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Climate | mpacon€baptasand met hodol ogy

3.1Concuealt framewor k

Vulnerability assessments are critical for understanding and addressing climate threats to
society and ecosystems, and for informing decisions on adaptation to climate change. These
assessments rely on both climate and-conate data to characterise chtarelated risks,
including hazards, exposunajinerability,and adaptive capacity. They require a combination

of quantitative and qualitative data to assess how smmitgical systems may be affected by
future climate conditionfHammill et al. 2013)

Data play a key role in understanding changes and trends in the manifestation of risks and in
improving the capacity of systems to adapt to climate chdngike VALORADA project,

climate impact chains are usasl mean$o identify criticalclimate risksat the local level and

to shed light on theélata needed to characterise these impacts.

The vulnerability and risk analysis in VALORADA follows the conceptual framework
established in the IPCC Sixth Assessment Report on Impacts, Adaptatidulaedability.
(IPCC, 2022). This framework defines risk as the potential for adverse consequences
associated with climate change and guides the assessment of-célatdd risks and informs
adaptation strategi€®ramova et al. 2013)

Impacts

SOCIOECONOMIC

PROCESS
Socio-
variabtly ~RISK pathwys
Hazards - (\,gn?] Adaptation
gne i (=) o alion
t Governance

Exposure

EMISSIONS
and land-use change

Figure 1: The constituents of climate risk. Source: IPCC 2014, p.1046



Climate-impact chains

Risks associated with climate change are often analysed in isolation, focusing only on specific
economic sectors or ecosystems. However, this narrow approach camdimss impacts,

risks of maladaptation and feedback loops. In contrast, climate impact chains provide a holistic
and systemic view of the potential impacts of climate change. These chains illustrate how
pressures propagate through a system, capturihgdioect and indirect impacts along the way.

A climateimpact chain describes the relationship between a particular climate hazard and its
impact on a specific area of influence. These chains aim to identify-effeserelationships
betweerdifferent components within a system. They describe how a hazard evolves into a risk
by considering exposure, potential intermediate impacts and associated sensitivity factors, and
response/adaptation capacity (resilience) that reduces vulneréBiity& EURAC, 2017).

An impact chain helpw better understandystemiseand prioritise the factors that drive risk
in the system of concern. The structure of the impact chain developed according to the IPCC
AR5 and ARG approach is based on the understanding of risk and its components.

EXPOSURE VULNERABILITY

ADAPTIVE
CAPACITY

Figure 2:Risk components based on IPCC AR5 and ARdurce ESPONCLIMATE Update
2022 approach.

Devel opi nigmmgd d¢ tmad keai ns

In the VALORADA project, we followedhe methodology proposed by Gi@lZ & EURAC,
2017)for thedevelopment of Climate Impact chaimn following this approactthegeneration
of climateimpact chainsvereoriented by thdollowing questiors:

Overarching question: What is contributing to the risk and which data do we need to
characterise such risk?

1.Step 1: l dentify climate i mpacts and ri sk
Whi ch major climate i mpacts and risks do
2.Step 2: Determine hiammpadt @and intermediate
Whi ch <leil mateel hazardous events or trends
to the system of concern? Which inter medi

3.St &p Determine exposure.



Which factors determine exposure?

4 .St gppetermine vulnerability.

Which attributes of the system contribute
capacity and sensitivity.

3.2Met hodol ogy
El aboration of the climate I mpact <chains:

The el aboration of fohéowkedmat esegmpacti:athaenés
Table 1: Methodol ogical process

Development of a Local Climate Information Profile

2

Workshop 1 design

2

Data gathering through Workshop 1, implemented on each of the 5 demonstrators

2

Data analysis, literature revirew, generation of climate impact chains

2

Delivery of draft 1 of climate impact chains to each demonstrator and local partner for validat{on

S

Development of final climate impact chain and report based on stakeholder validation

aLocal Climate I nformation Profil e

TheLocal Climate Information Profile (LCIP) soughtto identify key challenges around the
management and integration of climate &owhlly sourcedlata needed to understand climate
risks.The LCIP sughtto derive key input needed to run tattoade workshops in each of the
demonstrators within the VALORADA project, as well as to provide insights for the
development of data catalogues (WP2) and data management tools (WP4).

The LCIP consists of three parts:

(1) Visualising the climate context (risk and adaptive capacity)

(2) Identify the policies and processes involved in data management, the data stakeholders
and the data infrastructure that constitute the data governance to use local data for
addressing climate risk in eademonstrator.

B)Assessment of the maturity | evel of | ocal



To comprehensively capture the climate risks
to characterise these risks and thef ortea keechoH
wo r k sl hoocpa | partners were requested to compl
demonstrators. I n prepar ateidome fkomro wWoe ckgben ablpa sl
t o undtehrestalnidmate risks associated with each

bWor ksdhreml es

The -dawo wor kshop included a series of activi
i mpacts to the identification ohfoucrl isneastsei odnat
dedicated to building the foundation of weach
For this activity, sitealkéopledercs i mate gimpamct a
basic risk information (risk components and
ri sk. Participants were thaemrngivemadi 9at obf t
ri sk components in the i mpact chain.
Questoiroresnnti ng the devel opment of the cli mat e
| . Which <leilmatteel hazardous events or trend
' I . Which intermediate impacts | ink the haz
I TTWhich factors determine exposure?
|l V.Which aspects contribute to ecological ;
V. Which factors determine the soci al capa

changing conditions?
VI .What are the key cflacnaotres iindpeanctti fcihead ni nt ht
more urgently? Why?

Picture 1. A template for a climate i mpact <c

For those who may not be familiar with techn
of a climhvbeni mpactbe chall enging. These ¢ o0mj
signal, risk, i mpact, exposur e, abdutvut hesa

conc,epa snarrative has been created based on



experiences various <climate hazards. This ¢
account that covers all aspects of 2isk. The

Picture 2: Val uatu and the different ri sk f a
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Climate I mpact Chains: results
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Figure 3. Example df agrami mate i mpact
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Once the sequenti dlhees ke ieess towaekrdst ayredhesar ate ealf,
t he dil fi fndarsetnite s e qAIfetndri,vadar dse tiegsat ure rev
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example of a single Iimpact sequence

FigaaEegample of a single iIimpact

Hydrogeological events impacts public infrastructure

looding events may cause s bridges as well as affecting

N -u 3 ge roads an
reservoir storing capacity (Dasgupta et al. 2014). Floods are also generated from catastrophic
failure of artiﬁclgal (reservoirs) (Benito and Hudson, 2010).

Extreme flood events represent one pathway of chemical substances into the environment resulting
in acute exposure to high pollutant concentrations. (Vélker et al. 2023)

(Re)mobilization and (re)distribution of pollutants due to damaged wastewater infrastructure and
sedx)::ent-bound pollutants resulting from historical discharges (Volker et al. 2023)

Chemical substances are continuously emitted into the environment. Suspended particulate matter
continuously enters fluvial systems as a result of the erosion of terrestrial surfaces and the riverbed
itself. These particles are transported along with the water current and are ultimately deposited in
regions of low water flow through sedimentation processes, e.g., in harbors, groin fields, lowland
rivers, floodplains, wetlands, or estuaries (Crawford et al 2022).

Impacts on ecosystem and human health
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factors

This section presents the m@aambnmrewsiudhisldeo€d € )
detail ed vieenmwneifcrlaamhdéés i mpact can be found
sectpiremstemd smasmhtdsa synthesis of a&abeoseyt ke
demonstrators.

Thaverview of key bopaossadrassfbhéeo@kC

T Climate mhmalzattiegemr ithaori al features
T R sk
T Impasct
T Exposure factors
T Sensitivity factors
T Adapti vef z@atparcs ty
4. .1CI i mate hazards in relation to terr,]
Five demonstrators were involved in generatd.i
t hrdeenonstrators chose to address climate i s
di menandreds remavex migotfedhat e ri sksr bamtehce i ng
surrounding rur al environment .
Tab2t eLi st of bdeman otnr @atheerig: territori al def ir
Demonstrator Territorial d
PreCawvwch Republ Ur ban
Ml ada B(oQzeesclha vRe p Ur ban
Toul aodeMon(tPpredn ad Ur ban
Sicoval ,( Fcanctea)n Rur al
Mol (sealy) Rur al
Centr al Greece Ur b-Rur al
Centr al Greece Ur b-Bur al
Bur d@Bul gari a) Ur b-Rur al
Burg@Bul2gari a) Ur b-Bur al
Gabr@oBwl gari a) Ur b-Rur al




Key issues of concern emerging from territor
T Ubdreatwifsss cli mate hazards

1 European surface air temperatures have risen almost 1°C higher than the global average
since preindustrial times, witl2022 marking the hottest European summer on record
(van Daalen et al., 2022).

1 Urban heat island (temperature difference between inside the city and outside it) can
cause significant negative environmental and economic impacts such as affecting
human thermal comfort, air quality and energy use due to the increased use of air
conditioning, inducing also earlier spristgne flowering in urbanized areas compared
to surrounding rural areas (Richter 2015).

1 The impact of climate change on urban biodiversity and ecosystems is already evident,
which has led to increased vulnerability, particularly in biodiversity hotspots and
essential ecosystem services. It is worth noting that virtually all urban ecosys¢ems a
affected by climate change and the urban heat island effect, resulting in changes in
temperature, precipitation, evaporation rates, and air quality. These modifications
highlight the connection between climate change, urbanisation, human wellbeing, and
biodiversity (Ebi et al 2021Jacobs et al 201&Rosenzweig et al. 2015; Solecki &
Marcotullio, 2013; Luck & Wu, 2002; Frumkin et al., 2008; Keim, 2008).

1 In urban areas, temperatures can be influenced by horade heat sources, such as
vehicle emissions and wasted energy from buildings. Future projections suggest that
there may be potential infrastructure damage and increased road maintenance costs.
Urbanecosystems are crucial for biodiversity and serve as natural capital for climate
adaptation and mitigation, while also contributing to thewelhg of residentéEbi et
al 2021 Rosenzweig et al. 2015; Solecki & Marcotullio, 2013; Frumkin et al., 2008)

T Rur akatusy-essvecbsi mate hazards

T The i mpacts of c¢climate change on rural se
dri vemolsbtyage causal chains. These chains t
l nvol ves extreme events such as fl oods an
directly affect |ivelihoods. The other ty
that are critical to rural popul ations, r
extremes due to climate change, or shifts

T Underl ying conditions such as poverty,
production and patterns of outmigration n
effects of extdr ewmmgrhd rextirpameathiogdh and | ow

T I'ncreasing temperatur e, droughts and sto
connecgdaom ftorest mapagemdept apfactitesgro
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High temperature

Most demonstrator§s) decided to focus on high temperatures (i.e., increase in the average
temperatureheatwavesand urban warming) as the most urgent issue of concern to be attended
in relationto the impacts on human health and ecosysteligh temperatures were considered

in terms of urban warming (the increase in average urban temperature), heat waves (extreme
temperatures in a defined period), and the urban heat island effect (the territorial phenomenon
of higher temperatures in partstbe city due to elements of theilb@environment).

Worldwide, reatwaves have increased in frequency, intensity, duration, and spatial extent due
to climate change, with further increases projected (Richter, 2016). In Europe, intense
heatwaves are expected to occur more frequently and become more severe due to climate
change. Feyen et al. (2020) estimate that with a 1.5°C increase, over 100 million Europeans
would be exposed to intense heatwaves annuAlkguming present vulnerability and no
additional adaptation, annual fatalities from extreme heat inpeucould rise from 2,700
deaths now to nearly 30,000 with 1.5°C global warming, 50,000 with 2°C and 90,000 with
3°C. The increase in human exposure to and fatalities from extreme heat is most pronounced
in southern European countries and the highest nuafldatalities will occur in France, Italy

and Spain (Feyen et al 2020).

Higher temperatures also became an issue of concern in the context of wildfires in Eovia and
Gabrovo. It is expected that the rise in temperature due to climate change may increase fuel
dryness and decrease relative humidity, particularly in regions withced rainfall. It is

widely acknowledged that the increased frequency of extreme climate events may have a
significant impact on the susceptibility of forests to fires.

Drought

Five demonstrators representing urban and rural settings expressed concern over the risk of
meteorological droughtsbroadly defined as low precipitation. In the cases where other types
of droughts emerged (agriculturddydrological,and sociceconomic drought), these were
treated as phenomepaovoking or exacerbatinglimate impacs; hence, they are discussed
within eachrespectivampact sequencd@.he key issue of conceregarding droughta/as the
perception oftheir increasein frequency, extent of occurrencand durationwhich affects
human livelihoods and ecosystem serviteshis context, ecording to Furtak et al. (2@ in

the last century, 45 severe droughts occurred in Europe, affecting millions of people, and
causing economic losses of more than $27.8 billion. Currently, on averadé, dfSthe
European Uni on @sofils populiatioa areeaffectadnbg dralight.

For clarification purposes, the different types of droughts and their connection to each
demonstrator is specified below

Met eor ol ogi cal dr | Sicoval Eovia, Burgas and Gabrov
broadly defined by |
Agricul tur al dr o Sicoval
deficiency in soil moi st
Hydrol ogical drou Prerov and B
reduced streamf|l
Socdmonomi c drough Sicoval, Eovia, Burgas, Gabrovo
bal ance of supply and




Extreme precipitation

I n the context of extreme ©precipitation, [
expressed concerns regarding the increase of
ur ban and rur al areas.

Europe has recemlince emsrci emcdeéd odd60 i sk, anc
to intensify storms and floods, including fI
Future flood | osses wildl depend on <climate
f | oo da sftarnegc, warning systems and adaptation
expected to increase in frequency and sever.
rail i nfrastructure taondmacraalsentgr d merndrsasi mfeas | I
evidencedcam IModtdestan diosargupti on and restrict e
certain populations. Il n addition, demonstrat
to the potenti al fdiogm enresairodny eoi fn dauhbd nipcdasl,s a s
potenti al coll apse of <critical infrastructur

|l nter bet wexmtinr eme pr e diemitt ati on and

Demonstrators in different regions expressed
conditions throughout the year. This concern
Burgas, wher e demanrhset rianboesplraayneogipr eed pi t at

temper at ur e sa adirdihvde ro ecgl bi anhaattsee sr i s k
A notable example of this dynamiao fsrREdires irn

exampGeeeceae, studies have shown that pattern
coupled with prolonged drought are a particil
for more plant growth, which themcdieasiamd td
amount of combustible biomass available to
Furthermor e, ssogms f hasaet cdamade to the for
several trees broken and felled. This situat
the amount and distribution of downed heavy
Finally, it i s worth noting that none of th
pri mary concern. Although Burgas noted that

and communication disruptionse gdroewilowsdlak efro
climate signal s.

4. llmBact s

| mpacts are defined as

d heef f ects on | ives, l i veli hoods, heal t h, eco
and infrastructure due to the interaction ¢
occurring within a specific tedesperepbd ands
(Gl Z & EURAC, 2017, p.17)

At ot al of 34 i mpact deequwendc g owe rtdahees cilie bhcad ¢p enc
t he previlompsacste cstenepanem cd s f f er eanrte dper necsnesnttreadt oc
specific clhssmatwen hazaradde 5, bel ow:
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Table 6 presents the c¢onprachbabsetquiemeeas) ofi der
across the different demonstrators. It is wo
i mpacts are thempeefiuemeprses evit €eth suvugygeat sngh
the dyhmhaenddsa@aadk causalt hat astha@amehirpmame nt syst e
Tab6lTepi cs covered in the i mpact sequences ac
Numbeme of i
|l mpact sequence
across dem
g Loss of ecosystem services (Ur 7
= I ntrusion of foreign pests 6
= Changepedines distribution 6
'g I ncreased species competiti 5
s Stress for aquatic |ife 4
o Reduced institutional capacities for | 4
=4 Changing physiological processe 8
E Soi l d e g rdaedsaetritoinf iacnadt i on 8
Modi fication of ecol ogical in 3
- Reduced availability of wat 2
$ Peopleds livelihoods affect 2
EE Ani mal wel |l being 1
I ncreased air pollution affect 1
Reduced fodder for | ivestoc 1
Peopl eds health
(l'ncl udes al | hryesliactaeld,dveasrciaanf lear gt ierspst; or y di 12
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$ Damaged critical infrastruc]| 3
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The social and environment aMHOd ewsdsdnp In@awpme s o f
a conceptual f rcamemaotrek rtios kesnalTyhsies appr oach
nature of health, which includes not only in
and environmédrmt sl aipmpfalolbe®mc e e i dentification
human vul néviadbilciltyawvées change, such as pov
environment al conditions.



1 Soci al determinants of health, i nclude Ath
and services, globally and nationally, the
circumstancesitohfeipre ogpdceess sl itvoe sedalcahi oar et |
conditions of work and | eisure,idrhceithaediorme
chances of |l eading a flourishing I|Iifeodo (Ci
2008) .

T Environment al determinants of heal t h, i nc
bi ol ogi cal factors external to a person, a
targeted towar ds preventiscwwgpporseasee eandr
(chuding c¢clean air and water, heal t hy wor k
roads and managing c¢climate change) (WHO 20

Thi s concepftaucaill iatpaptreodacihnt epaof eesi oharhd di ¢ e |
sectors durinfgactihemadsmdrimghobsinteractions amc
soci al servi c,esamduirb@ammenr taanini maynage ment . The
di sciamnd nseesscdwlresd t he devel opment of a compr
we-bkeing in the context of climate change in
reflected in each of the climate i mpact chai

A summar y aocsfp etchtes croerveepasl eeidu ebrgyc ggshes ent ed bel ov

|. Impacts emerging at the interphase ohuman and ecosystem health.

Owing to the inter dvegddn dhagn caen do fe cencsoyssyt setne ns et
ecol ogi cal stress results in a reduction in
This, in turn, has a direct iIimpact on the so
and Pratt FoXr99%stance, It i's worth noting t
effect on the welfare of urban inhabitants |
cooling, air purification, and recriegtdtonall.
(2015) . 't i s I mportant to recognize that ur
i mpacts. Changes in temperature, precipitatd.i
di srupt ecosystem serviwhdschamhygrleeard itmofra
environment al changes (Solecki & Marcotul |l i
alterations may increase the vulnerability
v
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S a nity intrusion (Frumkin et al ., 200 8; Ke
case of Prerov exemplifies the importanc
y representatives decided to address the
ation to the degradati on oed utrhbaatn tehceo srywsn
days (with temperatures above 30AC) will
t hcee nmiud vy, there may be an increase in t|
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support wurban residentdos well being are jeop:

that cool the city or.that provide space for
Mor eover, it is i mportant to note that the
concerns regarding soci al justice, pwaorot i cul
stretgopglcope with asd gihn dieargpteaTds wilino etshee case of
The impact of extreme high temperatures on
factors such as timing dforerexmaepr eer,laand hNnaau:!
effect is particularly pronounced at n,i ght
making it difficult for the elderly .orThcehi |
ur ban heat island effect became an issue of
temperatures in urban areas.

I n the case of Toul ouse, the i mpact <chain
warming on the health of residents, citing
determinants of health as a keydcdranmpremr.at Tuhres
private households can cause physical discom
productivity.

Furt heasmodriesscussed ,hngMéeandaeBpekeratawves incre
and pedestri ansncien huerabta m fareecass, road i nfrastr
work during the summer season and exposing
the risk of occupational heal th i ssues, and

[I. Impactsoncr i t i c al infrastructure

Disruption inthe functioning otritical infrastructurgenergy systems, water provision, public
transport) can have significant impacts on populations reliant on these systems. Such
disruptions, stemming from both higgmperatures and floods, were considered crucial across
most demonstratordzor instance, in the case of heat, it was discussed that energy grids
experiencing abovaormal demand during peak times may lead to blackeuigh can in

turn limit access to air conditioninggxposingvulnerable population® risky temperatures

(this was particularly evidenced in the case of ToulaUusathermore, \ater systems could
experience stress due to a variety of factors, including increased demand, reduced capacity, o
diminished water qualityincreasing theisk of conflicts around water uses (discussedn
ToulouseandPrerov wher epotentil conflicts could merge from environmentalusehygiene

needs.

Additionally, lengthy extreme temperatures can cause surface overheating, which can
accelerate road and railway deterioration. This deterioration can result in issues such as
deformation and asphalt melting on roads, leading to unsafe conditions, reduced infrastructure
lifespan, and increased maintenance costs (Jacobs et al., 2014; Slavich et al., 2022). In addition,
it has been observed that higher temperatures can lead to an increase in the occurrence of rail
buckling incidents, which may pose a risk tai travel (Jaroszweski et al., 20149sues

related to road infrastructure were highlighted in Mlada Boleslav and Toulouse.

On the other handJlolise, Eovia, and Burgas have brought attention to the impacts of floods.
Key aspects highlighted in the impact sequengegerscordhat floods have the potential
damage road and rail infrastructure by harming thebsde layersAlso, the impact sequences

shed attention to the issue laindslides causing damage to road, rail infrastructure, and



riverbanks. This can lead to lotgrm interruptions of operation and/or limited access for
certain population grougs economic areag.he case of Molise is particulartifficult, since

the percentage of regional territory classified as having high hydrogeological criticality is 18.8
%. All 136 municipalities in Molise are affected, although with varying levels of risk and
danger (Region Molisk, 2017).In the case of Molise, a critical issue of concern emerged
around the ability of dams to withstandakg rainfall and the associated risk of chemical
contamination, and pollutantsom nearby industrial aredseing spread during flood events.

