Flood Awareness System
records began in 1991 (C3S, 2022). In October 2020, Storm Alex (/Brigitte/Aiden) brought
unusually pronounced rainfall in a short period, leading to above-average river flows over
much of western Europe and devastating landslides and flooding in some regions of
France, Italy and central Europe (C3S, 2022). One year before, in October 2019, areas of
France, Italy and Spain were also impacted by heavy precipitation, resulting in flooding
and landslides, as part of a wetter-than-average end to the year for much of western and
southern Europe. Several countries saw their wettest November on record at the time,
with precipitation amounts two to four times larger than average (C3S, 2020a).

Wind

During the 2021/2022 winter, wind speeds were higher than average in most of
central and eastern Europe, except France and Spain. The season was dominated
by stormy conditions in February 2022, when three storms impacted north-western
Europe within a single week, causing widespread power outages, extensive damage
and loss of life (C3S, 2023c). In 2021, north-western Europe experienced annual
wind speeds well below average, reaching record or near-record lows in some
countries (C3S, 2022).

The 1950-2022 data record highlights large year-to-year variability and significant
decadal variability in wind speeds across Europe (based on estimates of wind speed
at 100 metres above the surface (Table 2.2). The 1990s and 2000s saw generally
above-average wind speeds, while the 2010s and 2020s saw both large positive and
negative anomalies, indicating no clear current trend in annual average European
wind speeds, despite the high-impact events in 2022 that cannot be related to climate
change (C3S, 2023c).
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Snow and ice

Since the early 1980s, in snow-dominant areas, the length of the snowfall season

has reduced with regional warming and the melt onset dates have advanced.
Widespread and accelerated declines in snow depth and snow water equivalent have
been observed in Europe. During the last 20 years, high regional mass loss rates of
glaciers were observed in central Europe. Rapid retreat of glaciers and downwasting
(glacier thinning) throughout the European Alps in the early 21st century has been
reported. At the end of winter 2022/2023, the snow water equivalent in the Alps was
more than 50% below the historical average. Due to this, the contribution of snowmelt
to river flows in the perialpine region throughout spring and early summer 2023 was
significantly reduced (Toreti et al., 2023b). In recent decades, permafrost (for Europe
in the high mountains and Scandinavia) has been notably diminished and accelerated
warming at high altitudes and latitudes has favoured an increase in permafrost
temperatures. Rain-on-snow events are decreasing in northern regions (IPCC, 2021a).

In 2022, much of central and south-eastern Europe saw far fewer winter snow days
than average (C3S, 2023b): up to 30 fewer days across many areas and in some
locations up to or more than 50 days fewer. Combined with the warm temperature
anomalies and heatwaves throughout the year, this likely contributed to the severe
drought. Snow is also a significant factor influencing glacier melt. In Europe, glaciers
accumulate snow during winter and spring and snow cover can delay melting in
spring and summer. In 2022, the Alpine glaciers received very little winter snow

and experienced an unusually warm summer, leading to record ice loss from
glaciers in the Alps, equivalent to a loss of ice more than 3.5m thick on average, or
a total of around 5km?of ice (C3S, 2023c). Heavy snow and ice storms, hail, snow
avalanches and frost are currently impacting the service life of buildings and safety
requirements. These events can compromise buildings due to storm damage,
subsidence, water encroachment, soil degradation and erosion (EC, 2023p).

Marine, coastal and lakes

Sea surface temperatures — both globally and across Europe — have risen since
records began in 1850. For the latest five-year averages (2018-2022), the SST
increase since 1980 is around 0.5°C globally and around 1.1°C for Europe (C3S,
2023b), and in 2023 it reached unprecedented levels. This warming has accelerated
at a different pace in different regions during the last three decades, with the largest
increase being about 2°C in the Black Sea (Table 2.2).

Apart from 2003, the 10 warmest years on record for European seas have all occurred
since 2014. 2022 was the warmest, with anomalies of up to 4.6°C in July in some
regions of the Mediterranean (C3S, 2023c). Marine heatwaves have also been
reported around Europe in recent years, with severe marine heatwaves across the
Mediterranean in 2022 and across the North Atlantic, around the UK and Ireland and in
the Mediterranean in 2023 (C3S, 2023h). The Barents Sea has experienced accelerated
warming and several marine heatwaves in recent decades (Mohamed et al., 2022).

Lake surface water temperatures — both globally and across Europe — have risen
since the start of the data record in 1995. Across Europe, they are warming at a rate
of 0.33°C per decade, which is faster than the global rate of 0.23°C per decade. The
four warmest years for lake surface water temperatures in Europe have occurred
since 2010, with the warmest in 2018. Globally, 2022 saw the warmest lake surface
temperatures on record (C3S, 2023c).

Global mean sea level rose faster in the 20th century than in any prior century over
the last three millennia, with a 0.20m rise over the period 1901-2018 and it has
accelerated since the late 1960s. Most coastal regions in Europe have experienced



an increase in sea level relative to land since 1900, except for the northern
Baltic Sea coast, where the land is still rising due to global isostatic adjustment
(Oelsmann et al., 2024).

With the rising CO, concentration, ocean surface acidity has increased globally over
the past four decades (IPCC, 2021a).

Compound events

Although past research has focused on individual hazards, recent understanding
has made clear that many of the most severe impacts are due to compound events.
These may involve climate impact drivers alone or interactions between CIDs and
NCIDs (see Section 2.3.2). Different types of compound events have been identified
(Zscheischler et al., 2020):

« preconditioned (e.g. heavy precipitation on saturated soil; rain on snow; heatwave
occurrence during holidays or strikes with reduced social cover);

+ multivariate (e.g. flooding due to combined coastal storm surge and heavy
precipitation; fire risk due to combined drought, heat and wind; human health risks
of combined heat, high humidity and air pollution);

« temporally compounding (e.g. clustering of consecutive precipitation or storm events);

+ spatially compounding (e.g. headwater precipitation extremes leading to
downstream flooding; remote, teleconnected climate extremes linked to
continental-scale circulation regimes).

The probability of compound events has increased due to human-induced climate
change (IPCC, 2021a). A typical event observed in Europe is compound coastal
flooding due to the combination of extreme sea levels induced by storms and
extreme precipitation associated with high levels of run-off. Sea-level rise is
projected to enhance the probability of compound flooding. In the present climate,
Mediterranean coasts are exposed to a higher probability of this type of compound
flooding event (Bevacqua et al., 2019).

For river floods, the distance over which multiple rivers flood near-synchronously
varies a lot across Europe and these distances have grown by about 50% over the
period 1960-2010, thus the size of the flooded areas has increased (Berghuijs et al.,
2019). Compound events of dry and hot summers have increased; their probability
has risen across much of Europe between 1950-1979 and 1984-2013, notably in
southern, central-eastern and western Europe (Manning et al., 2019).

2.2.3 Non-climate impact drivers

The level of climate change risk is commonly defined by combining the magnitude
of a climate hazard with the levels of exposure and vulnerability of a system to that
hazard. There have been increasing efforts to quantify historical trends in exposure
and vulnerability that can help explain the magnitude and pattern of climate impacts
occurring in the past. An alternative approach is to seek metrics that capture
society's capacities and evolving ability to offset risks through adaptation. The
concept of climate resilience is sometimes used interchangeably with adaptive
capacity, although in the context of climate risk, it more commonly embraces
adaptation and mitigation — as well as transformation — as a means for securing a
safe climate (IPCC, 2022a).
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Exposure is defined by the IPCC as 'the presence of people; livelihoods; species or
ecosystems; environmental functions, services and resources; infrastructure; or
economic, social, or cultural assets in places and settings that could be adversely
affected' (IPCC, 2022a). Popular metrics applied to define aspects of exposure
include population indicators that describe who is exposed to a given hazard in a
particular place; the value of assets at risk; emergency preparedness and support
services; and infrastructure robustness.

Vulnerability is a term used in various ways in the literature, but in the context

of risk as defined by the IPCC it refers to 'the propensity or predisposition to be
adversely affected, encapsulating concepts such as sensitivity, susceptibility and
lack of capacity to cope (IPCC, 2022a). In a social and economic context, this draws
attention to inequalities in society that render some populations, individuals or
sectors more susceptible to climate impacts than others.

Many of the same indicators used to describe exposure and vulnerability are also applied
in the opposite way to characterise aspects of adaptation potential for ameliorating

risk (Andrijevic et al., 2023). Adaptive capacity is defined by the IPCC as 'the ability of
systems, institutions, humans and other organisms to adjust to potential damage, to take
advantage of opportunities or to respond to consequences' (IPCC, 2022a).

All three terms — exposure, vulnerability and adaptive capacity — are typically
described by NCIDs, including a diverse range of socio-economic and
environmental factors. However, while there are comprehensive, spatially-gridded
time series of historical data available to characterise numerous CIDs across
Europe, the same cannot be said about many NCIDs, for which there are several
challenges to overcome.

One challenge concerns the identification of indicators. The key drivers of exposure,
vulnerability and adaptive capacity may differ greatly according to the types and
characteristics of impacts under consideration. Identifying appropriate metrics

(e.g. as single variable indicators or as compound indices) can be demanding enough
for individual cases, given that causal mechanisms that link drivers to impacts may
not be well understood. It is particularly challenging to identify appropriate metrics
of NCIDs that can be applied to a wide range of sectors, scales and circumstances,
as aimed for in EUCRA. Another challenge is the lack of homogeneous coverage and
quality of many key variables through time and across Europe, which hampers the
quantification of indicators at the spatial resolution necessary to discern regional
patterns of impacts (Paprotny et al., 2018a). Furthermore, it is necessary to account
for ongoing adaptation, for which indicators are often even more poorly quantified
and difficult to define.

Information exists and some datasets are available, especially for the more common
demographic and economic variables monitored in all countries, and for wellbeing
and social capital variables from the biennial European Social Survey, pertaining to
Europeans' attitudes and behaviour (ESS, 2024). However, much more work is still
required to compile, quality check and archive data for a wider range of relevant

but hitherto less accessible variables. These data should be in a form that is of
sufficiently comprehensive coverage and fine spatial resolution to be appropriate for
climate change analysis (Hewitson et al., 2014).

In this section, we provide examples of historical changes in indicators of NCIDs in
Europe that may have had a bearing on the frequency and magnitude of observed
climate-related impacts (Table 2.1). Indicators of exposure and vulnerability have
been separated, though for some, the distinction may not be clear-cut. This overlap
becomes more apparent when applying many of the same indicators in an opposite
sense, for defining adaptive capacity.



Indicators of exposure

Population change: Demographic indicators of exposure include population totals
and distribution that change over time. Europe's population has more than doubled
since the end of the 19th century, with the urban population increasing more than
10-fold (Paprotny et al., 2018a). In 2021, 74.8% of Europe's population was estimated
to live in urban areas (Eurostat, 2022B). While regional patterns of population change
over a centennial timescale are also instructive for thinking about future trends, they
differ quite substantially in some regions from recent decadal trends (e.g. many rural
areas of Europe were developing during the early part of the period and birth rates
were much higher than today). Population in Europe has stagnated since 2001 and is
even in decline in some regions in eastern and southern Europe (Eurostat, 2023f).

Europe's population is ageing in all four EUCRA regions, with the proportion of people
aged 65 and above increasing on average across EU countries by 3% from 2012 to
2022 (Eurostat, 2023f). The areas of rural decline tend to be those experiencing a
flight of younger people, which accentuates the trend towards an ageing population
in many rural areas (Eurostat, 2023f).

Populations and assets at risk: The exposure of European populations and their
assets to climate-related hazards is defined according to the type of hazard. This
can be illustrated for one type of hazard: flooding. Exposure to flooding relates to
locations adjacent to rivers and/or on the coast (the locations of pluvial floods due
to intense precipitation events are less predictable). The exposure of European
populations and their assets to floods is high. Between 2012 and 2018, urban
residential expansion took place on nearly 234km? of floodplains across the EU-27
and the UK. In addition, nearly 1,128km? of floodplains in the EU-27 and the UK
were subject to the expansion of economic sites and infrastructure (EEA, 2019e).
The condition of assets at risk can also affect exposure, for example, related to
the quality of maintenance and depreciation of infrastructure with age, as well

as capacities to keep pace with changing risks in developing, implementing and
enforcing building regulations (e.g. (EC, 2023p)).

Land use change: Land use is a predisposing factor for exposure — climate hazards
are location-specific and the exposure of populations and assets, such as buildings,
crops or forests, to these hazards is an outcome of land use decisions. The type

of land use can also modify local climates, such as through urban enhancement

of extreme temperatures. Land management and planning also play a vital role

in the cycling of carbon and nutrients, as well as being a significant feedback

to the climate (IPCC, 2021a). The rate of land use change in Europe varies by

region and country, but overall there has been a trend towards urbanisation and
agricultural intensification in recent years. Artificial surfaces in Europe increased by
7.1% between 2000 and 2018; land taken at the expense of arable land, permanent
crops and pastures and mosaic farmlands. Despite significant changes in some
regions, forested areas remained relatively stable during this period (EEA, 2019¢).
The urban population did not grow much in Europe between 1990 and 2015, while the
built-up areas increased by 18%. This implies that an increasing amount of built-up
area is being used per capita in urban areas (Melchiorri et al., 2018).

