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Introduction

Risk evaluation in the EU: is the EU ready and adapted to climate
changes?

What is the EU framework on climate adaptation?
How was it applied until now?

Climate-ADAPT: a platform to share projects and example of climate
adaptation

Technical guidance on adapting buildings to climate change
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2024 Amendment to ISO 14.001

Clause 4.1 Understanding the organization and its
context

'The organization shall determine whether climate
change (s a relevant issue!

Clause 4.2 Understanding the needs and
expectations of interested parties

'‘NOTE Relevant interested parties can have
requirements related to climate change.
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What is adaptation to climate change?

reduce CLIMATE
CHANGE
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* https://youtu.be/R2I6pydT2QQ
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https://www.eea.europa.eu/en/topics/in-depth/climate-change-impacts-risks-and-adaptation

EUCRA: a comprehensive assessment
of major climate risks facing Europe

@ to help identify adaptation-related
\>  policy priorities for the next Commission

@ to inform the further development of
Eﬂ ' EU policies in climate-sensitive sectors

to support the prioritisation of
*#%| adaptation-related investments for the
next Multi-annual Financial Framework

to provide a reference for conducting
national and regional climate risk
assessments

(including for EU Mission on Adaptation)

European climate risk assessment
Executive summary

| EEA Report 01/2024




Europe is not sufficiently prepared
for rapidly growing climate risks

« Climate risks are growing rapidly as we
approach 1.5 degrees global warming.

« Europe is the fastest warming continent.

« Climate risks are threatening ecosystems,
water resources, food and energy security,
infrastructure, financial stability, and
people’'s health.

European climate risk assessment
Executive summary

EEA Report 01/2024




N Monthly global surface air temperature anomalies

Data source: ERA5 - Reference period: pre-industrial (1850-1900)
Credit: C3S/ECMWF

2.0°C

2024 2023

October
1.5 1.65°C

1.0
0.5

Pre-industrial reference (1850-1900)
0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

IMPLEMENTED BY
PROGRAMME OF . 7~ Climate
l aa)
- THE EUROPEAN UNION Gp(r—‘;mlcgs S ECMWEF @ Change Service

Global climate
change: our
current reality

2023 was the warmest year on
record globally

Each month from June 2023
to June 2024 has broken
previous global records

The summer 2024 was
the warmest summer globally
and in Europe

Europe is increasingly
experiencing unprecedented
climate-related extremes



European warming projected to increase, but how much?
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Source: Observed and projected temperature increase over European land area, Copernicus climate change service based on CMIP6



Climatic risk drivers are accelerating in all European regions

Land regions Northern Western Central-Eastern Southern European
Europe Europe Europe Europe regional
Past| Future |Past| Future |Past| Future |Past| Future e Past |Future
Low | High Low | High Low | High Low | High
Mean temperature A i (e A A 2 A A A 2 A A | |Sea surface A A
Heat wave days aw| A lAa[alalalalalalal]a]n ||temperature
Total precipitation 2 A N | 7 N 3 ||8ea leyal . .
Heavy precipitation | 7 Z 0 Al A A A 7 A
Drought N 7 A 2 2 A A
Legend
7 Increase
7 Increase

(limited agreement
between models,
datasets or indices)

N Decrease

N Decrease
(limited agreement
between models,
datasets or indices)

- Low confidence
in direction of change

O No change

/
Note

* Other heatwave
indices show
an increase
for the past

Europe is the fastest
warming continent.

Heatwaves are getting worse.

Rain patterns are changing,
with both downpours and dry
spells increasing in magnitude.

Sea levelrise is accelerating
and threatening coastal regions.

Hotspot regions for multiple
climate risks.

o Southern Europe
o Low-lying coastal regions
o EU outermost regions



Climate risks can
cascade

from one system to
another

Climate-related hazards Non-climatic risk drivers

§ £ D=2k 08 5§ fa o

and Cascading impacts and risks

Infrastructure

Health

conomy and finance

é @ @ Risk cluster
QO Ccross-c utting field




36 major risks for Europe : :
Economy and finance Ecosystems Urgeﬂt aCtIOﬂ |S

%@ @ needed in all five

risk clusters

Almost all

selected major
risks can reach
critical or even

Urgency to act:

@ Urgent action needed

@® More action needed
Further investigation

Sustain current action
Infrastructure Watching brief Food

catastrophic levels
@ during this century

_.._.}v
@ European Climate Risk A mntviwr‘?,")}


https://climate-adapt.eea.europa.eu/en/eu-adaptation-policy/key-eu-actions/european-climate-risk-assessment/eucra-viewer-major-risks

Major challenges in all five assessed risk clusters

Ecosystems

Coastal ecosystems

Marine ecosystems

Biodiversity/carbon sinks due to wildfires ()
Biodiversity/carbon sinks due to wildfires
Species distribution shifts
Ecosystems/society due to Invasive species
Soil health

Aquatic and wetland ecosystems

Biodiversity/carbon sinks due to droughts
and insect outbreaks
Cascading impacts from forest disturbances

Infrastructure

Pluvial and fluvial flooding

Coastal flooding

Damage to infrastructure and buildings
Energy disruption due to heat and drought (")
Energy disruption due to heat and drought
Energy disruption due to flooding

Marine transport

Land-based transport

Food Health
Bl Crop production (") B Heat stress - general population
Il Crop production B Population/built enviromnent due to wildfires (')
B Fisheries and aquaculture B Population/built enviromnent due to wildfires
B Food security due to higher food prices B Well-being due to non-adapted buildings
B Food security due to climate impacts B Heat stress - outdoor workers (')
outside Europe B Pathogens in coastal waters
Livestock production B Health systems and infrastructure

Economy and finance

European solidarity mechanism

Public finances

Property and insurance markets
Population/economy due to water scarcity (')
Population/economy due to water scarcity
Pharmaceutical supply chains

Supply chains for raw materials and components
Financial markets

Winter tourism

Infectious diseases
Heat stress - outdoor workers

Note: (') Hotspot region: Southern Europe

/


https://climate-adapt.eea.europa.eu/en/eu-adaptation-policy/key-eu-actions/european-climate-risk-assessment/eucra-viewer-major-risks

EUCRA: main takeaways

Several major climate risks have already reached critical levels

Almost all (34 out of 36) major climate risks could reach critical
or even catastrophic levels during this century under high
warming scenarios

Societal preparedness is lagging behind the fast increase in
major climate risks

We must act now to increase our resilience now and in the future

Climate adaptation policies need to consider multiple policy
objectives together

Most of the major climate risks are co-owned by the EU and its
Member States

Stronger EU policy action is urgently needed to manage several
major climate risks | B i




EUCRA uptake by EU institutions and other stakeholders

Euro pean Commission Commission sets out key steps for managing climate risks to
protect people and prosperity

12 March: EC Communication
12 March: Press conference

European Parliament

« 12 March: Plenary debate
* 19 March: ENVI Committee

Opening statement by Wopke Hoekstra, European

Council of the EU Commissioner, on EU climate risk assessment, taking urgent
action to improve security and resilience in Europe, extract
s 25 March: Environment Council from the plenary session of the EP

- Share the video

e 17 June: Environment Council

« Council Working Partys on Environment, Energy,
Health, Tourism, Industry, and Agenda 2030

Belgian Council Presidency

« High-level conferences on climate adaptation



https://climate.ec.europa.eu/document/download/b04a5ed8-83da-4007-9c25-1323ca4f3c92_en?filename=communication_on_managing_climate_risks_en.pdf
https://audiovisual.ec.europa.eu/en/topnews/M-009583
https://audiovisual.ec.europa.eu/en/video/I-254302
https://multimedia.europarl.europa.eu/en/webstreaming/committee-on-environment-public-health-and-food-safety_20240319-0845-COMMITTEE-ENVI
https://www.consilium.europa.eu/en/meetings/env/2024/03/25/
https://www.consilium.europa.eu/en/meetings/env/2024/06/17/
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Climate adaptation in the EU

special report
not keeping up with ambition

Action

Performance AUDIT

7 November 2024 Céline Ollier


https://www.youtube.com/watch?v=R2l6pydT2QQ
https://www.youtube.com/watch?v=R2l6pydT2QQ
https://www.youtube.com/watch?v=R2l6pydT2QQ
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0 What is adaptation to climate change?

reduce CLIMATE
CHANGE
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0 Why climate adaptation to CC is important?

» Frequency and severity of extreme climate events is
Increasing

» Economic losses from extreme climate events are
Increasing

+3°C
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EU economic loss up to €175 billion per year




. What did we look at?