In addition, the timing required to repair disrupted infrastructure became a critical aspect in the
discussion, as reparation times after floods can be long and maintain rural population isolated.

| Ilmpacts on |ivelihoods

The i mpacts on |ivelihoods, partumaiuaehy!| df
stem from sever al angl es. The i mpact sequen
economic base of househol dsvodelrep |tooy apporid bilteyms
wor kforce, disrupted communication and mobi l
Il n agricultural Oceg,t acnosned)e rknes Se nceorvgageld due t o
in conflicts over water resources needed for

access and dweetaetrai dabrkeasgdfrom rivers and ¢
ri si ng asldsouasediiovats et al(2014) Concer nSicovall Boda aadr i s e

Moliseover declining agricultural productivity
in excessive runof f, soi l erosi on, and nut
popul ations | inked to asgdacumentetl tlaby Burtak ptralp d uc t i
(2023)

Rur al communi ties, heavily reliant on agr.i
vulnerabl e to cl i mat e aspreviowslishown inDasguptaetale xt r er
(2014) Poverty, i sol ati on, and marginalizati or
capacity to r(Gowloeha 2088) fRicsn wetliyons in infras
and communi cati on net wor ks, severely i mpac!H
economic activity, as hi@ghlrghted in the thr
Mi gration trends, particularly in Molise, roe
productivity and | ocal economi es, | edrdi ng t
Mol i se, Sicoval and Eovia concerns emerged a
and | ocal institutions and i nduce | and chan

activities has triggered procebsesacptabaskth
both fires (recolonszatitdn tchfe tskeedé¢é emenas ob

hydrogeol ogi cal instability @Q®PHAEFdot hmentaend i
l onger used, fragmentation decreases whil e
horizontal and vertical continuity, | eading

| VmpFloving cowidlidfiiorness .f or

Wildfires have become a significant concern in Molise, Sicoval, and Eovia, highlighting
governance challenggsreviously discussedEovia, Greece, has particularly emphasized
concerns regardingildfires due to due to high temperatures, droughts, and storms, which have
led to increased tree mortality and a surge in burnable biomass, exacerbating fire risks



(previously documented bigovaks et al. 2014 Forest fires are highly sensitive to climate
change and are influenced by factors such as fuel moisture, precipitation, humidity,
temperature, and wind speed. Projected temperature increases may lead to increased fuel
dryness, particularly in regions tlwireduced rainfall, which could potentially intensify forest
vulnerability to fires (Ministry of Environment and Energy, 2022). In Greece, severe drought
events have already caused forest decline, and risingetamres are further promoting the
spread of invasive species, which could compound wildfire ((Sksvda et al. 2018)

Particular concerns emerged in Eovia due to the perckaekdf forest management and the
surge in dry biomasslue to human activity being abandomedome rural areagor example,

it was indicated by stakeholders that practices suclefasestatiorwith mixed plantings of
conifers (black pine, maritime pine, and Cedrar®further aygravaing the risk of wildfires

(this is also documented Alemeida et al. 2023furthermore, the intensive tourist activity in
North Evia has also been identified as a cause for concern, as the use of light construction
materials and proximitgf holiday house$o forests can increase the risk of fire spread during
incidents.

4. IExposur e

Definition exposure:

60The presence of people, |livelihoods, specie
and resources, infrastructure, or economic, social, or cultural assets in places and settings that
could be adv@®i e lky E&JRAEc.t 2A1FT, p. 17)

Importantly, wherdescribingexposurethe focus is on the factors that generatexacerbate
exposure in the context of a specific impact sequence. Hence, we avoid stakitgplders

or places exposed to risk, and insteadshed light on the issues that deterngagain groups

of people or assetsxperiencing higher levels @&xposire under a similar hazardn each

impact chain, exposure factors #irked to specific sequences, providing thus an explanation

of why specific assetpeople,or placeshave different exposure

Exposure factors are presentididedaccording tdhazard (I) urban heat, (1) heat and drought

in rural areas, (lll) heat and drought increasing exposure to fire hazards, and (IV) extreme
precipitation.

|. EXPOSURE IN THE CONTEXT OF URBAN HEAT:

Factaowchtion

Location refers tothe physical spacewhere people stand during periods of extreme
temperatureIn the context of transport, mobility optior{sar, bicycle, or walking)and
flexibility (choosing when to commutgan determine different levels of exposure to
commuters during a heat wawaes shown in Mlada BoleslaRRegarding urban ecosystenrs

the case of Prerolgcationnegativelyaffects urban treesCompetition for space between trees
andthe provision of urbaiservices €lectricity cable$ has provokedrees being taken away
from the city centréo provide space for the extension of public luminary.
Fact®hy®ical conditions of built environment
This factor refers toaspects affecting green space and human health by contributing to
unfavourable bioclimatic conditions in urban areas. These include building materials, housing




density, or anthropogenic heat from transport and buildings that exacerbates urban temperature
-as noted by Ebi et a2021)-.

Factor 3: Time and timing of exposure

This factor sheds | ight on how the risks ass
t hee ngft hexpbewrkong people are exposedprand t
examphiel,e wsome individuals may have access t

as shopping cent rtelse yolrmaskwi anono Inign ¢p omihesg ht i &8s
partidahget gus for vulnerable grotWpsefgeirtder |
hasl been observed that prolonged exposure tc
fatigue among operators of equi pmentasand r
documenkeaeaobbsy et al ., 2014) waAddhngi analulny,hell
stations during peak hours may also experien
Factor 4: Nature of activity (indoor i_outdoor activity)

This factor focuses mostly on peopl edsoracti v
outdoor workers, high metabolic heat product
with high ambient and radiant heat, l ow air
heat strainFUEbhegmoarked 3@edegsdexp anad atno beke hy c
and heat asntdrhotk easl so suffer from heat stress a
to public transit or avoiding travel I f they

| 1 . EXPOSURE I N THE CONTEXT OF HEAT AND DROU
Factor 1: Level of erosion and salinisation
't r edielr sentmsison ainmgos aleigmitz atei o mplaead on so
physiology, therefnaggri culgihuirfalcamtdgucteidoarm.
Factor 2: Waneéravdeimlaali | ity

Aregion whose water l evel in aquifers and r
exposed to the effects of omkei makceasclhaegeor Re
riistfk they have hbhegnanwatiesr |derk@&ndd.o0 the natur
but tablosuor i s m ,oraacgithedndsitfally cwtwsateaerroumd sname breegi
hi gher according. to economic activities
FacBorHuman intervention in agroecosystem:

|t reffleman tion ti enp\aeatdirinogenc casnyds tpernervooskii anrg o f nat
habi bat st,hr ough urrboacreispseetsl ,aaorid n us e of c hemi
agroecosystem.

| 11 . EXPOSURE FACTORS I N THE CONTEXT OF WI LD
Factor 1: Topography
| t r etfeerrrsaitno shapehard moremhdilyegyndgniuteinere and

Wind regimes, solar exposure, rainfall and a
vegetation distribution and moisture content
Factor 2: Presence of fuel

It refers to the factors increag the amount of burnable biomass, including fuel composition
and weather conditior{gncluding windstorms that increase dead tméch becomeburnable



biomass) Vegetation load, structuresomposition,and moisture statusfluence wildfire
ignition and spread (Chuvieco et al. 2023).

FacBdamomcati on

It refer,s whiakle B @anegposed directly through
or via flaming embers; or indirexadsed hahbhamgdi
i hydrological cycles or soil erosion (Chuvie

| MXPOSURE I N THE CONTEXT OF EXTREME PRECI PI

Location
tgeomst phoéesgwhaempl i fies

Factor 1:
| t refers

exposur e

and catchmémThdomgdom|l @agg Clayton, 2022).
Factor 2: Distance from water bodies and riv
Itefers to the lpabaxs mitiyverds stha@tamsan overf|
Factor 3: Carrying capacity of specific infr
FIl oods are also generated fr om.c atxasniprloepshifcr
Mol ireggihoghl i ghts the exposure of d ams unde
consequent iIimpacts on towns, agricultural an
through the spread of chemical s.

In summary, the exposure factors identified across the demonstrators can be classified into four
main groups. These categories highlight the significance of the-Spazelimension as a
determinant of exposure factors. Time factors are evident in thenhactiaity category, where
temporal dynamics such as the timing and duration of exposure are particularly relevant,
especially concerning impacts related to heatwaves and the Heat Island Effect. The spatial
dimension underscores the influence of underlyhgsical features of infrastructure, soils,

and ecosystems in shaping exposure levels.

Table 7. Categories representing exposure:
Physical conditions of Infrastructure
the built environment
It refers to urban

Physical conditions of the
non-built environment
It refers to the factors

Human activity

It refers to how It refers to aspects

features that increase | different location increasing the amount of that | i mi
theexposure of urban | factors increase burnable biomass, including | choices to avoid
ecosystems and humal exposure of physical | fuel composition and weather| positioning

themselves in areas
of exposure to heat

conditions. Also, it looks at the
role of geomorphology in

health in the context of
high temperatures,

assets (distance to wat
bodies or to firerisk

including building

materials, housing
density and the need fq
space to provide public
infrastructure which
competes against spac
for green areas.

areas). It refers also to
the carrying capacity of
specific infrastructure
and the risk of failure o
water reservoirs, roads
or watr collection
systems.

amplifying exposure to floods
and of topography in
amplifying fire risk. Finally, it
refers to the original condition
of ecosystems (levels of
erosion, salinisation, level of
aquifers).

at specific time and
for long periods of
time: nature of
activity
(indoor/outdoor) tha
determines a higher
number of exposure
hours.
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4. Mubnerability
Definition of vulnerability:

0The propensity or predisposition to be adve

of concepts and elements including sensitivity or susceptibility to harm and lack of capacity to
cope an(@GlZz&&WRAC, 2047, p.17).

VULNERABI LI TY COMPENEINTTI MI: TY

Sensitivity is determined by factors that directly affect the consequences of a climate hazard.
Sensitivity may include physical attributes of a systerg.(building material of houses, type

of soil on agriculture fields), social, economic, and cultural attributes (e.g. age structure,
income structure), etc. (ibid).

|. Social factors mediating sensitivity to climate risk:

Factor 1: Demography

As urban population steadily increase, larger numbers of people are at risk of heat stress in the
built-up environment of cities (Richter 2015).

Factor 2: Human physical attributes

The impact of extreme high temperatures primarily revolves around two key factors: aging and
pre-existing health conditions. With aging emerging as a significant demographic trend (Feyen
et al., 2020), a larger portion of society is vulnerable to extrazatdvents. Research by Ebi

et al. (2021) indicates that adults over 65 years and infants under 1 year, who are particularly
susceptible to lifghreatening effects of extreme heat, now face twice as many heatwave days
compared to previous decades. Moregpwedividuals with preexisting health conditions,
especially those with cardiovascular, respiratory, and renal diseases, are at heightened risk of
heatrelated nortality and morbidity (Hajat et al., 2010).

Factor 3: Economic status and social capital

It refers to the fact t hat susceptbdityto barndifiermi | ar
according to factors such peverty, unemployment, social isolatiand little mobility, social
cohesion, household structure, gender, education attainment, language proficiency, race,
houseownership and more (Puntub et al 202)r example, acial isolation little mobility,

being confined to bed, living alone, being unable to care for onesdiéwaresk factors during
heatwaves (Ebi et al 202Hajat etal, 2010).Furthermore, the riskf waterborne illness is
greater among the poor, infants, elderly, pregnant women, and intcoom@omised
individuals(Barata et al 2018)

Factor 5: Behavioural factors

The use of alcohol, medications, and illegal narcotics is associated with increased mortality
during heat extremegEbi et al 2021) Some drugs, notably diuretic, psychotropic, and
anticholinergic drugs, have been implicated in increasing the risk ofrélatgd death or
illness (Hajat et al 2010).

In a second vein,egarding the risk of wildfires, human action (due to negligence) is a key
determinant of fire ignition (Greenpeace, 20Z3)mefactorssuch as population density and
aging, proximity to roads and urbanized areas, and social conflicisaraase the risk of fire
ignitions (Knorr et al 2016 in Chuvieco et al. 2023)




In a third vein resistance to change was identified as a central factor increasing sensitivity in
rural areas. Climate change has many consequences that require the agricultural world to adapt.
Adaptinginvolveschanging practices and habitwever, it is sometimes difficult for farmers

to take ownership of these innovation processes, these new practices, or ways of doing things
(as contended in Sicoval)

Il. Factors mediating sensitivity of livelihoods
Fact ®rodfuctdiost anbuti on means
| hhreur al osfe tMoiln gse, afnalctSorcovalch as crop choi c

production, access to markets and networ ks w
Factor 2: Remoteness
Remoteness plays a cruci al rol e, as rur al a

bl ockages,i asMebVi ssenaed as bpyr eDvaisoguuspltya deotc uanhe.
Fact ®ut3ni grati on
The phenomenon of abandoni ng eagorniocnulct wrpaplo ra cu

was also highlighted as a sensitivity factor
been observed to diminish territorial gover
hydrogeol ogi cal instability.

Factor 4: |l nstitutional i nertia

This factor accounts for concerns about the
infrastructure and services in rural areas,

by Molise and Sicoval

I1l. Factors mediating the sensitivity of ecosystems

| n ur bandeanmeaasd r at or s highlighted concerns
compositiorm,dawitteld' ' wrpleaan es often replacing |
urban | andscapes. Additionally, urban ecosys
angopul ati oFRuptlessmo es, ur ban ecosystems f ac
hei ghtened exposure to hazards suchk |lasgsnahltiegh
related stressors, and thd Farband I[hedt ailsl, ard
|l n rur atlhearsealsecti on of c¢crops 1is of great in
Centr al Greece and Sicoval, which show that
sensitivity to high temperatures aneddngught
ai med at increasing yield potenti al whil e |
adjusted agronomic practices, may help to re
temperature changes.

Il n the conteke ofskooéesws | dfires can be inf
homogeneity of forest species. For i nstance,
fuel for wildfires. Furthermore, in forestry
continuous and unmanaged masses that are hi
of | arge forest fires (Greenpeace, 2023) . M
(2023) that human s eet,t |seuntehn t sss arnada disn,f rppeswea ru
tracks, may |l ead to ecosystem fragmentation,



[ll. Factors mediating sensitivity of urban areas

Factor 1: Rate of urban growth:

Increasing urbanisation could amplify the urban heat island effect, which causes urban and
metropolitan areas to be significantly warmer than their surrounding rural areas (Feyen et al
2020) In addition, he combined effects of heatwaves and air pollution might further
exacerbate human stress in densely populated @ewsn et al 2020)

Factor 2: Expansion of impermeable surfaces

One of the most significant alterations impacting urban streams is the proliferation of
impervious surfaces. Thisansformation modifies the hydrological dynamics and channels
pollutants that accumulate from buildings, roadways, and parking lots into the streams (Grimm,
et al. 2008).

Factor 3: Interruption of infrastructure

Numerous health hazards linked to extreme climate events in urban settings stem from
disruptions in critical infrastructure. Blackouts, for instance, amplify heat exposure,
consequently heightening health risks (Barata et al., 2018). Furthermore, amasgucture,
maintenance expenses, and the anticipated rise in urban population leading to heightened
demand for infrastructure utilization are all factors that influence the uninterrupted operation
of critical infrastructure.

Il n gthm approseanlviocfonsneati al d eotr e rénmi ensagnrt asu poi fn gh
sensitivi tfyufractaimegeorirviitr)do.n ment al approach sh
of the bbuittaedvnoowmnment as well as decisio
susceptibility to harm and phhwmarmr awe laltkk giirogu.t €
deci sion opticomso,miand a&F0gihd esnh shddvi dual a
shaping human well being.

Tabhidl ecategories representing sensitivity.

Urban dynamics I nf rastr u| Ecological properties Human-socialdynamics

It refers to physical
aspects that
contribute to the
urban heat island
andits effects on
urban ecosystems
and human health.

refer s t|Inurbanenvironments, i Human physical attributes
fect the refers to tree species and health status, (risk)
ncti oni ng| composition, age, behaviour(use of drugs ang
fraetgiaay location and access to | alcoho); human activity,
mai nt e n a| water whichdetermines | (variables affecting
itoring harm.It also refers to mobility modes in the city
ms , r o a d| human activities that in the context of high

It

af

f u

in

of

mo n

(da
E.g..theexpansion |[gr i d) . | t a| increase the exposure o] temperaturedistance to
of impermeable robustness ecosystems, such as be covered, flexible routes
surfaces thatreducg i nf r ast r uc t | urbanization, pollution, | & Mobility options). It also
the rate of water functi oni ng]| useofchemicalsin refers to demographic
infiltration and i nterrupt i o] agroecosystem, or variables (concentration,
increasetheurban [gr i d) . F i n a| ecologicalfragmentation.| presence in risk areas, and
albedo. It also recovery ti|lnnonurbanecosystemy migration); and
referstotheuseof |[d amaged i nf|itreferstoforest Socioeconomic variables
‘urbanadapted’ after an e x| homogeneity (mediates| (Poverty, remoteness,
foreign species such as r o a|firerisk). Climatic access to marketsocial
replacing indigenous f | oodi ng e v|variablessuchas networkg; farming
species in urban duration of heat wave | practices

landscapes. and drought
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VULNERABI LI'TY CONYDOANENTVER :CAPACI TY

Adaptive capacity is normally determined in terms of knowledge, financial resosowgs,
and institutional factordechnologies|egislations,and infrastructures that enable people to
adjust to the effects of climate chan@asgupta et al. 2014)

| Fact or s dedtaeprtmivnei ncga paa c i _tuy bilam att h @ ndo dtr exitg ha f
Factor 1. Availability, access and distribution of financial resources

Economic resources needed for thevision ofpublic services such asban vegetatioand

heat refuges, or private resourcesitoess medical services and insuranc@jr conditioning

are identified asrucialto increase adaptive capacifyuntub 2022)

Factor 2. Spatial planning

Spatial planning influences the spatial configuratitype, and degree of development of
buildings and land use, as well as landscapes and green spaces (RichteEx@hp)es of
sound spatial planning considenproved design and insulation of houssshools,and
hospitals, increasing tree and vegetative cover, installing green or reflecting roofs, or using
cool pavements (Feyen et al 202@)so, the Implementation of thermal regulations and
building codes are relevant in this sense.

Factor 3. Integrating resilience into public policy in the health sector

Factors related to health policy emphasize the importance of implementing effective and cost
efficient public health interventions to address climate change impactsednde health
burdens and inequities. This includes monitoring interventions, involving young people and
marginalized groups in solution identification, and providing timely hbamed prevention
advice. Heat health warning systems are crucial for trigg@@mmunity alerts and emergency
actions, with a focus on prevention strategies for vulnerable individuals. Additionally,
upgrading health infrastructure, enhancing workforce capacity, conducting vulnerability
assessments, and promoting multisectoral ecapn are essential components of
comprehensive public health and climate change adaptation €Ebitst al 2021)

Factor 4: Integrating resilience into public policy in transport sector

The integration of resili eunncdee rfsaccaroess tihnet oi np
adaptive organizations in operating transpo
across all functions and developing strategi
| mproving adaptivesesapagi tdhesiigwno | vieisnaasi al
capabilities to respond to climate change ri
adhere to design stiandalridmatéed aparcamesti @res. skha
of infrastructure investments <challenges th
durable structures |like bridges and roads,
|l ifecycle pltenmidmnptani chi médforts. Addi tiona
commuting emerged as a key consideration dur



Factor 5: Integrating resilience into public policy of urban ecosystem

Factors related to public policy in urban ecosystemphasize the critical need for conserving,
restoring, and expanding urban ecosystems to bolster climate resilience and address the
growing pressures of urbanization and development. Achieving these goals necessitates
improved urban and regional plannimplicy, and governance, along with enhanced multi
sectorial cooperation. Additionally, fostering greater coordination among governance
structures managing local ecosystems and urban biodiversity, imgludiious green spaces,

is essential for strengthening ecosystem functioning and promoting -soociabical
engagement. Furthermore, adaptive capacity in urban landscapes depends on ecological,
physiological, and genetic diversity, highlighting the intpoce of considering both human
induced and nonhumatterived factors, such as species interactions and natural processes, in
enhancing adaptive capacity.

Factor 6. Education, awareness, and stakeholder engagement
Educationanawangagement weff@acpoopoiserdr aasiceqg
These factors underscore the significance of

factors and appropriate responses, al ongsi de
increase coll abosaihomaddcesssngespecific hea
1 Vecborne and infectious diseases entail cCo
social workers, and community members to m
T Heatel ated il l nesses require engagement fro

providers tohdarptlhe meatnihreatsystems and pr o
heat events.

T Water quality concerns demand | oiprdtanefefrer,t
and water management agencies to address f|

T Air qguality, ast hma, and allergies <calll fo
public health institutions, MNéeé®Gs,arahd tthbg
emi ssions, and develop relevant product s.

| IF.actors determining adapt atni_vteh ec acpoanctietxyt ionf
drought

Fact €@aphcity gtra cauchamtr hd-mas &agepgareandt i ces
Thepacityprtaciandcagphte rtiunrcalhagdwjowrsitdi ng sowi ng an

dat es, utilizing |l onger cycle crop varietie
preser vivnegg etpalitanodngi nt ai ni ng s oijrle dwactienrg reertoesn
soi | carbon | ogpexathandifsleace maskigememdg, ad
harvesting dates,amaed omanreaaglierdg troe adudmreess cl i
on agriculture.

Il n the context of I|ivestock, improved manage
heaodol erant l i vestock, and improwaédediesggui €
providing adequate shade and cl ean dri nkin
continuously to mat ch forage availability,



reproducti on, and selecting the species/ bre
2018) .

I n the caneextmaphgemertasdospudhnnasofef Mmobcieennta
technol ogi essavainndg osftirmagptiesgmegessty at hancef i nstr ume
basin management plans andbustegatéeredmanbgem
and recycling policies to secure adequate f
users, are Klolvahigyoelt4 ) pHt ed by

Factor 2. Integration of best practices in f
Various strategies and challenges related to
approaches to <climate change i mpacts on for
resistance and resilience whi | e abdi dornmeassssi n g
accumul ation. These include:

T Landscape planning and fuel | oad managemen:
T Practices related to revitalizing rural ar
resilient environment against forest fires.
T Preference for species adapted to war mer ¢
varieties to reduce forest mortality and d.

T I'ncrease forest managemeatcthmmlaati g, tlhalca
prevention and suppression efforts.