Confounding environmental hazards: Aside from changes in socio-economic
indicators, climate change risks can also be confounded by other environmental
trends, such as environmental pollution. For example, exposure to air pollution is
known to exact a high toll on human health and this can have a multiplier effect when
combined with the effects of extreme weather such as heatwaves and prolonged
cold spells (see also Chapters 7 and 11). Pollutants like ozone and particulate matter
are monitored closely in Europe (EEA, 2018b). Note that some of these indicators
may also be classified as CIDs.
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Indicators of vulnerability

Economic growth and inequality: The economic metric most often used to describe
relative wealth is gross domestic product (GDP) per capita. This divides the value
of production by population and, to allow for international comparison, this is
commonly adjusted according to the cost of living of a country to obtain purchasing
power parity. Greater personal wealth would usually be associated with lower social
vulnerability or higher adaptive capacity (e.g.(Marzi et al., 2018)). GDP per capita
varies across regions in Europe, with higher values in western, northern and central
Europe compared to eastern and southern Europe, and disparities between rural
and urban centres in most countries. Moreover, large disparities occur at even finer
scales, such as within large urban areas (Eurostat, 2023f).

Income inequality metrics, for example, have been poorly covered for Europe in the
IPCC AR6, but metrics such as the Gini coefficient are starting to be acknowledged for
their role in accounting for inequalities, which in turn affect vulnerability, adaptative
capacity and residual risk across regions (Sheng et al., 2023; Cevik and Jalles, 2023;
Andrijevic et al., 2020). Income inequality has grown since the 1980s in Europe, when
the average income of the richest 10% was seven times higher than that of the poorest
10%. Today, it is around nine times higher, due in particular to changes in labour
markets and redistribution. Despite economic recoveries following deep economic
crises, inequalities have persisted and even increased, with the younger population and
families with children being most affected by this widening divide. The welfare system,
that is, taxes and transfer policies in European countries, has helped reduce market
income inequalities, although with mixed results (Férster et al., 2017).

Health status: Life expectancy at birth is a useful indicator of the overall health status
of the population. At a more local scale, it can provide quite a detailed spatial view
of inequality (e.g. (Redondo-Sanchez et al., 2022; Woods, 2005)), often correlating
with other indicators of deprivation or privilege that may become evident in extreme
situations, such as health effects of severe heatwaves. Female life expectancy
exceeds that for males by about 3-10 years, depending on the region (EUROSTAT,
2023). For both sexes, life expectancy had been increasing steadily before being
interrupted by the COVID-19 pandemic (Eurostat, 2023f), though trends are expected
to return to positive in most regions (Schéley et al., 2022). It should be noted that, for
the economic indicators above, a wide range of factors affect vulnerability regionally,
besides life expectancy, such as the proportion of elderly and urban vs rural
population, prevalence of diseases and educational attainment.

Indicators of adaptive capacity

Many indicators characterising exposure and vulnerability can be used in a reverse
sense to describe adaptive capacity; to understand how well society can adapt.
Adapting to risks is not only about coping with the risks reactively but also about
creating the conditions for societal stakeholders and systems to handle them, prepare
and learn. Discussing challenges to adaptation goes hand in hand with the capacities
of our institutions for good governance. Constraints that hamper national, regional or
local governments in planning and implementing adaptation vary depending on context
and actor (Moser and Ekstrom, 2010; Biesbroek et al., 2013), but effective institutions
and good governance are essential factors to address inequalities and consequently
risk (Andrijevic et al., 2020, 2023). This chapter does not delve into which indicators

of governance would be more suitable to capture adaptive capacity — or the lack of

it — since governance can be conceptualised in many different ways. The Worldwide
Governance Indicators provide a reasonable starting point in terms of categories that
constitute good governance (Andrijevic et al., 2020). These categories are voice and
accountability, political stability, government effectiveness, regulatory quality, rule of
law and control of corruption. Measures including policies to support adaptive capacity



in Europe include the Covenant of Mayors (EC, 2023k), the EU Mission on Adaptation
to Climate Change (EC, 2023x) and the Disaster Risk Management Knowledge Centre's
Risk Data Hub (EC, 2023z).

23 Exploring the future
2.3.1 Scenario approach

To assess risk, it is fundamental to consider how the key driving factors determining
potential impacts (described in Section 2.3) will evolve into the future. There are several
approaches to project the drivers, each having various uncertainties (see Box 2.3) and
examples of these are referred to in this assessment. However, since all projections

are conditional on assumptions made about future human behaviour and decisions
(e.g. concerning GHG mitigation, technological development and international relations),
it is important to capture some of these overarching assumptions in the assessment.
This can be done using scenarios. A scenario can be defined as ‘a plausible description
of how the future may develop based on a coherent and internally consistent set of
assumptions about key driving forces ... and relationships' (IPCC, 2022a).

This chapter uses an existing global scenario framework developed for climate
change research, widely adopted in assessing climate change impacts, mitigation and
adaptation: Shared Socioeconomic Pathways (SSPs). These comprise five contrasting
narrative storylines and an associated set of quantified measures of development that
focus on key socio-economic drivers of change extending to 2100 (O'Neill et al., 2017;
Riahi et al., 2017). SSPs are designed to be used in conjunction with specifications

of future climate trajectories under different GHG and atmospheric aerosol emission
assumptions, the Representative Concentration Pathways (RCPs) (Van Vuuren et al.,
2011). Basic SSP assumptions relevant to challenges to adaptation are combined with
emission pathways represented by SSP-based RCPs to characterise alternative future
developments that are readily applicable for estimates of physical climate change and
risk analysis. These SSP-based RCPs are used as input for the climate models in the
6th Climate Model Intercomparison Project (CMIP6) (Tebaldi et al., 2021). In summary,
this chapter uses scenarios as projections of what can happen, considering climate
change risks across alternative projections of future climate and in the context of
alternative specifications of future socio-economic development.

This chapter presents two cornerstone scenarios to provide illustrative bounds on
climate and socio-economic projections for Europe. The first scenario combination
describes a Paris-compliant emissions trajectory, with climate projections assuming
SSP1-2.6 forcing trajectories by 2100 (Tebaldi et al., 2021), combined with modest
challenges to adaptation under the SSP1 socio-economic projections (further
referred to as the 'Warming to the Challenge scenario, see Figure 2.4). The second
scenario combination describes a 'Paris non-compliant' trajectory with climate
projections assuming SSP3-7.0 forcing trajectories by 2100, combined with high
challenges to adaptation under the SSP3 socio-economic projections (further
referred to as the 'Struggling in the Heat' scenario, Figure 2.4).

The extreme range of scenarios is not used for the cornerstones described in

this chapter for two reasons. First, projections for the highest forcing (8.5 watts

per square meter (W/m?) by 2100), while still plausible, are increasingly regarded

as low likelihood given recent shifts in energy production, although conceivably
stronger carbon cycle feedbacks for lower emissions could lead to similar outcomes
(CarbonBrief, 2019). Second, far fewer climate model projections covering Europe are
available for the lowest emissions case (SSP1-1.9) than for 2.6 W/m? forcing. These
are scenarios that are plausible and hence, by definition, do not have probabilities
assigned to them.



Global challenges to mitigation

Figure 2.4 EUCRA cornerstone scenarios

Global challenges to adaptation

Low Medium High
Climate projections
SSP5-8.5 SSP1 SSP5 SSP2 SSP4 SSP3
RCP8.5 Socioeconomic projections
High-end emissions SSP3-7.0 *
RCP6.0 iitmg?-ll:a?t
SSP4-6.0
Paris non-compliant RCP4.5
SSP2-4.5
SSP4-3.4
Paris targets
Low-end emissions RCP2.6 *
_ _ SSP1-2.6
Paris compliant SSP1-1.9 Warming to
the Challenge
Notes: EUCRA ‘cornerstone' scenarios 'Warming to the Challenge' and 'Struggling in the Heat'

combine future climate projections under high- and low-end emissions trajectories with future
socio-economic developments that entail high challenges (a struggle) or low challenges

(a challenge that is tractable) for adapting to climate change. These are positioned alongside
other climate and socio-economic projections that may have been used in published studies.

Sources: EEA and ETC CA.

Even though the two scenarios used are not representative of the whole range of
uncertainty and extremes, they do provide sufficiently diverging trends (visualised as
cornerstone scenarios in Figure 2.4) in both CIDs and NCIDs.

The rationale for using ‘cornerstones' is reflected in the structured risk assessment
conducted in the thematic factsheets (Chapters 3 to 10) and risk storylines
(Chapters 11 to 17) and summarised in Chapter 18, which assesses the severity

of major climate risks for Europe semi-quantitatively for two warming scenarios

(in the long-term future): low warming and high warming (see Annex 2 for further
information). The choice of specific 'cornerstone’ scenarios varies throughout the
rest of the EUCRA report and depends on: (1) the time of the century (near term;
mid-term; long term) when impacts take place, in a specific context, (2) the relative
influence of NCIDs in the interaction with specific CIDs, which is very contextual to
the sector and scale of analysis, and (3) highly uncertain earth system responses due
to surprises and tipping points (see also Box 2.3). Most climate projections used in
the EUCRA chapters are derived from simulations in the CMIP6 and earlier phase 5
(CMIPS, (Taylor et al., 2012)). Earlier CMIP5 projections were conducted before
quantified SSPs were available, instead applying idealised RCPs to achieve different
levels of climate forcing (Figure 2.4). Additionally, some EUCRA chapters may have
used earlier climate projections based on slightly different trajectories for the same
forcing, such as RCP2.6. However, the results illustrated in this chapter offer some
guidance not only on uncertainties in the joint evolution of climatic and non-climatic
futures but also on where these might be influenced by policy decisions, acting on
the level of forcing (through mitigation) and on the socio-economic determinants of
exposure and vulnerability, through adaptation.

The specific projections are presented using fixed periods in the future, which is
relevant for understanding the rate of climate change and its impacts and hence
the urgency for adaptation. Future changes are discussed for three periods:

current/near term (2021-2040), mid-term (2041-2060) and long term (2081-2100).



Box 2.3

Using fixed periods, it is easier to identify the role of key risk drivers to explore, based
on rates of historical developments and the range of future trends. Special attention
is paid to the mid-term future, as this is the time-frame for guiding many adaptation
policies to reduce risks associated with climate change. Scenario uncertainties grow
as one proceeds into the long-term future.

Uncertainty in CIDs and NCIDs

Climate uncertainty refers to the incomplete knowledge about future climate and
related non-climatic conditions. It is a challenge for decision-making and adaptation
planning because waiting for uncertainties to be resolved may leave little or no time for
effective action.

Projecting CIDs and NCIDs over time horizons of multiple decades into the future is a
formidable challenge, especially at the fine temporal and spatial resolution commonly
required for risk analysis. Projections of CIDs are typically obtained using global Earth
system models (ESMs), also known as climate models. ESMs are skilful at reproducing
historical climate changes at global and large scales in response to observed
emissions, but much less so at regional and local scales, even when deploying finer
resolution regional models and/or related statistical methods. The ability of models

to simulate future climate is conditional on the trajectories of GHG concentrations

for the future, which largely depend on human decisions or scenarios (here labelled
scenario uncertainty).

For CIDs, they include structural variability (due to the limitations in climate models that
reduce their ability to accurately simulate some relevant climate processes) and internal
variability (or irreducible uncertainty, due to the inherent chaotic and unpredictable
behaviour of the climate system). They are addressed by producing estimates from

a range of climate models. Since the 1980s, global warming has been accelerating

and simulated changes for this recent period by CMIP6 models can be compared

with observed changes. For a few regions and climate drivers, recent studies revealed
discrepancies that cannot be explained by either natural variability or known deficiencies
of climate models that can easily be corrected. For Europe, this includes, among others,
an underestimation of extreme hot days (Vautard et al., 2023) and an underestimation
of drying over Europe (Douville and Willett, 2023) by CMIP6 models. This indicates that
the uncertainty of climate projections is greater than might be inferred from the spread
in CMIP6 models and that they might severely underestimate the induced hazards and
associated risks of certain climate impact drivers.

Scenario uncertainty is addressed in this chapter by using projections that assume

high- and low-end emissions scenarios. Uncertainties in regional projections of future
CIDs, presented in Section 2.5, have been estimated from the level of agreement in
different model projections. In addition, observational uncertainty, due to the inherent
limitations in climate observations for historical and spatial reasons, has been considered
by using more than one observational climate dataset over the historical period.

Different types of models, such as demographic, economic and integrated assessment
models, may be used to project some NCIDs, such as population, economic development
or land use. Similar structural uncertainties exist for societal, political, technological and
environmental processes as for climate processes. Uncertainties in these projections
are often much greater than for the physical climate. This is especially the case over
long time horizons, conditional as they are on human decisions and representing
socio-economic processes that are often poorly understood. Some examples of these
projections are presented in Section 2.5, where a scenario range is provided. For many
other NCIDs, quantitative projections may not be available from models, but can instead
be constructed using expert methods and qualitative methods, such as narrative
descriptions of plausible future developments that describe trends involving governance,
institutions and other less tangible dimensions of risk. Storylines can also convey
uncertain, non-consensus information about drivers of change.
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(cont.)

Beyond this, some uncertainties elude easy reduction or quantification. Such 'deep
uncertainties' may stem from fundamental ignorance about the workings of a system,
ambiguity emerging from disagreements among experts, or indeterminacy resulting
from inherent randomness or chaos within a system (Stirling, 2010). Deep uncertainties
often manifest in complex systems where our understanding of the underlying physical,
biological or social processes is limited (Marchau et al., 2019), or when situations are
influenced by human decisions that are yet to be made (Kwakkel and Haasnoot, 2019).
In the context of climate change, these uncertainties also extend to fundamental values,
beliefs and perspectives regarding the future and how society should respond to potential
changes (IPCC, 2022a). As deep uncertainties characterise events that transcend the
bounds of conventional expectations, this report makes use of the wildcard concept
(Marchau et al., 2019). Wildcards are unpredictable and unexpected factors that may
change an expected climate trajectory, pushing understanding out of the linear view
offered by scenarios that do not dynamically account for interaction in the responses,
learning and new experiences.