» EU climate adaptation
framework

»EU funding




e What is the EU framework on adaptation?

¢ O QY

Paris Agreement EU Climate Law

~ Global goal on adaptation ~ Enhancing adaptive capacity,

» Adaptation planning and monitoring strengthening resilience, reducing
» Cooperation with developing countries vulnerability to climate change

» Coherent policies on adaptation
Sustainable Development Goal 13

- Climate Action: Take urgent action to Regulation on the Governance of the
combat climate change and its impacts Energy Union and Climate Action
» larget 13.1: Strengthen resilience and ~ Reporting on climate adaptation
adaptive capacity to climate-related (articles 17 and 19)
hazards and natural disasters in all
countries EU adaptation strategy and EU climate

risk assessmentdocuments*

U,

» A climate-resilient Europe by 2050

U ™



e How was it applied until now?

+44°C I +4.9°C

I = +3.1°%C

+1.7°C

Estonia

2013 2007

RATY
& G,

l +4°C

Austria
France

2024

EU adaptation strategy

Smarter adaptation More systemic adaptation
¥y
\
®
EU Adaptation
Stratey
Faster adaptation International actions

National Adaptation Strategy/Plan

National adaptation frameworks consistent with the
EU adaptation strategy

Different projected temperature increase by 2100

Conflicting priorities at sectorial and regional leme
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How was it applied until now?

* Descriptive/qualitative reporting

» Difficult to assess progress made by member states in
implementing their adaptation actions

* Most municipalities were not aware of:
- the different adaptation strategies and plans.

- EU tools (CLIMAT-ADAPT, Copernicus, Covenant of Mayors)

. We have a local
adaptation plan

B &

79 %

We are working on it 48 %

We don't have a local
adaptation plan

Cities Towns Rural areas
AT, and suburbs
3 %,

o EUROPEAN
COURT
' OF AUDITORS Page 7




@ EU financial support for climate adaptation

» Several EU funds and instruments support climate adaptation:

- EU budget from €8 (2014-2020) to €26 billion (2021-2027):

- Agriculture (difficult to evaluate the EU
support)

- Cohesion and regional development

- Research and innovation:
EU Mission on adaptation

- Recovery and Resilience Facility




e

RATY,

v’ 36 EU-funded projects analysed

each square = one project

. in line with EU not in line with the . not in line with the no conclusion

adaptation strategy EU adaptation EU adaptation possible

and increase strategy or do not strategy and increase

adaptive capacity increase the vulnerabilities

adaptive capacity
GRe 2
Forest Coastal Mountainous

Flooding Water scarcity management erosion areas

EUROPEAN
COURT
OF AUDITORS
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Flooding and water retention- promoting nature-
based solution

Coastal erosion long term solution needed

Page 10



Irrigating water-intensive crops counter to climate
adaptation

N ada

@,{g > Climate adaptation means forest diversification

Mountainous areas- reduced snow poses

challenges for ski tourism




Thank you
for your attention!

N 2028 15

Climate adaptation in the EU

Find out more about the other | o ottesing i amiten
products and activities of the ECA:

eca.europa.eu
ECA-InstitutionalRelations@eca.europa.eu

@EUauditors

EUROPEAN COURT OF AUDITORS
12, rue Alcide De Gasperi

1615 Luxembourg
LUXEMBOURG

RATY,
AP (e)
O)?A Y,

u |
EUROPEAN COURT
OF AUDITORS




Interinstitutional EMAS days Session 6

~ SHARING ADAPTATION 6 November 2024
CI I m ate KNOWLEDGE FOR

AD APT EU(;L(;I;HSTE-RESILIENT

EU support for adaptation practice through the European
Climate Adaptation Platform (Climate-ADAPT)

European Environment Agency

Supported by the European Topic Centre on Climate Change Adaptation and
LULUCF (ETC/CA)

~\V/

European Environment Agency 5 _)



Climate-ADAPT - Sharing knowledge for a climate resilient Europe

Jointly managed by European Commission and EEA [ et st st
Climate fami

) { AIDAPT a;%g:TE—RES\UENT lEF\faiS

Knowledge for all steps of the adaptation policy cycle

About Transnational, National, Local EU Policy Knowledge Netwollks Polski PL

Ta rg-e‘t groups: _ o Discover the key services, thematic
Decision-makers at all governance levels in EU and organisations features and tools of Climate-ADAPT

. Sharing adaptation knowledge for a Climate-Resilient Europe
supporting them

OUtreaCh 2023: Climate-ADAPT strategy 2022-2024
Ave rage wee kly Vi Sits . 16 OOO Sharing knowledge for a climate-resilient Europe
Average weekly page views 26 700

Ha B )52 G @

Key Services  Adaptation in sectors ~ Case studies  Adaptation supporttool  Country profiles  Resource catalog

Egropean @ . EUROPEAN
fl Climate Data M CLIMATE AND HEALTH
§ Explorer

‘OBSERVATORY

Developed under multiannual strategies

EU Mission on Adaptation European Climate Data Explorer European Climate and Health European Climate Risk
Observatory A t
The EU Mission on Adaptation to Provides interactive access to ssessmen
. o . Climate Change portal provides many climate indices from the The European Climate and Health The European Climate Risk
5 M u It I Ia ngu age ve rs| o n S (a u to m atl C relevant information and resources ~ Copernicus Climate Change Observatory provides accesst0a  asgessment provides a
to European regional and local Service in support of climate wide range of relevant comprehensive assessment of the
. authorities to prepare and plan for ~ change adaptation. publications, tools, websites and major climate risks facing Europe
tra n SI atl On ( D E’ ES’ F R’ I-I-’ P L) climate resilience other resources related to climate today and in the future.

change and health

Weblink Climate-ADAPT: https://climate-adapt.eea.europa.eu/

. W
European Environment Agency ";};')}

rrrrrrrrrr



https://climate-adapt.eea.europa.eu/
https://climate-adapt.eea.europa.eu/en/about/climate-adapt-strategy-2022-2024-final.pdf

Overview on EU policies and actions per sector

o.. dba Spisebordsstol, Tree.. [ ] EEAIT [ Interesting tools  [7] Climate Services [T Teskman  [7] Eione

=, > [T R— BN

EU adaptation framework in 19 policy sectors % Climate sz

EUPolicy | Transnationa

Structure:

(linked to the structure of the Adaptation Support Tool (AST))
Buildings

- Key messages

- Policy framework

(focus on link to the EU Adaptation Strategy)

- Improving the knowledge base

- Supporting investment and funding

- Supporting the implementation of adaptation

- Monitoring, reporting and evaluation

Indicators, resources and case studies

™ A 7 o ®

!

i N A

|

Agriculture Biodiversity Buildings Business and Coastal Cultural Disaster risk Energy Financial Forestry b i
Industry areas Heritage reduction Highlighted incicators
>
© O » w @ B
1l

Health ICT Land use Marine and Mountain Tourism Transport Urban Water
planning fisheries areas management

2/

European Environment Agency $ _)




EU knowledge, complementary to national level platforms (l)

5

Implementation

@@

4

Assessing
adaptation
options

H®

Preparing
the ground
for adaptation

2

Assessing
risks and
vulnerabilities
to climate
change

3

Identifying
ELETEN LT
options

oo

Adaptation \

Support Tool o

o

o~

~

)

”

\.

o
‘-
4_ v ©® Urban

Adaptation Support Tool

Covenant of Mayors
o for Climate & Energy

AST, RAST, UAST

Tool for designing the policy
cycle at
national/regional/urban
level

Overview list of all indices

European Climate Data Explorer

Explore adaptation options

Climate impact

All climate impacts ~

Sector

All adaptation sectors ~

» Desalinisation

» Adaptation of integrated land use planning

» Rehabilitation and restoration of rivers and floodplains
» Establishment and restoration of riparian buffers

» Monitoring, modelling and forecasting systems

» Water sensitive forest management

» Adaptation of groundwater management

» Economic incentives for behavioural change

» Green spaces and corridors in urban areas

» View all

iz category Hazard ype Inscster

Coastal

2 domninas

ECDE

Copernicus climate
data and indicators
for various impacts
on sectors
(NUTSO0-NUTS2)

Catalogue of 58 adaptation options perimpact and

policy sector, type of measure (KTM)

\
European Environment Agency g’_}


https://climate-adapt.eea.europa.eu/en/knowledge/tools/adaptation-support-tool

EU knowledge, complementary to national level platforms (ll)

EU Mission on adaptation Portal

Indicator frameworks (Q4 2024)

Climate-ADAPT Case study explorer

v c I H t SHARING ADAPTATION
, EU | z <. IMATE€ «knowLence For

The case study explorer visualises the geographic location and distribution of Climate-ADAPT case studies. ADAD A IONTO CLIMATE Criance SIS D PT A CLIMATE-RESILIENT

£ 3150 enables Users 1 fiiter case studies TrOUSN Thres Crteri: 1) the sactors addressed by the case STUGISS in terms of Cimate Crange sdaprarion, 2) the cimate change (A A A EUROPE

impacts they cope with and 3) the categories of adaptation options implemented.