FacBorKnowl edge

The knowledge factor encompasses the abilit
including ecosystem, forest, and soil moni t
vechorne ani mal di seases. I t anl stoh iisn vionlfvoersmaht
FacdorCoordination across institutions
Coordination across insti-duwtttiiomg fwact ohri.g hda «
needed for redva ¢ idrdig rr eefeieg(hftiisnkg -worfb a b he nwwet tt A a
complicated issue since it invodllvandcittoi 4 ens
the activities of actors involved in publi
management and the rural worl d.

| |IHactors affecti agaacnaptinf Uehedaspaailt worl d:

Sever al aspects affect the adaptive capacit
Overall, across the demoncsotnrpd teaxr 9 ,n ttelr epsl ea ya sbpe
economic factors, institutional framewor ks,
responses i n rTunreasle cionntcmuundiet i @scesacd®ssl and
technol ogi es, mar kets, and infrastrufcarume; a
empl oyment opportunities, tenure security,

policies emphasizing coll abormdded apmgmommaga ch a

Ssubsil disé $t inteitomasc kagnsds t oand ftolr emali @ l@minblaaad a l
to utilizati on.
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A critical goal of the climate impact chains in thMORADA projectis to provide a better
understanding about adaptive capacity factors. Inseision we focus on the limitations and
possibilities emerging from different approaches to explore adaptive cafamitiiow in turn
these approaches providiferent perspectives aisk andon theuse of locally produced data
and climate dataVe explore four approaches: storylines, prioritisatammtextualisationand
the adaptation challenge approach.

A. Storylines:
In general terms, our definition of adaptive capacity has followed the commonly used definition
provided by the IPCQyhere adaptiveapacity is determined biyre categoriegnowledge,
financial resources, technologies, legislations, and infrastructures (Dasgupta et al 2014)
However trying to distribute¢he adaptive capacity factordentified across the climate impact
chainsaccordingto the IPCCcategorieposeal a challenge, as each factdrthe CIC couldbe
characterised bgnultiple IPCCcategoriesFor instancetable 12 below, shows thtte factor

A Fequency of monitoring ecosystedtan becharacterisefom aneconomic, an institutional
and a technologicaderspective, eagbroviding a uniquestoryline An earlywarning system,
for instance, does not only rely on institutional design singletechnology. For an eaHy
warning system to be successfumplemented it demands knowledge about climatic, non
climatic and social dynamics that shape risk to a specific thi®atcess demands

implementation, and for that, systems require technologies, infrastructures, but also a pedagogy
that makes those affected by a threat to understand how to act and to have the means to act.

Hence, an early warning system constituted bymultiple storylines In this case,
characterisinghe factor fifrequency of ecosystem monitorimffom -let us say an economic
storyline only, other storylines that account for the institutional and technological dimensions
of monitoring become excludedience, #empting to assign an adaptive capacity factor
exclusively to a single categd@rybe it knowledge, institutions, social, economic, legal,
technological, or infrastructu@loverlooks the interconnected dynamics among these factors.

Table 12.The multiple storylines of each adaptive factor

Landscape resi X X X X X
Mu l-steict or i al c X X X

Financi al reso X X

Frequency of X X X
monitoring

Urban resilien X X X X X X
building stand

Locahstitutiorn X X X

strength, coop

Educati on, a v X X X X X X
stakehol der en

Funds to fix d X X X X X
infrastructur ¢

Resilient fore X X X X X X
Knowl edge on t X X X
ecosystems

Heal th Policy X X X

protection mea




Water manageme X X X X

to water

Agricultural r X X X X
subsidies)

Public policy X X

Earwayr ni ng sys X X X X X X
Enforcement of X X
infrastructur ¢

Frequency of i X X

inspections

Agricultural s X X X

credits

Knowl edge and X X X

research on ag

Access to tech X X X X X X
infrastructur ¢

I nformation ab X X

species

Tree and ecosy X

Funds to upgr a X X X
infrastructur ¢

Air conditioni X

Preparedness o0 X X X X X X
services

Di ver mobyl ofy X X X X
Access to | and X X

resources

Socioeconomic X X X

Environment al X X X X X X
|l andscape pres

Public policy X X X X X X
Agricul turalusp X X X X X X
management, wa

conservation &

Livestock mana X X X X
practices

In highlighting the multiplestorylinesstructuring each of the adaptive capacity factdrthe

climate impact chains, we seek to shed light on two aspects. First, by acknowledgaagihat
adaptive capacity factor can be described, explained an understood from dgfergintes

we underscore the complexity of each single adaptive fa&tstoryline approachighlights

that the determinants ofdaptive capacityknowledge, institutions, etc.are intimately
connected between one another, each shaping a unique story, and together, constituting an
interconnected and integral storylige argie that daptive capacity factors requineultiple
storylinesin orderto becharacteriseccommunicatedandimplemented.

Secondly,a storylineapproachsheds light on the multiple sources of data, information and
knowledgeneeded to generate comprehensive storylines. Given the constitution of each
adaptivefactor, datajnformation,and knowledge is needed from diverse sources tlaeid
integrationrequires collaboration from a diverse set of actors.

B. Prioritisation:

A secondperspectivepertainingto adaptation factoremerges frontheir prioritisation Here,

we aimto shed light on the most relevant adaptive capacity factors. Table 13 below shows
adaptive capacityactors structured according to the number of repesittbat eachfactor
appearscross demonstratodence, we use the repetition as a proxy for priority.



Table B. Priorities regarding adaptive capacity factors

High priority Mid priority Lower priority
Hi gh priority Mi ddl e priorit)yThe category d
that repeat bejlwith 2 and 3 r(includes factg
ti mes. These include rep.etition:'
The adaptative damaged infrasisoc!Oeconom'C
with the highe|forest managemEnVIronmen a |
demonstrators |on the state o llandscape presg
territori al pIPoIicy(puincAcceSStOIanc
rural) with 8 |measures), wat Irﬁ?glrj:ng?isbn al
Hi gh priority and access to species,
mu ksteict or i al C(rggulatlon (re Tree and ecosy
financi al resoWlth 3 repetit Agricul tur al M
repetitions), Public policy management, W &
(flexibility, ecosystems, Eni{conservation &
cooperation), regul ation on control),
awareness, andEarwar ning syst|iLivestock manas
engagement, as/Frequency of ilpractices,
frequency of elinspections, A(public policy
moni t(4 imegpeti |subsidi esKmonwl dsector,
and access to Funds to upgr &
agriculture, A(infrastructure
technologies ajlpiversity of 1
(all with 2 re|lAccess to air
Preparedness ¢
services

When exdrmieniandgaptf aetacmpasifipiecortihtajfeetyepiet s

wi tihidlevel priority factors is the role assi
climate c-pangeitWHi ghctors highlight the rol
coordination, and d&rugddgaemannts ¢isrt ud @ mthesx, t sc agpfa
and education, anslechot hel coobopegtabiomul tit i

approaches | imit adaptive capacity due to | a
integration. Hoiwewv ers,pace®s | aclaaar over come S u
coll aboration is thelquahisycohteatial ti mtser
| ocal stakehol ders highlighted the value of

the rirsk hfigs&wto ghted in this report.

Furt hetremorriet,oremér gednas ng -rroincri isttye nftd oot chri gae
al | d e mAArcy torsast odresneornrsittroartioarls ,pltanni ng tends t
projiencptl eme(tat iroenduce UHI , or reduce flood
[

nfrastructur es)

Onlami-pdri or gt gniwagail meryshiecanl tohf and iemswitersons ment
the demonstrators (only ,3 whmndah2copepeastsomws
socdmMi ronmental determinants of health disc
sectODonsi mpression is that the division bet
bet ween /pplogrercitn g nvpel resmuesn tpaotliiocny maki ng, coul d
how municipal xrade a e g wa h behn va or tbocrose © & nm € e

whi leymayhepetrities veonnection as a problem to



competencies t@neacaptuponnmaghyetnpatl i si Bserel at

building regulations and codes, and -lwatelr ma
institutions, the direct inflbbeyoadofenmomnice.i
and project)iignptemeeabati cmist enchde evi dent i n

pertainidegnone,tamalt baahdearpet at i oanr es tsrtaatneagiinedsed hr e
modes: d(elv)e | todpfene & dpirfoi jde 2tXhse, i nt engartaitocheapgt af i on
pol iicniteos sac dolqe3sx)é elenf or ce nat iConnayl ilne gsigsmea tciaosi
e mbanmko |l dewel opment .

T For exampl e,hadkvktao Maulniesccapablt,coar ¢il mat i on
being sduwmgehtnawiitomall Hydrogeol ogical Zoning
related to | andslide) and the Nahi otmaler Rur
further Msotlrienmrgtshaemnr al policy and regul atio

T I'n the case ofhedMl ad@i Biddetersd tdiypgend haa sSust ai n
Mobility PIl an, whi ch emphasizes the promot
(attractive and reliable transportation fo
for motorized transpoi thacchhieveist ideess isruecdh) ,a san
public transport fleet to proai dgsbemt émrt
rapid reconstruction of tranbBypyonaturah dns
andstrict parking areas.

T I'n the case of Pr ai on$,ntctoheaisri nagd a pthtea teicaoor opli ¢

territory (revitalisation of ponds, et c) ;

during heat waves (i mpl ementati on of e xt
devel opment of a inresttwalrlk soifa dce/s | seb pvad hssi,d e w
spaces, create a system of financial micr oc¢
Al so, to I mpl ement ener gye wsaadvien ge nreea agsyu rsecst
buil dings.

T I'n the case of Montpelier, an .adwptleat itohne spe
not yet specify policies, they establish pc
seeking to renovate bumakdei npgusb laigcaitnrsan sepnoerrt
all through free &ceeshsisceficelteeopet newahhded
(energy maoptterctpltahre) popul ati on amd btakcke vi t
coastline resil;irerstertvoe rdgiii@y&tr & ec lwabugel dr es o
the regionds sustainal@ina edvwedl depquant add @n o noyc
positive i mpact

T I'n Sicoval, stakekholodgricsaéngagaeadgitmnonbhet he
(PAT) aims to develop actions in response
through policies and projects. These inclu
food educatci@an, azmce sfsiimanity.

T I'n cemdegaadd, &G n t he aaxrntoaxt scefd Kf dt adbvatsi,toencarl a tSd
for Adaptati on t o Cltiogeaetée CRag g éenn dtIl@P KA M,

Adaptation t aan@l itrhaeet eVaGleand®@deasi ns Managemen
policy integration provides a framework fo
revitatiee through regener at, i drheofi mprl eane nd
e¢ osion ProtecitSwinl |De seearvaesnftil eobntdi eRA s k Pr e v e
and Management Measures.



T I'n central Greece and in the context of wil
to increase adapt i enef ocnagm a ciif iugh.@ TNhaet s eo niarl ¢ |Fw
Straeeguyre reforestation wiphonotleoga cladl a
relationship between fire prevention and s
also in terms of perceived interest, and f
entire year and enhancingerag@sypsten ueéesils
management , reduce forest mortality throug
tolerant spegcnelsudcgratghvte et i on | nd ewbdllve pEdaluicts
power from centralized buremauvueaaei epsart o c il
I mpr ovtei meealdass copmomoteatdisuci plinary, sect
di versity among fire scienti,stesnesaoamral itayt malk
across i, namomnyt oomser s

C. Contextualisation

It is important to notice that while the number of repetitions can shed light on the most
identified adaptationfactors such categorisation does not provide clarity regarding the
importance osuch factors in terms of increasing adaptive capacity. For instance, factors within
the lower prioritycanplay critical roles where climate risk is considefiean a sectorial basis

For example, the factor fApreparedness of eme
adaptation against wildfires in Eovia. fine samevein, public policy in the public transport
sector was a central topic of discussion in Mlada Boleslav. In addition, since most of
demonstrators focusgatimarily on urban or pefurban areas, there isbéas for urban issues

in detriment ofruratrelated adaptive capacity factoRractices in the rural world are less
represented, but not less importéortrural demonstratordVith this in mind,we underscore

the need to understand adaptive capacity factors in cor@exttextualisation demands a
profound understanding of the local setting; about who and what is affected by a climate hazard,
about thresholds of risk acceptance and about the metrics involved in prioritizing adaptive
action. Each single climate impact chain (presented in the annexes) facilitates such an
understanding.

DObseraadamgt ati on as an adaptive chall enge

I n order to addressnthapsstuiwaddociode emn g adli
change ewutd s@rges sh b detvteilmmgp ment . We buil d on
by O68Behbhoe (2015) t o watthii emoelipditedodad@mpt Bt nonr
chaldengne their work, O6Brian and Sel boe ex
bet ween adaptive strat agi easd agpan siod ecd & tintad ref icit
scope of the cl:iTfadg ef whlangeo mpe obfl etmhe probl e
in climate parameters. It is about multiple,
the soci al and biophysical i mpacts of <cl i mat
and ieftbhencapacity to pge@pe.Th)e.c laoddagrukes p on d
so cflarmat éoacsh deEesindoesraesdy a tcehcahintiecraje sol ved t
expertise, i-moveo,v ad h inly ® KvA0 avc € ®yscwlintt ,e ntidihigsh a t
apprbaesrhdedaufitoobd i st 0 composaeg@r of cnhuanseargoaudse n t
projects. Against this, theind apmaed haitmitodet o
cl i manpe c ttso, chontsi der aal icnhaatlel ecnhgaen,gewher e at t
towar ds umrdarmngteasi dpsasdi t iod!l ,a cul tur al , and hur



Stemming from this perspective, they argue

(1) addressing the soci al structur al cause:
devel opment) (Erisken et al 2015) ;

(2) iidnegmtei femdogenous | imits to adaptation
2009) ;

(3) developingtoolaldea(@Btuavtzeont a md, egn feisel d 2012

(4) despomul tiple processes (changing econon

change)

(5) ciomghiedeirnt eraction betweenl van deisn s thietl u tei

where adaptive chalheagedbegrenggroaeandedhow
perceived andh appraozehed he understanding of
assystsong ica l construct.

Against this, we prapaedaeptai nedd mtcitgf@meds aitni otnh
i mpactf elhlaawysmgl aggpoédati on as a chall enge. [
provide a deeper adagé¢efeascitaonrdsi nfga hoafh edcotwe emmh p e
adaptiant itcelrumsd eoviel op ment

Il n tabl e dxX¥pdoxeddwe awveh adaptation ifdentoirf ited e

O6Brian afmora$Sdl waapt wesd ftahcet:tgqudkcsdd ®@nadapti v
f acrteolrattheed a pt ati on chall enge?

Table 14 below highlights that each adaptiywv
understand adaptation as a challenge.

Table 14: Adaptive factors as part of the ad

Landscape resi X X X
Mu |-steict or i al C X X X
Financi al resao X X

Frequency of X X
monitoring

Urban resilien X X
building stand

Local Il nstitu X X X X
strength, coop
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Annex

Annex NLocdadaheClimate I nformati
Rationale:

The Local Climate Information Profile (LCIP) seeks to identify key challenges around the
management and integration of climate &wlly sourcedlata needed to understand climate
risks.

The LCIP seeks to derive key input needed to run taillade workshops in each of the
demonstrators within the VALORADA project, as well as to provide insights for the
development of data catalogues (WP2) and data management tools (WP4).

The LCIP consists of three parts:

(1) Visualising the climate context (risk and adaptive capacity)

(2) Identify the policies and processes involved in data management, the data stakeholders
and the data infrastructure that constitute the data governance to use local data for
addressing climate risk in each demonstrator

B)Assessment of the maturity | evel of | ocal

Instructions

To complete the LCIP, information from various forms of documentation existing in local
government records, as well as information collected from interviews, newspaper records, etc.
may be needed. Given the strategic nature of this document, short asisgeddsbe provided.
Answers should guide the location of documents, the stakeholders involved (whenever possible
or applicable) and brief additional comments needed as background information whenever
applicable.

Demonstrator:

Demonstratorés focal point (name and institu

Local partner:

Person filling out the profile:

Date profile is handed in:

Comments:

Part 1. Visualising the climate adaptation contextExperience of local actors regarding the
impacts and consequences of clirmax¢reme events and the responses developed by local
actors.

Part 1 aims to derive input needed to develop the climapact chains (Workshop activity 1)




Demoo6s
challenge

In relation to the local climate challenge specified above, refer to the impacts caus
climate change over the last 5 years

Event type (add lines in case more tha
event is considered)

(Extreme T°, excessive/lack rainfall)

Consequence

(Summary of what happened)

Additional impacts

(More than one consequence may occur)

Responses from actors over the short
medium term (are responses institutionali
or adhoc?).

Institutional aspects

Work teams linked to adaptation to clima
change (roles and influence level, M, L-)

Existence of Local Climate Plans

(Mention 3 key goals, 3 key measures)

Indicators associated with adaptation
climate change (up to 5)

Avalilability of climaterisk maps against th
local climate challenge (specify format an
way to access the maps)

Guidelines and Policies for extren
temperatures and water availability (Y
specify which)

Digitalisation agenda / Modernizatic
Agenda (Y/N, mention 3 key measures)

Participation in European projects relevan
VALORADA goals (Y/N, whichones)

Part 2. Exploring the data governance in place to address climate risk.



Part 2 aims to derive input needed to develop the narratives of valorisation, theada¢a
chains (Workshop activities 2 and 3), and input needed for deliverables Catalogues (WP2) and
Data tools (WP4).

Input data

Data considered in this section refers to the spelofially sourceddata as well as climat
data that contributes to understand climate riskswiss the local climate challenge in ea
demonstrator.
Examples oflocally sourceddata can include: socieconomic data, demographic da
environmental data, territorial data, etc.
Local partners are encouraged to decide which types of data to focus on. We recq
focusing on 13 datasets, centring efforts on tbe-hanging fruits.

Key data (Climate and neclimate) used for the
Local Adaptation Plan

Specific datasets (Climate and rdimate) used
for understanding, communicating and tacklin
the local climate challenge (If different from th
above).

Are thereclimate datasets used directly by the
local stakeholders? (Y/N, for which purpose?)
Who provide these climate datasets?

Does the use of climate data/information requ
support from external expertise?

Data governance

This section refers to the management of data specified in the previous secti
*** Stakeholders are encouraged to also refer tordategement in general, since
valuable examples can shed light on effective-ta@agement practices.

Are there key datatrategic objectives? (Yes/N
specify)

Are there data quality rules in place? (Yes/No
specify)

Are there key data quality indicators? (Yes/Ng
specify)

Have key data challenges been identified?
(Yes/No)

Are there data quality management practices
place? (Yes/No, specify)




Is there a budget allocated to improve data
governance? (Yes/No)

Policies and processes

Are there data management policies or
procedures currently in place? (Yes/No, speci

Is there a data certification scheme in place?
(Yes/No)

Are there Data risk and privacy metrics in plag
(Yes/No)

What are the key gaps in data management?

Key data infrastructure

Is there a defined process for data classificati
(Yes/No)

Is there a defined process for data collection?
(Yes/No)

Is there a defined process for data storage?
(Yes/No)

Is there a defined process for data processing
(Yes/No)

Is there a defined process for data usage?
(Yes/No)

Are there data catalogues in place (reference
and master datg)es/No)

Are there workflows in place to make it easier
find and understand relevant data? (Yes/No)

Are there smarinetadata tools in place?
(Yes/No)

Are there tools for automate and scale in plac
(Yes/No)

Data stakeholders

Which stakeholders are involved in data
management (collection, storage, analysis)?

Who are the data owners? (Provide examples

Are there IT architects? (Yes/No, provide
example)

Are there Data analysts? (Yes/No, provide
example)

Are there systemsxperts? (Yes/No, provide
example)




Are there thireparty data providers? (Yes/No,
provide examples)

Are there (local) databservatory networks?
(Yes/No)

Are there channels to collaborate with citizens
and other stakeholders in datallection?
(Yes/No)

Part 3. Based on the Capabiwhitctyhw Haplboreyg Mod

|l evel of | ocal d-amtha cgho voefr ntahnec ef oslclhoewmensg f i v e

descri bgovkendate state in each demonstrator

Part 3 aims to provide input for the narrat:.i
Level Description

Level 1(:adl nhiotci aand ¢

Level 2: (Masiagepgroj e

in place)

Level 3:( shafmidmedi zecd

across the organizat

Level 4 : Quantitatiwv

Manadegdantitative pe

measurements in plac

Level 5: (@Ofpdduns zomgc

process i mprovement)

Local Climate I nformation Profile

T UK LCLI P: Local Climate | mpacts Profile: Spreadsh
https://www. ukci pcloirmatue ¢ wa b(ad idd gildunbshgP/0 2 3)

1 https://atbewarneamddness tmbatklune 9202 3)

f https://agybaear-mamidatpwfhd@vefnbddbaesestmbatkled 29
June 2023)

T https://www.infor mat i ciasdcaet m/t rddesnapafl nigteasa/ saerst.ihctlnels / wh
(checklewne 9202 3)



https://www.ukcip.org.uk/wizard/current-climate-vulnerability/lclip/
https://atlan.com/data-governance-readiness-assessment/
https://atlan.com/data-governance-maturity/?ref=/data-governance-readiness-assessment/
https://www.informatica.com/resources/articles/what-is-a-data-catalog-benefits-and-use-cases.html

AnneXh2 story of Valwuatu

I n the quiet town of Valuatu, nestled betwee
been predictable and serene. However, as t he
threat: climate change.

(HAZARDe first signs of trouble appeared as
became bl ($MPABE®rhktdti ng the fields and causi
cr opgAZARD he threat(RFSMhtersnbreaghbhtd. heavy
combined with the melting($MEANCAY oad tthhee nreiav

swel | beyond its banks, flooding the town an
The people of Valuatu realized( BEXPAQS tHRE)yr n e €
homes, their livelihoods, and thseinst waylkeoef |
changing climate than others, particularly t
patterns. But also, the elderly, who were mo

felt uncomfortable at scldome prdpte@eulifeé&lnotmoc
during extended hot ypeedr idrdisnkiYogu nlyge eore opnr et lea

were hot. Many got heat strokes. Some of t
hypot her mi a.

Il n response, the town of Val unaeteud ecda theo tabdgaepttt
changing climate.

The town organi zed vwdrukrsets®pdse mtnsd asbeoru tn acrlsi nhao
i mpacts. Theyrkeesgdn emyt, b midirdismg utchh @iirre homes
flood damage and installing rainwater harve.
pl amtr @dirgehsti st.ant <c¢crops

But Valuatu didn't ksntoowg etdhgesr,sema SThpsoyw elrente wo U th at
data to better under M amhdthlee hel pkofthey hiha:
with universshaeisngtéeygi atareedndimey amdr eays.

their eéemtegrfitemdaamai ous sources, i-naseding
measurements, and modelling, to provide a hc
sharing and col | aboraagteinocni ea monrge sg@@av €+ n mennstt
governmental organi zatstoansdaradi aed  dmadtbhagdtdae w
to facilitate data interoperability and exch
They establ momedoa i twngatslytst ®aeanked r ai nfall pat
retal me. This data was made available to all
changing conditidnsai momg &fud ¢édppagel wygities
of fered to data manager s, s-makatsstd, enhanc

management skills and knowl edge.