2.3.2 Complementing scenarios with wildcards

Wildcards refer to influential and rapid events not described in the standard
scenarios that could significantly impact the trajectory of an integrated climate

and socio-economic scenario. They come as a surprise, which may be due to a

range of factors, such as a lack of understanding of a system, or sensitivity to small
perturbations that trigger a cascading effect. Nonetheless, they are possible and may
be catalysts of potent extreme threat multipliers (Kemp et al., 2022; Lenton, 2011).
For example, the World Wars were considered wildcards only a few decades before
they happened (Rockfellow, 1994). Wildcards may result in unpredictable outcomes
that would otherwise not be considered in a risk assessment. In this way, they are a
tool that may be useful for anticipating, preparing for and ameliorating the effects of
catastrophes, such as a worldwide pandemic (Petersen, 1997). Although plausible, they
are not likely to occur and are not usually modelled explicitly in standard scenarios.

Wildcard events might trigger — or be the outcome of — exceeding tipping points,
critical thresholds beyond which the climate or socio-economic system reorganises,
often abruptly and/or irreversibly (IPCC, 2021a). An example for the global climate
system could be a collapse of the West Antarctic ice sheet, leading to extreme
sea-level rise. A more regionalised example concerning economic livelihoods might
be a collapse of ski tourism in the Alps due to reduced snow availability.

While there are differences in the projection of CIDs and NCIDs, both climatic and
non-climatic wildcards are unexpected. Even for the quantifiable, physics-based
CIDs, the motivation for adopting climatic wildcards stems from phenomena like
the high frequency of record-breaking changes that occur annually. Disruptive
climate changes are not yet communicated broadly, due either to their uncertainty,
the inability of climate models to reproduce the underlying processes in a
trustworthy manner, the ambiguity of the responsible processes and frameworks
for communication, or pure ignorance of what is still possible. An example of such
changes is variations in the thermohaline circulation (large-scale ocean circulation
influencing regional climate patterns) which, if of sufficient magnitude, may have
strong impacts on the European climate (Orbe et al., 2023).

The list of wildcards is long and open-ended, relying to some extent on imagination.
Within the context of EUCRA, the wildcards considered have been debated
extensively in scientific literature and are relevant for Europe and adaptation
policies: war, pandemic and West Antarctic ice sheet instability.



24 Projected changes and wildcards
2.4.1 Near-term future

The projected changes in CIDs for the near term (2021-2040) do not reveal clear
differences between the two scenarios of Warming to the Challenge and Struggling in the
Heat. The heat and cold indices display a moderate warming trend, strongest in southern
Europe. For the wet and dry indices, the model agreement is low, probably also due to the
influence of natural variability that, for the near term, is comparable to the climate signal
over a 20-year period. An exception is the 1-day maximum rainfall, which reveals a clear
and consistent increase in northern and western Europe, resulting in increased flood risk.
Also, snowfall shows a clear decrease in all regions (BSC, 2024).

In the near-term future, population and GDP growth are positive, except for a decline
in population growth in central-eastern Europe of 5% compared to the baseline
(Dellink et al., 2017; Riahi et al., 2017; Kc and Lutz, 2017). The divergence in NCIDs
is already present in the near-term future, but the radical response in policy, society
and businesses is not visible until the mid-term. The overall focus on resources for
defence, energy security and recovery from extremes in the Struggling in the Heat
scenario stimulates strong regionalisation and deepening of current inequalities
between Member States (Kok et al., 2019). Conversely, in Warming to the Challenge,
a response of cooperation between countries and increased investments in social
policies facilitate a change in mindset, driven by societal demands (Kok et al., 2019;
Andrijevic et al., 2020, 2023).

2.4.2 Mid-term future: Warming to the Challenge

All heat and cold indices reveal a continuing warming trend for Europe in the

period 2041-2060. The signal is strongest for southern Europe, with severe (see
Table 2.3) increases for almost all indices. The wet and dry indices display more
regional differences, with less precipitation for southern Europe and more for
northern Europe. For the two other regions, the signal is mixed, with low agreement
among the models. For all regions, an increase in one-day extreme precipitation

is projected. For five-day extreme precipitation, the projections over southern
Europe are mixed, with low agreement among the models. The strongest increase

in extreme precipitation occurs in northern and western Europe. The increase in
extreme precipitation translates to higher frequency and greater magnitude of pluvial
floods. Large parts of Europe are projected to become dryer (based on the indicator
Standardised Precipitation Evapotranspiration index for 6 months cumulation period
(SPEI6)), with the strongest signal in southern Europe. There is a weak decrease in
mean wind speed projected, while snowfall decreases in all regions (Table 2.3).
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Europe in times of change and extremes

Table 2.3 Projected change in climate impact drivers in Europe

Northern Europe Western Europe Central-eastern Europe Southern Europe

SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0
(low emissions)  (high emissions) (low emissions) (high emissions) (low emissions) (high emissions) (low emissions) (high emissions)

Mean temperature

Cooling degree days
Heating degree days

Frost days

Daily minimum
temperature

Heat and cold

Daily maximum
temperature

Heatwave days

Total precipitation

Heavy precipitation
(1 day)
Heavy precipitation
(5 days)

Consecutive dry days

Wet and dry

Meteorological
drought

Agricultural drought

Wind

Mean wind speed

Snowfall

Snow
and ice

Baltic Sea Black Sea Mediterranean Sea North-east Atlantic Ocean

SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0 SSP1-2.6 SSP3-7.0
(low emissions)  (high emissions) (low emissions) (high emissions) (low emissions) (high emissions) (low emissions) (high emissions)

Acidity (pH) of seawater

Sea ice cover

Sea surface temperature

Relative sea level rise 0.05 0.07 0.19 0.2 0.22 0.24 0.18 0.19

Bl High agreement: Low agreement:
at least 80% of models of each ensemble show a positive change at least 50% of models of each ensemble show a negative change
Low agreement: . W High agreement:
at least 50% of models of each ensemble show a positive change at least 80% of models of each ensemble show a negative change
No agreement:

ensembles disagree on the direction of change

111 increase above 3 standard deviations ~ increase above 0.25 standard deviations | decrease below 1 standard deviation
11 increase above 2 standard deviations % limited change between 0.25-0.25 standard deviations Ll decrease below 2 standard deviations
T increase above 1 standard deviation N decrease below -0.25 standard deviations 1Ll decrease below 3 standard deviations
Notes: Summary of confidence in the direction of projected change in climate impact drivers (colour coding), representing their aggregate

characteristic changes for mid-century (2041-2060, in reference to the period 1995-2014) for ensemble-scenario combinations CMIP6
SSP1-2.6, CMIP5 RCP2.6, CORDEX-EUR (0.11°x0.11°) RCP2.6 and CMIP6 SSP3-7.0 within each EUCRA region. Arrows shown are based on
detrended standard deviation (1995-2014) multiples and on median changes of the CMIP6 ensemble. A standard deviation of 0.25, 1, 2, 3
corresponds to a moderate, strong, very strong, severe increase/decrease in the text. Values shown are ensemble median changes, except
for sea level rise which are ensemble mean changes. Ensemble agreement is not available for sea level rise. Underlying climate variables are:
heatwave days (days with bias-adjusted maximum temperatures above 35°C), meteorological drought (standardised precipitation index for 6
months cumulation period), agricultural drought (standardised precipitation evapotranspiration index for 6 months cumulation period).

Source:  Author's compilation based on data from C3S, 2023h.

European Climate Risk Assessment



Table 2.4 Direction of projected changes in NCIDs in Europe

Driver SSP1 SSP3
Population (EUCRA-36 total) [1]*1; [consistent with 2] 2 N
Ageing (% population aged 65+) [2] 1 1
Population density** (qualitative, combining urban and suburban land uses) [3] 2 N
Demography
Migration** (qualitative, based on demographic narratives) [2,3,4] 2 N
Urbanisation** (% population living in urban areas) [2, 3, 5] 2 2
Social isolation (number of people aged 65+ living alone) [2] 2 N
GDP (EUCRA-36 PPP billion US$2005/year) [1]*; [consistent with 5, 6] 1 ”
Economy GDP/capita [1]*; [consistent with 2] 1 2
Market integration** (international free trade) [5]; [consistent with 4] - !
Resource depletion** (for agriculture) [5] 1 1
Environment
Resource use efficiency** (for agriculture) [5] 1 !
Meat consumption (combined red and white meat) [6]; [partly consistent with 4] ! 2
Society Overweight (% population aged 18+ with body mass index >25) [2] N 1
Education (% population aged 24-65 with tertiary education) [2] 1 -
Technology uptake** (agriculture & food) [5] 1 1
Technology
Technology development and transfer** (multi-sector) [6]; [consistent with 4] 1 !
Political stability** (as context for agriculture) [5]; [consistent with 4] 1 !
Policy and Effectiveness of European institutions** (with respect to agriculture and food) [5]; [consistent with 4] 1 !
institutions Multilevel cooperation** (with respect to agriculture & food) [5]; [consistent with 4] 1 !
International trade agreements** (for agriculture and food) [5]; [consistent with 4] 1 1
1 Strong increase (relative to baseline - qualitative) ~ Moderate decrease (relative to baseline - qualitative)
7 Moderate increase (relative to baseline - qualitative) | Strong decrease (relative to baseline - qualitative)

~  Little or no change (relative to baseline - qualitative)

Notes: These are aggregated characteristic changes relevant in the mid-century (2050s relative to 2005-2010 baselines) for Paris compliant emissions
trajectory approximating SSP1) and Paris non-compliant emissions trajectory (approximating SSP3), without climate policy assumptions
of climatic impacts for Europe. * Note that a 2024 update of the IIASA SSP database can be found at: iiasa.ac.at/models-tools-data/ssp.
** Subjective judgement based on qualitative source information from reference(s). £ No data for Liechtenstein or Kosovo.

Sources:  Author's compilation based on data from [1] IIASA SSP Database Version 2.0; [2] Rohat et al., 2019; [3] Terama et al., 2019; [4] Kok et al., 2019;
[5] Mitter et al., 2020; and [6] Papadimitriou et al., 2019 (trends specified for 2080s).
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Table 2.4 shows the direction of projected changes in NCIDs for the two SSPs
underlying the EUCRA cornerstone scenarios. GDP is expected to grow by 2-3% per year
in Europe (Dellink et al., 2017; Riahi et al., 2017). The potential for adaptative capacity is
assumed to be strongly increasing (based on GDP per capita). These lower challenges
to adaptation are linked to a transition from GDP accounts to national accounts of
wellbeing (Kok et al., 2019). Economic growth is moderate but steady. Migration
stabilises (medium), particularly due to a decrease in conflicts in eastern and southern
borders and effective investments in those regions (Mitter et al., 2020; Terama et al.,
2019). However, this, together with lower mortality, does not compensate for the overall
slower population growth rate and even decline in low-fertility countries. The combined
effect of GDP and population trends that are slightly positive for northern, southern and
western Europe and slightly negative for central-eastern Europe results in a positive
trend of a 2-3% increase in GDP per capita for Europe overall (Dellink et al., 2017;

Kc and Lutz, 2017). Geoengineering and carbon capture storage are effectively
regulated (Kok et al., 2019). The ageing population across Europe might present a

risk for health and heat stress, although the high potential for adaptation (stemming
from effective governance) and access to adaptive services may mitigate that risk
((Andrijevic et al., 2020), Table 2.4). Concerns about coastal and fluvial flooding, as

well as stronger regulations for nature protection, reduce the attractiveness of new
developments in high-risk areas and sensitive natural landscapes. Population density
in urban areas increases and greener and stricter urban planning facilitates compact
developments. Future land use in Europe is a predisposing factor for exposure

(see Section 2.3.2) as well as being affected by socio-economic and climate changes.
For example, model results under this scenario indicate that food production shifts
northwards with an increase of arable land in northern Europe, whereas the proportion
of unmanaged land could increase throughout Europe (Harrison et al., 2019).

2.4.3 Mid-term future: Struggling in the Heat

Under the Struggling in the Heat scenario, climate change signals across Europe

are generally enhanced compared to the Warming to the Challenge scenario.

A key difference is the moderate or strong increase of heat and warming indices

for almost all regions, with a large agreement among models. For one-day extreme
precipitation, there is a moderate-to-strong enhancement in northern and western
Europe, compared to the near term. Five-day extreme precipitation increases over
central-eastern Europe, together with the agreement among models. River floods

are projected to increase in western and central-eastern Europe. Drying is projected
to increase strongly in southern Europe and moderately in central-eastern Europe.
The agreement among models of a reduction in wind speed becomes stronger for
southern, central-eastern and northern Europe. Snowfall decreases moderately in the
mid-term future for all regions, in line with enhanced warming (Table 2.3). Compound
hot and dry extremes are projected to increase in Europe in the mid-term under this
scenario, particularly in western and central-eastern Europe (SedIimeier et al., 2016).

Even if this scenario presents similar changes in CIDs to the previous one, as
Section 2.4.1 explained, the SSPs have very different challenges, implying that at that
time of the century (2041-2060), the conditions and societal capabilities to respond
to the changes in the climatic drivers of risk could be very different. The challenges
to adaptation are high under this scenario due to fundamental regionalisation,
competition and a reactive approach to planning and adaptation, which replicates
previous years' vulnerabilities (Kok et al., 2019; Mitter et al., 2020). GDP growth is still
positive at 1% per year in the mid-term future (Dellink et al., 2017; Kc and Lutz, 2017).
However, more natural disasters lead to increased fiscal strains (Kok et al., 2019).
Rather than European cooperation, alliances with other countries are prioritised by
states as part of defence and (energy) security, to shore up fossil energy supply
(Table 2.4). Because social policies and spending on health and education are



projected to be deprioritised, health deteriorates for the majority of Europeans (Rohat
et al., 2019; Mitter et al., 2020). Mortality increases, while migration flows decrease
because of security and barriers (Terama et al., 2019). The pace of urbanisation may
be lower than in the Warming to the Challenge scenario as a net effect (Mitter et al.,
2020). While the countryside is abandoned for better job opportunities, the lack of
spatial planning enables sprawling and lower population densities.