Once criteria are set, the map visualises the location of corresponding case studies. Basic information on each case study can be recalled by dicking to its location; this also

includes tne link to the extended case scudy description and the links to the description of the adaptation optons implemented.

The Case stucy explrer provides lso access o casestudies prepared at natianallvel i Spein, provided by the Patform forthe exchange.and cansuaton of nformation on A . . :

1 37 State Of apraton to Gimete charge n Spein 2 aptectacs ¢ " Y s The Mission Projects Solutions Knowledge and Data Funding

L.

1

Preparing
the ground
for adaptation

Adaptation Sectors >

the-art case )
studies per . [P
sector, impact, OO L
location 2 ¢™ i .

\\+i

. © =
(=3 o
Lo@. S e
®us
e 90 g0
gy < Assessing
0® co -
°e 3 risks and
A 0.C Y ea S vulnerabilities D]]j]]
= leve i spoin praveeaty to climate

- AdapreCCAes

change

3

Assessing Identifying
adaptation adaptation
options options

[\ ot ** Climate
Cli ’
W st tgg) ADAP

About ~ Policy context~ Evidence on climate and health - Resource catalogue ~ Publications and outreach ~

European Climate
- and Health Observatory

\ y S to a wid ge of relevant
Structured overview on adaptation actions ] bsites and other resourcgg

at EU, transnational and national level related to.climate sizgs angea

E Envi A ‘}\ ”
The Adaptation Support Tool Knowledge and guidance for key uropean Environment Agency ‘7-)

vulnerable sectors


https://climate-adapt.eea.europa.eu/en/knowledge/tools/adaptation-support-tool

Climate-ADAPT Case study explorer

N ew k nowled ge searc h a b I e Access to Climate-ADAPT Case studies

To learn from diverse experiences, explore Climate-ADAPT case studies through the map-based Case study explorer below. Case studies can be explored
through the following three filters

About Transnational, National, Local EU Policy Knowledge Networ Adaptation Sectors — Users can navigate across 19 adaptation sectors addressed by the case studies in terms of climate change adaptation.
Climate Impacts — This filter enables users to filter case studies through climate change impacts they cope with

Key Type Measures - This filter enables users to select case studies through the categories of adaptation options implemented. The adaptation options are
abelled by Key Type Measures (KTM). The KTM are a common framework and reporting approach for climate change "
wider variety of adaptation options and measures across EEA Member countries.

Climate-ADAPT Case study explorer

B t Adaptation sectors v

Adaptation elements A
@ » Knowledge y Tools 3 Climate-ADAPT Case study explorer |
aeg
Finland [] Observations and
Scenarios

Norwsy [] Vulnerability Assessment

Search for Climate-ADAPT case studies by [ p L] Clmatesevcs

[] Economic aspects

e geographic location, - ) et s

. [] Nature-based solutions
 impacts addressed, 9 - =
. = Poland Mitigation aspects
* policy sectors L
zechia Ukraine potential
* measures applied 7 wRe

[[] Just Resilience

Climate impacts v

' Keytypemeasures WV

New L —

@ Climate-ADAPT case studies

Case studies collected at national

Search for 6 learning aspects with new filter F £ |
. o level in Spain, provided by
‘Adaptation elements’ dapecCAes

You can also access case studies through the Climate-ADAPT database. The database enables filtering case studies by ‘adaptation sectors’ they address,
‘climate impacts * they cope with, ‘adaptation elements' they apply and by ‘countries’ and ‘transnational regions’ where they are located

. ) W
Climate-ADAPT case study explorer European Environment Agency ::-;,_)


https://climate-adapt.eea.europa.eu/en/knowledge/tools/case-study-explorer

Objectives of the EEA Policy Briefing

The briefing = | s
1. complements 2024 EEA
reports and online
products with practical
examples to facilitate |
further action A v , Responding to climate change

: : impacts on human health in
EUTOIJAO::Q(S:;I$:;¢: i Europe: focus on floods,

droughts, and water quality

2. supports learning on
effective adaptation for
societal preparedness

Preparing society for climate risks in Europe - lessons and
inspiration from Climate-ADAPT case studies

3. promotes using the
broader catalogue of
Climate-ADAPT case

studies

Preparing society for climate
risks in Europe - lessons and
inspiration from Climate- v
ADAPT case studies European Environment Agency “%’_‘)}



https://www.eea.europa.eu/publications/european-climate-risk-assessment
https://www.eea.europa.eu/publications/responding-to-climate-change-impacts/
https://www.eea.europa.eu/publications/urban-adaptation-in-europe-what-works
https://www.eea.europa.eu/publications/preparing-society-for-climate-risks-in-europe
https://www.eea.europa.eu/publications/preparing-society-for-climate-risks-in-europe

Support addressing climate risks across regions, governance levels and policy sectors

Policy sectors:

Climate-ADAPT case studies per policy sector
* Key vulnerable sectors reported by EU Member States (health,

Water management |

agriculture, forestry and biodiversity) addressed Disster sk recueon ()
* Health substantially increased, due to activities under the European et
Climate and Health Observatorv puidings
* Complementing new EU adaptation initiatives for 6 sectors with o
. . . . Land use planning |
practical evidence through new case studies (ongoing) e
. . . . . Enersy
* Coverage of the marine and fisheries, forestry, financial, transport and ansport
. Mountain areas |
energy sectors to be further improved o
Tourism |
Business and industry || | [ A EEEEEEN
A /J Marine and fisheries [l
E‘f ey Information and communication technologies (ICT)
‘.‘% y ﬂ E ] m A 5 lllll 9 Cultural heritage
Agriculture Biodiversity Buildings Business and Coastal Cultural Disaster risk Energy Financial Forestry o specific [

Industry areas Heritage reduction 0 10 20 30 40 50 60

Number of case studies

©O 0 @ & ~ @ & &K o

Health ICT Land use Marine and Mountain Tourism Transport Urban Water
planning fisheries areas management

Peri-urban Sonian beech forest, Belgium and the Water saving strategy Bosco Limite, Italy: for
many types of northern as well as southern and coastal forests, building up a diversity of tree
species helps distribute vulnerabilities, since not all tree species are susceptible to the same
stress, such as drought or erosion at the same time.

Intercommunal trauma centre, in Schleiden, Germany: a region provides free short- to long-term
psychosocial support to citizens and emergency service workers to mitigate the mental health
impacts of extreme evens such as heavy rain and resulting flood events.

.‘é”
>



https://climate-adapt.eea.europa.eu/en/observatory
https://climate-adapt.eea.europa.eu/en/observatory
https://climate-adapt.eea.europa.eu/en/metadata/case-studies/climate-change-adaptation-in-a-peri-urban-beech-forest-with-a-high-number-of-visitors-sonian-forest-belgium/
https://climate-adapt.eea.europa.eu/en/metadata/case-studies/bosco-limite-a-participatory-strategy-of-water-saving-and-aquifer-artificial-recharge-in-northern-italy/
https://climate-adapt.eea.europa.eu/en/metadata/case-studies/intercommunal-trauma-centre-for-psychosocial-assistance-in-response-to-floods-in-schleiden-germany

Support addressing climate risks across regions, governance levels and policy sectors

Addressing risks identified in EUCRA:
* Climate-ADAPT case studies can inspire action
for 36 EUCRA risks

» Often several risks simultaneously addressed

e 2risks related to food security in the food
cluster and some risks in economy and finance

European Climate Risk

Assessment cluster not yet covered

Finance  Food  FEcosystem = Human Health = Infrastructure 4F

Source: ETC CA, 2024

lx
Source: EEA, 2024 European Environment Agency g'_)



Learning opportunities on implementing adaptation with synergies

Showcasing learning on

* mainstreaming of adaptation

e avoiding maladaptation

* making adaptation efficient

* Implementing adaptation at scale

observations and scenarios O

vulnerability assessment O

adaptation measures
and actions

@ environmental aspects
mitigation aspects
64
31
68 3# social aspects

19 g economic aspects

0

replication/upscaling potential

adaptation plans
and strategies O

sector policies O

nature-based solutions O

climate services O

cost-benefit analysis and
maintenance costs

just resilience O

MRE ()

EEA, 2024

European Environment Agency

W

7
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Learning opportunities on implementing adaptation

Comparing costs and benefits of adaptation actions can be improved in Climate-ADAPT

| @ I :case studies

Flood protection Prague, Czechia case study needs to cope with uncertainties linked
to future water-related extreme events. It presents one of the most comprehensive
and detailed CBAs. It applied a range of cost-benefit comparisons under different
severity scenarios and return periods.