Annex 3. Climate I mpact <chain

[. Introduction

The Climate I mpact <chain for the -EUIiprbjgct, of PS
focuses on the risk of degradation of urban ecosystems due to urban heat, urban warming, and
droughts.

The development of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving city representatives was held in October 2023. The preliminary climate
impact chain was formulated based on the insights gathered duringwthisshop,
supplemented by a comprehensive literature review. Subsequently, the initial draft of the
climate impact chain was shared with city officials and consortium partners ASITIS for
feedback. This document incorporates all the suggestions providée bycal stakeholders,
resulting in the final version of the impact chains.

The document is organised as follows:

Section Il presents a brief definition and schema describing a climate impact chain.
Section lll discusses key| i mat e change and urban ecosyst
Section IV delineates the identified climate hazards.

Section V outlines the schema proposed for the climate impact chain.

Section VI presents the key risks identified during the workshop and outlines the eight
Impact sequences associated to this risk.

Section VII outlines the exposure factors associated to each of the sequence of impacts
identified in section VI.

Section VIII outlines the sensitivity factors associated to each of the sequence of impacts
identified in section VI.

Section IX outlines the adaptive capacity factors associated to each of the sequence of
iImpacts identified in section VI.

Section X presents the bibliography, indicating the literature reviewed for generating this
document.

o Do Do Do Do Do Do Do Do

[I. Climate -impact chains

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaxs akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermiecjpetets, which finally

lead to the risk. The hazard component includes factors related to the climate signal and direct



physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by one or more exposure factors (Gl1Z and EURAC, 2017).

Schema of a Climate Impact Chain (adapted from GIZ and EURAC 2017)

Hazard
(climate signal)

Sensitivity

Impacts
-

Adaptive Capacity

.
Risk

l'11. Climate change and urban ecosystems
T Urban ecosystems, known for their biodiver
climate change adaptation and mitigation (T

urban habitats @caentnrgi bouft eurtboa nt hMa swalelnt §i ¢
2013) .

T However, climate change i s already i mpacH
(Rosenzwei g et al . 2015) . The combination
exampl e, through increased patcthtefirgdaagmenttd
vulnerability of bi odiversity hotspots, ur
(Luck & Wu, 2002).

T Virtually all/l climate change &effects have
ecosystems, bi odiversity, and the vital ec
webking in cities (Rosenzweig et a&lreaz@l5)
the susceptibility and vulnerability of wurt

such as diminished groundwater and aquifer
intrusion (Praskievicz & Chang, 2009).

f Further mor e, because of t he i ntbeericnogn n&mrcd e
ecosystem services, growing ecol ogical st
ecological services (Cairns and Pratt, 199

1T Cli mate change and the urban heat island (L
infrastructure by causing shifts in temper
humi dity | evels, soil moistutrablcent eadqyi ver
and air quality (Solecki & Marcotull i o, 20

effects that further affect urban ecosyst el



| \Climate hazards:

Climate hazards for the city of Prerowvere defined as the increasing urban temperature

(extreme heat as well as overall warming) and drodghti s i s consi stent wi't
adaptation, which states that the three main
and floods (ASITIS, 2021). The plan specifie

By 2030 the average temp®r &t ACe ibry RE&00 b ywi
AcC, and by 2100 the temper afthug ei rcorud as e nwirlel
noticeable in summer and winter.

9 Al ong with the i ncnruenabseer ooff ( theotifh edtazytspree at e
30 WwiC)h I incrtelmrsemi ddl e-30fhohedagsatwiryh 26O mp
30 AC can be expected every year. Mor e fore
(periods of extremely high temperatures | .
expected.

9 Winters wild.l be also getting war mer wi t h
temperatures stay below OAC at all ti mes.

T There wild/@ be no major change 1ial ttéiren atoitvad |
there may be a slight increase. However, t
change throughout the year. |l d wihterain ma

T I'n summer, on the other hand, there wildl
drought wi || be prolonged. EhtsemgmiBBead t
mm per day) will occur more often and caus

Areas most vul nerable to heat waves:

1 hi storical ci Kypaaeannye
street)

1T residentinglbSageaDin Ed\
Benegméankmélat Hagd eet .

T area Abheabsk®etGem.nd
Gtef &§hikat

1 area bBéeweewner amd t he
Li stapanbDe oSBktorvae t

Areas most vulnerable to

A surroundings PoSeriond k ®t |
strojaznrdAyec herdr gsireet

! o w A shopping centre surroun
Gel atovshk@8rkasg&sna
Picture 1: Climate change vulnerability synthesis
of the city of Perov, source: ASITIS, 2021 A - the most vulnerable res

city centr 8ebawiawne Hherd ma e n
n 8 mrksqtular e, segment sPab etcakeddrmoa ttohceh wstlt| reeweat tsh  f r
Komensk®het .



V. CI

Factor 1:
Physical
condition
s of built
environm
ent

Factor 2:
Location

Factor 3:
External
stressors

Impacts

z

mate | mpact chain for PSerov
| Climate Hazards
Exposure Drought and Urban warming Urban warming Sensitivity
. L ] * L ] v y v
Institutional || Introduction Reduced Warmer Increased || Changing species ' Cost Rate .
Of_ne"f’ pests stream flows winters affectation population Changmg Increased || maintenan urban re'ees
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Ve more Accélerated T Cha:1ging timin; rates 03, Agricultur S ( Q:Jc;:lg;‘o]
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RISK: Degradation of urban ecosystems in Pferov due to urban warming and water stress (drought) mﬁmﬂ i species




VI. Risk:

Understanding risks:Cl i mat e change and urban ecosystems

T Urban ecosystems, known for their biodiver

climate change adaptati omROarbd ; miwthiid at iadn t (hf

urban habitats -bceoinntg iobfu tuer btaon trhees iwdeednt s ( So

1T However, cli mate change i s already i mpacH
(Rosenzwei g et al . 2d0I11li5mat eT heh acnogneb i amrad i an
exampl e, through increased patch fragment af
vulnerability of biodiversity hotspots, urtk
& Wu, 2002).

T Virtually al | climate change effects have
ecosystems, biodiversity, and the vital ec
we-bkeing in cities (Rosenzwei g et carle as2e0 1t5h)e.
susceptibility and vulnerability of ur ban

such as diminished groundwater and aquifer
intrusion (Praskievicz & Chang, 2009) .

T Further mor e, because of t he i ntbeericnogn na o d e
ecosystem services, growing ecological St
ecol ogi cal services (Cairns and Pratt, 199!

T Climate change and the urban heat island (L
infrastructure by causing shifts in temper
humi dity | evels, soil moi stureaeblcesnt eaqui vec
and air gquality (Solecki & Marcotulli o, 20

effects that further affect urban ecosyster

During the workshop, <city representatives of
urban warming, and droughts in relation to the degradation of urban ecosyssesh®wn in

the figure above, overall, the risk of urban ecosystem degradation was associated in connection
with eight sequences of impacting factors: (1) foreign pests increasing and stabilising (and
changing patterns of disease), (2) changing water tonsliposing stressful conditions for
aguatic life, (3) changes in species disttibn, (4) changes in species competition for forage

and new pest management regimes, (5) changing physiological processes, (6) reduced
biodiversity and tree and soil damage provoked by air pollution, (7) the modification of
ecological interaction networkand (8) reduced institutional capacities to maintain and inspect
the conditions of urban ecosystems.



Sequence 1. Il nstitutional i mpact s

In the first sequence of impacts proposed, the focus is on the reduced capacity to keep
appropriate and frequent maintenance and inspection to degrading urban ecosystems provoked
by urban heat, warming and droughts. The proposed impact factors in this firstceeqoesrge

as propositions provided by the participants during the workshop. The -effece
relationships are presented below.

Urban heat, warming and droughts

Increased demand for ecosystem
maintenance, inspection and sanitation

A 4

Increased cost of maintenance of parks and green urban areas

Increased demand of water for irrigatior

Reduce capacity to do inspections on the state/ conditions of trees

Poor urban forestry practices

Due to insufficient protection of places to pla
new trees in dense urban areas trees are Urban dewvelopment is leading trees to be cut
disappearing from city centers and moving f down from city centre

the edges of cities.

Reduced frequency of maintenance and inspection




Sequence 2: Expansion of pests and pathogens

In the second sequence of impacts proposed, the focus is exghasion of pests and pathogens
provoked by urban heat, warming and droughts. Literature supporting the statements as well as
suggestions connecting the caasiect relationship are presented below.

Urban heat, warming and droughts

Intrioduction of new pests in cities

Drought can introduce phase changes (e.g., sudden or abrupt changes in habitat
condition and quality) and pest species (e.g., invasive species/ diseases/parasites) in
cities (Solecki & Marcotullio 2013).

Pests become established

Invasive species, including both plant and animal species, could become more
established with extended drought or other disturbances (ibid).

A 4

Expansion of pests and pathogens

Expansion or strengthening of disease pathogens could threaten locally important
species such as predators of insect pests, which in turn could increase the number of the
specific pest species (ibid).



Sequence 3: Drought vaenmd ecrolsgyrs t eanast o n

In the third sequence of impacts proposed, the focus is on the degradation of aquatic habitats
provoked by urban heat, warming and droughts. Literature supporting the statements as well as
suggestions connecting the caw$iect relationship are presenteelow.

Urban heat, warming and droughts on river ecosystems

Drought: reduced stream flows affect aquatic habitateve& mwater quality

Exacerbate chemical water quality problems such as eutrophication of already stressed
urban ecosystems (Solecki & Marcotullio, 2013)

Temperature changes caused by Uiflsctsaquatic life.

Accelerated growth and reproduction of bacteria, algae, and other species (ibid)

Stressful conditions or fatal to fish and other aquatic life (ibid).




Sequence 4: Urban heat on pests and tree deg

In the fourth sequence of impacts proposed, the focus is on expansion of new pests and tree
degradation provoked by urban heat and warming. Literatypporting the statements as well
as suggestions connecting the caeffect relationship are presented below.

Urban heat and warming

Better conditions for pests

Changing climate may also affect the introduction of new species in urban ecosystems by
reducing noninvasive and native species while favoring weedy and-adagted species
(Rosenzweig et al. 2015).

Warming cities may find new problems with invasive species and pests that had formerly
been limited by cold condition®ksenzweig et al. 2015)

Winter warming and absence of cold waves will benefit certain species of insect pests and
diseases that are sensitive to prolonged periods of cold; other invasive species may be able
to respond more readily to warmer winterand spriimge temperatures (Solecki and
Marcotullio 2013).

Changing speed and onset of diseases

Climate shiftscan adjust the speed of onset of emerging diseases and other pathogens and
alien/invasive species entering the extended regions around cities (Solecki and Marcotullio
2013).

Increased herbivory of urban trees

Urban trees could face greater herbivory in the future as a consequence of the increased
fitness of some herbivorous arthropods under warming scenarios. However, more research
is needed to generalize these results to more urban(Resenzweig et al. 2015).



Sequence 5: Urban heat on the promotion of

In the fifth sequence of impacts proposed, the focus is aaffibetation of specialised species

and the promotion of invasive species degradation provoked by urban heat and warming.
Literature supporting the statements as well as suggestions connecting thefieuise
relationship are presented below.

Extreme heat

Increased affectation on specialised species

Species that are highly specialized and heat sensitive may be threatened with local
extinction driven also by an inability to move to new areas as urban development expands
(Rosenzweig et al. 2015)

Changes in species distribution and promotion of invasive species

Ultimately, changes in species distributions are expected to modify the ecological
interaction networks in cities and have the potential to promote invasive species, which
could accelerate the loss of urban biodiversity (Kendal et al., 2012)




Sequence 6: Urban heat on population dynamic

In the sixth sequence of impacts proposed, the focus is on the changing population dynamics
and forage availability provoked by extreme heat. Literature supporting the statements as well
as suggestions connecting the caefect relationship are presenteelow.

Extreme heat affects species dynamics

ing population dynamics

Insect life cycles and migration patterns
have been welflocumented, with changes in
the life cycle of certain insects having
already occurred in response to urban
warming (Parmesan, 2006; Parmesan and

Yohe 2003).

The UHI effect in cities can change the
reproductive and population dynamics o
animals Rosenzweig et al. 2015)

Change resource availability

Forest tree species shifts, such as the decline
Climate shifts will impact the resources in one species to be replaced by another
available to urban wildlife including insect: better suited to the likely warming and
birds, and other larger animals by changit moisturelimiting climate, could result in an
the quantity, quality, and timing of forage  important loss of forage for one or more
for animals (Solecki and Marcotullio 2013  animal species z(ggga)cki and Marcotullio

Changes in species competition and pest management regimes

The shifts in forage and in species composition will result in changes in species competition
and pest management regimes (lbid).



Sequence 7: Urban heat on physiology

In the seventh sequence of impacts proposed, the focus is on plant physiological impacts
provoked by urban heat and warmingterature supporting the statements as well as
suggestions connecting the cawiect relationship are presented below.

Changing physiological processes

At the individual and species population level, many physiological processes such as
photosynthesis, respiration, growth, and flowering of plants are affected by changing
temperatureRosenzweig et al. 2015)

Changing reproductive rates

Elevated temperature can affect growth and reproductive rates either positively or
negatively for plants (Hatfield, 2011).

Higher temperatures can also lead to increased physiological stress on wildlife, affecting
their behavior and reproduction (Marzluf, 2001).

Changes in tree chemistry

Warming conditions in New York City, for example, have led to changes in tissue chemistry
in tree seedlings relative to cooler, amiban settings, resulting in more rapid shoot growth
but reduced root mass (Searle et al., 2012).



Sequence 8: Heat on air pollution

In the eighth sequence of impacts proposed, the focus is on the degradation etasyatems

due to increasing levels of air pollution as provoked by urban heat and warming. Literature
supporting the statements as well as suggestions connecting thestfaoseelationship are
presented below.

Heat increases urban heat island effect

Heat waves and warm spells could exacerbate urban heat island effects, including
increased air pollutiofSolecki & Morcotullio, 2013).

Increasing production of pollutants

Increased temperatures will promote the increased production of secondary air pollutants
such as ozone, NO x and SO x (ibid)

4

Urban ecosystems affected

Air pollution has multiple health, infrastructure, ecosystem and climate impacts (Molina
and Molina 2004).

Pollutants such as sulfur can lead to excess levels of acid in lakes and streams, and
damage trees and forest soils; atmospheric nitrogen can reduce the biodiversity of plant
communities and harm fish and other aquatic life; ozone damages tree leaves and
negatively affects scenic vistas in protected natural areas; mercury and other heavy metal
compounds emitted as exhaust from fuel combustion can eventually accumulate in plants

and animals (EPA)

Groundlevel ozone damages vegetation and reduces biodiversity (EEA).
Ozone damages agricultural crops and reduces yields (EEA).

Nitrogen oxides (NO x ), ozone (O3) and fine particulate matter (PM10), are major
problems for urban vegetation. Both fungal pathogens and insect pests of plants are also
impactedparticularlylichens (Bell et al. 2011)



ViIil. Exposur e

Resulting from therevious hazaréimpactrisk causeeffect relations, the following elements
were identified during the workshop to be exposed to the effects of urban heat, warming and
droughts.

Factor 1: Physical conditions of built environment

1 Urban heat island can cause significant negative environmental and economic impacts such
as affecting human thermal comfort, air quality and energy use due to the increased use of
air conditioning, inducing also earlier spritighe flowering in urbanizedraas compared
to surrounding rural areas (Richter 2015).

1 High building density and a lack of urban green and water spaces determine the adverse
bioclimatic evaluation of urban environments (Richter 2015).

1 Urban temperatures are enhanced by anthropogenic heat from vehicular transport, heat
emitted from building energy waste (Ebi et al 2021).

Factor 2: Location

1 During the workshop, it was indicated by participants that trees tend to be taken away from
the city centre due to land use planning the use of space. Trees enter in competition with
other spatial needs such as the provision of urban lightning, and tindutisn of
electricity cables.

Factor 3: External stressors

1 During the workshop, it was indicated by participants that trees tend to be taken away from
the city centre since trees enter in competition with spatial need uses such as traffic.

Resulting from this characterisation of exposure factors, the following table identifies the
connection between the impact sequences with exposure factors:

Impact Sequence Association to Exposure Factor

Sequence 1 2,3

Sequence 2 1

Sequence 3 1

Sequence 4 1,2

Sequence 5 1,2,3

Sequence 6 1

Sequence 7 1

Sequence 8 1

Areas in the city under exposuwer kslkeaoapified



a)Nati onal nature reserve Gebralka, the fl oo«
b)Belva river (affected by factor 1)

c)Water area Laguna (affected by factor 1)
d)Ur ban parks (affected by factor 1, 2, 3)
e)Agricul tur al |l and (affected by factor 1, 2,
f)Street greenery (affected by factor 1, 2, :
VITI. Sensitivity

Sensitivity is associated with three major elements: (1) water availability; (2) urban dynamics
(rate of urban growth and expansion of impermeable surfaces which denfidtaagon rates

and strengthens the UHI); and (3) ecological properties of trees in the city (species type, age
composition and tree location). The relationship between sensitivity factors and impact factors
are displayed according to each of the imgacfuences:

o Factor 1: Water availability :

o The biggest water demand in PSerov i s
prolonged periods of drought appear thet
identifies which segments wil/ be/ wil |l r
of Ol owmoa¢kwhich has insufficient numbe
overcome such periods by suppling from t
in other regions of the Czech Republic).
area I s thatmatdemandaimer water rises
demand i s met by | ocal rivers and strecé
support industry run the risk of drying

o The issue of urban water security remai
| owwiercome countries. Many cities face di
to their residents, especially those r
conttimueexpand, the demand for | imited wa
of climate change are poised to exacerba
(Rosenzweig et al. 2015) .

o El evated temperatures play a critical r
overall drought intensity, and drought i
demand (Gowda et al . 2018)

o Factor 2: Urban dynamics.
o Rate of wurbdmb@agmowtclosystems face unique s
exposure to hapapdé$ asuch dendiitgghl i smdtee i n

related stressors, and the wurban heat I sl
o Expansion of i mpefOmeabFeté&eor masessignific
ur ban streams is the proliferation of i mp
the hydrological dynamics and channel s p
roadways, and e astkriengmsd o(tGr iimmm,0 @th al . 20

0 Rate of water infiltration : Associated to previous factor.



o Factor 3: Ecological properties.

0 Tree species compositiorMc Ki nney (2006) n eatdeasp ttehdd't scpeerc
flourish in urban environments globally,

becoming preval edteveetl sl.oclTahle gmrdo creesgsi confalh o
and aquatic ecosystems through wurbanizat.

C

-

I

geographic regions, influenced by factor
specific composit@OQ06) of Adgietcii @sal(lOf,dewmhi |2
and socioeconomic factors I mpact vegetat:i
nomati ve i nvasive species t hat thrive i

benefiting from sh$Sdkopm &I Wurazel ,c0@A0 3)i .0

Tree age composition Currently, trees lack protection, although discussions are
underway to amend legislation under the auspices of the Ministry of Environment.
Consequently, numerous mature trees face a gradual declwiglity, subject to

partial, pieceby-piece removal without any plans for replacement. While a significant
number of trees have reached maturity, the absence of replanting initiatives persists due
to potential interference with existing electricity netksrlt is estimated that newly
planted trees in Prerov have a life expectancy of 14 years.

Plant location: PSerov (like most of other Czech
funds to implement permanent irrigation, neither invest in habitat conditions
improvement (root aeration; extension of permeability of surrounding surfaces; rootable
cells in new platings; "micro water managementtirainage of water from surrounding
paved surfaces to the roots of the tree). All these factors increase sensitivity to-climate
related issues and deepen possible risks and increase negative impacts of climate
change.

Impact Sequence Sensitivity factor
Sequence 1 1, 2, 3
Sequence 2 1, 2, 3
Sequence 3 1, 2
Sequence 4 3
Sequence 5 2, 3
Sequence 6 1, 2, 3
Sequence 7 2, 3
Sequence 8 2, 3




| X. Adaptive Capacity

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations, and infrastructures that enable people to adapt to the effects of
climate change. Seven adaptation factors were identified. These were coniptémwih
additional scientific publications, which results in the following schema:

Funds to refurbish greeConser vi ng, restoring, a
areas. enhanlciemat e resi | i-beennceef i &
mounting cl i-cmMaitmact i &ndstmad
ur bani zati on and develo
i mproved ur ban and regi

Multi-sectorial cooperation |[gover nancaseamndr mal ticodpeg
manage urban ecosystems
Marcotul i o, 2013) .
N _ Al so, greater coordinati (
Resilient Planning structures that manage
bi odiversity, i ncluding
par ks, and nei ghbour hoo
ecosystem functioninagt ad
Frequency of management essent i-ead ol soyd icaall engage
2010) .