A counteracting effect is the densification of urban areas where employment and
resources are relatively more accessible. Suburbs thus grow the fastest, while overall
urban dwelling increases. However, the increase in urban population is less strong
compared to Warming to the Challenge, since the overall population increase is
smaller (Terama et al., 2019). Overall, population declines in a range of 4-11% will

be seen in Europe (Kc and Lutz, 2017). Here, modelled land use outcomes show
declining grassland and managed forest throughout Europe, with an increase of
arable land in northern Europe (Harrison et al., 2019).

2.4.4 Long-term future: Warming to the Challenge

The differences between the two scenarios become even more apparent in the
long-term (2081-2100). The annual maximum of maximum daily temperature in
western Europe increases moderately for the Warming to the Challenge scenario,
similar to the mid-term. There is still low agreement among the models on mean daily
precipitation changes in the different European regions. Changes in extreme rainfall
are also similar to the mid-term. For western Europe, there is now less agreement
on an increase in five-day extreme rainfall. Sea level is projected to continue to rise
as a result of slow processes in the oceans and cryosphere. Future snow extent and
seasonal duration are projected to reduce and glaciers are expected to continue
shrinking. By the end of the century, most of northern Europe's periglacial areas are
projected to disappear (BSC, 2024).

The path to sustainability continues, with similar trends to the mid-term, although the
risk of global shocks rises. An increase in climatic extremes, such as serious storm
surges and extensive droughts, is anticipated and reflected in planning, for example,
a retreat in low-lying coastal areas and investments in undersea grass forests
(O'Neill et al., 2017). The population declines by 9% in Europe, with the strongest
decline of 20% in central-eastern Europe, whereas northern Europe's population is
projected to grow by 11% (Kc and Lutz, 2017). Economic growth is slightly reduced
compared to the mid-term period.

2.4.5 Long-term future: Struggling in the Heat

A severe increase applies to almost all heat and cold CIDs for the Struggling in

the Heat scenario in the long term. Precipitation is projected to increase in northern
Europe and decrease in the south. Extreme precipitation is expected to increase
severely for one-day extreme precipitation in northern and western Europe. Droughts
are also projected to increase strongly in central-eastern and western Europe and
even more severely in southern Europe. Ocean acidification continues to increase,
together with an accelerated sea-level rise and melting of glaciers (BSC, 2024).
Compound flooding events due to the combination of extreme sea levels and
extreme precipitation associated with high levels of run-off are projected to increase
along northern European coasts (Bevacqua et al., 2019).

Under this scenario in the long term, the mid-term changes continue in a snowball
effect. Most Europeans are well below the middle-class level compared to the
beginning of the century, with GDP being close to 0% (Dellink et al., 2017; Kc and Lutz,
2017). While a few pockets of society live longer, mortality is very high throughout
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Europe. Brain drain is common. Lack of adaptative capacity has translated into high
vulnerability for the vast majority of Europeans (O'Neill et al., 2017). The population
declines strongly in Europe by 15% on average (Kc and Lutz, 2017).

2.4.6 Wildcards across different futures

This section illustrates how selected wildcards align with emerging evidence of
sudden and extreme events as catalysts of potent extreme threat multipliers (Kemp
et al., 2022). In these examples, included in EUCRA storylines, climate change could
exacerbate or directly trigger other catastrophic risks, such as international conflict,
the spread of infectious disease, or spillover risk.

The war wildcard can be interpreted both as an exacerbating and triggering risk.
Russia's war of aggression against Ukraine is an example of a wildcard leading to
shifts in public spending and investments in the military. This could further raise
geopolitical tensions, upset power relations and drive more nationalism and isolation.
This wildcard, compounded with CIDs, may also affect trade routes and global supply
chains (see Chapter 16).

The pandemic wildcard could catalyse the spread of pests and diseases and the
collapse of public health systems, particularly in combination with extreme events
such as multi-year droughts or prolonged heat. The shock of a pandemic, similar to
COVID-19, can stress test systems' adaptive capacity, in terms of policy prioritisation
and risk sidelining green political agendas, particularly in systems strongly affected
by outsourcing and dependent on external sources. This further delays action

and prevention by worsening overall adaptative capacity. It may also lead to more
pandemics as the spread of diseases increases. However, the potential to increase
preparedness for pandemics can emerge, although this could be limited by the lower
capacity of society to prevent such shocks (see Chapters 11 and 14).

The West Antarctic ice sheet instability wildcard focuses on the disintegration of
this ice sheet, which would result in an additional sea-level rise of about one metre
by the end of the century with serious implications for coastal protection. Together
with the increased probability of heavy precipitation and large river discharge
during storm surges across European regions (Paprotny et al., 2018), it would lead
to the displacement or migration of millions of Europeans or radically change the
perception of what societal preparedness for coastal protection should entail.

The risks for public and private financial systems in this scenario are not yet well
understood (UKCCRA3, 2021).
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Thematic factsheets (alternatively, thematic risk assessments) describe current and
future climate risks for an ecological or human system (e.qg. terrestrial ecosystems,
water, the food system). Factsheets are compiled by expert authors based on an
extensive review of existing relevant literature, models and/or datasets.

The thematic factsheets cover the following systems:

+ Chapter 3: Terrestrial and freshwater ecosystems (forests, peatlands, freshwater
systems, Arctic and mountains, urban ecosystems and agroecosystems)

+ Chapter 4: Marine and coastal ecosystems (marine coastal ecosystems, open
ocean ecosystems and Arctic marine ecosystems)

+ Chapter 5: Water security (environment and subsystems, agricultural use, civil and
domestic uses, industry and services, and energy)

+ Chapter 6: Food production and food security (food production, food storage,
processing, distribution, transportation and trade, food consumption, market
responses and food security)

+ Chapter 7: Human health (heat stress, air pollution and airborne allergens,
vector-borne diseases, water and foodborne diseases, and labour force impacts)

+ Chapter 8: Energy (energy demand, energy transportation and storage, energy
generation and conversion, and primary energy carriers)

«  Chapter 9: Built environment (residential buildings, non-residential buildings,
transport infrastructure, pipelines, communication and electricity lines, energy and
industrial infrastructures, and green and blue infrastructures)

« Chapter 10: EU outermost regions (small islands in tropical regions, coastal
regions in the Amazon, and Macaronesia). European outermost regions are not a
system but a geographic region treated in a dedicated factsheet.

The choice of the systems mentioned does not exclude the importance of other

sectors and systems that would merit inclusion in a more extensive follow-up

iteration of EUCRA.

Factsheet structure: each factsheet is structured in four main sections preceded by

a series of key messages that aim to highlight the main learnings and priorities from

each factsheet:

« Section X.1 (Key messages) focuses on the general status of the system and the
connections to climate risks for other systems.

+  Section X.2 (Introduction) focuses on the general status of the system and the
connections to climate risks for other systems.

+ Section X.3 (Risk drivers and impacts) identifies and describes relevant subsystems
under three headings:

+ Climatic and non-climatic risk drivers
*  Current situation

+ Future situation



The first point (Climatic and non-climatic risk drivers) is illustrated in graphical
representations, known as impact chains. Impact chains illustrate how
climate-related hazards (also known as climate impact or risk drivers), together
with non-climatic risk drivers (that influence exposure and vulnerability), can
cause major climate risks through cascading impacts. Reflections on social
justice are included whenever pertinent to highlight the most vulnerable groups
of society for specific climate risks.

Section X.4 (Risk assessment and evaluation) presents the results of a structured
risk assessment for each major climate risk identified in the factsheet, including

its severity over time and the 'urgency to act' according to five categories. This risk
assessment followed a structured and semi-quantitative risk assessment approach
that involved the factsheet authors and an external risk review panel. More details
can be found in Annex 2. Owing to overlaps between thematic factsheets and risk
storylines (see Part C) in this report, the risk assessment for a given major risk may
draw on evidence from more than one chapter, as well as on additional evidence
and expertise considered by the members of the risk review panel. Additionally,
this section reports on the confidence of the evidence and opportunities,
constraints and limits to climate adaptation.

Section X.5 (Relevant policies) lists relevant policies for the specific factsheet.
Policies are considered for the specific evaluation of policy readiness and risk
ownership; they are also the basis for the policy analysis in Chapter 20 and they
inform the identification of priorities for action in Chapter 21.
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3 Terrestrial and freshwater
ecosystems

Key messages

+  Climate change is one of the main drivers of European biodiversity loss and
ecosystem degradation, and is a rising threat.

+  Key climate risks for terrestrial and freshwater ecosystems are: disruption
of food web dynamics and related ecosystem services; climate-induced
biological invasions; increased frequency and intensity of wildfires; population
declines and local extinctions, particularly in freshwater ecosystems; and soil
biodiversity decline, soil erosion and peatland deterioration due to climate- and
land use-driven hydrological changes.

+  Short-term climate risks for terrestrial and freshwater ecosystems are well
established; long-term projections of the severity of risks are more uncertain
and depend largely on global mitigation actions.

+  Risks to terrestrial and freshwater ecosystems may cascade to other
sectors such as food and water security, human health, marine and coastal
ecosystems and built environments.

+  The climate and biodiversity crises are highly interconnected, requiring
coherence between respective policies and actions.

+  Key policy priorities include: (1) addressing underlying drivers of biodiversity
loss, (2) protection and restoration of nature, which accommodates
climate-induced species range shifts, (3) sustainable management to improve
climate-resilience of ecosystems and (4) improving habitat connectivity.

3.1 Introduction

Biodiversity is about the variability among living organisms, including the diversity
within and between species and ecosystems and about their services, such as the
provision of food and water, flood and disease regulation and providing recreation
and a sense of place (IPBES, 2018a). Biodiversity in terrestrial and freshwater
ecosystems is in continuous decline in many places across Europe, with negative
consequences for nature itself and for livelihoods, economies and people's quality
of life. Climate change is one of the major drivers of biodiversity loss and ecosystem
degradation, worldwide and in Europe (IPBES, 20184a, 2019). Climate change also
indirectly affects biodiversity because it interacts with, and often exacerbates,

other non-climate drivers. At the same time, the climate and biodiversity crises are
interconnected, with one stressor contributing to and exacerbating the effects of the
other. Biodiversity is not only affected by climate change, but also provides solutions
(both mitigation and adaptation).

There is strong evidence that climate change has impacted all European habitat
types increasingly over the last 20 years, particularly grasslands, wetlands and
peatlands; moreover, climate change is likely to be one of the most significant drivers
of nature decline in the future (IPBES, 2018a; EEA, 2020b).



Terrestrial and freshwater ecosystems

The impacts of climate change on nature are complex and there are considerable
variations across regions, ecosystems and species, depending on whether ecosystem
function and productivity is precipitation-, radiation- or temperature limited.

This chapter presents climate change risks to biodiversity in six terrestrial and
freshwater ecosystem types in Europe: forests, peatlands, freshwater systems,
Arctic and mountain ecosystems, urban ecosystems and agricultural areas. The
subsystems and their climate risks are also interconnected to other chapters. For
example, changes in species distributions will directly impact food security

(see Chapter 6) and human health (see Chapter 7). The freshwater subsystems are
connected downstream to marine and coastal ecosystems (see Chapter 4), water
security (see Chapter 5) and the forest subsystem (see Chapter 13), while the urban
ecosystem is linked to built environments (see Chapter 9).

3.2 Risk drivers and impacts

3.2.1 Impact chain

Figure 3.1 Impact chain of biodiversity and ecosystems
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The loss of biodiversity and degradation of ecosystems in Europe is a result of
multiple drivers and their interactions, but climate change is becoming increasingly
important (EEA, 2020b). Climate change, in particular warming and changes in
precipitation, affects biodiversity through impacts on species and their habitats:
altering species' phenology, growth and fitness (e.g. warming shifts the timing of
species' life-history events), changing species and community dynamics (e.g. due to
species movement) and altering ecological processes and ecosystem functioning,
which leads to disruptions in species interaction (IPBES, 2018a).

These changes have cascading effects on species abundance, richness and composition
and on ecological functions (including the delivery of ecosystem services). Many species
will move (e.g. to higher latitudes), but others will not be able to respond, migrate or adapt
fast enough, increasing the risk of species extinctions and co-extinctions.

In the EU, the high altitude (alpine), northernmost and southernmost regions are most
at risk. Among species, amphibians, molluscs, bats and birds have been reported as
negatively affected by rising temperatures and changes in precipitation, but many
more will be affected. Among EU habitats, freshwater, coastal habitats, bogs, mires
and wetlands are especially at risk and there is a risk of severe and frequent wildfires.

3.2.2 Subsystem: forests
Climatic and non-climatic risk drivers

+ Climate change is an important driver impacting the extent and functioning of
forests, alongside land use change, forest management, atmospheric pollution and
invasive species. Forests are also part of the solution.

+ Climate effects can be direct (e.g. on forest growth, species abundance) or indirect
(e.g. through frequency and severity of disturbances).

+ Climate drivers affect the structure and functioning (including productivity) of
forests and the distribution of tree species and gene pools.