The Hydropower plant flood risk management France case study explicitly
considered maintenance costs and described a solution with negligible or zero

maintenance costs.

23 out of 128 studies with quantitative information about either costs or benefits or both, with
varying degrees of accuracy

Maintenance costs often crucial for the success of adaptation actions, pose a risk of
discontinuing the activity if they are too high. Few case studies consider maintenance costs.



https://climate-adapt.eea.europa.eu/en/metadata/case-studies/realisation-of-flood-protection-measures-for-the-city-of-prague
https://climate-adapt.eea.europa.eu/en/metadata/case-studies/fd

Climate-ADAPT and its subsites

Climate-ADAPT
https://climate-adapt.eea.europa.eu/

New Climate-ADAPT newsletter subscription:
https://subscriptions.eea.europa.eu/newsletter-

subscription-climate-adapt

Feedback/questions:
climate.adapt@eea.europa.eu

European Climate and Health Observatory
https://climate-
adapt.eea.europa.eu/en/observatory

EU Mission on Adaptation to Climate Change
Portal:

https://climate-
adapt.eea.europa.eu/en/mission

Mews|etter RSS feed

B

Newsletter

Check the European Climate Adaptation
MWewsletter and register to receive it in your e
mail:

Sign me up

° . SHARING ADAPTATION
.?’ A Climate KNOWLEDGE FOR
c -RES|

% ADAPT iciireresiier

Issue June 1, 2024

European Climate Adaptation Newsletter

Editorial

Since 2012, Climate-ADAPT supports and drives EU adaptation policy and practice.
In line with the 2022-2024 Climate-ADAPT strategy, the Climate-ADAPT
performance and layout were improved by embedding the platform into the
modernised EEA website A further upgrade of Climate-ADAPT content and

functionalities will follow in 2025, using the findings of the Climate-ADAPT
evaluation. We invite you to explore the new look and feel of Climate-ADAPT and to
share with us any feedback via our contact address

climate.adapt@eea.europa.eu).

The Climate-ADAPT Team at the European Envirenment Agency
and the European Commission

EU policies and EEA activities

EEA report: Europe is not prepared for rapidly
growing climate risks

Read more

® Cesan
PIX [EEA

European Commission's Communication on
managing climate risks in Europe

I
Read more European
Commission

© European Commission

EEA report: Cities are key to a climate-resilient
Europe, stronger adaptation targets can boost
progress

| i

\
European Environment Agency $_)


https://climate-adapt.eea.europa.eu/
https://subscriptions.eea.europa.eu/newsletter-subscription-climate-adapt
https://subscriptions.eea.europa.eu/newsletter-subscription-climate-adapt
mailto:climate.adapt@eea.europa.eu
https://climate-adapt.eea.europa.eu/en/observatory
https://climate-adapt.eea.europa.eu/en/observatory
https://climate-adapt.eea.europa.eu/en/mission
https://climate-adapt.eea.europa.eu/en/mission
https://subscriptions.eea.europa.eu/newsletter-subscription-climate-adapt?utm_source=hs_email&utm_medium=email&_hsenc=p2ANqtz--X2wi0ZL3nN0IDJDGKJUe-On9KV3dMHR7_e9uuFe9rRAT4N4Tfc_pYq3pJqjFJTGjdKfTF

Paving the way
for climate-resilient buildings

R A M B L L E{Jisgtggniggﬁas'change.
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sustainable buildings and strategic advisory within the built
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1. What can be found in the

Age n d a EU-level Technical Guidance and Best Practice Guide for adapting
buildings to climate change?

2. How a climate risk and vulnerability assessment can help your
buildings become climate change resilient?

3. How to use the Best Practice Guide to identify adaptation solutions
for a building

4. Audience Q&A
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What can be found in the

Technical Guidance and Best Practice
Guide?
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What can be found in the
Technical Guidance and Best Practice Guide?

POLICY & STANDARDS REVIEW BEST PRACTICE GUIDANCE
European Policy & Standardization Environment Best Prjactlce for.gnhancmg
TECHNICAL GUIDANCE Adaptation Review BEST PRACTICE GUIDANCE Climate Resilience
Includes:

* Case studies
* Solutions for each project stage
* Building sector actors

Climate Resilience in Structural Design Review

Download

mmmmmmm

Climate Resilience Rating Approach

Ramboll



Climate change is reshaping the world

EU Level technical guidance on adapting buildings to climate change

Northern Europe

In the western part of northern Europe, climates vary
from maritime to maritime subarctic climates. The
northern and central areas of the Northern European
region are characterised by subarctic climates. Summers
in this region are typically mild and humid. Winters
are typically humid and cold, with snow covering the
ground in the most northern areas

' Western & Central Europe

Western & Central Europe

Western Europe has an oceanic climate influenced by the
Gulf Stream. The region is characterised by cool to warm
humid summers and cool, wet winters with often overcast
skies. Prolonged frost periods are rare. Hot summers have
historically been rare;, however heat waves have increased
in frequency and intensity in recent years.

Central Europe is characterized by a more continental
climate, with colder long-lasting winters and hot summers.

Northern Europe

EU Level technical guidance on adapting buildings to climate ct

Mediterranean

The Mediterranean climate is characterized by dry
summers and mild, wet winters and a generally hilly
landscape. In the dry summer months, precipitation
can become extremely scarce. Continental areas of the
Mediterranean can be particularly hot and semi-arid
(Natura 2000, n.d.).

Nérthnrn :Europe

‘Western & Central Europe

Heat & Cold

Me dlterrane’an_

Mean surface temperature and extreme heat events are anticipated to increase,
with a high level of confidence.

Cold spells and frost events are predicted to decrease with a high level of
canfidence.

Wet & Dry =

Mean precipitation levels have been increasing and will continue to do so, with a
high level of confidence.

Heavy precipitation and pluvial flooding have been increasing and will continue to
do so, with a high level of confidence.

River flooding has been decreasing and may, with a medium level of confidence,
continue to do so.

There is low confidence in the direction of change for the quantity of landslides,
aridity, droughts (hydrological, agricultural and ecological) and fire weather.

Wind .

A downward trend has been observed in mean wind speed, which is expected to
continue with medium confidence,

Severe windstorms may increase, with a medium level of confidence.
Tropical cyclones and sand and dust storms are not relevant in this climatic zone.

Snow & lce  *

A decrease in snow, glacier, ice sheet, and permafrost, and lake, river and sea ice
has been observed. This trend is expected to carry on in the future with a high level
of scientific confidence.

There is low confidence in the direction of change for heavy snowfall, ice storms,
hail and snow avalanches in this climatic zone.

Heat & Cold

Mediterranean

Mean surface temperatures and extreme heat events have been cbhserved to be
increasing. These are anticipated to continue increasing in the future, with a high
level of confidence

Cold spells and frost events are predicted ta continue decreasing in the future,
with a high level of confidence

Wet & Dry

Mean precipitation levels have been increasing but there is a low level of confidence
in future change.

River flooding, heavy precipitation and pluvial floods have been increasing and
will continue to do so, with a high level of confidence,

Hydrological, agricultural and ecological droughts and fire weather is expected to
increase with medium confidence.
There is low confidence in the direction of change in landslide and aridity.

Heat & Cold -

An upward trend has been observed in mean surface temperature and extreme
heat, which is predicted to continue upwards in the future with a high level of
confidence.

There has been a decrease in cold spells in this climatic zone and this is predicted
to continue with a high level of confidence. Frost events are also predicted to
decrease with a high level of confidence.

Wet & Dry =

Mean precipitation levels are expected to decrease, with a high level of confidence
for change in the future.

River flooding has been decreasing and may, with a medium level of confidence
continue to do so.

Aridity, droughts (hydrological, agricultural and ecological) and fire weather are
predicted to increase in the future, with a high level of confidence

There is a low level of confidence in the direction of change for landslides.

Heavy precipitation events and pluvial flooding are anticipated to increase, with a
medium level of confidence

Coastal .

Relative sea-level, marine heatwave and ocean acidity are all predicted to increase
in the future, with a high level of confidence.