Early-warning systems

Information about invasivi
species

Tree and ecosysteminvento The adaptive capacity of

function of ecol ogy, p h
(Williams et al., 2008).
I n t he context of ur ban
nonhuman actor s, behavi ¢
hummrol ogi cal intervent.
adaptive capacit yi.ndRiccre de
capacity coul d i nthate a

tolerant of higher tempe




derived adaptive capacit
that change ecosystem co
|l i ke insect populations
(Rosenzweig et al. 2015)

Twanain strands of adaptive factors emerge

institutional factors and human decisions re
and monitor urban ecosystems; whlieleed vaa dsaepctoi nvde
capacity related to natur al processes and ec
As a way of contextualisation, the specific

(ASI'TI'S 2021), are presented bel ow:

1 Increase the ecological stability of the territory.
o Revitalisation of ponds in PSedmost 2.
o Extension of the orchard area in Gerna
o Support of biodiversity of the Popovicky hill (natural monument).
1 Improve microclimatic conditions in the city and reduce the risks associated with high
temperatures during heat waves.
o Implementation of extensive and intensive green roofs
o shading of pavements and public spaces
1 Reduce transport emissions.
o Implementation of projects for the development of low or zero emission
transport
o Development of a network of cycle paths

These measures respond to three specific goa

Strategic goal 1:

T Restore ponds in wetland$&ebnaP&povice nea
T Optimize the capacity of the sewer system
1 Revitali P8egmaods2in
T Support ecol ogMala® Ilagag@lny ity in the
T Revise the flood plan and crisis plan in
Strategic goal 2:
A Make green roofs
A Revitalize the historical centre

A Revitalize8§mbset pagkalmedy he



A Il nstall shades above sidewal ks and in othe
A Subsidize rainwater wutilization projects

A Create a system of financi al mi crogrants f

Strategic goal 3:

A I mplement energy saving measures and inst
A Develop networks oWwagycodbet st hs and cycl e

A Secure subsidies for environment al educati
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Annex 4. Climate | mpact <chain

[. Introduction
The Climate Impact chain for the city of Mlada Boleslav in the context of the Valaidda
project, focuses on the risk of extreme hight

urban transport.

The development of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving city representatives was held in October 2023. The preliminary climate
impact chain was formulated based on the insights gathered duringwdrkshop,
supplemented by a comprehensive literature review. Subsequently, the initial draft of the
climate impact chain was shared with city officials and consortium partners ASITIS for
feedback. This document incorporates all the suggestions providibe Ihycal stakeholders,
resulting in the final version of the impact chains.

The document is organised as follows:

Section Il presents a brief definition and schema describing a climate impact chain.
Section lll discusses kayl i mat e ri sk concerning high tem
Section IVdelineates the identified climate hazards affecting public transport.

Section V outlines the schema proposed for the climate impact chain.

Section VI presents the key risks identified during the workshop and outlines the four
impact sequences associated to this risk.

Section VIl outlines the exposure factors associated to each of the sequence of impacts
identified in section VI.

Section VIII outlines the sensitivity factors associated to each of the sequence of impacts
identified in section VI.

Section IX outlines the adaptive capacity factors associated to each of the sequence of
impacts identified in section VI.

Section X presents the bibliography, indicating the literature reviewed for generating this
document.

o Bo Do Do To Do Do I P>

II. Climate -impact chains

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaw ekeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermieaiegtets, which finally

lead to the risk. The hazard component includes factors related to the climate signal and direct



physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by one or more exposure factors (Gl1Z and EURAC, 2017).

Schema of a Climate Impact Chain (adapted from GIZ and EURAC 2017)

Hazard
(climate signal)

Sensitivity

.
Risk

Adaptive Capacity

[ I Ri sks: Wh a 't I's distinctive about ur ban

status?

1 The frequency, intensity, duration, and spatial extent of some extreme weather events,
particularly heat waves, has been increased by climate change, with further increases
projected (Richter, 2016).

1 Intense heatwaves in Europe are expected to happen more frequently and become more
intense with climate change. With 1.5°C, each year more than 100 million Europeans would
be exposed to a present intense heatwave (Feyen et al 2020).

1 Compared with préndustrial times, the mean average European surface air temperature
increase has been almost 1°C higher than the average global temperature increase, and 2022
was the hottest European summer on record (van Daalen et al 2022). Thewoesandrher
caused almost 62 000 deaths in Europe in 2022 (Romanello et al. 2023)

1 Climate change is interacting with other trends, such as population growth and ageing,
urbanisation, and socioeconomic development, that can either exacerbate or ameliorate
heatrelated hazards (Ebi et al 2021).

1 Urban temperatures are enhanced by anthropogenic heat from vehicular transport, heat
emitted from building energy waste, and minimally by human metabolic heat (Ebi et al
2021).

1 Europe had the highest rate of heglaited mortality in recent years (2022) (Romanello
et al. 2023).

1 Vulnerability to heat exposure has increased steadily across all European regions, with an
increase of 6% from 1990 to 2019. Although northern Europe is the most vulnerable region,
the highest relative increase of 9,8% is observed in central Europe (aan@aal 2022)

1 Assuming present vulnerability and no additional adaptation, annual fatalities from extreme
heat in Europe could rise from 2,700 deaths now to nearly 30,000 with 1.5°C global
warming, 50,000 with 2°C and 90,000 with 3°C (Feyen et al 2020).
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IV. Climate hazards in the context urbantransport

With the global urban population expected to reach nearly 70% by 2040 (Black et al. 2021), the
need to plan for the ri sk of -patcularlycampeoptee mper
travel through the citbecome paramount.

Transport is a key issue for Mlada Boleslav because the life of the city is significantly linked to
industry. The city's service vehicles alone account for around 6,000 vehicles, which practically
clog the city at regular intervals at the end of the shiftbe largest of the factories. However,

it is not only Mlada Boleslav, but also its surroundings, from which public transport brings
workers and where several industrial facilities of the automotive supply and demand chain have
been built in the last tavdecades.

The expected Impacts of climate change in the urban transport sector Mlada Boleslav described
in the Adaptation Plan include the following elements.

|l ncreased traffic accidents due to driver st
The necessity to introduce air conditioning in public transport.

Increased energy consumption for vehicle operation.

Decreased iceelated incidents.

Reduced costs for winter road maintenance.

To To Do o Do

The rextkr ehe high temperatures on peopkeds h
characterised through four sequences of | mpa

(1) road infrastructure.

(2) Operators.

(3) Pedestrians and drivers; and
(4) Vehicles.



V. Schema proposed for the climate impact chain.

Exposure

Factor 1: Physical
conditions of
built environment

Factor 2:
Exposure time

Factor 3: Nature
of activity

Impacts

Climate Hazard

Extreme high temperature impacts on urban mobility sector
v

Infrastructure Operators People Vehicles Sensitivity
v v
o swheeowmer aging || PO || pemon'saae
" - | aeme covered
infrastructure
Accelerated Increased
deterioration || need for v ¥ Possibility to
ofr ;ci)ftvr:: asnd m?dworks Decreased beI]:;ikiZur Incrt.aased Cost of choose P]clzrs ?n’j
g Y MAIMeNance | | oo fort of il cooling to maintaining ol physica
: insummer T = o o oo While alleviate infrastructure —— status
Damaged in geason driving/
. > roadworks o passenger
rail tracks, v riding discomfort
i ; 0 Increased
ncrease
roads | _demand for Limited mobility options
v demand on infrastructure ] . .
- i . (walking, cycling, public
Increased | , TSR use / public transport, private transport)
maintenance planners, — transport Lt s
cost operators,
v emergency i | Adaptive Capacity
Reduced | »  seryices Increased —
frequency of chances of | Infrastructure | | Operators | | Citizens
maintenance Reduced mechanical Resili
. esilient ;
v capacity to failure Funds to lannin Lo
Safety and operate r_enew/up grade B g flexibility to
function < efficiently to infrastructure Frequency of travel
reduced ensure safety v Use of inspections
v vy environmentally Air
. _ _ _ Reduced thermal friendly Hatly conditioning
Increased risk of car & bike & pedestrian accident comfort, fatigue, heat construction warning in vehicles
stroke in passengers materials systems
v v
) : Development & || Preparedness Diverse
RISK: High temperature affects people’s health enforcement of || of emergency mobility
Accidents. h hydration. str regulations service options




VI. Impact sequences:

Sequences 1 and 2: Infrastructure and operatordn the first sequence of impacts, the focus

is on peopleds health which is expected to
pedestrian accident due to reduce safety and by the reduced performance of infrastructure. This
sequence of impaciacludes also the pressure exerted on the capacity of operators to keep
pace with worsening infrastructure.

Surface overheat resulting from prolongedextreme temperatures.

Accelerated deterioration of roads and railways

Future temperature increases are projected to reduce infrastructure lifetime and increase road costs
(Jacobs et al 2014). Elevated temperature, combined with increased salinity and humidity,
accelerates deterioration in bridges and roads constructed with concrete (Ibid).

Damaged in rail tracks, cracks in roads

High temperatures can lead to infrastructure damage, affecting roads with issues like deformation
and asphalt melting, resulting in unsafe conditions and increased maintenance costs (Slavich et al.
2022).

Elevated temperatures along with the increased occurrence of hot summers, is expected to
contribute to a higher frequency of rail buckling incidents posing risks for train travel (Jaroszweski

et al. 2014).

ncreased maintenance cost

Higher ambient temperatures and extreme h . .
events can negatively impact pavement Increased maintenance costs and rapid

performance and, in turn, increase costs due ~ Maintenance planningiéreases presure on
material upgrades to accommodate higher ~ ransport planners, operators, emergency
temperatures (Jacobs et al. 2014) SIS

W

Reduced frequency of maintenance

As costs due to material upgrades to However, as roads deteriorate more rapidely, the
accommodate higher temperatures increas: need formaintenance work during the summer

these costs are only modestly reduced by le season increase, exposing workers to working
frequent maintenance (Jacobs et al. 2014) under extreme temperature conditions.

Safety and function reduced

Higher ambient temperatures and extreme h
events can negatively impact pavement

performance; Buckled roadway joints can se

vehicles airborne (Jacobs et al. 2014)*

Operators' capacity to operate efficiently to
ensure safety is reduced

Increased risk of car & bike & pedestrian accident



Sequence 3: Drivers and pedestriangn the second sequence of impacts proposed, the focus
is on the risk of accidents as people are affected by physical discomfort and mental stress due
to high temperatures, resulting in more risky behaviour.

Physical discomfort and mental stress

Heat impacts both public and private transportation, including passengers, service
workers, and infrastructure staff (Jaroszweski et al. 2014)

Risky behaviour while driving or riding

Nofal et al (1996) research based on 13,390 police records over three years shows that
most road traffic accidents occurred on sunny days between 12 noon and 3 pm. Driver
error was the primary contributing factor, primarily linked to reckless driving,
carelessness, lack of experience, knowledge, attention, as well @&xbaastion or
fatigue and over speed.

Increased risk of car & bike & pedestrian accident




Sequence: 4. Affected performance of vehiclek the fourth sequence of impacts proposed,
the focus is on the risk of accidents emerging from high temperatures affecting vehicle
performance and safety.

Vehicle overheat

High temperatures reduce thermal comfort and air quality in enclosed transport spaces,
affecting passengers and drivers (Slavich et al. 2022).

Tires shred

Temperature extremes cause vehicles to overheat and tires to shred (Jacobs et al. 2014)

Increased cooling to alleviate passenger discomfort

Increased cooling needed to alleviate passenger discomfort and cargo overheating can
cause mechanical failures and reduced service (Jacobs et al. 2018)

A 4

Increased chances of mchanical failure

Increased risk of car & bike & pedestrian accident




VIl. Exposure:

Resulting from the previous impact cateféect relations, the following elements could be
identified to be exposed to the effects of extreme heat. Some elements emerge directly from
the previous impact chain, while others are supported by additionatuiter

Fact ®hybi cal cona@nvimoamsmerdt bui |t

1 Urban environment and building structure play a vital role in determining the vulnerability
of urban populations to heat stress, such as access to vegetation and green space,
development intensity, living on a high floor miulti-storey buildings, building materials,
land cover and housing density (Puntub et al 2022).

1 High building density and a lack of urban green and water spaces determine the adverse
bioclimatic evaluation of urban environments (Richter 2015).

1 Urban temperatures are enhanced by anthropogenic heat from vehicular transport, heat
emitted from building energy waste (Ebi et al 2021).

1 Urban heat island can cause significant negative environmental and economic impacts such
as affecting human thermal comfort, air quality and energy use due to the increased use of
air conditioning, inducing also earlier spritigne flowering in urbanizedraas compared
to surrounding rural areas (Richter 2015).

Factor 2: Exposure time

1 Overall, the number of hours of risk per person is increasing across all European regions.
In southern Europe, the number of hours with frekted health risks during medium
intensity activities (e.g., football or tennis) increased relatively by 106&eleet 1990 and
2020 and increased to 429 hours per person in 2020. For strenuous activities (e.g., mountain
biking), there was a relative increase of 77% in southern Europe, leading to 627 hours at
risk per person in 2020 (van Daalen et al. 2022).

1 Equipment operators and road builders can be exposed to hight temperatures for long
periods (maintenance and building staff working in hot weather may experience intense
fatigue) (Jacobs et al. 2014).

1 People at bus stops exposed for long time periods (waiting at unsheltered transit stations
during peak hours can lead to severe heat stress (Slavich et al. 2022).

Factor 3: Nature of activity (indoor I_outdoor activity and timing of activity)

1 For outdoor workers, high metabolic heat production associated with occupational tasks
combined with high ambient amddiant heat, low air flow, and sometimes high humidity,
add to human heat strain (Ebi et al 2021)

T Cyclists exposed to dehydration and heat st

from heat stress and health problems, poter
I f they can't use a private vehicle (Jaros:
1T Bike ridership increases with temperature

(Jaroszweski et al. 2014).



T A Iliterature review performed by B°cker

certain threshol ds, positively influence
threefold increase in cycling. fAdide mpemat dr
on travel behaviour differ depending on t
geographical context. Recreational trips

Resulting from this characterisation of exposure factors, the following table identifies the
connection between the impact sequences with exposure factors:

Impact Sequence Association to Exposure Factor
Sequence 1 1
Sequence 2 1,2,3
Sequence 3 1,2,3
Sequence 4 1,2

VIIl. Sensitivity

Sensitivity is associated to three major areas: infrastructure, behaviour physical conditions
affecting the person or its journey:
o Infrastructure: The following behavioural elements are derived fromvibekshop.
o Factor 1: Aging infrastructure (sequence 1).
o Factor 2: Cost of maintenance (sequence 1).
o Factor 3: Increased demand for infrastructure use (global urban population expected
to reach nearly 70% by 2040 (Black et al. 2021)).
o Factor 4: Urbanisation
A increasing urbanisation could amplify the urban heat island effect, which
causes urban and metropolitan areas to be significantly warmer than their
surrounding rural areas (Feyen et al 2020)
A The combined effects of heatwaves and air pollution miginther
exacerbate human stress in densely populated @ewsn et al 2020)

A Urban areas are vulnerable to the health impacts of climate change due to
their high population density, concentration of vulnerable populations,
higher temperatures compared to surrounding areas (Barata et al 2018).
o Factor 5: Existence of air conditioning in transport

o Behaviour: Behavioural factors indicated as relevant by workshop participants.
o Factor 6: Distance to be covered.
0 Factor 7: Possibility to choose flexible routes.
o Factor 8: Limited mobility options.

o Human physical attributes affecting a person and his/her journey include:



o Factor 9: Personds age:

A Population exposure to heatwaves increased by 57% on averageiin2010
compared with 200®M9, and by more than 250% in some regions, putting
older people, young children, people with underlying chronic health
conditions, at high risk of heatlated morkdity and mortality (van Daalen
et al. 2022).

A Future susceptibility likely to be increased with agepoegulations, (Hajat
et al. 2010).

A Population ageing in Europe is a major demographic trend for the coming
decades. It could further increase the effect on human beings of temperature
extremes (Feyen et al 2020).

A Adults older than 65 years arnfants younger than 1 year, for whom
extreme heat can be particularly lifereatening, are now exposed to twice
as many heatwave days as they would have experienced in2D886(Ebi
et al. 2021).

A heat related deaths of people older than 65 years increased by 85%
compared with 199®000, substantially higher than the 38% increase that
would have been expected had temperatures not changed (Hajat et al, 2010).

o Factor 10: Persondés physical/ health st

A Studies consistently show that adults older than 65 years, people with
cardiopulmonary and other chronic diseases, and very young children are
particularly vulnerable to the effects of heat, irrespective of income level or
geo graphical regior{Ebi et al 2021).

A preexisting physical conditions (such as cardascular and
cerebrovascular conditions and diabetes) or those related to mental health
(such as depression) potentially leading to mortality and morbidity, age
(particularly children and the elderly) (Puhtat al 2022)

A Rates of heatelated mortality and morbidity are high in elderly and
chronically ill individuals, particularly those with cardiovascular,
respiratory, and renal diseases. People with diabetes, neurological
disorders, and psychiatric illnesses might &lsat increased risk (Hajat et

al, 2010).

Sequence Association to sg¢
Sequence 1 1,2,3,4,5

Sequence 2 1,2,3,4,5

Sequence 3 6,7,8,9 10

Sequence 4 1,6,7,8,9




IX. Adaptive capacity

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations, and infrastructures that enable people to adapt to the effects of
climate change. The literature informs of three key elements shaping-adegeled transport
system in the context of climate change:

o To be climate change resilient, transport systems should be operated by adaptive
organizations, which embed adaptation across all functions, understand current and
future weather conditions and have strategies in place to address them (Black et al.
2021).

o Improving adaptive capacity involves assessing design capability, financial capability,
and organizational capability to respond to climate change risks. For instance, transport
planners and operators adhere to design standards that consider specifiattempe
and precipitation ranges and return intervals for extreme events (ibid).

0 Nonetheless, these standards are becoming less applicable over the extended lifespan
of infrastructure investments, particularly for durable structures such as bridges and
roads, underscoring the necessity for comprehensive asset lifecycle planningita clim
adaptation endeavours (ibid).

Existing assessments:

The current state of transport in Mlada Boleslav is summarised in the Sustainable Mobility
Pl an for the city (Pl &8n udrgiteln® mhDstsk®
The plan presents a SWOT analysis of the entire urban transport sector. Based on this
assessment, figure 5 below presents a summary of key factors that provide a picture of the state
of adaptative capacity.

Road and rail ways Cyclists

A Intense automobile trafficinthecity |A A smal |l compact ¢
A lnadequate road i|A Cycling infrastru
A Lack of funds for|lA Approved strategi
A Conflicts between cycling.
anginvironmental q({A Discontinuous rou
A Low utilization olA Cycling may remai
A lnadequate standa political interes
of railway transp/A Losmuality cyclin
A Bad location of m projects.

A Outdated suburban/A Ongoing high inte
A Unacceptably high traffic.
transport A Failure to refle
A Complex and sl ow devel opment, and
transport




Pedestrian traffic|Organization and ¢tr

Compactsismeal Icity |[A Lack of central t
Wide street spacelA Lack of informati
Mi niarallm ar eas transport stops.

Compl ete accessib
Hi gimtensity car t

To To o To Do

Mlada Boleslav's Sustainable Urban Mobility Plan, emphasizes the promotion of urban public
transport and cycling (Attractive and reliable transportation for all residents, adequate capacity
roads and spaces for motorized transport where desired, prop&bpée with more space and

a better living environment in the city, Traveling mainly by bike and on foot throughout the

city).
In line with this, the adaptation plan of the city recommends key activities:

A Renewal of the public transport fleetpgmvide better thermal comfort in the summer.

A Establish a system for the rapid reconstruction of transportation infrastructure sections
affected by natural disasters.

A Restrict parking areas in locations with a lack of greenery and revitalize them.
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Annex 5. Climate | mpact <chai

I. INTRODUCTION

The Climate Impact chain for the region of Molise in the context of the Valdtbdproject,
focuses on thask of hydrogeologic affectation on rural livelihoods, rural infrastructure,
and agricultural means of production

The development of thedimate impact chain occurred in two stages. Initially, a participatory
workshop involving regional representatives of Molise and Valecad@ortium members
CMCC was held in October 2023, in Campobasso, Italy. The preliminary climate impact chain
was fornulated based on the insights gathered during this workshop, supplemented by a
comprehensive literature review. Subsequently, the initial draft of the climate impact chain was
shared with regional officials and consortium partners CMCC for feedback. Té¢usndot
incorporates all the suggestions provided by the local stakeholders, resulting in the final version
of the impact chains.

The document is organised as follows:

A Section Il presents a brief definition and
A Section 111 discusses key climate hazards

A Section IV delineates the identified cli maft
A Section V outlines the exposure factors as:
A Section VI outlines the sensitivity factor:
A Section VII outlines the adaptive capacity
i mpact s.

A Section VIII presents the bibliography, i

document

[I. CLIMATE IMPACT CHAINS

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaxt akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermieajpetets, which finally

lead to the risk. The hazard component includes factors related to the climate signal and direct
physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by onmore exposure factors (Gl1Z and EURAC, 2017).

n

n o



Figure 1: Schema of a climate impact chain (source: GIZ and EURAC, 2017)
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lll. CLIMATE HAZARDS AND CLIMATE RISKS IN MOLISE REGION

Climate hazardsare defined as the potential occurren€a climaterelated event, trend or
physical impact that may cause loss of life, injury, damage and loss of infrastructure,
livelihoods, service provision, ecosyste®sq s enzwei g et al . 2015) .

Climate risks are defined as the potential for consequendasre something of value is at
stake and where the outcome is uncertRim(s enzwei g et al . 2015).

During the workshop, regional representatives of Molise decided to attend the risk of
hydrogeologicaffectation on rural livelihoods, rural infrastructure and agricultural means of
production.

What is distinctive about rural areas in the context of climate change impacts,
vulnerability, and adaptation? Rural areas can be characterized by a dependence on
agriculture and natural resources; higher prevalence of poverty, isolation, and marginality;
neglect by policymakers; and lower human development. Particularly in developed countries,
there are closer iatdependencies between rural and urban areas (such as commuting), and
there are also newer forms of land use such as tourism and recreatiost@Esa¢although

these also generally depend on natural resources) (Dasgupta et al. 2014).

Key contextual aspects characterising climate risk linked to floods:

1 Europe has experienced an increase in flood risk in recent years. In the last three decades,
the number of extreme weather events, including hydrological events, has increased by
60% in Europe (Furtak et al. 2022)

1 Projections show that climate change will lead to an increase in the intensity of storms and
floods in Europe by 2100. An increase in the frequenggiafall intensityis estimated to
increase the occurrence of flash floods and urban flooding (Furtak et al. 2022).

1 Due to the conformation of the territory and its geographical location in Europe, Italy is an
area strongly affected by geological, hydrological, and hydraulic instability phenomena. In



https://www.sciencedirect.com/topics/earth-and-planetary-sciences/precipitation-intensity

Italy about 94% of the municipalities are affected by risks of landslides, flooding and
coastal erosion (more than 8 million people, or 12,5% of the national population). This
critical situation is likely to be exacerbated due to future climate trendlarfitainistry of
environment and energy security, 2022).