Current situation

+ Pastland use changes, including deforestation, have been the most significant
drivers of the observed fragmentation of forests (EEA, 20174a; IPBES, 2018a). As a
result, forests' ecological conditions became more critical and their functioning came
under pressure, including forest biodiversity, timber production and the carbon sink
(EEA, 2023h). For example, forest birds already suffer from habitat loss and may
disappear locally due to contraction of the suitable area (Mota et al., 2022).

+ Forest management has led to significant changes in forest composition and
structure, making many forests structurally very vulnerable to climate change.
30% of Europe's forests have only one tree species and just 27% are uneven-aged
forests (EEA, 2016). Due to the increase in wood harvest, the carbon sink in forests
has dropped considerably (Korosuo et al., 2023) (see also Chapter 13).

+ Climate change has had considerable direct and indirect impacts on forests'
functioning, species distribution and resilience. Temperature increases have resulted
in a growing season of up to 23 days longer in northern Europe since 1950 (Aalto
et al., 2022). Range shifts in forest tree species have been observed towards higher
altitudes and latitudes (EEA, 2017a) and negative impacts from invasive alien species
have been observed, especially in temperate and boreal forests (IPBES, 2023). More
droughts have reduced forest growth (Yuan et al., 2019) and increased tree mortality,



even in high-productive forests (Hammond et al., 2022; Socha et al., 2023). Forests
have also been affected indirectly over the past decades by an increased incidence of
climate-induced droughts, which have augmented the frequency and extent of natural
disturbances (Patacca et al., 2023; van der Woude et al., 2023b; Vacek et al., 2023).
Wildfires now appear in various places across Europe and at intensities uncommon
in the past (Patacca et al., 2023) Unprecedented incidences of insect outbreaks have
been observed in central Europe (Hlasny et al., 2021b). As a result, many forests in
Europe are experiencing declining resilience (Forzieri et al., 2022), indirectly declining
vitality of one-third of the European forests and decreasing carbon uptake (van der
Woude et al., 2023b; Maes et al., 2023).

+ Some of the impacts mentioned have already been recognised by the forestry
sector. Efforts are being initiated across Europe to improve forest conditions in
order to reduce these impacts (JRC, 2020i), including stimulating more integrated
and sustainable forest management (with more attention to natural processes).

Future situation

+ Itis projected that the effects of climate change on the functioning, productivity
and species distribution of forests will increase further, with impacts on
biodiversity. The impacts vary significantly between different climate scenarios,
especially for the long term.

+  Slow-progressing climatic changes, as well as more climate and weather extremes,
are projected to have large consequences on forest species composition and CO,
sequestration (Reich et al., 2022; del Castillo et al., 2022; Pilli et al., 2022; Nunes
Romeiro et al., 2022). Forests in many places across Europe are projected to suffer
from increases in forest fires (EC, 2020h) and the vitality of various forests is
projected to decrease, leading to reduced biomass growth and carbon uptake
(>50% reduction of annual growth under high-end scenarios) and eventually
increasing tree mortality (Buras and Menzel, 2019; del Castillo et al., 2022; Mauri
et al., 2022). As a consequence, the economic value of a vast amount of European
forest land is expected to decrease substantially (Hanewinkel et al., 2013). Only a few
tree species, such as the oak (Quercus spp.) and maple (Acer spp.), are projected to
benefit from climate change in some locations across Europe, especially when the
changes in climate remain limited (Buras and Menzel, 2019; Reich et al., 2022).

+ Changes in forest management — such as targeting a more mixed tree species
composition and forest structure, improving growing conditions and stimulating
more natural processes — can increase forests' resilience to projected changes in
climate and other environmental conditions, partly limiting the negative trends and
maintaining carbon sink and biodiversity levels (Muys et al., 2022; Pilli et al., 2022;
Rosa et al., 2023; Vacek et al., 2023).

3.2.3 Subsystem: peatlands
Climatic and non-climatic risk drivers

+ Peatlands are currently affected mainly by anthropogenic impacts: drainage results
in lowering of the water table and drying of peatlands, with other land management
practices also contributing to impacts (Parmesan et al., 2022).

+  Climatic drivers are superimposed on these anthropogenic drivers. Increasing
temperatures and evaporation further contribute to the drying of peatlands. In
addition, changing precipitation patterns affect the water balance in peatlands,
which in turn affects the water supply, water quality and the biological, physical and
chemical processes in peatlands (Loisel et al., 2021).
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Increasing temperatures also contribute to permafrost thawing, exposing more
currently stable peatlands to drying and carbon loss (Hugelius et al., 2020; van der
Velde et al., 2021; Fewster et al., 2022).

These changes in the water balance of peatlands have significant impacts on
species composition and biodiversity (Antala et al., 2022), threatening peatlands'
ecosystem services as niches of biodiversity, their key role in the water cycle and
the carbon storage dynamics of peatlands (Leifeld et al., 2019).

Drying of peatlands also makes them more vulnerable to wildfires, which can reduce
carbon uptake in pristine northern peatlands by up to 35% (Wilkinson et al., 2023).

Drying of peat causes loss of volume and compaction, leading to soil subsidence
and causing a risk to infrastructure.

Increased protection of peatlands has great potential to limit greenhouse gas (GHG)
emissions (Leifeld and Menichetti, 2018), while the combined effects of climate
change and peatland degradation will contribute significantly to GHG emissions.

Peatlands make up an important share of Europe's wetland areas. Nevertheless,
riverine, lacustrine, coastal or other types of non-peat wetlands are also significant
hot spots of biodiversity in Europe that have been subject to substantial losses
and degradation historically and are at serious risk from climate change (Cizkova
et al,, 2013). These wetland types share some drivers and impacts of climate
change with peatlands but require specific consideration depending on their type
and (climatic) location.

Current situation

In the EU, peatlands cover 268,000 km?, consisting mostly of northern peatlands,
51% of which are natural peatlands (EC, 2020g). Peatlands are the most
significant terrestrial carbon store, storing an estimated 470-1,200 gigaton (Gt)

of carbon globally (Parmesan et al., 2022) and 10% of the world's freshwater
(Joosten and Clarke, 2002), while covering only around 3% of the world's land area
(Yuetal,2010; Xu et al., 2018).

25% of the current peatland area in Europe and 50% of that in the EU was found to
be degraded and conservation targets are often not met (Tanneberger et al., 2021).
Current drivers of peatland degradation are mainly anthropogenic, such as land
management and drainage. However, the effect of global temperature increases
and thawing of permafrost on peatlands is also already observable in Europe and
results in the drying of peatland, die-off of sphagnum moss and increased intensity
and frequency of wildfires (Loisel et al., 2021; Parmesan et al., 2022).

Currently, natural peatlands are estimated to be a carbon sink, but anthropogenic
impacts such as drainage and land use change contribute to turning peatlands into
a carbon source (Leifeld et al., 2019).

Future situation

Increasing temperatures and evaporation will cause further peatland drying in the
near term, with add-on effects on species composition and biological, physical and
chemical processes (Loisel et al., 2021).

Peatlands are projected to go from being a net carbon sink to a net carbon source
this century (Loisel et al., 2021).



Increasing temperatures will cause further permafrost thaw, resulting in more
peatlands being exposed (Parmesan et al., 2022; Fewster et al., 2022), but possibly
also extending peatland formation further northward. Longer growing seasons may
increase vegetation productivity and carbon sequestration in some peatlands.

Peatland restoration has the potential to revive ecosystem functions performed
by peatlands and can contribute to climate change mitigation (Loisel and
Gallego-Sala, 2022).

3.2.4 Subsystem: freshwater systems

Climatic and non-climatic risk drivers

Temperature impacts on freshwater species and communities are evident; they
are strongest for cold-adapted species and in northern and southern Europe
(Theodoropoulos and Karaouzas, 2021; Jari¢ et al.,, 2019). Increasing temperature
favours blue-green algae, causing harmful blooms with socio-economic impacts
and decreasing the recreational value of freshwaters (Meerhoff et al., 2022).
Increasing temperature also influences the length of the ice-free period and
temperature stratification in lakes, with effects on biodiversity (Woolway et al.,
2021). Global climate warming effects combined with local factors (e.g. riparian
tree cutting) can lead to the passing of thresholds to more serious ecological
impacts (Trimmel et al., 2018).

Precipitation changes alter water levels and flow rates of streams and rivers, with
multiple ecological impacts (Bonada and Resh, 2013; Deitch et al., 2017).

Extreme weather events may exceed the tolerance limits of sensitive species, leading
to population collapse (McDowell et al., 2017).

Climate change causes eutrophication and browning of freshwaters due to increased
loading of nutrients and organic carbon from terrestrial systems (Kritzberg et al.,
2020; Meerhoff et al., 2022). In lakes, rising temperatures lead to a longer stratification
period and thermocline depth. Increasing productivity and loading of organic

carbon result in hypolimnetic oxygen depletion and limit suitable habitats to cold
stenothermal and oxygen-sensitive species (Jane et al., 2021). These changes in lake
conditions can also trigger the internal loading of nutrients from the pool accumulated
to the sediments (Meerhoff et al., 2022).

Water abstraction interacts with climate change through increased evaporation and
water salinity and decreased water levels (Jeppesen et al., 2015).

Current situation

Between 1970 and 2010, global warming trends in lake surface waters (0.21-0.45°C per
decade) exceeded the rate of sea surface warming (0.09°C), with more rapid warming in
northern Europe (Parmesan et al., 2022). Temperature increase has evident biodiversity
impacts at species and community levels (Nicola et al., 2018; Haase et al., 2023).

Reduced river connectivity has been observed in areas of reduced river flows (Parmesan
et al,, 2022). The decreasing trend in annual and summer precipitation in southern Europe
(Deitch et al.,, 2017) causes harsher conditions and challenges for aquatic biota, while
freshwater communities in the region are characterised by high biodiversity with higher
site-to-site variability in species composition and higher rarity and endemicity compared
to other European regions (Bonada and Resh, 2013). Despite their adaptation to seasonal
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droughts, species in southern Europe may be the most susceptible to climate change
impacts in all European regions (Jaric¢ et al., 2019).

+ Increased leaching of nutrients and organic carbon from catchments to water
bodies has exacerbated eutrophication and caused browning of freshwaters
in northern Europe, with consequential impacts on biodiversity and ecosystem
services (Kritzberg et al., 2020; Meerhoff et al., 2022).

+ Long-term and widespread deoxygenation is evident in lakes (Jane et al., 2021).
Future situation

+ Local or regional extinctions of cold-adapted species across European regions, with
collapses of ecosystem services depending on these species, are expected to increase
(Theodoropoulos and Karaouzas, 2021; Comte et al., 2013; Ruiz-Navarro et al., 2016).

+ Climate change sensitivity of freshwater taxa is especially high in southern Europe
(Theodoropoulos and Karaouzas, 2021; Jari¢ et al., 2019; Bonada and Resh, 2013).
It has been projected that water warming of more than 3°C, with decreased flow
rates, will cause irreversible changes in freshwater communities, with cold-dwelling
taxa disappearing (Theodoropoulos and Karaouzas, 2021).

+  Eurythermal species with wide temperature tolerances are expected to benefit from
warming with the northward expansion of their ranges (Ruiz-Navarro et al., 2016;
Jeppesen et al.,, 2012). Cold stenothermal species with narrow thermal tolerances
are projected to suffer throughout Europe, with probable local extinctions
(Réalis-Doyelle et al., 2016; Ruiz-Navarro et al., 2016; Elliott and Elliott, 2010).

+ Inlakes, periods of ice cover are expected to shorten and longer durations of
temperature stratification are expected in the future in northern, western and
central-eastern Europe (Woolway et al., 2021). Hypolimnetic oxygen concentrations
in temperate lakes are expected to decrease, causing losses of cold stenothermal
and oxygen-sensitive species populations (Jane et al., 2021).

+ Increasing productivity and organic matter inputs to freshwaters are expected to
induce stronger impacts on biodiversity, ecosystem functions and services (Kosten
et al,, 2012; Meerhoff et al., 2022).

« Extreme weather events are projected to increase (Kron et al., 2019), such as
heavy rainfall that can cause freshwater pollution from overflowing of wastewater
treatment plants or mine tailing (Lin et al., 2022; Rosenzweig et al., 2019).

3.2.5 Subsystem: Arctic and mountains
Climatic and non-climatic risk drivers

+ The Arctic is warming faster than the rest of the planet, leading to increased
extreme heat events, less snow and the thawing of permafrost (Rantanen et al.,
2022; Constable et al., 2022). Mining, reindeer herding and tourism are important
non-climatic drivers in the Arctic which themselves are also affected by climate.

+ Mountain areas have large ecological gradients in short distances; even small
changes in climate have a strong effect over a small area (Adler et al., 2022).
Europe's mountains have a long history of human use. Many meadows suffer from
overgrazing, which leads to simplifying of ecosystem structure (IPBES, 2018a).
Tourism is another important non-climatic driver of biodiversity in mountain areas.



Current situation

+ Ecosystem impacts of climate change have been observed widely in the Arctic,
including the borealisation of terrestrial systems with increasing productivity
and an overall greening, regional browning of tundra and boreal forests and food
web changes resulting in population declines in terrestrial mammals (Constable
et al., 2022; Speed et al., 2021).

+ The frequency and severity of forest fires in northern Europe have increased,
creating a growing risk of permanent forest loss, carbon cycle feedback and
modified species composition (Schuur et al., 2022; Burrell et al., 2022).

+ Climate change has impacted indigenous subsistence resources, affecting
grazing opportunities for reindeer and requiring more flexible reindeer herding
(Rosqvist et al., 2022).