There is no past noticeable trend in coastal flood and erosion but there is high
confidence in their future increase,

Source:

Wind .

A downward trend has been observed in mean wind speed, which is expected to
continue, with a high level of confidence.

Severe windstorms may increase, with a medium level of confidence

There is a low level of confidence that the number of sand and dust storms will
change. Tropical cyclones are not relevant in this climatic zone

Wind + Mean wind speeds have been observed to be decreasing, however there is low
confidence in the direction of future changes.
« Severe windstorms may increase, with a medium level of confidence.
+ Thereis a low level of confidence in the direction of change in sand and dust storms
Tropical cyclones are not relevant in this climatic zone.

Snow & lce  + A decrease in snow, glacier, ice sheet, and permafrost, and lake, river and sea ice
has been observed. This trend is expected to carry on in the future with a high level
of scientific confidence.

* There is low confidence in the direction of change for heavy snowfall, ice storms,
hail and snow avalanches in this climatic zone.,
Coastal « An upward trend has been observed in relative sea-level, marine heatwave and

ocean acidity, which is predicted to continue upwards in the future with a high level
of confidence., Whilst there is no past noticeable trend in coastal flood and erosion,
there is high confidence in their future increase.

Source:; |PCC Interactive Aflas Regiona!

Snow & lce -

g

A decrease in snow, glacier, ice sheet, and permafrost, and lake, river and sea ice
has been observed. This trend is expected to continue in the future, with a high level
of confidence.

There is a low level of confidence that the guantity of heavy snowfall, ice storms,
hail and snow avalanches will change in this climatic zone

Coastal -

Summary

An upward trend has been observed in relative sea-level, marine heatwave and
ocean acidity, which is predicted to continue upwards in the future, with a high
level of confidence.

There is high confidence in coastal flood and erosion increasing in the future

Source: |PCC Int: tive Atlas Regiona

Each climatic zone within Europe Is anticipated to experience an increasing number of heat wave,
storm, heavy precipitation, and flooding events. Droughts and wildfires are anticipated to increase in
Western & Central Europe, and the Mediterranean in particular.

Best practice building adaptation solutions will therefore have to improve resilience against these
climate-relates hazards.

14



Climate change is reshaping the world

Ramboll

Temperature-related

Changing temperature
(air, freshwater, marine water)

Heat stress
Temperature variability

Permafrost thawing

Heat wave
Cold wave

Wildfire

Wind-related

Changing wind patterns

Cyclone, hurricane, typhoon

Storm (including blizzards, dust and
sandstorms)

Tornado

Water-related

Changing precipitation patterns and types
(rain, hail, snow/ice)

Precipitation or hydrological variability
Ocean acidification
Saline intrusion
Sea level rise
Water stress
Drought
Heavy precipitation
Flood (coastal, fluvial, pluvial, ground water)

Glacial outburst

Solid mass-related

Coastal erosion

Soil degradation

Soil erosion

Solifluction

Avalanche

Landslide

Subsidence
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What does the best practice guidance cover?

rr Guidance on climate adaptation measures at the building scale
() rr across the climatic regions of Europe

ﬁ rl Present adaptation solutions

Orientate stakeholders across the building industry to the actions that
they can take to improve building performance

—_—
/

Support the development and alignment of key EU policies

Ramboll



Meet Matilda
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Stranded assets
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How a climate vulnerability and risk
assessment can help your buildings
become climate change resilient.
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Why conduct a Climate Vulnerability and Risk Assessment (CVRA)?

A
-

Tool to identify where there is a need to adapt to future
climate change

Provide a summary of key hazards to inform prioritisation of
design measures

Requirement of EU Taxonomy regulation (for alignment with
any of the 6 objectives)

o IB

Inform financial disclosure (e.g. Task Force on Climate-related
Financial Disclosures)

Ramboll



Climate Vulnerability & Risk Assessment Methodology

Phase 1: Screening

* Summary of existing approaches to CVRA that m ----------- :
are potentially relevant to buildings. E

* |dentifies core elements required and 4----
modifications needed to complete a CVRA for

a building.
v

a ADAPTATION

* A practical, phased approach is suggested. Phase 2: Risk assessment

Ramboll



CVRA in Practice: Matilda’s building
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CVRA in Practice: Matilda’s building

STEP O: INITIAL SCREENING
Which hazards can be scoped out?

STEP 1: EXPOSURE
To what extent would the site be
exposed to the relevant hazards?

STEP 2: SENSITIVITY
To what degree would the building be affected if the
hazard occurred?

l

STEP 3: VULNERABILITY OUTCOME

HEATWAVES FLOODING STORMS SUBSIDENCE

Ramboll



CVRA in Practice: Matilda’s building

STEP 5: IMPACTS STEP 6: LIKELIHOOD
What are the potential adverse impacts from each How likely is the climate impact to occur over
hazard, and how significant would these be? the lifespan of the building?

|

STEP 7: RISK OUTCOME

[ —
- ~a

- ~
»”~ \\\
e N
V4 \

HEATWAVES FLOODING STORMS

AN
N
\\
~

Risk
Rating

]
4
4
,l
-
Ramboll S -



Matilda needs to adapt her building to heatwaves
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How to use the Best Practice Guide to
inform climate resilience.
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Matilda’s building
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Priority hazard: Heat wave

1. Heat wave

. Impact on . .
Soluti Elemel S e Key considerations
~ Temperature zones Space N/A + Potential trade-offs with natural and
11 Descriptlon (preventing flow of heated air) | considerations desired heat gains during winter
A heat wave is a prolonged period of extremely hiagh temperature for a particular region, Across Eurcpe, + Reduced energy demand and costs
Thermal mass and phase- Preferred ia
periods of high temperatures and heat waves will increase in intensity and duration due to climate change materials materials N/A ! High embodied carbon from materials
change. This is anticipated to be more pronounced in cities, where large volumes of heat-absorbing with high inertia
materials and limited green spaces generate the urban heat island effect. For residents and occupants
of buildings in both urba_m and rural areas, higher indcor temperatures can _impact human hea\th‘ Natural ventilation ancz Y/ + Reduced energy dernand and costs
well-being and productivity. Hence, the main objective of the solutions identified for heat waves is censiderations
the safeguarding of well-being within buildings and ensuring thermal comfort for building users. It is
important to note that these solutions also apply to high-temperature conditions in general and are M t folnt Struct + Subsid + Protect buildings from cracking due to
therefore not exclusively for the occurrence of a heat wave event. ovement joints ructure Hbsidence high temperature variability
1.2 Solutions | Storms + Provides immediate cooling in periods
C of extreme heat
. . e - ! Flooding -
\ L Active cooling and ventilation | Services = ! Standing water from flooding might
Solution Element L[E53 Elo Key considerations ! Heaving damage the electrical components
other hazards precipitation ) )
! Driving rain may cause damage
° tat ¢ . " + Reduced energy demand and costs T o iorat ; P
rientation of main facades : ! Consideration of energy source for the
X " . LI -affs w I ligh Geocooling and heat pumps Other IN/A
away from direct sunlight to Building shape | N/A and S;?r:? ;:—ieg;n; \d«‘ljt:nr;‘t:lrnate'\-g e ° pume / heat pump
minimise solar gains - “r ) ) etal ; .
# Not suitable for a retrofit or renovation Connection to district cooling | Other /A ;Caieggtlfef;rlsgta lation of neighbourhood-
. i ! Fleoding + Reduced energy demand and costs w
Insulation of walls, windows Walls, . i . ~ ¢ . N
and roofs windows, raof | * He..d\,y_ . .' P()-.His‘l-b-ll\t\j [s} rlcumldwty occurring within
o precipitation the walls and roo Figure 3: Overview of different adaptation solutions to heat waves.
N . . . ! i 3 igh w |
Ove rv I e W Of t h e Exterior shading for windows Windows ! Storms Durmg \nstences_ of high winds, lang
protrusions are fragile elements of a building Summer
. Light-coloured and reflective + Reduced energy demand and costs Ny
1 = Vi K - -
S O I u tl O n S mgterials Walls, roof N/A ! Risk of glaring effects to the surroundings Equinox .
and the visual comfort of people Y 7 ,\ )
+ Provision of clean energy source . lgnition and fire
y ! resistant cladding

) . ) + Acts as a shading device
Photovoltaic (PV) installations e X
Roof ! Storms + Can be coupled with green roofs

on roof
! Should be impact-resistant in storm and
hail-prone regions
Higher embaodied carbon due to
f + \ additional load for roof structure
Green roof Roof, ) Heuvjj ) i
vegetation precipitation + Benefits for bicdiversity - . ;
) Shading devices
+ Improved the efficiency of PV installations rar: :)'L'?M(: “ \_/\»
+ Benefits for biodiversity and/or cperable Effective natural ventilation

+ v
Vegetation, + Heavy Reduced energy demand and costs

walls precipitation ! Humidity of wall structure can be
harmful for thermal function of the wall High performan c/ .