T The increase in | ocalised precipitation ph
the risk of geohydrol ogi cal instability t
ant hr opog-esnuicch faasc tsooriss use and sseabdbmbigned o
with climate change hazards play a signifi

T The most affected areas in relation to th
Apennines, both in terms of magnitude and

T The expected rise in intense rainfall cont
for small basins, and amplifies the risk as
per meable soils (such as urban areas) (i bi

T I'n the reg, onherfe Mod idaepreval ence of | ands|
been a significant increase of | andslides i
the number of |l andslides and the affected
clsaisf i ed as having high hydrogeol ogical cr

Mol i se are affected, al t hougHhRewgitohn -lyhhorlyii sneg
2017)

T The percentage of the popul ation residing
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Mol dbse2017) .

The European Commi s $diosnpalsaefedsso od pioslenvi aweé y
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4 Sourcehttps://discomap.eea.europa.eu/floodsvieichecked on 16th November 2023



https://discomap.eea.europa.eu/floodsviewer/

Figures 3 and 4 below show the Historical precipitation and projected flood risk respectively.
Based on data provided by the European Climate Bgtéorer, the plot on the left shows the
deviations of the historical annual Extreme Precipitation Days from the-2@HB1 average

(also called 'Anomaly’) based on the ERAS reanalysis. Figure 4 (right) shows a 4.5° warming
scenario for the period 207210Q which suggests an increase of 6.4 additional days of extreme
precipitation a year.

I V. Il MPACTS

The threat of hydrogeologic events provoking affectation on rural livelihoods, rural
infrastructure and agricultural means of production is connected through four sequences of
impacting factors: (1) Hydrogeological events impact public infrastructureremeaise the

risk of disseminating chemical pollutants; (2) Interruption of public serviaffectation
provoked by hydrogeological events particularly on roads); (3) the affectation provoked by
hydrogeological events on soil degradation and associatede@groductivity; and (4) the
affectation provoked by hydrogeological events on demographic trends and change in land use.

Key messages emerging from the i mpact sequences:

Key Message 1Reduced Agricultural Productivity: Agricultural production may decline due

to shifting precipitation patterns which provokes soil degradation. Production is threatened by
excessive runoff, leaching, and flooding, which results in soil erosion and ndjgetion.

Key Message 20ngoing demographic trends such asmigration may be exacerbated due

to livelihood lose as floods reduce local agricultural production and affect the local workforce,

affecting rural governance and local institutions -&xisting conditions such asder income,

high dependency level on agricultural production and low access to networks and innovation
could further affect this trend.

Key message 3Health challenges to rural populations and ecosystems emerge from risks of
chemical contamination and pollutants being spread during flood events. Costs of chemical



clean up and associated temporary loss of land activities may need to be considered as
additional costs in recovery plans.

Keymessagedt nt errupted roads may place additiona
if no alternative connectivity means are available, increasing the isolation of villages. Timing
needed to reconnect transportation roads may place a critical aspect in tloé ddfexdtation

that communities experience.
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Sequence 1. Hydrogeol ogical events i mpact p

In the first sequence of impacts proposed, the focus is on how hydrogeological events affect
the dissemination of chemical pollutants. Concern was raised during the workshop regarding
the risk oft he " Pont e Ieing averftowed, "watet aunming of and inundating
industrial areas, spreading chemical pollutants to nearby agricultural lands.

Hydrogeological events impacts public infrastructure

Flooding eventsmay causesedimenttransportand damageroadsand bridgesas well as affecting
reservoir storing capacity (Dasguptaet al. 2014). Floods are also generatedirom catastrophic
failure of artificial (reservoirs)Benito andHudson,2010.

Extreme flood events represent one pathway of chemical substances into the environment
in acute exposure to high pollutant concentrations. (Volker et al. 2023)

(Re)mobilizationand (re)distributionof pollutantsdueto damagedvastewateiinfrastructureand
sedimerdtbound pollutantsresultingfrom historical dischargegVolker etal. 2023

Chemicalsubstancearecontinuouslyemittedinto the environment Suspendedparticulatematter
continuouslyentersfluvial systemsasa resultof the erosionof terrestrialsurfacesandtheriverbed
itself. Theseparticlesaretransportedcalongwith the water currentand are ultimately depositedn

regionsof low waterflow throughsedimentatiorprocessesg.g., in harbors,groin fields, lowland
rivers, floodplains, wetlands,or estuariegCrawfordet al 2022).

Impacts on ecosystem and human health
Chemical material may contaminatehomes Flooding may lead to mobilization of dangerous
chemicalsfrom storageor remobilizationof chemicalsalreadyin the environmente.g. pesticides
Hazardsmay be greaterwhenindustrial or agriculturalland adjoiningresidentialland is affected
(Euripidou etal. 2004).

The re-suspensiorand consequentwidespreadlistribution of highly contaminatededimentsnto
adjacentnatural floodplains, farmland, urban centers,or artificially constructedflood retention
areascan devastatethe environmentand the wildlife and affect humansthat dependupon it.
Dioxins and DLCs are known to causea rangeof toxic effects when humansand wildlife are
exposedjncluding neure, immuno andhepatotoxicity reproductivetoxicity, andcertaintypesof
cancer(Crawfordetal. 2022).

Increased economic costs related to chemical contamination

The environmental, economic, and societal consequences of remobilization and distribution of
pollutants during flood events are not widely recognized. Loss of life, damage to infrastructure, and
monetary cleanup costs associated with floods are important direct effastauld be beneficial
to determine economic tradeoffs between flood prevention measures, measures to avoid the
remobilization of hazardous substances in toxic sediments, and measures dealing with the cleanup
and restoration of the affected areas (Crawford et al. 2022)



Sequence 2. Interruption of public services
In the second sequence of impacts proposed, the focus is on the affectation provoked by

hydrogeological events on roads. The proposed impact factors in this first sequence emerge as
propositions provided by the participants during the workshop.

Affectation provoked by hydrogeological events on roads

Circulation in rural and urban roads temporarily interrupted by flood and landslides

Interrupted public transport

"

Distribution of agricultural

Isolation of rural villages Reduced workforce produce interrupted

Economic costs of infrastructure interrupted

’¢

Private livelihoods affected due to reduced
Refurbishing infrstructure workforce and overal reduced economic
activity




Sequence 3. Soil degradation and reduced pr

In the third sequence of impacts proposed, the focus is on the affectation provoked by
hydrogeological events on soil degradation and associated reduced productivity.

River flooding will produce temporary loss of land and land activities, and damage to transpor
infrastructure(Dasgupta et al. 2014)

Floodsdamagefarms, crops, livestock, the physicalinfrastructureof agriculture,andthe food supply
chain, reducingagricultural productivity and food availability (Atanga and Tankpa,2021). Human
interferencewith floodplainlandscapingausesvaterlevelsin riversto moverapidly from low to high
levelsasa resultof precipitationevents This leadsto changesn theflow andflooding of waterfrom
canals(Furtaketal. 2023.

Floods affect the physical structure of soils and nutrient cycling, resulting in potentially irrever
damage to agricultural productivity and ecosystem functioning (Furtak et al, 2023)

Flooding compactsthe soil with water. Increasednoisturereducesoxygenand nitrogendiffusion in
the soil. C andN mineralisationis reduced Flooding resultsin loss of soil P. Floodingincreases-e
phosphatesolubility dueto pH changesChangesn soil moistureaffect the soil microbiomewhich
affectthelong-term productivity of plants(Furtaketal. 2023.

Economicimpacts Unhealthysoil cannotprovide plantswith the nutrition they needto grow correctly
andabundantlyresultingin shortagesandeconomicstrainon peoplelinked to productionchains

Excessive soil moisture is also associated with disruptions to planned field practices and forces farmers
to use greater amounts of lime to improve pH and other techniques to improve soil quality (aeration)
(Furtak et al. 2023).

Postharvest aspects of agricultdrestorage offarm and commercially, handling, and transpdnave
been relatively neglected in discussions of climate change, but will be affected by changes in
temperature, rainfall, humidity, and by extreme evebi@sQupta et al. 2014

Climate change may also affect investment patterns in rural areas. Sectors that are expected to be
affected adversely by climate change may have difficulty attracting inves{dasgupta et al. 2014)



S e g u e nAdfextatibn of hydrogeological events on demographic trends and langses

In the third sequence of impacts proposed, the focus is on the affectation provoked by
hydrogeological events on demographic trends and land uses.

Impacts of climate change on the rural economic base and livelihoods, land use, and reg

interconnections are at the latter stages of complex causal chains (high confifersggjpta et al
2014)

Migration patterns will be driven by multiple factors of which climate change is onlyhigie (
confidencg Climate impacts may contribute to migration away from rural areas, but this is
contested by other bodies of literature. Attribution of migration to climate change is extremely
complex, because life in rural areas involves complex patterns of udoah and ruratural
migration, subject to economic, political, social, and demographic drivers, patterns that are
modified or exacerbated by climate events and trends rather than solely caused ([Detbgupta
et al. 2014).

The Centrality of Rural Development for the Molise Region

The population in Molise has decreased from over 320,000 in 2010 to 313,341 in 2013 (87,124 in
the province of Isernia and 226,217 in the province of Campobasso). Need to keep land available
for agriculture, for the sake of employment and wealth production.

Agriculture in inland areas plays a fundamental role in preventing landslides, fires, and other
natural disasters. The phenomenon of abandoning agricultural activities has triggered processes of
lack of territorial governance, which increases the risk of both fires (recolonization of these areas

begins with the settlement of shrub species) and hydrogeological instaRéijot Moliseb,

2017).

Land use changes demand bew investments which may become jeopardized by enviuron
threats, further deepening impacts on local livelihoods

Shift from agricultural (production) to leisure (consumption) activities; focus on broader amenity
values of rural landscapes for recreation, tourism, forests, and ecosystem services (Dasgupta et al.
2014)



V. EXPOSURE

Factotoclati on: Whet her g e o0 mo r(pphhoyl soigcya | a nepxltief
floodplains and catchment hydrology (Thomson

Fact @i s2ance from wa(tienr rbeoldaiteiso na ntdo rfiivgeurrse 2

Alt has been evidenced that the risk of ov el

known as the " Guardialfiera" dam, with the
areas of the Consortium for the (Q@%IsB),i al
| ocated in the municipalities of Ter mol i,
Martino in Pensilis, Ururi, S. Giacomo deg!
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to the concept of the openness of discharg:
and anthropised areas.

Fact €rar3:yi ngFlcapaxcidarye also generated from «
(reservoirs) (Benito and Hudson, 2010) .

Resulting from the previous impact cateféect relations, the following elements could be
identified to be exposed to the effects of increased frequency, intensity and duration of rainfall:

Exposed element Association to Exposure Factor
Agricultural lands 1,2,3
Roads 1,2,3
Aqueducts and potable water infrastructure 1,2,3
Dams 3
Rural electricity 1,2,3
Chemical and pollutant sources (industry) 12,3
VIi. SENSITIVITY
Climate <change in rur al dbrackgrouhd oéadkd hpl
demography, economics, and governance that a
caused by poverty, | ower | evels of educatior
i mpacts in many ways (Dasgupta et al. 201



Some key characteristics considered by the I

1 Rural population has peaked (absolute numbers) in Europe

1 Agriculture accounts for only 13% of rural employment in the EU (OECD, 2006)

1 Increased competition as a result of economic globalization has resulted in agriculture no
longer being the main pillar of the rural economy in Europe.

9 Economic policies are primary drivers, with sociatmmposition and economic
restructuring taking place.

The IPCC (Dasgupta et al. 2014) has also highlighted a number-afin@te factors
affecting vulnerability in rural areas at both, individual and community levels:

1 Physical geography,

1 Remoteness,

1 Economic constraints and poverty,

1 Demographic changes such as-ougration and aging,

1 Density of social networks,

T Neglect by policymakers and shairhe policy horizons,

1 Low levels of public services,

T  Memories of past climate variations and knowledge.

Based on information gathered during the wo
sequences and vulnerability factors identifi
are identified:



Sensitivit Il mp a Description
sequeé
Number of i 1,2, The percentage of the population residin
fl add k ar e is 19.4% of the total popul ation ( 60b,68 529
Age group 2,3, 4Demogralpdriaccteri stics could represent a
the aging popul ation, l ow birth rates,
Poverty | ey 2,3,4income | evels below the natiomakomeenaege
al . ).
Per capita gross domestic product (GDP)
average (but significant wvariation withi
Share of a 2, 3, 4 Level of dependence on climate conditions (high share of agriculture in GIDPa s g u p
GDP 2 0 1 Mplise is considered a territory with a duality of land uses, with a predomin
agricultural character for the areas in the loMalise, while the territories of the upper Moli
exhibit a more "natural” character (Region Molise2017).
Demographic changes (eut 3, 4 The phenomenon of abandoning agricultural activities has triggered processes of lack of
migration, aging) territorial governance, which increases the risk of both fires (recolonization of these areas
with the settlement of shrub species) and hydrogeological insggBkgion Moliseb, 2017).
Remot eness 1,2, il mportantly, in rur al areas wusually ther
Ti me/ cost 1, 2 i ncrease vulnerability of rural areas wih
recover inf transportation infrastructure (Dasgupta
Access to 3, 4 l nnovation and the ability of agricultur
net wor ks af national average and may not facilitate
soci al net\y
Presence q 1 Presenndusfries in the context of 7risk
cl ose t o (suggested during workshop).
| ands
Environment 1, 3 FIl ooding may | ead to mobilization of da
(presence (¢ chemicals already in the environment, e.




ti me needeq(

chemical

C (¢

Resource degradation, environmental |l
pressures, exacerbating social and en

Policy 1, 2, I Neglect by policymakers can aggravate climate change impacts in many ways. Neglect by
Frequency ( policymakers and underinvestment in infrastructure and services has negatively affected
critical areas (Dasgupta et al. 2014).

dams,

I nfrastruct

condition

Pl antation 1,2, iProposed dur iTrhge wdhralnglkeop.n t he planting ¢

season

vul nerability to climate change: i ntens
areas with seasonal crops, with a | owar\y
peri od, and a high impact on production
according to the different areas: for ex
there are different atsyopness aonfd cprloapnst,i ngr of
which are also closely Iinked to the c¢crag




vil. ADAPTI VE CAPACITY

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations and infrastructures that enable people to adapt to the effects of
climate change. The IPCCDa s g u pt a intoims @& key varZables 4hpping a resilient
rural system in the context of climate change:

1 Structural features of farm households and communities affect their vulnerability to climate
change in complex ways. Resilience of access to land and natural resources, flexible local
institutions, and knowledge and information, and on the associati@ndeginequalities
with vulnerability are key.

T Accelerating globalizati on, through migr at
trade, and new information and communicat:i
transformation in rural areas of both devel

T I'n developed countries, there are 1 mportar
especially |l eisure uses, and new rur al p o
stakehol der s, the targeting of Abual sttei@p | e s
i nveshaneend pol i cy.

1 Agricultural subsidies under pressure from international trade negotiations and domestic
budgetary constraints. As a result of recent price hikes, domestic price support has been
lowered in OECD countries.

1 Institutions and networks can affect vulnerability to climate change: through distribution
of climate risks between social groups; by determining the incentive structures for
adaptation responses; and by mediating external interventions (e.g., finameledge
and information, skills training) into local contexts (e.g., if decision makers resist seeing
climate change as within their responsibilities, this may contribut to low levels of planning
for either adaptation or mitigation, and thus to greatererability.

1 Access to information alone is not a guarantee of success. Despite access to weather
forecasting, people may not rely on such information.

T Rural householdsd | ack of access to technol
major barrier to adaptation for certain production systems.

1 Access to water, credit, extension services, andfaoffi income and employment
opportunities, tenure security, far mer sdo
enhancing farmersd6 adaptive capacity.

Contextual elements:

T Molise is a region is characterized by a hi
the west and agricultural areas in the eas
heat waves and flooding but ht ghler) vul ner ab

T I'n general, the Molise agricultural syste
bi odiversity, environment al protection, an

¢



T

for
reg

rur al structures and increased employn
ion must employ all available tools for

However, no plans or strategies for adapta

bee
The
t o
| ns
0

n identified, Il ndicating a |imited <cap
refore, the analysis reveal s @ aconmmproish u te
increased vulnerability, while others r
titutional context (existing assessment
The Hydrogeol ogi cal Zoning Pl an (PAI') r ¢
hydrogeol ogi cal risk areas and t he as
programmatic document that i1identifies r|
phenomenta apnrde/scern predicted in the territ
|l and use |l imitations,-samdctuypas ohtetwve
at mitigating expectbed 2d0alnta)gces ( Regi on |
The National Rur al Devel opment Program
of Agriculture, identifies key areas of
pol(Regi on-aMo l2i02e ) :

A Enhancing the competitiveness of the
perspective.

Al mproving the climatic and environment
A Strengthening the resilience and vital
A Promoting quality agricultural and for
A Enhancing the ability to promote knowl
A Making the goveehf@ihceesystem more

A Promotion of value chains to protect

ensure greater traceability of product
envisaged in ih@2hew CAP 2023
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Annex 6. CIl i ma3iec o vmapla,c tOccchiati ann

I. INTRODUCTION

The Climate Impact chain for the region of Occitanie for the rural sector developed in the
context of the Valorad&U project, focuses on thmisk posed to agricultural production and
livelihoods due to increasing temperatures and droughts.

Thedevelopment of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving city representatives of Occitania and Valomhsortium members
Terranis was held in November 2023. The preliminary climate impact chain vasldted

based on the insights gathered during this workshop, supplemented by a comprehensive
literature review. Subsequently, the initial draft of the climate impact chain was shared with
city officials and consortium partners TERRANIS for feedback. Thisuthent incorporates

all the suggestions provided by the local stakeholders, resulting in the final version of the
impact chains.

The document is organised as follows:

A Section Il presents a brief definition and
A Section 111l discusses key climate hazard c
A Section IV delineates the identified cli maf
A Section V outlines the schema proposed for
A Sectimmesvdnts the key risks identified dur]
sequences associated to this risk.

A Section VI I outlines the exposure factors
i dentified in section VI.

A Section VIII outlines the sensitivity fact
i dentified in section VI

A Section | X outlines the adaptive capacity
l mpacts identified in section VI

A Section X presents the bibliography, i ndic
document .

Il. CLIMATE -IMPACT CHAINS

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, imparxs akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a

direct physical impact, e.g. a flood, causing a sequence of intermieajpetets, which finally
M N



lead to the risk. The hazard component includes factors related to the climate signal and direct
physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by one or more exposure f@tdrand EURAC, 2017).

Hazard
(climate signal)

Sensitivity

Impacts

Adaptive Capacity

Risk

I I CLI MATE HAZARDS

Climate hazardsare defined as the potential occurrenta climaterelated event, trend or
physical impact that may cause loss of life, injury, damage and loss of infrastructure,
livelihoods, service provision, ecosyster®sqs enzwei g et al . 2015) .

During the workshop, regional representatives of Occitanie decided to attend the risk of
increasing temperatures and droughts affecting agricultural production and livelihodds

the one hand, the report considers the increase of temperatures as both: average temperature
and as extreme high temperature occurring in the context of climate variability. On the other
hand, this report builds on the understanding of drought asfaseled phenomena whose
impacts manifest differently throughout time and across sectors, from which different types of
droughts are considered:

1 Meteorological drought: broadly defined by low precipitation.

1 Agricultural drought: deficiency in soil moisture, increased plant water stress.

1 Hydrological drought: reduced streamflow.

1 Sociceconomic drought: balance of supply and demand of water to society (Gornall et al
2010).

V. CLIMATE RISKS

Climate risks are defined as the potential for consequendasre something of value is at
stake and where the outcome is uncertRio(s enzwei g et al . 2015) .

M N



What is distinctive about rural warming and droughts in the context of agricultural
production and rural livelihoods?

ARural o refers generally to areas of open ¢
The distinctive characteristics of rural areas make them uniquely vulnerable to the impacts of
climate change because:

o

F The i mpacts of <c¢limate change on patterns
areas wil|l bestbdp cagsbdl ohamom$tof | mpact.
be of two sorts. One sort wild sheomse asgt
i mpact on rur al infrastructure and cause

Il mpacts on agriculture or on ecosystems on
themselves stem from extr eorhe extegretme,s fdruemt

change, or from changes in mean conditions

F Greater dependence on agriculture and natu
climate variability, extreme climate event :

F Existing vulnerabilities caused by poverty,
by policymakers can all aggravate climate
2014)

F Rur al communities globally have adapted tc
empl oying agricultural methods, wutilizati ol
and i nf erhmali ngi ssknsti tuti ons. Theperoretxa st b
appropriate policies and institutions, can
change i mpact s, contingent on the severity
2014) .

Climate observation on the Occitania Region:

Source: Meted-rance

The evolution of average annual temperatures in the Occitania Region shows a clear warming
over the last 20 years. The trend observed in average annual temperatures is +0.3°C per decade.
MétéoFrance affirms that thy@ar 2022 was the hottest year ever recorded in France since the
beginning of the 20th century. The summer was punctuated by 3 heat waves (June 15 to 19,
July 12 to 25, July 31 to August 13). Over most of the country, temperatures were, on average
over theyear, 1 to 3°C above seasonal values. It was also in 2022 that the absolute temperature
record ever recorded was reached, of 37.6°C on July 18. We also note that the fall, winter and
spring seasons are on average milder and the summers significantly wRegerding annual
precipitation in the Occitania Region, it has shown a slight decline over the last 20 years and
is characterized by great variability from one year to the next.