+ Impacts in Europe's mountain regions include reduced snow cover, retreating
glaciers, permafrost thaw and subsequent increases in landslides, increased
vegetation productivity and species distribution shifts to higher elevations
(Adler et al., 2022; Rumpf et al., 2022), leading to an increase of species richness
on mountain tops in northern Europe, but to declines in Mediterranean mountains
(IPBES, 2018a). Warming-induced species shifts to higher altitudes, however, are
constrained, e.g. by the availability of a suitable soil layer (Vitasse et al., 2021).

Future situation

+ The Arctic is projected to continue having higher warming rates than elsewhere,
with increased impacts already observed today that further threaten terrestrial
ecosystems and biodiversity (Constable et al., 2022).

«  Primary productivity in Arctic ecosystems is projected to increase (Ito et al., 2020)
however, coinciding with declines in endemic Arctic species (Niskanen et al., 2019)
and leading to accelerated extinction rates (Niittynen et al., 2018). Some habitat
types unique to Arctic environments are projected to disappear from the European
part of the Arctic during the 21st century (Fronzek et al., 2011).

+ Climate change impacts will further threaten terrestrial subsistence food resources
across the Arctic, affecting the indigenous Sami population (Constable et al., 2022).

+ Arctic and alpine ecosystems have been identified as hot spots of future change
and are projected to undergo a continued treeline shift, with the associated
replacement of tundra vegetation with forests (Barredo Cano et al., 2020;
Hickler et al., 2012).

3.2.6 Subsystem: urban ecosystems
Climatic and non-climatic risk drivers

+ Climate change exacerbates urban climate stresses (e.g. urban heat island
effect, flooding and drought) and interacts with other environmental stressors
(e.g. pollution, biological invasion, pests and diseases), leading to increased
vulnerability of urban ecosystems and species. However, compared to other
ecosystems, climate change has less significant impacts on urban ecosystems,
as many urban species are generally well adapted to harsh climate conditions
(IPBES, 2018a).
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Urban climate hazards, particularly higher temperatures and drought conditions,
directly and indirectly impact a broad spectrum of urban biodiversity, including
increased mortality, community changes and range expansion/contractions of
species. Moreover, it may favour different species, including pests and diseases
and invasive alien species.

Climate change-induced impacts on urban ecosystems often have a cascading
effect on the provision of ecosystem services important to urban populations

(e.g. local temperature regulation, water supply, health and wellbeing benefits from
contact with nature) and may lead to changes in the seasonality of pollen allergies.
Sea-level rise and coastal and riverbank erosion drive the loss of coastal habitats,
increasing risks to people.

Current situation

All European urban ecosystems are already experiencing the effects of climate
change (IPBES, 2018a).

Climate risks are highly context-dependent (e.g. a city's location and topography).
Cities in southern Europe experience heat extremes and a decrease in precipitation,
while there is an increase in heavy precipitation events, causing flooding, in many
other parts of Europe, particularly northern Europe (EEA, 2020d).

Cities harbour many vegetation species, which currently grow beyond their optimal
temperature and precipitation conditions (Esperon-Rodriguez et al., 2022) and
urban tree damage and death can be observed in European cities, caused by heat
and drought (Haase and Hellwig, 2022).

Future situation

Urban biodiversity and green spaces will be faced with more frequent and intense
extreme weather events, including the increasing risk of high temperatures,
flooding, water scarcity and wildfires (EEA, 2023k; Bednar-Fried| et al., 2022).

Many urban tree and shrub species may exceed their safe climate margins in 2050
(under RCP6.0) (Esperon-Rodriguez et al., 2022) and many European cities are
projected to be especially vulnerable to future climate hazards (e.g. due to coastal
flooding, sea-level rise, landslides and heatwaves) (EEA, 2020d).

Heatwaves are likely to become a major threat to urban ecosystems, not only for
southern Europe but also for urban environments in western, central and eastern
Europe (Dodman, et al., 2022).

Urban ecosystems will be faced with more drought periods, particularly in
southern Europe (Bednar-Friedl et al., 2022); northern Europe and some cities in
western-central Europe will be exposed to high to very high risk of pluvial flooding
(Dodman, et al., 2022).

3.2.7 Subsystem: agroecosystems

Climatic and non-climatic risk drivers

Climate change is likely to become one of the most significant drivers of impacts
on agrobiodiversity in the future. Currently, the most frequently reported drivers of
agrobiodiversity decline are those associated with changes in agricultural practices
(IPBES, 2018a).



Most climate change impacts relate to warming; both undermining agrobiodiversity
and potentially enhancing it.

Shifts in seasonal timing caused by warming may lead, for example, to mismatches
between species' life-history events and the timing of land management practices
(Santangeli et al., 2018).

Warming, variability in winter weather conditions, increase of extreme weather
events and lengthening of the vegetation season are particularly detrimental to
pollinators (Vasiliev and Greenwood, 2021).

Climate change impacts soils via increased risk of soil moisture drought and soil
erosion, the latter potentially leading to habitat loss. However, overall responses are
mixed as, for instance, increased rainfall intensity and wildfires increase erosion
risk, while enhanced vegetation growth and decreased spring snowmelt reduce it
(Bednar-Fried| et al., 2022; EC, 2016b).

Warming is expected to increase the overall number of pest outbreaks and the risk
of invasive pest species, impacting the production of arable plants (Skendzi¢ et al.,
2021; IPBES, 2023) and leading to increased use of pesticides, with widespread
impacts on biodiversity (van Lexmond et al., 2015).

Benefits of warming include increased productivity and the possibility to introduce
new crop varieties to Nordic cultivation systems, due to lengthening of the growing
season and increase in mean temperature (Wiréhn, 2018).

Strong interdependencies are found with the water, agriculture, forestry and
biodiversity sectors and with non-climatic developments (e.g. changes in land use
patterns and population).

Current situation

Many species that contribute to vital ecosystem services in agriculture are in
decline due to a combination of threats, including climate change. Ecosystem
services most frequently reported to be affected by climate in the agricultural
context include regulation of pests, diseases and natural hazards, water cycling,
habitat provisioning and pollination (Pilling and Bélanger, 2019).

Changes in climate, land use and the environment have resulted in a northward and
uphill shift of a wide variety of plants and animals in Europe over recent decades
(EEA, 2017a).

Pollinator diversity is documented to be in sharp decline, particularly in the north
temperate zone, with no consensus on the major drivers of the decline (Vasiliev
and Greenwood, 2021); due to delayed response times, climate change impacts on
pollinators may not be fully apparent for several decades (IPBES, 2016).

Phenological shifts caused by climate change have resulted in mismatches in

the interaction of flowering plants and bee pollinators (EEA, 2017). Weakening
interaction is suggested to cause increased self-fertilisation in plants, which may in
turn further accelerate pollinator decline (Acoca-Pidolle et al., 2023).

Future situation

Agrobiodiversity is projected to decline across Europe in response to climate
change (EEA, 2017a).
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+ Concerning pollination, climate change is projected to result in: (1) a change in
community composition due to certain species decreasing and others increasing
in abundance, and (2) the seasonal activity of many species changing differentially,
disrupting the life cycles and interactions between species (IPBES, 2016).

+ Climate risks to soils are projected to increase under all climate scenarios.
Risks of soil moisture drought are projected to increase in western, central and
southern Europe. The risk of soil erosion is projected to increase in western, central
and northern Europe, while in southern Europe it is already high (Bednar-Fried|
etal, 2022).

33 Risk assessment and evaluation
3.3.1 Confidence

Overall, climate change as a direct driver of European biodiversity loss in terrestrial and
freshwater ecosystems has a well-established confidence. However, impacts are highly
context-specific and do not affect biodiversity similarly in all regions or for all taxa.

There is strong evidence that climate change shifts the timing of species' life-history
events, growth, reproduction and population dynamics, species ranges and
interaction and habitat occupancy as well as ecological processes and ecosystem
functioning. However, knowledge gaps remain regarding the impact of climate
change on physiological processes and evolutionary adaptation capacity to new
climatic conditions.

With mostly well-established confidence, climate change is projected to be among
the most significant threats to future biodiversity, with negative to strongly negative
increasing trends across European regions and ecosystems.

3.3.2 Adaptation opportunities, constraints and limits

Different adaptation options that create opportunities to enhance biodiversity while
reducing vulnerabilities to future climate change, including:

+ addressing underlying drivers of biodiversity loss (e.g. climate change, pollution,
unsustainable resource extraction, fragmentation);

« protection and restoration of nature that accommodates climate-induced species
range shifts;

« sustainable management (aiming to improve ecosystems' climate resilience,
e.g. paludiculture, agroforestry, crop diversification);

+ improving habitat connectivity.

Some adaptation options have already been implemented in Europe under the
umbrella term nature-based solutions (NBS) (7), though not yet at large scale

(EEA, 2023h). The potential for, and performance of, NBS is highly place-based

(e.g. dependent on physical constraints and the severity of climate change scenarios).

(') The EC defines nature-based solutions as 'Solutions that are inspired and supported by nature, which are cost-effective, simultaneously provide
environmental, social and economic benefits and help build resilience. Such solutions bring more, and more diverse, nature and natural features and
processes into cities, landscapes and seascapes, through locally adapted, resource-efficient and systemic interventions'

(EEA, 2021e).



The widespread implementation of adaptation options is currently limited due to high
management costs, lack of knowledge, undervaluation of nature and a low level of
consideration of species shifts in current conservation policies (Bednar-Friedl et al.,
2022; EEA, 2023j; Calliari et al., 2019).

There are also risks for maladaptation, e.g. afforestation of high-latitude peatlands
may ultimately result in a net reduction of soil carbon storage (Seddon et al., 2021).

3.3.3 Overall assessment

This section presents the outcomes of the structured risk assessment for the major
climate risks identified in this factsheet. This assessment builds on information

in this factsheet and possibly in other chapters of this report. The initial risk
assessment was conducted by the authors of this factsheet whereas the final
assessment results reported here represent the consensus of the EUCRA risk review
panel. Further methodological information is available in Annex 2.

The following risks assessed in other chapters are also relevant for this factsheet,
but they are not presented here to avoid duplication:

+ Risks to aquatic and wetland ecosystems and their services due to low flow in
rivers (see Chapter 5).

+ Risk to forest ecosystems and the carbon sink from more severe and frequent
hot-dry events and related insect and pest outbreaks (see Chapter 13).
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Table 3.1

Risk assessment for risk to food web dynamics and related ecosystem

services due to phenological changes and species distribution shifts

Current/near term (2021-2040)

Risk severity

Confidence

High

Mid-term (2041-2060)

Critical

Projections for 1.5°C and

3.0°C global warming levels
(GWLs) suggest an increase in
phenological changes across
Europe and an increase in

range shifts in southern and
western-central Europe, putting a
strain on biodiversity, especially
for specialist species. In northern
Europe, both an increase and

a decrease in range shifts are
projected under both GWLs.
Probabilities of local species
extinctions, and in the case of
endemic species threatened by
multiple stressors, even total
extinctions are increased.

Medium

Long term (2081-2100)
high warming
low warming

Catastrophic

Overshoot of GWLs has led to
extensive shifts in phenology and
habitats, with several species
unable to adapt fast enough,
causing a marked decline in
ecosystem services such as
pollination and with repercussions
for the food web.

Critical

The changing climate causes
substantial shifts in phenology
and habitats, reducing biodiversity,
but species refuges remain and
ecosystem services have not
collapsed, partly due to substantial
remediation efforts.

Medium

Risk ownership

Co-owned

The EU and its Member States both have legislative responsibilities relating to the environment, which includes
biodiversity, natural ecosystems and ecosystem services.

At the EU level, the main relevant policy frameworks and initiatives include:

- biodiversity strategy for 2030 (2020/380);
- proposed nature restoration law (not yet adopted);
+ Plant Health Regulation (2016/2031);

+ forest strategy for 2030 (2021/572);

+ common agricultural policy (2021/2116);

+ Floods Directive (2007/60);

- Water Framework Directive (WFD) (2000/60);
+ Birds Directive (2009/147) and Habitats Directive (92/43);
+ Regulation on Deforestation-Free Products (2013/1115);

+ farm to fork strategy;
+ global health strategy.

At the national level, the main policies of relevance include those relating to:

« environment;

+ spatial planning and infrastructure;

« civil protection and emergency preparedness;

+ national adaptation funding.

Policy readiness

Medium

The EU's nature policy aims to protect and restore nature with a focus on creating a coherent and resilient
trans-European nature network (e.g. Natura 2000), including ecological corridors and investments in green
and blue infrastructure. An improved connectivity between habitats helps to limit timing mismatches within

food chains.

Policy horizon

Medium term

Urgency ranking

More action needed

Notes:

Source: EEA.

European Climate Risk Assessment

The risk assessment for this risk showed considerable heterogeneity across evaluators (i.e. authors and the risk review panel).
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Table 3.2 Risk assessment for risk to ecosystems and society from
climate-induced species invasions

Current/near term (2021-2040) Mid-term (2041-2060) Long term (2081-2100)
+ high warming
+ low warming

Critical Catastrophic

Progressing climate change and Further strong increase of risk
further degradation of ecosystems  from mid-term.

Risk severity supports the establishment of

invasive alien species, especially Critical
in northern, western and
central Europe.

Continuation and for some species
further increase of risk compared
to mid-term.

Confidence High Medium Medium

Co-owned

The EU and its Member States both have legislative responsibilities relating to the environment, which includes
biodiversity, natural ecosystems and ecosystem services.

At the EU level, the main relevant policy frameworks and initiatives include:

« Invasive Alien Species Regulation (2014/1143);

- biodiversity strategy for 2030 (2020/380);

- proposed nature restoration law (not yet adopted);

+ Plant Health Regulation (2016/2031);

« forest strategy for 2030 (2021/572);

+ common agricultural policy (2021/2116);

+ Birds Directive (2009/147) and Habitats Directive (92/43);
+ farm to fork strategy;

+ global health strategy.