Green facades

Potential for mould growth fenestration
+ Heavy + Benefits for biodiversity i;;;r;d ly selective \_/—\’ ﬂ
High vegetation on sun-exposed precipitation * Reduced enerey demand and costs
sides of the building to provide | Vegetation + Flooding ! Risk of vegetation being uprooted
shading (exterior) 1 Storms during storms Continuous air barrier
! If roots ar o close they expos
! Subsidence f\'il.mdat)l:)sﬂ: teotl(i\.g:ue(i.re\si o?f:uk?s?deenr_e Thermal insulation

+ Reduces energy demand for cooling and

Passive ventilation through Space Thermal mass (optional)

b /A ventilation Cladding attachments
thermal chimneys considerations = . with minimal thermal
# Mot suitable for a retrofit or renovation pridging




Building shape

Foundations
WELS

Windows

1.2.1. Building shape

The building shape and orientation can help to reduce exposure of the building to solar heat gain
by considering the path of the sun (National Building Specification, 2014). Heat gains will be highest
in the parts of the building exposed to a southwestern direction. Hence, it is best to avoid letting air
flow into the building from southwest facing rooms. This way, buildings can provide certain spaces or
zones with lower temperatures that can be used as primary work and living areas, or even respite zones
(spaces that provide thermal relief during heat waves) during extreme heat. While such zones offer
benefits for temperature regulation, considerations of indoor air quality may require specific ventilation
mechanisms to ensure adeguate air exchange.

The ideal orientation of a building depends on local sun-paths and temperature profiles for each season.
In peak summer, east and west-facing facades can heat up considerably in the morning and evening
respectively. North and south-facing facades generally provide a balance of minimising heat gains in
summer but allowing lighting and solar heating in winter months. It is recommended that the direction
and elevation of the sun are assessed when designing a building. Tools, such as Suncalc, are available
online to help determine orientation, altitude and daylight duration specific to an address.

1.2.2. Foundations

Technological systems can be installed to Figure 4: Geothermal cooling and ground-source heat pumps
help reduce a building’s internal termperature
Geothermal cooling is a type of renewable
energy systermn that moves heat from a
building to below the earth's surface, using
the ground like a heat sink (Techtarget, 2014}

Geothermal heating and cooling in buildings S~
is done through ground-source heat pumps
(see Figure 4)

A ground-source heat pump draws heat in
from the air outside before distributing it
around the room in winter, and will absorb
heat from the inside air and dissipate it
outside during summer, leaving the building
cocler.

Heat pump

Heat exchange

1.2.3. Walls Recirculation

Using a coating of light and white colours on the exterior walls and windows of the building is a simple
solution that can be used to reflect incoming sunlight and thereby avoid heating the building. Lighter
colours reflect more of the sunlight and reduce the heat gained by building materials (Figure 5), Special
surface coatings or materials using nano-technologies to create minuscule mirrors for sunlight can also
help to reflect the energy and help maintain lower temperatures in the building

High-guality insulation of the building Figures: Light colours used on exterior building walls reflects
envelope is crucial to delay heat gain of the  incoming sunlight

building fabric during heat waves. However
it is important to ensure that thermal
bridges are avoided. Thermal bridges
typically occur where there is either a
break in the insulation, less insulation or the
insulation is penetrated by an element with
a higher thermal conductivity (BREGroup,
n.d.). Thermal bridges should be avoided
particularly around windows and at the
junction between floors and walls. Design
elements to tackle this may include cladding
attachments. Not only do these reduce
thermal bridging but also improve wall
assembly thermal performance.

21

1.2.4. Windows

Windows are the main entry point for sunrays and heat energy in the building. The glazing ratic, or the
proportion of glazing to opaque surface in a wall (also known as window-to-wall ratio), should therefore
be carefully considered to limit solar gain whilst still maintaining appropriate daylighting for well-being
(BRE, 2022). The optimal ratio of glazed facade surface to non-glazed surface depends on local climate
conditions and regulations. It is also possible to use low solar-gain glazing or smart glass that darkens
and brightens automatically, controlling the penetration of the solar radiation. High-performance
glazing should be a priority in retrofitting buildings (with the exception of heritage buildings where the
windows hold cultural value).

To make designs more energy efficient, it is possible to use glass that is printed with a ceramic frit and
fired into a permanent, opague coating. Fritted glass helps reduce glare, cuts cooling costs, and lowers
the danger to birds (Stamp, 2016).

Windows are critical for effective natural ventilation of a building. In particular, the night time removal
of hot indoor air through windows s essential (see Section 1.2.7). Ventilating or cooling a building with
no energy consumption as part of a design feature is referred to as passive ventilation (See Figure
6). Passive ventilation may be achieved through either cross or stack ventilation (Figure 6). Cross
ventilation relies on placing windows or cpenings on opposite facades of the building, with ventilation
being driven by exterior wind or airflow. Stack ventilation relies on openings that are placed at different
heights in the facade or roof, air flows between the openings as a result of the thermal difference
between the indoors and outdcors temperate allows the air to flow. As the warmed air rises up through
a central space, it draws more air in at the bottom in a convection process

A solar or thermal chimney  Figure 6: Passive ventilation techniques reduces indoor temperatures
(generally tall wide structures ]
constructed facing the sun,
designed to absorb  solar
radiation) uses a similar I 1 T | ]
process as stack wventilation. i

from the building itself so that
the heat gains do not transmit _ =
into occupied spaces | L & | s rg_l
Passive cooling is a measure Crass ventilation Stack ventilation

that uses no energy to cool
buildings. It involves solar
-shading installations that Standard horizontal ‘ertical louvers or fins for east
reduce automatica\ly or averhang and especially west facades
manually  the amount of

heat and light entering the

building.

Solar chimneys are particularly 2 fa IR Y

effective in climates that are ! e L. I I i T o ‘ i I

humid and hot (Designing . . |

Buildings, 2Q22). It is |mportant I = - | el F

that the chimney is insulated I = | = : — F_|
| |

Figure 7: Mechanism of overhang shading and other different shading installations

Installations  can  include
external window shutters
and brise-soleil features
above glazing (Figure 7).

. . . Sloped overhang for reduced
Additionally, window blinds Break up an overhang for less projection projection

can also be used inside the
bullding but are not as effective
in reducing thermal gain as
the heat energy has already
entered the internal space.

22

Crop the edge for less projection



Roof

Vegetation

The overheating solutions presented in this chapter may not be appropriate for heritage buildings
as external and internal solutions may conflict with historic characteristics. Alterations to the building
fabric are likely to also erode historical significance. In some cases, heritage buildings have existing
measures that help with adaptation to heat waves and overheating. For example, sash and case windows
are a common feature of traditional buildings. These should be maintained where possible, to ensure
that the top and bottom sashes are openable in such a way that effective air circulation and low-level
background ventilation is maintained. In traditional windows, shutters may be set into the window
reveals to prevent overheating by controlling sunlight. If not, these may be re-instated with low levels of
intervention to reduce the need for mechanised cooling. Installing roller blinds may also be effective in
helping to reduce solar gain and glare (Historic Environment Scotland, 2017)

1.2.5. Roof

Having light colours and reflective materials (such
as solar-reflective tiles) on the building’s roofing
can increase its albedo and reduce the heat island
effect.

Green roofs (Figure 8) help lower the indoor
temperature of buildings because soil has a high
capacity for heat storage and foliage acts as a
shading device that absorbs thermal energy through
photosynthesis (Marvuglia, Koppelaar and Rugani,
2020). The plants used on green roofs should be
carefully selected to respect local species, have a
positive impact on biodiversity and lower heat gain
as much as possible. Plants like salvia and stachys
are found to be particularly effective at lowering
buildings’ temperature (Vaz Monteiro et al, 2017).
Moreover, evapo-transpiration of water from plants
and soil can regulate the local microclimate, thus
supporting adaptation efforts on a wider scale
Green roofs can also help reduce storm water
runoff generated during heavy precipitation events,
therefore offering benefits against multiple climate
hazards. Refer to Section 2.3 for more information

Theinstallation of photovoltaic (PV) panels onroofs
not only generates renewable electricity but also
keeps the building shaded and cool. This solution
offers important co-benefits for the reduction of
greenhouse gas (GHG) emissions (Figure 9).