Climate change trends in the 21st century in the Occitania region

Source: Meted-rance



A

Continued warming during the 21st century
According to the high emissions scenario
could exceed 4. 9AC at the end 2005 he cent
Little change in annual precipitation in
Continued decrease in the number of frost
whatever the scenario

|l ncreasingly marked drying of soils durin

To conclude, in the Occitania Region, as throughout the metropolitan territory, climate change

results mainly in an increase in temperatures, especially marked since the 1980s. Consistent
with this increase in temperatures, the number of scalding daysmaene the maximum

temperature is greater than or equal to 25°C) increases and the number of frost days (days
where the minimum temperature is less than or equal to 0°C) decreases. Annual precipitation

shows great variability from one year to the nextcBitation is more frequent in winter than

in summer but is more intense in summer than in winter. The cumulative rainfall is therefore
more important in the summer period than in the winter period. Precipitation is generally
decreasing, due to a drop innter precipitation. In the absence of an increase in cumulative

rainfall, the increase in temperature favors the increase in phenomena such as drought and

water deficit in the soil, which therefore have significant impacts on the rural areas of the
Region
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VI. IMPACTS

The risk ofincreasing temperatures and droughts affecting agricultural production and
livelihoodsis characterised through 5 sequences of impacting factors:

(1) Thei ncreased affectation of plant specialis
the resulting increased risks of new pests
pr odu c the aomhbined efferts of high temperatures and evapotranspiration in connection
with agricultural droughts impacting soil erosion and reducing food production; (3) the effects
provoked by both, agricultural and meteorological droughts on water restriotioresluced

quantity of fodder for livestock. This saeence also includes the effects of extreme high
temperature on animal wellbeing; (4) the impact generated by socioeconomic droughts on rural
livelihoods; (5) the effects of hydrological droughts on the accelerated growth and reproduction

of bacteria, algaand other species which affects aquatic ecosystems.

Key messages

1 Inthe last century, 45 severe droughts occurred in Europe, affecting millions of people, and
causing economic losses of more than $27.8 billion. Currently, on average, 15% of the
European Unionds | and area and 1 @Foftakeet i t's
al. 2023)

1 Droughts are expected to increase in frequency (bHyl2246), extent (2346%) of
occurrence, and duration ({148%) in the coming years (Furtak et al. 2023)

1T The degradation of <critical soipr enidp iwtad teir
events increase across the agricultural | a
T The area of arid zones is also increasing.

arid in the future, particularly in the Middle East, southern Europe, southern Africa, and
Australia (Furtak et al. 2023)

1 Food and forage production will decline in regions experiencing increased frequency and
duration of drought (Gowda et al 2018).

T Shifting precipitation patterns, when assc¢
wildfires that reduce forage on rangel ands
i rrigation, and expand the distaori butopan am
|l i vestock (Gowda et al 2018).

T Challenges to human and |ivestock health a
i ntensity of high temperature extremes. He
| osses for producers (Gowda et al 2018).

1T Residents in rural communities often have
| mpact s, due to poverty and | imitations 1in



Sequence 1.

In the first sequence, the focusisiomcr eased affectation of plar
increasing temperatures and the resulting ir
|l ivestock and agricul tural production.

Increasing temperatures

Increased affectation of specialised plant species

Species that are highly specialized and heat sensitive may be threatened with local extinction
(Rosenzweig et al. 2015).

Changes in species distribution affecting plants

Arthropodborne diseases (viruses and phytoplasmas), winter infection root and stem diseases (phoma
stem canker of oilseed rape and eyespot of wheat); Fusarium blight, grapevine moth, and a black rot
fungus in fruit trees could create increasing damages in Europe under climate change.

However, other pathogens such as cereal stem rots (e.g., Puccinia striiformis) and grapevine powdery
mildew could be limited by increasing temperatures (Kovats et al 2014).

Some pests, such as the European corn borer could also extend their climate niche in Central Europe
(Kovats et al 2014).

More and new pests and diseases affecting livestock

The spread of bluetongue virus in sheep across Europe has been partly attributed to climate change
through increased seasonal activity of the Culicoides vector. The distribution of this vector is unlikely to
expand but its abundance could increase in Southern Europe (Kovats et al 2014).

Ticks have changed distributions towards higher altitudes and latitudes with climate change (ibid).

Exposure to fly strike could increase in a warmer climate but adaptation in husbandry practices would
limit impacts on livestock (Ibid).




Sequence 2.

In the second sequence, the focus is on the combined effects df dighevapotranspiration
in connection with agricultural droughts impacting soil erosion and reducing food production.

Combined effect of increasing temperatures, increased evapotranspiration and agricultural drou

Soil water deficit

Droughts affect the soil environment by altering soil moisture. Soil is a complex and dynamic ecosystem

whose functionality is linked to the sustainability of chemical, physical, and biological parameters and its

microbial communities. Changes in these properties can cause fluctuations in the abundance, activity, and
diversity of soil microorganisms (Furtak et al. 2023)

Soail erosion and land degradation

The current cost of soil erosion, organic matter decline, salinization, landslides, and contamination is
estimated to be 038 billion annually for the EU
through the soil, disposal of sediments, depreciation of land, ecosystem functions of soil) (Kovats et al 2014).

Drought can alter soil functions, particularly, the biogeochemical cycling of key nutrients and microbial
activity, which affects plant growth and affect the entire soil food web (Kovats et al 2014).

Drought stress leads to crop failure when it is prolonged or occurs during key stages of plant development
(from just before flowering to the next month or two). Soil drought affects plant growth, development, and
yield. Metabolic and morphological processes in plants at all stages of their life cycle are affected by drought,
with some growth phases being more sensitive to water stress (Furtak et al. 2023).

Crop failure, decrease in yield

Drought combined with heat waves significantly affects yields by reducing the harvest index, shortening the
plant life cycle, and altering the number, size, and composition of seeds (Kovats et al 2014)-itdincai
variability in wheat production has increased in recent decades in Southern and Central Europe. Southern
Europe would experience the largest yield loss25% by 2080 under a 5% warming), with increased
risks of rainfed summer crop failure. In Western Europe, increased heat stress around flowering could cause
considerable yielwsses in wheat (ibid).

Reduction in local food production

Low moisture is also associated with fruit shrivelling, tree mortality, and rice cracking, especially when
combined with heat (Furtak et al. 2023).

Drought during plant reproductive stages can significantly reduce the yield potential of winter wheat (18.8%),
maize (30.5%), and sugar beet (27.2%) (Furtak et al. 2023).

High temperatures and droughts during grain filling have contributed to the lack of yield increase of winter
wheat in France despite improvements in crop breeding (ibid).

Wine production affected by increasing temperatures

Climate impacts such as increasing number of hot days and decreasing frost risk may benefit some varieties.
Future climate change will exceed climatic thresholds affecting ripening for existing varieties grown at the
margins of their climatic limits (Dasgupta et al., 2014).

Higher temperatures are also expected to affect wine quality by changing the ratio between sugar and acids.
Wine is usually produced within rigid, regionally specific, regulatory frameworks that often prescribe, among
other things, what grapes can be grown where, for example, the French AOC (Appellation d'Origine
Controlee) designations (Kovats et al 2014).

=
=
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Sequence 3.

In the third sequence, the focus is on the effects provoked by both, agricultural and
meteorological droughts on water restrictions on reduced quantity of fodder for livestock.

High temperatures, agricultural and meteorological droughts

Soil water deficit

In Southern Europe, soil water content will decline, saturation conditions and drainage will be increasingly
rare and restricted to periods in winter and spring, and snow accumulation and melting will change, especially
in the midmountain areas (Kovats et al 2014).

Increased water restrictions.

Climate change is likely to have significant impacts on future water availability, and the increased risks of
water restrictions in Southern, Central, and Atlanticigions (Kovats et al 2014). Significant reduction in
water availability from river abstraction and from groundwater resources, combined with increased water
demand (e.g., for irrigation, energy and industry, domestic use) and with reduced water drainage and runoff
as a result of increased evaporative demand, particularly in southern Europe (Kovats et al 2014). Since
aquatic and terrestrial ecosystems are affected by agricultural water use, irrigation demand restrictions are
projected in environmentally focussed future regional scenarios (Kovats et al 2014)

Low irrigation options

Reduced suitability for rainfed agricultural production will increase water demand for crop irrigation.
However, increased irrigation may not be a viable option, especially in the Mediterranean area, because of
projected declines in total runoff and groundwater resources (Kovats et al 2014). In certain catchments, water

resources are already oNmensed and/or over abstracted, facing reliability challenges due to climate
changeinduced reductions in groundwater recharge and increased potential demand for irrigation. Meeting
this demand may lead to elevated irrigation system costs, necessitating new irrigation infrastructures in

specific regions iKovats et al., 2014).

Reduced quantity of fodder for livestock

Drought may threaten pasture and feed supplies and reduce the amount of quality forage available to grazing
livestock (USGCRP 2014)

Climate conditions projected for the 2070s in central France (A2 scenario) reduced significantly grassland
production in a 4/ear experiment under elevated CO2 (Kovats et al 2014).

Affectation to livestock due to increased temperature
High temperature and air humidity during breeding increased cattle mortality risk (Kovats et al 2014).

Temperatures beyond the optimal range alter the physiological functions of animals and affects reproductive
efficiency (Gowda et al 2018).

Dairy cows are particularly sensitive to heat stress, as it negatively affects their appetite, rumen fermentation
and lactation yield. Frequent higher temieratures also lower milk quality (Gowda et al 2018).

Affectation to livestock due to increased prevalence of parasites

Climate change may increase the prevalence of parasites and diseases that affect livestock. The earlier onset
of spring and warmer winters could allow some parasites and pathogens to survive more easily. In areas with
increased rainfall, moistueliant pathogens could thrive (CCSP 2008)

=
=



Sequence 4.
In the fourth sequence, the focus is on the imphadtoughts on rural livelihoods.

Socioeconomic drought

Reduced economic activit

Impacts of climate change on the rural economic base and livelihoods, land use, and regional
interconnections are at the latter stages of complex causal ¢Pasgupta et al. 2014)

A4

Loss of rural economic base and livelihoods

Cli mate change wil |l af fect rur al |l i veli hoods, or
access) and activities required for a means of |
and people affected by extreme heat events: impacts on health afbeéiwgl|l labour productivity, crop

production, air quality, and increasing risk of wildfires in southern Europe (Kovats et al 2014).

Decline in economic activity may increase rural depopulation and harm the development of rural
communities in southern Europe (Dasgupta et al., 2014)

Migration patterns will be driven by multiple factors of which climate change is only one. Climate
impacts may contribute to migration away from rural areas, but attribution of migration to climate
change is extremely complex, because life in rural areas involves complex patterns aflbearahnd
rurakrural migration, subject to economic, political, social, and demographic drivers, patterns that are
modified or exacerbated by climate events and trends rather than solely caused (atbgumpta et al.
2014).

Migrant workers, who provide much of the agricultural labour in some regions and some enterprises,
are particularly vulnerable (Gowda et al 2018).

h 4

Land use changes

Climate change will affect rural landscapes by modifying relative land values, and hence competition,

between different land uses. This will occur directly, for example, through changes in the productivity

of crops and trees, and indirectly through climate change impacts on the global supplybafdedd
commodities and their movement through international trade (Kovats et al 2014).

Shift from agricultural (production) to leisure (consumption) activities; focus on broader amenity values
of rural landscapes for recreation, tourism, forests, and ecosystem services (Dasgupta et al. 2014)

Reduced rural governance

Agriculture in inland areas plays a fundamental role in preventing landslides, fires, and other natural
disasters. As shown in the region of Molise, Italy, the phenomenon of abandoning agricultural activities
can trigger processes of lack of territorial governance, which increases the risk of both fires
(recolonization of these areas begins with the settlement of shrub species) and hydrogeological

instability (Region Moliseb, 2017).

The consequences of climate change on the incidence of drought also impact the frequency and
intensity of wildfires, and this holds implications for agriculture and rural communities (Gowda et al
2018).




Sequence 5.

In the fifth sequence, the focus is on the effects of hydrological droughts on the accelerated
growth and reproduction of bacteria, algae and &pecies which affects aquatic ecosystems.

Hydrological droughts

Much of the rural economy is closely tied to the natural environment (Gowda et al 2018).

Drought could threaten biodiversity and traditional ecosystems particularly in southern Europe, with

problems exacerbated by declining water quality (Dasgupta et al., 2014) Climate change's impact on

water quality has multifaceted implications for agriculture, forestry, ecosystem dynamics, human and

animal health, and compliance with environmental quality standards, including those outlined in the
Water Framework Directive (Kovats et al., 2014).

Reduced stream flows and water quality

Climate changénduced shifts in rainfall, runoff, and water temperature will result in varying water
quality impacts across subgions. In Southern Europe, climate change is anticipated to elevate nutrient
loadings due to increased evapotranspiration and heightened concentrations resulting from reduced lake

volumes. This trend is generally supported by local studies (Kovats et al., 2014).

h 4

Affected undergrownd reservois

Reduced summer precipitation and heightened winter rainfall may intensify nitrate leaching, adversely
affecting water quality. Even with reduced nitrogen fertilizer application, groundwater nitrate
concentrations are projected to rise by the end of the century in the Seine River basin (Kovats et al.,
2014).

A 4

Affected aquatic habitats

Aquatic habitats and habitat connectivity in river networks may become increasingly fragmented.
Despite some local successes and increasing responses, the rate of biodiversity loss does not appear to
be slowing (Kovats et al 2014).

Shallower waters will witness a more rapid temperature increase than deeper waters. In parallel, a
decrease in saturating oxygen concentrations occurs. Since AR4, there is further evidence of adverse
effects caused by extreme weather events: reductions in dissolved oxygen, algal blooms during hot
weather, and contamination of surface and coastal waters with sewage and/or chemicals (pesticides)
after rainfall. A reduction in rainfall may lead to low flows that increase concentrations of biological

and chemical contaminants (Kovats et al 2014).




V. EXPOSURE

Drawing from the preceding characterization of impacts, four exposure factors have been
identified during the workshop. Exposure factors explain why certain assets may be particularly
exposed tdhe effects of high temperatures and droughts.

Factor 1: Level of (propiosedanddrsalgi wios kshomp)

A Soils are one of the most complex and var.i
change is altering the capacity of soils to
climate change is accelerating rtiheinqtgaasil
l ncreased temperatur e, increased evaporat.i
certain regions. Soi l erosion and saliniz
negative i mpacts on soil gr dherteif 3 earsd gp
reduces agricultural producti on.

Factor 2: Wapreopadeen@dnduri ng wor kshop)

A Some areasxmo®ednotre cli mate change if they
demand can come from the presence of agric
i ndustry. Conflicts of interest around wat ¢

Factor 3: Original condi t(iprno pds ed ud ureirmsg ama

Anot her exposure factor is the | evel of wate
aquifers and rivers is currently relatively
change.

Factor 4: Human interruption in agroecosyste
A lnsects are powerful and rapid adaptive or
cycl e. Due to human interruption 1in agroe
di sturbing the insect ecosystem.t iBErno sainodn uosf
of chemicals in agroecosystem manifodd the
biotic (temperatur e, humi di ty, ' i ght) and

diets) stresses significamopyl amifduwedyema mih
al . 2022).

Factor 5: Climatic factors

E Changes in mean climateThe nature of agriculture and farming practices in any particular
location are strongly influenced by the letegm mean climate staiethe experience and
infrastructure of local farming communities are generally appropriate to particular types of
farming and to a particular group of crops which are known to be productive under the
current climate. Changes in the mean climate away from current states may require
adjustments to current practices in order to maintain productivity, and in some cases the
optimum type of farming may change (Gowda et al 2018).

F Climate variability and extreme weather events While change in longerm mean
climate will have significance for global food production and may require ongoing




adaptation, greater risks to food security may be posed by changes ito-year
variability and extreme weather events. Historically, many of the largest falls in crop
productivity have been attributed to anomalously low precipitation events. Howeesr, e
small changes in mean annual rainfall can impact on productivity (Gowda et al 2018).

Resulting from this characterisation of exposure factors, the following table identifies the
connection between the impact sequences with exposure factors:

Impact Sequence Association to Exposure-actor
Sequence 1 4,5
Sequence 2 1,2,5
Sequence 3 2,3,5
Sequence 4 1,2,3,5
Sequence 5 3,5
Vi. SENSI TI VITY

FACTOR 1: Type of crops

F At the high range of the projected temper
i ncr easpmtgenytiiedld jointly with drought resis
may reduce risks of yield shortfall (Kovat

FACTOR 2: Regul ations

F Neglect by policymakers and underinvestment
affected rural areas (Dasgupta et al , 201 -

E Agricul tur al subsidies under pressure from
budgetary constraints. As a result of rece
| owered in OECD countries (Dasgupta et al

FACTOR 3: Resi s(tprnacpeo ¢ eod cchuarnigreg wor kshop)

A Climate change has many consequences that
Adapting means changing practices and habi
farmers to take ownership of these innovat
doing things. This is called resistance to
to change to support farmers in the ecol ogil

FACTOR 4: Economic and financial factors

F lncreased competition as a result of econo
| onger being the main pillar of the rural e



drivers, wompbosotiah med economic restruct
al ., 2014) .

F Economic heterogeneity of farm househol ds
household size, crop choices, and input wus
will soci al relations within housdsebhal ds t h.

F A CT ORDependence on agricultural production

F Agriculture accounts for only 13% of rur al
average across developed countriestrumhalweve

economies. (Dasgupta et al., 2014)

F The sovereignty rate over the regional con
and 44% for processed food in Occitanie bu
i's exportedo especially as the rpegino nanrdee
Morocco. Also, the diversity of its agricu
because of a high specialisation in meet pr
déincertitudes, UTOPI ES nA25, 2022)

F High demand for water from agriculture: 4 2
to the agriculture, four points more than h
assessment, Occitanie states tskat idAgriiraulg
needs i ncrease as rainfall falls and t e
environnemental e du iSARADeDXET 1Cac,c i Jtuainn e2 022024)0

F Fragmentation of the production: the resil
Amar ked by a highly fragmented sector with
et tendances ° horizon 2040, SRADDET AOcci

FACTOR 6: Socioeconomic status of farmers

F Climate change in rural areas wil |l take p
demography, economi cs, and governance that
2014)

F Per capita GDP in rural areas of OECD <cour
significant wvariation withi-mi garnadt iboent ,weaeqi ncg

educational attainment, | ower prodoues i vi t
(Dasgupta et al ., 2014)

F The Regional Counci l foresees increased di
changes | i ke aging popul ation, dependency
mi gration. (Source: Di agnostic et Ddfdance:

D®cembre 2019)

FACTOR 7: Presence of chemicals due to agri c

Based on -stehgeu einntpeasc tpr evi ously characterised,
associated to each sequence, as shown bel ow.



Sequence Association to s¢€
Sequence 1 1
Sequence 2 1,2,3,45
Sequence 3 2,3,6
Sequence 4 5,6
Sequence 5 7
vil. ADAPTIVE CAPACITY

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations, and infrastructures that enable people to adapt to the effects of
climate change. In the agricultural sector, adaptations include altering what is produced,
modifying the inputs used for production, adopting new technologies, and adjusting
management strategies (Gowda et al 2018).

Factor 1: Agricultural practices

F Aut onoamoaupst ati on by far mer s, through the a
dates and the wuse of | onger cycle wvariet.i
European wheat yields in the 2030s compar e

F Earlier sowing dates, i ncr eanead ys siylst @mg a n
Il rrigation, and i mproved water use efficie
as adaptation pathways, especi alolpe i(KoSauts
et al 2014) .

F Adaptive | and use management can reduce t
conservation methods such as zero till age
(Kovats et al 2014).

F Preserving upland vegetation reduced both ¢
del i ver yuofl ia yhiwgah er resource (Kovats et a

F Maintaining soil water retention capacity
organic matter absorbs up to 20 times its

E Ot her strategies to reduce <climate change
management (Gowda et al 2018)

F Change and rotate crops and/ or crop variet.i
and conserve resources (soill and water), cl
of application of i nputs (espesi alalnyd fde rvtei
l i vestock. Farmers castnrnésvedrgr adms shuypposit
stimulants, vaccines, etc. Their use can a
shortage, and the pornwelny iailgmiffimamtoor Gamt e



Factor 2: Livestock management practices.

F Expanded heal th sheertwbilceersanitn Iriuwreaslt oaxrke a sa,nd
confined ani mal housing (Gowda et al 2018)

IzManaging heat stpreswi dbiyngladckcaquat eadishasde ar
suppmoestoring stock rates contahteushyg th
timing of feeding/ aqrdaziedgcdnd gr @& fhreo sypcetcii e

climatic conditions (Gowda et al 2018) .

F Adaptation requires changes in diets and i
i mprovement programs (Kovats et al 2014) .

Factor 3: Financial support

F Devel opment of insuramneéeé apreaddydted dagairnmat i
2014) .

Factor 4: Water management

F Proven adaptation potent-ehfi diremt atdehlnoino
watseaavi ng strategies (e.g., for irrigation,
use) . | mpl ement ati on of best pracascaes a |l
management plans and integrated water mana:
F More robust water management, pricing, and

water supply and prevent tensions among u:
(Kovats et al 2014).

Factor 5: Knowl edge
F Traditional knowledge of agriculture and nz¢
(Dasgupta et al ., 2014)

F | mpl ementation of warning systems (Kovats

E The monitoring of soil changes induced by various factors is important in microbiology,
ecology, and agriculture (Furtak et al. 2023)

F Epi demi ol ogi cal surveillance and increased
programs have the potentiadbotoneraedumal tde
(Kovats et al 2014) .

F A"Resear chOaoaiptaaxniteg 0iis the only French regi

spending 3% of its GDP to R&D. Il n addi ti
agronomi cal i nnovation.

F Agricultural/agronomical institutions (I nr
Devel opment [ | RIDht pehét EOtuetsAggrnondSwdt i on cl
numerous research projects (Montpellier Un

| abor atecsr ireesc hfer ches du -Tewlto s d) NIR AENRDA Eeit tec
by esearch on bi ordae gviearsalt yO @ tousssa B snp d tt ks ure r C


https://www.inrae.fr/centres/occitanie-toulouse/nous-connaitre

Caussedangaatoc, NM® doiotnenrari sre®een Pyr ®n ®e s ¢
ari geoises, Aubrac).