Risk ownership

At the national level, the main policies of relevance include those relating to:

+ environment;
+ national adaptation funding.

Medium

+ Several EU policies are in place to prevent biological invasion and to manage the impacts of invasive alien
species on local biodiversity and economics (e.g. agricultural production), but so far with limited success.

+ The EU biodiversity strategy for 2030 contains the political commitment to tackle the issue, whereas the
Policy readiness Invasive Alien Species (IAS) Regulation includes a set of concrete measures to be taken across the EU
Member States.

+ These policies do not specifically apply to species changing their natural ranges in response to, e.g. climate
change. So, there is no assessment and regulation of possible future IAS that could rapidly appear under
climate change.

Policy horizon Medium term
Urgency ranking Y LTGRETG T WG GG L
Source: EEA.

European Climate Risk Assessment
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Terrestrial and freshwater ecosystems

Table 3.3

Risk assessment for risk to biodiversity and carbon sinks from increased

frequency and intensity of wildfires: all Europe and southern Europe

Current/near term (2021-2040)

Risk severity
(all Europe)

Risk severity

Critical

Southern Europe is experiencing
extensive wildfires each year.

Mid-term (2041-2060)

Critical

Extent and frequency of wildfires
are projected to increase.

Critical

Increasing frequency, intensity
and severity of mega-fires and

Long term (2081-2100)
+ high warming
+ low warming

Catastrophic

Further severe increase in risk
compared to the mid-term.

Critical
See mid-term.

Catastrophic

In southern Europe, more frequent
and severe wildfires lead to

(southern of soil-moisture drought across potentially irreversible habitat loss.
Europe) southern Europe.
Critical
See mid-term.
Confidence High Medium Medium
Co-owned

The EU and its Member States both have legislative responsibilities relating to the environment, which includes
biodiversity, natural ecosystems and ecosystem services.

At the EU level, the main relevant policy frameworks and initiatives include:

« biodiversity strategy for 2030 (2020/380);
- proposed nature restoration law (not yet adopted);
- Revised Regulation on LULUCF (2023/838);
+ Plant Health Regulation (2016/2031);
« forest strategy for 2030 (2021/572);
Risk ownership . Birds Directive (2009/147) and Habitats Directive (92/43);
+ Union Civil Protection Mechanism;
+ European Forest Fire Information System;
+ Proposed Regulation on an EU Certification for Carbon Removal;
+ EU Solidarity Mechanism: Social Cohesion Fund;
+ global health strategy.

At the national level, the main policies of relevance include those relating to:

+ environment (e.g. forest management and natural disturbances);
« civil protection and emergency preparedness;
+ national adaptation funding.

Medium
+ Spatial planning including natural disturbances is a responsibility of each Member State.

+ Several EU policy frameworks exist that set the basis for increased fire prevention and climate resilience of

Policy readiness
natural ecosystems (see above).

+ Europe-wide monitoring and reporting has been established and assistance and funding are available in times
of large-scale wildfires.

Policy horizon Medium term

(VLSRG VI More action needed (all Europe) Urgent action needed (southern Europe)

Notes:

The risk assessment for this risk showed considerable heterogeneity across evaluators (i.e. authors and the Risk Review Panel).

Source: EEA.
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Table 3.4

parameters and soil erosion

Risk assessment for risk to soil health related to direct impacts on soil

Current/near term (2021-2040)

Mid-term (2041-2060)

Long term (2081-2100)
+ high warming
+ low warming

Risk severity Substantial Substantial Critical
Increased rainfall intensity causes Land use changes cause Substantial impacts of direct and
increased risk for soil erosion. substantial changes in soil indirect effects of climate change
: conditions, with both positive and on soils are beyond managing
Incre§3|ng drgught frequency, negative impacts on biodiversity and cause significant cascading
duration and intensity affects : . .
: : and ecosystem services. impacts on food production, water
Sl e, Management of mediatingiimpacts " supply and biodiversity.
is partially successful.
Substantial
Both positive and negative
impacts on soil, despite careful
monitoring and management
of long-term direct and indirect
impacts of climate change, but soil
degradation remains manageable.
Confidence High Medium Medium
Co-owned

Risk ownership

The EU and its Member States both have legislative responsibilities relating to the environment, which includes
biodiversity, natural ecosystems and ecosystem services.

At the EU level, the main relevant policy frameworks and initiatives include:

+ Proposed Directive on Soil Monitoring and Resilience (2013/416);
- biodiversity strategy for 2030 (2020/380);

- proposed nature restoration law (not yet adopted);

+ Revised Regulation on LULUCF (2023/838);

+ Plant Health Regulation (2016/2031);

+ Birds Directive (2009/147) and Habitats Directive (92/43);

« Common agricultural policy (2021/2116);

+ Proposed Regulation on an EU Certification for Carbon Removal;

+ farm to fork strategy;

+ Communication on EU Action to Protect and Restore the World's Forests;

+ Water Framework Directive (2000/60);

+ global health strategy;
* Floods Directive;
+ soil strategy.

At the national level, the main policies of relevance include those relating to:

+ environment;

+ agriculture;

+ water governance;

+ national adaptation funding.

Policy readiness

Medium

The EU has defined various strategies, plans and guidelines to maintain soil fertility and restore soil biodiversity.
Therefore, healthy soils are an integral part of the EU's climate, biodiversity and long-term economic objectives,
as formulated in the biodiversity strategy, soil strategy for 2030 and the common agricultural policy and
underlying strategies, plans and guidelines. These strategies also include targets: 'By 2050, all EU soil
ecosystems are in healthy condition and are thus more resilient'. There are also concrete actions in the 2021 soil
strategy and the proposed Soil Monitoring Law.

Some of these policies still need to be implemented by Member States and some Member States are currently
lacking soil laws, limiting the practical effect of these policies so far.

Policy horizon

Urgency ranking BTG R CEG L)

EEA.

Source:

Medium term

European Climate Risk Assessment
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3.4

Relevant policies

The Birds and Habitats Directives and the proposed nature restoration law (not

yet adopted) form the overall EU legal framework for protecting, restoring and
connecting natural areas within and outside the Natura 2000 network. Both are
relevant when managing all four major risks. The major challenge is to ensure the
effective implementation of policies, extend the Natura 2000 network and increase
connectivity between Natura 2000 and other areas.

The biodiversity strategy (2020) and forest strategy (2021) are important EU policy
strategies to protect existing biodiversity and recover degraded ecosystems,
including soils, by 2030. They also represent the EU's contributions to international
negotiations on long-term biodiversity frameworks. These strategies aim to

build resilience to future threats, including climate change. Wildfires and other
disturbances, as well as invasive species, are explicitly mentioned. Both strategies
have links to all four major risks.

The common agricultural policy, including the new 'green architecture’, supports
farmers, among others, to protect natural resources and enhance the variety of
species and habitats and thus secure ecosystem services, including farmland
biodiversity. It addresses all major risks except wildfires.

The EU soil strategy for 2030 (2021) and the proposed Soil Monitoring Law (2023)
recognise the importance of healthy soils for climate mitigation and adaption and
for limiting land degradation, with their sponge-like function to absorb water and
reduce the risk of flooding and drought. Soils are also important for biodiversity,
as they host more than 25% of all biodiversity on the planet. The soil strategy's
objectives are to have, by 2050, all EU soil ecosystems in healthy condition and
more resilient, contributing to reversing biodiversity loss. The major risk on healthy
soils is explicitly mentioned; other major risks are referenced.

The Water Framework Directive (WFD) and Floods Directive (FD) are important EU
water-related policies. The WFD focuses on ensuring good quality and sufficient
quantity of water in all rivers, lakes, groundwater, etc. across Europe to support human
needs and aquatic biodiversity. The FD aims to reduce flood risks. Furthermore, when
acting under the FD, Member States should seek common synergies and benefits
about the environmental objectives of the WFD. These directives mainly address the
major risk to food web dynamics and ecosystem services.

In addition, some new water regulations entered into force in June 2023, which will
help address water use, especially in the agricultural sector. It is expected this will
relieve some of the current climate pressures on freshwater and groundwater. This
will affect water availability, relevant to the major risk to food web dynamics and
ecosystem services and the risk of wildfires.

Invasive Alien Species (IAS) Regulation (2014). Invasive species are a threat to
biodiversity in Europe. The IAS Regulation's objective is to prevent and minimise
the effects of invasive alien species on Europe's biodiversity. It includes a set of
measures to be taken across Member States concerning IAS. The core of the
regulation is the list of invasive alien species of Union concern (Union List), which
is frequently updated. Species on this list are subject to restrictions and measures
set out in the regulation. The IAS Regulation mainly addresses the major risk to
climate-induced species invasion.



The Plant Health Regulation (2016/2031) includes measures to be taken across
Member States concerning plant health, focusing on prevention and early detection
of pests. The regulation mainly addresses the major risk to climate-induced
species invasion.

The EU adaptation strategy identified multiple knowledge gaps related to the
vulnerability of ecosystems, habitats and species to climate change. Several of
these gaps are related to all four major risks. However, more work is still needed to
fill the knowledge gaps identified.

The EU adaptation strategy also includes an action to integrate adaptation in the
update of Natura 2000 (action 27). An update of the EC guidelines on Natura 2000
and climate change was expected to be launched by the end of 2023 (relevant for
all major risks).
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4 Marine and coastal ecosystems

Key messages

+  Key climate risks related to marine and coastal ecosystems are: (1) coastal
erosion and inundations, (2) the decline of pelagic primary production,
(3) changes to marine ecosystems' functioning and species distribution; and
(4) the emergence of algal blooms harmful to human health.

+  All of Europe's seas are already strongly affected by climate change and other
anthropogenic pressures. Additional warming, deoxygenation and acidification
will increase the severity of risk to marine and coastal ecosystems even
more in the future. The Arctic Ocean is particularly vulnerable due to
unprecedented warming.

+  Risks to marine and coastal ecosystems can cascade to water and food
security, coastal infrastructures and human health, with clear repercussions on
the blue economy.

+  Policy priorities are better enforcing existing policies and implementing
integrated long-term observation and early warning systems.

4.1 Introduction

Marine and coastal ecosystems sustain life on this planet by controlling flows of
energy and materials, producing at least half the world's photosynthetic oxygen,
recycling biogeochemical elements and regulating the climate system (IPCC, 2021a).

Europe's seas cover more than 11 million km?, ranging from shallow to deep ocean.
They contain a wide range of coastal and marine ecosystems. These seas play a
pivotal role for European countries, hosting more than 40% of the EU population in
coastal areas and supporting the EU's blue economy. In line with globally observed
trends, Europe's seas are experiencing drastic changes due to climate change. These
include sea warming, sea-level rise, acidification, deoxygenation, changes in nutrient
availability, wind stresses, increasing extreme events (e.g. marine heatwaves and
Mediterranean hurricanes), changes in surface waves and the mixing layer and sea
ice melting (IPCC, 2022a).

Besides the threats of ongoing climatic impact drivers (CIDs), marine ecosystems
are already significantly affected by non-climatic impact drivers (NCIDs). The
cumulative effects undermine their resilience and capacity to provide ecosystem
services essential for human life (EEA, 2019d; IPBES, 2018b). The interaction of
multiple stressors on organisms and ecosystems, and the varying vulnerability of
different species to environmental change, requires understanding how key drivers
will, individually and collectively, impact ecosystem composition, structure and
functioning from global to local scales (Mangano et al., 2020).

European Climate Risk Assessment



Marine and coastal ecosystems

This factsheet explains the impact chains of marine coastal, open ocean and polar
marine habitats and ecosystems. The subsystems analysed below sometimes
overlap with Chapters 3, 5,6, 7,9, 10 and 12.

4.2 Risk drivers and impacts

4.2.1 Impact chain

Figure 4.1 Impact chain of marine and coastal ecosystems
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Source: ETC CA.

This factsheet broadly splits marine and coastal ecosystems into marine coastal
ecosystems (compromising the littoral and sublittoral zones) and open ocean
ecosystems. Arctic ecosystems, comprising both coastal and open ocean ecosystems,
are considered separately due to their very different climatic and ecological conditions.
Coastal systems on land, including settlements and infrastructure, are addressed in
other chapters, including the storyline 'large-scale flooding'.
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4.2.3 Subsystem: marine coastal ecosystems

Climatic and non-climatic risk drivers

Sea warming causes heat stress for marine organisms, thus affecting their life
cycles, physiological rates, phenology and distributions with cascading effects

on ecosystems' functioning. Warmer seawater could also affect the uptake of
pollutants in marine organisms, potentially altering species' mortality rates (Sartori
et al, 2023; Dinh et al., 2022; Pack et al., 2014).

Sea warming triggers increased ocean stratification and altered patterns of ocean
circulation. This modulates coastal dynamics, winds, precipitations, freshwater
inputs and the occurrence of marine heatwaves (von Schuckmann et al., 2022).

Sea-level rise, compounded by extreme weather and storm surge events, waves,
rainfall, river run-off and maladaptive infrastructures, is increasing coastal flooding.
This entails direct physical impacts on the coast: exacerbating coastal erosion,
influencing sediment dynamics and terrestrial run-off and damaging the integrity
and health of marine coastal ecosystems and their services.

Increasing acidification significantly changes ocean carbonate chemistry, affecting
benthic processes, communities and ecosystems. It can cause detrimental impacts
on calcifying organisms, in particular, limiting their growth and survival (Hassoun
etal, 2022).