Photovoltaic panels and green roofs can be
combined to improve the performance of solar
panels by an average of 4 %. Vegetation surrounding
solar panels on roofs can help keep the air clean from
dust and pollutants, maintaining the effectiveness
of photovoltaic panels (Irga et al., 2021). Vegetation
also helps to keep surrounding temperatures low
which limits overheating the panels, leading to
increased performances (Peacock, 2021).

Green roofs and solar panels will increase the
loading to roofs which may result in additional
material required and higher embodied carbon.
Solutions to reduce the structural material and
associated embodied carbon should be explored
This could include: reducing the depth of substrate
in a green roof, using suitable planting to reduce
water storage requirements at roof level or using a
pitched roof to allow light-weight PV panels to be
utilized.

Figure 8: Green roofs insulate the building and create cooler
microclimates

Figure 9: PV installations on the roof reduce heat gains of the
building while supplying renewable energy
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Priority hazard: Heat wave

1.2.6. Vegetation

Green facades can provide
heat reduction benefits similar
to green roofs, by blocking and
transforming sunlight and cooling
the  building's  microclimate.
Green facades can be created
on external walls, with either
lightweight structures allowing
plants to grow directly on the
facade, or by plants growing
from the bottom of the building,
climbing up the wall

Careful considerationin designing
the green facade is required
as the humidity of a green wall
structure can be harmful to the
thermal function or integrity of
the wall. This is explored further
in Section 3.2.3

As part of the landscape,
planting trees on the sides of
buildings that are most exposed
to sunlight during the day
supports adaptation by offering
protection from direct sunlight to
the facades, and providing shade
around the building (shown in
Figure 10)

This solution can result in
reduced heat absorption and
heat radiation of the building's
fabric, as well as the potential
to reduce the urban heat island
effect. This solution also offers
co-benefits by supporting
adaptation measures to water-
related hazards and enhancing
biodiversity (C2ES, 2017) (see
Figure 1)

Trees planted in eastern, southern
and western directions provide
the most shading. The choice of
deciduous plants (as opposed
to coniferous trees) offers
higher protection from sunlight
in summer while enabling heat
gains in winter months when
they lose their leaves.

Additionally, planting shrubs
and grass provide cooling
through evapotranspiration.
Evapotranspiration, alone or
in combination with shading,
can help reduce peak summer
temperatures by 1 to 5 °C
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Figure 10: Exterior vegetation provides shading to the building and its users.
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1.2.7. Preferred materials

As described under the walls and windows sections, surface coating and reflective materials are
key adaptation solutions. When selecting materials and their characteristics, additional measures to
consider are their thermal mass. Materials with high thermal mass such as concrete slabs, masonry and
timber frame walls, and tiles have the ability to absorb and store heat (both sunlight and internal gains)
(Reardon and Marlow, 2020).

Different thermal mass materials absorb Figure 12: Thermal mass helps regulate indoor temperatures
varying amounts of heat and take longer (or
shorter) to absorb and re-radiate it (Smarter _._

7
Homes, 2017) ’ =

e
High thermal mass materials will absork and
release the heat slowly, thereby regulating
temperatures over time, making the inside of
a building cooler during the day and warmer
during the night (Figure 12). The release of heat
overnight makes the building warmer during
this timeframe and hence it is important to
have appropriate ventilation during the night.

Adobe walls offer a durable and low-carbon

high thermal mass material option (Clukoya

Obafemni & Kurt, 2016). Absarption occurs Heat is then
during daytime released overnight

1.2.8. Space consideration

Trees and vegetation around the building offer protection from direct sunlight and provide shade tc a
building, when planted in strategic locations. They can also be used to shade pavement in parking lots

Additional cutdoor cooling solutions may be provided by shading mechanisms arcund the building
1.2.9. Primary Structure

The use of thermal mass from the primary structure, with active strategies such as chilled beams can
control overheating. Ventilation strategies could make use of thermal structures in the basement to
cool external air flowing inte the building (Minson, 2019). The additional load of any of these cooling
strategies should be accounted for when designing the primary structure of the building.

When buildings, particularly large ones, are exposed to high temperature variability, attention must be
paid to the frequency and position of joint movements, This can be particularly prevalent during the
construction of the building, before the building is thermally stable

Some forms of construction, particularly in traditional buildings, may have a permeable building envelope
(as opposed to a fully-sealed envelope). Therefore, adding insulation and vapour barriers to permeable
walls to regulate temperatures could significantly increase indoor humidity, leading to moisture and
dampness. Professional guidance should be sought when adapting a building for averheating, to avoid
maladaptation.

Variations in temperature and atmospheric humidity can also have a significant impact on the
deterioration of a building structure. An increase in temperature will accelerate the corrosion and
deterioration of concrete, steel and reinforcement (Raposo, et al, 2020). This can affect the limit states
of a building design and reduce the building's service life

Solutions to avoid structure deterioration due to humidity within the building are detailed in Section 3
(Heavy precipitation).
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1.2.10. Services

During the operational phase of the building, the use of efficient active cooling and ventilation
mechanical systems may be used to improve thermal comfort during peak heat times. Active cooling
solutions could involve air-conditioning systems, geothermal cooling, ground coupling or forced
ventilation. When installing air-conditioning, the use of renewable energy should be prioritised to ensure
that active cooling does not contribute to increasing GHG emissions and adversely impact climate
change mitigation strategies. Additionally, the energy use of active cooling can be reduced through the
use of fans that provide sufficient ventilation cocling in medium heat

Some traditional and heritage buildings have the inherent property of passive cooling and ventilation.
However, these features can get overlooked in refurbishment projects, with mechanical systems being
implemented instead. Therefore it Is important to ensure that vents, such as heritage cast iron vents, are
not blocked, chimney flues are open and chimney balloons removed or deflated during summer months.

1.2.11. Other

District cooling networks have been created in many southern European cities. In these systems, excess
cooling capacity from industrial activities is pumped via a network to connected buildings. District
cooling systems play a key role in reducing energy consumption, they have the potential to reduce energy
consumption by around 5% compared to conventional air-cooled chilled water systems (GlobalABC,
2021y, Additionally, heat exchangers can then use this cooling potential as an energy efficient cocling
source for air-conditioning systems.

During daytime, cooling from water can be used to amplify cooling. For example, this could be
combined with cross-ventilation by allowing incoming air to flow over a water body or through a curtain
of pulverised water , which coals it before entering the internal spaces. To avoid high humidity, a heat
exchanger can be used. In that case air exiting the building is cooled down with water and inflowing air
can be cooled with the outflowing air.

In heritage buildings it is important that exposed domestic hot water pipes are insulated. This prevents
heat from dissipating and contributing to the build-up of heat inside the building. Additional measures such
as lagging hot water storage tanks will also minimise the amount of heat emitted from plumbing systerms

1.3 Technical assessments, guidance & tools

National and international sustainable building

certification tools such as BREEAM, LEED, Technical Guidance for implementing green
DNGB, HQF include criteria or recommendations roofs and green facades (in German).

for passive cooling.

The Passive House Standard contains criteria
for passive cooling and can be adapted to local
climate characteristics.

Faorecasting tools for future temperatures such
as “Weathershift are publicly available.

Climate projection models combined with
building specifications to assess the resilience
to heat (in French).

The Vienna Burgtheater uses an air well cooling
strateqy dating from the 19th Century
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of a building design and reduce the building's service life

Solutions to avoid structure deterioration due to humidity within the building are detailed in Section 3
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During the operational phase of the building, the use of efficient active cooling and ventilation
mechanical systems may be used to improve thermal comfort during peak heat times. Active cooling
solutions could involve air-conditioning systems, geothermal cooling, ground coupling or forced
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Case studies

Industry actors

1.4 Case studies

Cooling Singapore, a large city-wide project that resulted in a catalogue of 86 measures to mitigate
the urban heat island effect and improve thermal comfort,

The Vienna Burgtheater uses an air well cocling strategy dating from the 19th Century

SOLAR XXI, an office building in Portugal that combines facades covered in photovoltaic panels,
geo-cooling and night-time cooling

Library of TU Delft, which features a large green roofthat is oriented is orientated in a southwestern

Yale Environment study of white roofs in New York.

1.5 Industry actors
1.5.1. Government, regulators & local authorities

Policymakers and spatial planners can support the adaptation of buildings to heat by developing
an encompassing intervention framework. This framework should be based on the establishment
of standards to prevent overheating in buildings, good quality easily accessible climatic data and
campaigns for raising awareness. Pairing reliable and easily accessible data on climate change risks
and vulnerability with climate change forecasts enables industry actors to make informed decisions
and minimise the possibility of high costs of adaptation due to delayed action

Policies that facilitate the inclusion of climate risk considerations in standards can help ensure that
climate risk is incorporated early in the planning stages. For example, the requirement for appropriate
cooling or ventilation installations early in the construction stage can prevent costly renovations in
the future. Therefore, building codes and requirements for risk assessment documentation can have
substantial benefits.

Urban planners have the possibility to anticipate and influence adaptaticn solutions at the neighbourhood
level to enable individual buildings to make use of larger structures for temperature regulation. Green
spaces or networks for airflow and trees along streets for shading of buildings can be implemented at a
local level. Similarly, water bodies to coal air can be included in urban development plans and projects.

1.5.2. Investors, developers & insurance providers

Thermal discomfort may reduce the usability of a building and lead to costly refurbishments to
implement adaptation solutions at a later stage. It is therefore important for investors, developers
and insurance proviclers to carefully consider the need for thermal adaptation from the start of a
development project. Requiring a climate risk assessment processfrom design teams is an important
first step to understanding these risks. This assessment can inform the development and implementation
of adeguate adaptation solutions.

Financial institutions offering financial products, such as funds that incorporate real estate, are a key
target of regulaticn at EU level. Certain financial products under the EU Sustainable Finance Disclosure
Regulation will be required to disclose cn their sustainability implications and have to assess their
assets contribution to climate change adaptation under the EU Taxonomy. This includes adaptation to
heat waves. Therefore, active adaptation planning, and the consideration of the adaptation measures
explored in this chapter will provide an advance on regulatory requirements for the coming years,

Investors, developers and insurance providers can make use of reporting framewaorks such as LEVEL(s).
LEVEL(s) is the EU framewark for assessing and reporting on the sustainability performance of buildings
and the extent to which climate adaptation is incorporated. In fact, one of the six macro-objectives of
LEVEL(s) is a healthy and comfortable space that includes a sub-indicator on the degree of thermal
camfort. Utilising these reporting frameworks provide valuable infarmation for industry actors to identify
sustainable intervention and future-proof their investments
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1.5.3. Design teams (engineering and architecture)

Most of the solutions for adapting buildings to heat waves must be designed and implemented at the
planning and design stage. Designers therefore play a crucial role in ensuring that the risk of averheating
is assessed, and that adaptation solutions are included in early design stages

A comprehensive appraisal of adaptation solutions should be conducted by the design team, which
is then discussed with the developers to prevent challenges in future heat wave events. This process
starts with assessing the risk of overheating (likelihood, extent based on local climate projections and
the vulnerability of the planned building). identifying adeguate solutions (such as designing in the
correct use of thermal mass) and advising clients on these solutions. Furthermore, design strategies
should undergo a series of stress tests to demonstrate that they are robust solutions. Design teams
can make use of the stress test recommended by Passivhaus. This can be supported by governmental
recommendations, public assessment tools and existing case studies

Dynamic thermal modelling tools should be used to assess the risk of overheating for building designs
for new builds or renovations. These tools simulate the internal temperature conditions of a building
and can help evaluate whether thrashold conditions of discomfort may be reached. Dynamic thermal
modelling tools allow for a zonal approach to be taken, examining how different spaces within the
building perform. This can allow for a more targeted approach to renovation or remedial works, that
minimises disruption to the building (Historic England, 2027).

Emission reduction targets in certain countries have resulted in the building sectors tackling emission
reductions by increasing the level of thermal insulation in buildings, as well as increasing the level
of airtightness. Buildings that have been insulated and tightly sealed to prevent heat loss during
winter, and which lack thermal mass, have little shading and poor natural ventilation, are at risk of
overheating during summer. Designers should carefully consider what adaptation solutions can be
applied to existing buildings to maintain the building temperature at a moderate level and reduce the
need for cooling.

For design teams, heritage buildings may present a complex situation given the sensitivities of the
buildings. Heritage buildings should be treated on a case-by-case basis and adaptation solutions
carefully considered so they do not compromise the cultural value of the building.
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Appendix A
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Building solutions by priority hazard

Possible solutions to adapt buildings to the priority hazards are summarised in the tables on the following pages. They are listed by Hazard, in order of cost (low to high) and ease of implementation {simple to complex). Each
adaptation will have a beneficial impact, improving a building’s capacity to respond to the target hazard. However, the adaptation may also create an indirect effect, with a potentially negative impact on the building's capacity

to respond to other hazards. These interactions are highlighted in the table below.

Legend:

Solution has a beneficial impact in responding to this hazard

Selution has an indirect beneficial impact in responding to this hazard

Solution has a negative impact on this hazard if implemented

Not relevant / no interaction

Careful consideration is required when identifying appropriate solutions for both new and existing buildings. For detailed strategies, tailored to specific building types or environmental locations, appropriate professional

guidance should be sought to ensure adaptations are effective against climate change.

Heat waves

Solution Category

Ease of

implementation

Heat waves

Flooding

Subsidence

Commentary on co-benefits

-

Limits solar gains by reducing the entry of sunlight and heat

Commentary on negative impacts

Elements that protrude from the building's structure are at
risk of uplift from high winds.

windows and blinds

into the building.

Exterior shading Building shape | LOW SIMPLE into the building. « Trees used to create shade sheuld be carefully selected
+ Reduces energy demand for cooling. to avoid them being uprooted during storms (causing
damage).
* Can SuPp.ort p\oq\yersuty, ‘ + |ncreases the amount of material required in structural
+ Can provide significant noise recuction elements, resulting in higher embodied carbon. The depth
Green roofs Roof Low SIMPLE + PWs can be combined with a green roof, vegetation can . 9 9 ; N N b
N . . of substrate can be reduced in conjunction with suitable
reduce the surrounding temperature and improve PV ;
- planting to reduce the load.
efficiency.
- T - P - - .
s Reduces energy demand for cooling. here is a risk o vegeﬁatlon being uprooted during storms
High vegetation on sun- . X - " and flooding and causing damage.
Vegetation Low SIMPLE « Beneficial for local biodiversity.
exposed sides of the building N « If the roots are too close to the building foundations they
« Increases water uptake of soil. - .
can increase vulnerability to subsidence.
Night ventilation Services LOW SIMPLE + Reduces energy demand for cooling and ventilation s aDD“Cd.tO parts of the building below flood level, damage
can arise in the event of a flood
Use of ene(gy—effucwght Services Low SIMPLE + Reduces energy demand for cooling and ventilation + Mo negative climate adaptation impacts have been noted.
appliances in the building
« Higher energy consumption than passive cooling solutions.
Active cooling and ventilation = Provides immediate cooling in periods of extreme heat = Standing water as an effect of flooding might damage the
appropriate to the building’s Services LOwW SIMPLE « Can provide further relief when passive ventilation measures electrical components of outdoor active cooling units.
needs are no longer efficient, = Driving rain may cause damage when dirt and debris enter
the unit.
Enable passive airflow through Space * There may be instances during the year where internal
P — g P A . LOwW SIMPLE * Reduces energy needed for cooling and ventilation. temperatures may become high unless active mechanical
the building for ventilation consideration N
cooling is used.
« Risk of creating a glare effect. High albedo coatings can
Light-caloured and reflective ‘ be dazzling and cause dally discomfort for people on the
materials on roofs, walls, Walls LOW SIMPLE Limits sclar gains by reducing the entry of sunlight and heat exterior of the building.

= High reflection rates can intensify light pollution and disturb
local biodiversity.

Thermal mass Preferred Low
materials

.

Reduces energy needad for heating and cooling.
High thermal mass materials are an inherent feature of some
heritage buildings.

Exposed thermal mass can leave hard surfaces that
negatively impact the acoustic quality of the space,
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“There is a 66% likelihood that the annual average near-
surface global temperature between 2023 and 2027 will
be more than 1.5°C above pre-industrial levels for at
least one year.”

World Meteorological Organization 20 Projection
17 I\/Iay 2023 - 95th
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“This will have far-reaching repercussions for
health, food security, water management and
the environment.

We need to be prepared.”

Professor Taalas,
World Meteriological Organization
17 May 2023
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Contact us

Contact us for if you want to know more about the Technical Guidance on adapting
buildings to climate change, or how Ramboll can help with enhancing the resilience of
buildings.

Oliver Neve

Associate
Strategic Sustainability Consulting

Ramboll Management Consulting
oliver.neve@ramboll.co.uk
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