Deoxygenation results from ocean warming, increased stratification and
eutrophication, leading to increasing harmful algal blooms and pathogens. The
results are anoxic 'dead zones', particularly in inland seas with limited water
exchange, exacerbating acidification effects. Climate change will also lead to
changes in biogeochemical cycles and nutrient availability (IPCC, 2022a).

Freshwater and sediment inputs, habitat degradation due to human activities,
overfishing, the introduction of non-indigenous species (through maritime
transport) and marine pollution (including marine litter, underwater noise and
contaminants) are the main NCIDs. In combination with CIDs, their negative
impacts on coastal marine ecosystems are amplified.

Current situation

Marine heatwaves have approximately doubled in frequency, becoming more
intense and longer, since 1982 (Holbrook et al., 2019). This has caused mass
mortality events of marine organisms across Europe's seas (IPCC, 2021a; Garrabou
et al,, 2022). The Mass Mortality Events database collected 676 such events within
the Mediterranean Sea from 1979 to 2017, encompassing 93 species from nine
major taxonomic groups (Garrabou et al., 2019).

Around Europe, sea level has risen by an average of 2-4 mm/year over the past
30 years (EEA, 2024a).

Seagrasses show a loss of one-third of their covered area from 1869 to 2016

(de Los Santos et al., 2019). Posidonia oceanica, an endemic plant of the
Mediterranean Sea included among the priority habitats of the Habitats Directive
(92/43/CEE), provides a wide range of services. This includes fish nurseries, wave
mitigation, carbon storage, oxygen production and improving ecosystem resilience.
It has lost between 13% and 50% of its areal extent since 1960 (MedECC, 2020).
Canopy-forming macroalgae are also experiencing a severe decline (Smale, 2020).



Rocky shore habitats are at high risk of decline due to the compound effects
of warming, acidification and hypoxia, which affect marine bioconstructions
significantly.

Paramuricea clavata decreased by up to 47% in five years in the Adriatic Sea
(2014-2019), while up to 96% of the living corals showed signs of stress
(Chimienti et al., 2021);

Fish populations are experiencing changes in stock abundances, poleward shifts
and changes in seasonal timing peaks due to sea warming.

An ongoing tropicalisation and a meridionalisation of the Mediterranean marine
fauna have also been registered due to sea warming (Boero et al., 2008).

Sea-level rise is leading to salt-water intrusion in estuaries, altering estuarine tidal
range and circulation patterns as well as sediment transport regimes (Kimball et al.,
2020). Consequent salinisation of freshwaters and coastal aquifers largely impacts
drinking water production and agriculture.

Sandy beaches and dunes are strongly affected by erosion, with 27-40% of Europe's
sandy coast currently eroding (IPCC, 2022a).

Deoxygenation impacts, including changes in food webs and fish populations,
have been observed in semi-enclosed seas, above all in the Baltic and Black Seas.
Harmful algal blooms have increased since 1980 in coastal areas in response to
eutrophication with the co-occurrence of climate change, with negative impacts on
food, tourism, the economy and human health (EEA, 2024b; IPCC, 2022a).

Multiple pressures arise from maritime traffic, fishing activities, pollution, the
spread of invasive species and the emerging sectors of offshore renewable energy
and blue biotechnology (EEA, 2019¢; EC, 2019d).

Future situation

Marine heatwaves will further increase in frequency, magnitude and duration
around Europe throughout the 21st century (Oliver et al., 2018; MedECC, 2020).

Relative sea-level rise is extremely likely to continue for Europe's seas, ranging from
0.4-0.5 m under the SSP1-2.6 scenario to 0.7-0.8 m under the SSP5-8.5 scenario for
2081-2100 (Ranasinghe et al., 2021).

Approximately 3,000-3,500km? of the European coastal zone could erode by 2050.
Erosion is projected to reach 5,000-7,200km? by 2100 under the RCP4.5 and RCP8.5
scenarios, causing the decline of several valuable habitats and the loss of the
ecosystem services they provide (4.2% under RCP4.5 and 5.1% under RCP8.5 of the
habitats) (Paprotny et al., 2021).

Under the RCP2.6 and RCP8.5 scenarios, 70-75% of the Posidonia oceanica habitat
may be lost by 2050. It is expected to disappear completely by 2100 under RCP8.5
(Chefaoui et al., 2018).

Ocean acidification is projected to affect vulnerable calcifying organisms, limiting
their growth and reproduction success. Calcareous algae are the basic builders
of coralligenous outcrops; they are expected to experience reduced skeletal
functionality in the mid- to long term, with negative consequences for habitat
formation (IPCC, 2022a).
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Rocky shores will be strongly affected by the impacts of sea-level rise in terms of
biodiversity loss and alteration of community structure and ecosystem functions
(Rilov et al., 2021). Many shorelines are predicted to suffer from coastal squeeze

(i.e. due to the presence of artificial structures), which reduces the intertidal zone and
prevents species from retreating landward (Portner et al., 2022b).

Sea-level rise projections and changes in tidal dynamics could lead to a transition
from a tidal-flat-dominated system toward a lagoon-like system in the Wadden Sea
(Becherer et al., 2018; Wachler et al., 2020).

Projected warming, sea-level rise and tidal changes will continue to expand
salinisation and hypoxia in estuaries, with more pronounced impacts under higher
emission scenarios (Pértner et al., 2022b).

Estimated annual economic damage due to coastal flooding may rise to
EUR 137 billion and EUR 814 billion by 2100 under low and high emissions scenarios,
respectively (EC, 2023aa).

Data on dynamics and projections of harmful algal blooms, as well as on their
socio-economic effects, are still limited and fragmented at the European level
(EC, 2016a).

4.2.4 Subsystem: open ocean ecosystems

Climatic and non-climatic risk drivers

Oceans have been warming for decades due to increases in greenhouse
gases (GHGs) in the atmosphere. They store massive amounts of heat energy.
Changes in the air-sea fluxes modify winds and ocean currents, impacting the
large-scale atmospheric and oceanic circulations.

Trends in near-surface wind speeds over the North Atlantic and Europe show that
wind speeds are more extreme in all months in southern Europe than in northern
Europe (Laurila et al., 2021).

Mean significant wave height has increased since the 1950s over the North Atlantic
north of 45°N, with typical winter season trends of up to 20cm per decade (Rhein et
al., 2013). The warming trend has also increased the frequency and intensity of
marine heatwaves which have devastating impacts on marine life (Laufkotter

et al.,, 2020; Holbrook et al., 2019).

Warmer upper ocean waters drive stronger hurricanes and storms, including the
increased frequency of Mediterranean hurricanes (Flaounas et al., 2022).

Ocean warming is also observed from 4,000 to 6,000m (IPCC, 2022a), meaning that
deep-ocean species could be exposed to its effects as well (Brito-Morales et al., 2020).

Increased upper ocean stratification and deepening of the mixed layer affect the
surface water light regime and nutrient input from the deeper layer, thus reducing
phytoplankton growth and productivity (Xiu et al., 2018).

Acidification, amplified by sea warming, is a major climatic hazard for marine
organisms. Global ocean surface pH is 0.1 pH units lower than in pre-industrial
times, corresponding to a 30% increase in ocean acidification (C3S, 2023b). It is also
impacting deep waters due to the transport of anthropogenic CO, to depth by ocean
currents and mixing (IPCC, 2022a). Altering carbonate chemistry in the deep ocean
makes the saturation horizon depth for aragonite and calcite shallower.



Aloss of 2% of dissolved oxygen has taken place since the 1950s. A further
reduction of 1-7% is expected by 2100, with detrimental consequences for
ecosystems, people and economies (Baillie et al., 2004).

Current situation

Between 1991 and 2022, Europe's seas experienced a sea surface temperature
increase of 0.22°C per decade (EEA, 2023e).

Marine ecosystems in open oceans have declined considerably in terms of species
diversity due to the increased mortality of sensitive species and lower food web
complexity (EEA, 2019d). Seabirds, marine mammals, fishes and turtles have also
declined in abundance (IPBES, 2018b).

Northward expansion of more than 140km per decade has been registered on
average in the north-east Atlantic Ocean (Poloczanska et al., 2013), especially for
pelagic fish communities. Also, the seasonality of some species and the ratio of
warm to cold water species has increased in the north-east Atlantic Ocean and is
correlated with sea surface temperature (EEA, 2022¢).

Phytoplankton biomass and productivity in the oceans have shown variable trends
in low and mid-latitudes, but globally will decline during the next century due to the
deepening of the mixed layer, with consequences for marine food webs.

Carbonate ion transport towards the deep ocean is about 44% lower than in
pre-industrial times, which could severely endanger deep cold water corals of the
Atlantic waters (Perez et al., 2018). In the Mediterranean Sea, the biocalcification
process in cold water corals due to changes in the saturation conditions

of aragonite and calcite has decreased drastically by 50%. This is a direct
consequence of acidification (Maier et al., 2012).

Due to its peculiar biogeochemical and physical processes, the Mediterranean
Sea is one of the seas most impacted by acidification, displaying a wider range
of acidification rates (-0.001 to -0.009 pH units per year) compared to global and
Atlantic trends (-0.001 to -0.0026 pH units per year) (Hassoun et al., 2022).

Overfishing poses a threat to marine ecosystems across Europe. In the north-east
Atlantic Ocean, stock status has improved since 2003, with a decrease of
overexploited stocks from 74% in 2003-2008 to 26% in 2021 (Gras et al., 2023).

In the Mediterranean and Black Seas, the percentage of overexploited stocks
decreased from 73% in 2020 to 58% in 2021 (FAQ, 2023). In the Baltic Sea, only
four out of 15 commercial stocks had good status on average during 2016-2021
(HELCOM, 2023).

Future situation

Impacts on European open ocean systems are very likely to intensify in response to
projected further warming. By 2100, sea surface temperature under the SSP1-2.6
and SSP5-8.5 scenarios will rise between 1°C and 3.5°C in the Mediterranean and
Black Seas, and 1.0°C and 2.4°C in the north-east Atlantic Ocean and the Baltic Sea,
respectively.

By 2100, marine primary production is projected to decrease by 0.3% ata 1.5°C
global warming level and by 2.7% at 4°C warming (IPCC, 2022a). This is expected
to reduce fisheries harvests in low latitudes and alter species distribution at high
latitudes (IPCC, 2022a).
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Seawater acidity could increase by 0.4 pH units by 2100 (IPCC, 2022a). Increased
stratification and reduced primary production will amplify acidification risks. This
will have cascading effects on marine biota and above all on marine calcifying
organisms, including deep-water corals.

The increase of offshore wind farm installations, promoted by the EU's ambition to
be carbon neutral by 2050, might severely impact marine fauna, bottom impacts
and local dynamics variations. On the other hand, there are positive environmental
impacts, such as the reserve and reef effects of the deployment area (due to
reduced fishing) and of the mooring structures (Iza et al., 2022).

4.2.5 Subsystem: Arctic marine ecosystems

Climatic and non-climatic risk drivers

Arctic temperatures are rising more rapidly than the global annual average, driving
snow and ice melting and shrinking polar ice sheet coverage. This contributes to
the increase of sea-level rise and freshwater intake, influencing circulation patterns,
exchange rates and nutrient supply, directly impacting marine primary production
and higher trophic levels (IPCC, 2022a). Between 1972 and 2021, the Greenland

ice sheet lost a total of 5,362 + 527Gt of ice, contributing 14.9 + 1.5mm to global
average sea-level rise (C3S, 2023a).

More intense and frequent extreme events are occurring than in the past,
associated with climate change and sea ice loss (Overland, 2022).

Acidification is more pronounced than in other oceans due to gases' increased
solubility at lower seawater temperatures.

Human exploitation has intensified due to increased accessibility. Ship traffic grew
by 25% during 2013-2019, exposing polar systems to increasing risks from oil spills.
This has repercussions for biodiversity, fisheries and local foods and livelihoods for
indigenous Arctic communities (Melia et al., 2016).

Additional NCIDs are land-sea and long-range atmospheric and oceanic pollution;
riverine nutrient inputs and erosion; commercial fisheries and emissions from
resource exploitation, including mining, minerals, oil and gas extraction.

Current situation

Arctic sea ice area in 2010-2019 decreased by two million km? in summer,
compared with 1979-1988 data.

Increased growth rates at higher temperatures and sea ice decline have resulted
in primary production increasing by 40-60%, with cascading effects on polar food
web structure and function, biodiversity and fisheries (IPCC, 2022a). This results in
additional benefits for fisheries in the Atlantic-Arctic subregion.

Sea warming, sea ice retreat and decreased salinity have led to range contractions
(i.e. when the distribution of a species becomes more limited over time) of Arctic
marine and ice-associated species, due to northward shifts of temperate pelagic
and benthic species. This provides new opportunities for invasive species

(IPCC, 2022a).



+ Acidification is affecting polar marine species. This reduces the survival capabilities
of sensitive species and early stages of zooplankton and larval fish and decreases
the calcification rates of some shell-forming organisms.

+ Behavioural, physiological and distributional changes are observed in marine
mammals and birds in response to altered ecological interactions and habitat
degradation (IPBES, 2018b).

Future situation

+ The Arctic Ocean is predicted to become free of sea ice (i.e. less than 1 million km?
coverage) during the seasonal sea ice minimum (summer) before 2050
(IPCC, 2022a).

+ Higher light availability and changes in deep mixing are projected to expand primary
productivity. By 2100, this will lead to an increase in phytoplankton biomass of
almost 20% for the SSP1-2.6 scenario and 30-40% for the SSP5-8.5 scenario.
Phytoplankton richness will also increase by up to 30% (Henson et al., 2021). These
changes will have consequences for the potential fisheries catches.

«  Surface pH will decrease by 0.1-0.6 units by 2100 (IPCC, 2022a). Polar organisms'
sensitivity to acidificati