Emergence of associative and technical net wo
and agricultural developments I mposed by cli
Sequence Association to ada

Sequence 1 1,5
Sequence 2 1,2,3,4,5
Sequence 3 1,2,3,4,5
Sequence 4 1,23,4
Sequence 5 1,4,5
Contextual adaptive capacity elements:
Today, agriculture faces significant chall e
through pohioviae¢ s vet o meeting major chall enge
A Promote the diversification of farms, the
A Relocalize our food and support the proce
on i mports (food, fertilizers), create ad
for our far mers.
A Coping with the ncrease in production co
price of product s.
A Support our farmers and preserve agricul
respects these food production areas.
A Rebuilding the |l ink between farmers and ¢
A Consider the growing demands of consumer s
Devel oped by Sicoval stakehol deTesr reintgoargieadl i
ProjectaimMRATt)o devel op actions in response t
i ssues. Fight against food wast e, support f
financi al accessibility, or even thethlevelo
intermunicipality hitd psomimwwiwesi c(oSvdaalc.tfero/npsu b |

pr ogleitmeadcd @airrt ol

r e/


https://www.sicoval.fr/publications/plan-dactions-projet-alimentaire-de-territoire/
https://www.sicoval.fr/publications/plan-dactions-projet-alimentaire-de-territoire/
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Annex 7. CIl i maToeu | lonupsaec,t Qcchcaiitna

[. Introduction

The Climate Impact chain for the region of Occitanie developed in the context of the Valorada
EU project, focuses onthei s k of deterioration of peopl ebd
warming.

The development of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving city representatives of Occitania and Valemhsortium members
Terranis was held in November 2023. The preliminary climate impact chaifomaglated

based on the insights gathered during this workshop, supplemented by a comprehensive
literature review. Subsequently, the initial draft of the climate impact chain was shared with
city officials and consortium partners TERRANIS for feedbacks Tocument incorporates

all the suggestions provided by the local stakeholders, resulting in the final version of the
impact chains.

The document is organised as follows:

A Section Il presents a brief definition and

A Section 111 discusses key climate risk con

A Section IV delineates the identified cli maft

A Section V outlines the schema proposed for

A Section VI presents the key ousksnedenthif.i
sequences associated to this risk.

A Section VI I outlines the exposure factors
i dentified in section VI

A Section VIIIlI outlines the sesisquémwvde yoff aicm
i dentified in section VI

A Section | X outlines the adaptive capacity
l mpacts identified in section VI

A Section X presents the bibliography, i ndic

document .

[I. Climate -impact chains

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaxs akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).



A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermiajpetets, which finally

lead to the risk. The hazard component includes factors related to the climate signal and direct
physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by onmore exposure factors (Gl1Z and EURAC, 2017).

Hazard
(climate signal)

Sensitivity

Impacts

Fctr e

Adaptive Capacity

.
Risk

[Il Climate Hazards and Climate risks in Occitania region

Climate hazards are defined as the potential occurren€a climaterelated event, trend or
physical impact that may cause loss of life, injury, damage and loss of infrastructure,
livelihoods, service provision, ecosyste®sq s enzwei g et al . 2015) .

Climate risks are defined as the potential for consequendasre something of value is at
stake and where the outcome is uncertRio(s enzwei g et al . 2015) .

During the workshop, regional representatives of Occitania, decided to attend the risk of

|l ncreased urban warming affecting peopl ebs h
environmental determinants of healthIn this report, the definition of social and
environmental determinants of health are specified as:

1T Soci al deter mi mahnitcsh afn chleuadlet Mt he unequal d

goods, and services, globally and national
visible circumstiadmees afccepescplt®s hleiavaéa hd car
theirntionmdiof work and | eisure, timeidr ththemeas
chances of |l eading a flourishing |Iifeo (Ciq
2008) .

T Environment al detwhimdé maintsl wde hiealdlhl, t he p
bi ol ogical factors external to a person, a



targeted towar ds preventisngpporsease eandr

(including clean air and water, heal t hy woa
roads and managing climate change) (WHO 20
I V: Ri sks: Wh a t i's distinctive about ur ban
status?

1 The frequency, intensity, duration, and spatial extent of some extreme weather events,
particularly heat waves, has been increased by climate change, with further increases
projected (Richter, 2016).

1 Intense heatwaves in Europe are expected to happen more frequently and become more
intense with climate change. With 1.5°C, each year more than 100 million Europeans
would be exposed to a present intense heatwave (Feyen et al 2020).

1 Compared with préndustrial times, the mean average European surface air temperature
increase has been almost 1°C higher than the average global temperature increase, and 2022
was the hottest European summer on record (van Daalen et al 2022). Theotsondrher
caused almost 62 000 deaths in Europe in 2022 (Romanello et al. 2023)

1 Climate change is interacting with other trends, such as population growth and ageing,
urbanisation, and socioeconomic development, that can either exacerbate or ameliorate
heatrelated hazards (Ebi et al 2021).

1 Urban temperatures are enhanced by anthropogenic heat from vehicular transport, heat
emitted from building energy waste, and minimally by human metabolic heat. (Ebi et al
2021).

1 Worldwide, Europe had the highest rate of freddated mortality in recent years (2022)
(Romanello et al. 2023).

1 Vulnerability to heat exposure has increased steadily across all European regions, with an
increase of 6% from 1990 to 2019. Although northern Europe is the most vulnerable region,
the highest relative increase of 9,8% is observed in central Europe (s@m@aal 2022)

1 Assuming present vulnerability and no additional adaptation, annual fatalities from extreme
heat in Europe could rise from 2,700 deaths now to nearly 30,000 with 1.5°C global
warming, 50,000 with 2°C and 90,000 with 3°C. The increase in human exposu to a
fatalities from extreme heat is most pronounced in southern European countries and the
highest number of fatalities will occur in France, Italy and Spain (Feyen et al 2020).

1 Urban heat island (temperature difference between inside the city and outside it) can cause
significant negative environmental and economic impacts such as affecting human thermal
comfort, air quality and energy use due to the increased use of air comgjtimducing
also earlier springime flowering in urbanized areas compared to surrounding rural areas
(Richter 2015).

1T Cli mate change and the urban heat island (L
i nfrastructure by causing shifts in temper:
humi dity | evels, soil moi stutr@blcent emadqyi ven
and air quality (Solecki & Marcotull i o, 20

effects that further affect urban ecosyst el



Drawing from the preceding characterization, this report builds on the Health and Cities

Framework (IPCC 2007) to encompass the myriad relationships and causal chains intertwining

climate and nostlimate determinants of risk. The framework underscoresfitéat oterrg

projections of global health outcomes now explicitly include factors such as unsafe water, food,
and residence; poor sanitation; urban air pollution; and indoor air pollutdirof which are

aggravated b
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%, Infrastructure

Figure source: Barata et al.
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The Occitanie region is particularly vulnerable a rise in temperatures linked to climate change.

The heat waves experienced in recent years, with frequent temperatures above 40°C, have
given a preview of heatwaves to come. Many indicators make it possiloieeasure this
warming, such as temperature anomalies, number of heat wave days, or the frequency of
summer days (maximum temperature above 25°C) and tropical nights (minimum temperature

does not fall below 20°C).

Taking nighttime temperatures into accotinh addition to daytime temperaturies essential
from a public health perspective. It is in fact the nigme drops in temperature that allow
people to better withstand the intense heat during the daicubartl for the elderly.



In the future, hot days and nights will become more and more frequent throughout the region.
Thus, on the coast and in the Mediterranean hinterland, which are regularly affected by summer
days, intense daytime but also niginie heat will increase.

Until the beginning of the 2000s, the rest of the Occitania region was not subject to these very
frequent extreme heat phenomena. With up to 70 summer days per year, the plain territories
(Gers, HauteGaronne, TaretGaronne, south of the Lot and westlué Tarn) were however
distinguished from the medium or high mountain territories where this number does not did
not exceed 48 days (Massif central and Pyrenees).

In the coming decades, some areas of the interior plain will be in a configuration similar to that
experienced by the coast in the past. Thus, within a vast triangle around Toulouse, the number
of summer days would increase to more than 82 per year,lemggthttheir frequency remained

close to 70 until 2005. The perimeter of mountain areas rarely subject to summer days will be
more and more restricted. The recurring high temperatures will thus extend to new areas of the
region while the phenomenon will gain intensity in the territories which are already subject

to it.

Thus, the territories which will be marked by the multiplication of episodes of extreme heat are
precisely those where a large majority of the regional population lives: the Mediterranean coast
and around the Garonne plain. In addition, in these highlgnizbd areas, there are very
localized phenomena such as urban heat islands. These phenomena could increase temperatures
on a suburban scale and therefore make episodes of extreme heat even more frequent in certain
neighbourhoods. Episodes of extreme loaat in fact lead to dehydration, the aggravation of
certain chronic illnesses or even heat stroke. Infants, pregnant women, the elderly and those
with chronic illnesses are particularly vulnerable.
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RISK: Increased urban warming affecting people’s health through the deterioration of social and environmental determinants of health




Vil.mpact s

Theriskoff ncr eased ur ban warming affecting peopl
social and environmental determinants of healtls characterised through ten impact
sequences:

(1) Peoplebdbs health being affected by the i
(2) affectation on peopledbs health and on th
due to increase temper at ur ebythegitrpasegu esti pfcae 6 s h e
bike, and pedestrian accident due to mental stress and reduced performance of infrastructure;

(4) risk of accidents as people are affected by physical discomfort and mental stress while
driving and commuting due to high tematmres, resulting in more risky behaviour.; (5)

increase of air pollution as provoked by urban warming and related health effects; (6) reduced
availability of water and increased demand during summer provoked by urban warming, which

in turns, affects theuhctioning of critical energy infrastructure; (7) impacts on critical urban
infrastructure which supports peopleds heal't
impacts related to extreme temperatures, particularly on the costs and barrensgatfes

local government to ensure appropriate water management; (9) degradation of urban
ecosystems due to extreme temperatures and the loss of cooling spaces for people during
extreme heat; (10) shifting the environmental suitability for the transmnissi various

infectious diseases due to extreme temperatures.

Key messages emerging from the i mpact sequen
1. Urban warming deteriorates environmental and social determinants of health, causing direct
threats to peopleds health status.

2. Deteriorating social determinants of health highlight issues of social justice as shed light on
peopleds | imited private resources and capac
3. Urban ecosystems play a crucial role in natural capital for climate change adaptation and
mitigation (Rosenzweig et al. 2015); while at the same time, urban habitats contribute to the
well-being of urban residents (Solecki & Marcotullio, 2013). Climatange and the urban

heat island (UHI) effect impact ecosystem services and green infrastructure by causing shifts
in temperature and precipitation patterns, evaporation rates, humidity levels, soil moisture
content, vegetation growth rates, water tabkgjifer levels, and air quality (Solecki &
Marcotullio, 2013;Frumkin et al., 2008; Keim, 2008).

4. In consideration to vulnerabilities and exposure, impacts are perceived differently through
society. However, the impact chains reveal how some impacts may be more prominent at
different times (difference between day and night highlighted). This islarty relevant for

the impacts related to the Heat Island Effect (sequence 5).

5. Disruption in the normal and steady functioning of critical infrastructure due to high
temperature can cause dramatic impacts to populations depending on these infrastructures for
their coping capacity against heat. This is particularly the casedog\yegrids that experience
abovenormal demand during piekmes, provoking blackouts that limit access to air
conditioning. However, water systems can also be exposed to stress under high temperatures,
either due to water overdemand, low provision capaoitreduced water quality.

6 . Peopleds activities and routines greatly



Sequence 1.

I n the first sequence, the focus IS on pecf
temperatures in their private households.

Generation of Urban Heat Islands

One consequence of urban development is the urban heat island (temperature difference between
inside the city and outside it) that results in cities being, on average, warmer than adjacent rural
landscapes (Ebi et al 2021)

Difficulties to escape heat at night time

The urban heat island is amplified at night when stored daytime heat is emitted and intensified with
increasing city size and population dengipi et al 2021)

Increasing energy demand threatens cooling devises

Urban heat island can cause significant negative environmental and economic impacts such as
affecting human thermal comfort, air quality and energy use due to the increased use of air
conditioning (Richter 2015).

An approach focusing on air conditioning as a preventive measure for reduciwglatsat
morbidity and mortality is vulnerable to failure when the underlying infrastructtine electrical
grid i weakens or fails during a summer heat wave (Barata et al).

Increased affectation to vulnerable groups

Hot weather and heat extremes are associated with increased emergency room visits and hospital
admittance, increased deaths from cardiorespiratory and other diseases, mental health issues,
adverse pregnancy and birth outcomes, and increased-bagdticostgEbi et al 2021).

In Europe, population exposure to heatwaves increased by 57% on averagd iD2@itfpared
with 2000 09, and by more than 250% in some regions, putting older people, young children,
people with underlying chronic health conditions, and people who do not have adequate access to
health care at high risk of heaglated morbidity and mortality (van Daalen et al. 2023)

Worsening living conditions and increased mental stress



Sequence 2.

I n the second sequence of iIimpacts pthealfhosed,
and on the reduction of peopleds productivit

Hyperthermia provoked by heat stress directly impairs physical work capacity and tasks rel
complex cognitive functions or skilled motor performances (Ebi et al. 2021).

High heat stress can reduce physical work capacity and-cogmitive performances, with
consequences for productivity, and increase the risk of occupational health problems (Ebi et al
2021).

Workers exposed to elevated environmental heat will typically reduce their work output, taking
more unplanned breaks or working at a slower pace than normal to adjust the overall occupational
heat stress (ibid).

Increased susceptibility due to activity nature

Many workers are repetitively exposed to daily occupational heat stress over extended periods,
thereby making them more susceptible to both acute and chronic effects of heat strain (Ebi et al
2021)

For outdoor workers, high metabolic heat production associated with occupational tasks combined
with high ambient and radiant heat, low air flow, and sometimes high humidity, add to human heat
strain (Ibid)

Workers following a fixed or externally dictated pace (eg, buckets per h) or piecemeal will face
higher heat strain than those workers who are free tpae# (ibid).

h 4

Affected people's livelihoods and social determinats of health

Heat exposure undermines peoplebds |livelihoods a
labour capacityMan Daalen et al. 2023

Increased mental stress




Sequence 3

I n the third sequence, the focus is on peopl
car, bike, and pedestrian accident due to mental stress and reduced performance of
infrastructure. This sequence of impacts includes also the pressure exettedcapacity of

operators to keep pace with worsening infrastructure.

Surface overheat resulting from prolongedextreme temperatures.

Accelerated deterioration of roads and railways

Future temperature increases are projected to reduce infrastructure lifetime and increase road costs
(Jacobs et al 2014). Elevated temperature, combined with increased salinity and humidity,
accelerates deterioration in bridges and roads constructed with concrete (Ibid).

Damaged in rail tracks, cracks in roads

High temperatures can lead to infrastructure damage, affecting roads with issues like deformation
and asphalt melting, resulting in unsafe conditions and increased maintenance costs (Slavich et al.
2022).

Elevated temperatures along with the increased occurrence of hot summers, is expected to

contribute to a higher frequency of rail buckling incidents posing risks for train travel (Jaroszweski
et al. 2014).

Increased maintenance cost

Higher ambient temperatures and extreme h Increased maintenance costs and rapid

events can negatively impact pavement maintenance planningiéreases presure on

performr_:\nce and, in turn, increase costs due transport planners, operators, emergency
material upgrades to accommodate higher services (ibid)

temperatures (Jacobs et al. 2014)
Reduced frequency of maintenance

As costs due to material upgrades to However, as roads deteriorate more rapidely, the
accommodate higher temperatures increas: need formaintenance work during the summer
these costs are only modestly reduced by le season increase, exposing workers to working
frequent maintenance (Jacobs et al. 2014)  under extreme temperature conditions (ibid).

A 4

Safety and function reduced

Higher ambient temperatures and extreme heat events can negatively impact pavement
performance; Buckled roadway joints can send vehicles airborne (Jacobs et al. 2014)

A 4

Increased risk of car & bike & pedestrian accident




Sequence 4.

In the fourth sequence of impacts proposed, the focus is on the risk of accidents as people are
affected by physical discomfort and mental stress while driving and commuting due to high
temperatures, resulting in more risky behaviour.

Extreme temperature

Vehicle overheat

High temperatures reduce thermal comfort and air quality in enclosed transport spaces, affecting
passengers and drivers (Slavich et al. 2022).

A 4

Reduced thermal comfort, fatigue, heat stroke in passengers

Heat impacts both public and private transportation, including passengers, service workers, and
infrastructure staff (Jaroszweski et al. 2014)

Risky behaviour while driving

Research by Nofal et al. (1996), analyzing 13,390 police records spanning three years, reveals that
the majority of road traffic accidents occurred on sunny days between 12 noon and 3 pm. The
primary contributing factor was driver error, particularly associated with reckless driving,
carelessness, lack of experience, knowledge, attention, as well as fatigue and overspeeding.

Increased risk of car & bike & pedestrian accident




Sequence 5.

In the fifth sequence of impacts proposed, the focus is on the increase of air pollution as
provoked by urban warming and related health effects.

Air pollution might also increase during heatwaves, leading to possible synergistic effect

health (Hajat et al. 2010)

Heat waves and warm spells could exacerbate urban heat island effects, including increased air
pollution (Solecki & Morcotullio, 2013).

Other impacts of extreme temperature on ambient air quality, such as ozone pollution u
heatwaves (Feyen et al 2020)

Ozone production is dependent on temperature and the presence of sunlight, with higher
temperatures and still, cloudless days leading to increased production (Barata et al 2018)

Increased of polluants due to transport

Urban temperatures are further enhanced by anthropogenic heat from vehicular transport and heat
waste from buildings (Ebi et al 2021)

Reduced health status

Exposure to ozone is associated with decreased lung function, increased premature mortality,
increased cardiopulmonary mortality, increased hospital admissions, and increased emergency
room visits (Barata et al 2018)




Sequence 6:

In the sixth sequence of impacts proposed, the focus is on the reduced availability of water and
increased demand during summer provoked by urban warming, which in turns, affects the
functioning of critical energy infrastructure.

Increased temperature affect water quality, quantity and access

Climatic pressures will interact at different spatial scales to have a synergistic impact on water
availability, on water quality, infrastructural integrity, arrangements among competing users, and
strength of institutions (Vicufia et al. 2018).

A 4

Increased temperature affects water chemistry and biology

Warmer water temperatures can change the solubility and transport of contaminants as well as
promote algal and other biological outbreaks (including invasive species) in water supply and
wastewater/sanitation systems. However, warmer temperatures are generally conducive to

improved biological reactions in water and wastewater treatment processes (Vicuia et al. 2018).

A 4

Seasonal and tempoeral changes in water availability

Warminginduced declines in snowpack, glaciers, and less seasonally persistent snowpack (e.g.,
earlier snowmelt) are expected to change the timing of water availability. This alters the natural
storage of water from cooler seasons with low water demands to warm seasons when demands are
commonly highest. This is expected to challenge water management systems (Vicufia et al. 2018).

A 4

Higher temperature increases water demand

Warmer temperatures result in larger demands for water in many cities, particularly for household
consumption and thermoelectric cooling. Extreme heat waves, which are projected to become more
common and severe in the future, typically lead to disproportionately elevated demands for water

(Vicuia et al. 2018).

h 4

Reduced water availability affects functioning of critical infrastructure

Warmer temperatures can affect water use for industry and power generation that are serve urban
systems; can decrease the efficiency of cooling for thermoelectric power generation. As a result,
decreasing efficiency can have a dramatic effect on electricity generation in urban areas (Vicuia et

al. 2018).




Sequence 7.

In the seventh sequence of impacts proposed, the focus is on the impacts on critical urban
infrastructure which supports peopleds heal
supporting the statements as well as suggestions connecting theeffaaseelationship are

presented below.

When climaterelated extreme events threaten critical urban infrastructure, reverbera

can be felt in the health of urban populations (Barata et al 2018)

The health of urban residents is closely linked to key infrastructure, such as public transportation,
sewerage, waste management, the efficiency of rainwater drainage systems, and the utility supply.

Connected disruptions

Many health hazards associated with extreme climate events in urban areas operate through
disruptions in critical infrastructure (Barata et al 2018).

Lack of electricity can make it difficult or impossible to control the interior climate, refrigerate
food, physically move about in higise buildings, pump water to upper floors, and operate medical
support equipment. While a lack of air conditioning in homes increases the risk-oélasead
death, air conditioning also contributes to higher power demand during heat waves, which increases
the risk of power disruptions and blackouts. When blackouts occur, exposure to heat increases, with
a corresponding increase in health risks (ibid).

Adverse health effects due to disrupted infrastructure

These infrastructure disruptions can lead to a wide range of adverse health effects depending on the
age, health status, and economic resources of residents in the affected households. An approach
focusing on air conditioning as a preventive measure for reducingéiated morbidity and
mortality is vulnerable to failure when the underlying infrastructutiee electrical grid weakens
or fails during a summer heat wave (Barata et al 2018)




Sequence 8:

In the eighth sequence of impacts proposed, the focus is on the institutional impacts related to
extreme temperatures, particularly on the costs and barriers affecting the local government to
ensure appropriate water management.

Increase temperature affects institutional functioning

Increased demand for water for urban ecosystem maintenance and sanitation

Continuity of delivery of local public services such as transportation (ex. impact of heat on
road infrastructures), energy provision networks (pumps), water provision networks

Continuity of activities related to clean water production et distribution to households

A 4

Increased costs of maintenance for ecosystes and sanitation

Lack of water for cleaning public spaces, watering green spaces

A 4

Increased conflicts due to water use

Usage conflicts over water usérigation vs tourism for instance

A 4

reduced frequency of ecosystem maintenance and sanitation

Increased risk of sanitatry and mental diseases




Sequence 9:

In the nineth sequence of impacts proposed, the focus is on the degradation of urban ecosystems
due to extreme temperatures and the loss of cooling spaces for people during extreme heat.

Urban heat and warming

Climate change is already impacting urban biodiversity and ecosystems (Rosenzweig et al. 2015). The

combination of climate change and urbanization (i.e., increased patch fragmentation and diversity), is

expected to heighten the vulnerability of biodiversity hotspots, urban species, and essential ecosystem
services (Luck & Wu, 2002)

Better conditions for pests

Changing climate may also affect the introduction of new species in urban ecosystems by reducing
noninvasive and native species while favoring weedy and tablapted species (Rosenzweig et al.
2015).

Winter warming and absence of cold waves will bengefit certain species of insect pests and diseases that
are sensitive to prolonged periods of cold (Solecki and Marcotullio 2013).

h 4

Changes in species distribution and promotion of invasive species
Ultimately, changes in species distributions are expected to modify the ecological interaction networks
in cities and have the potential to promote invasive species, which could accelerate the loss of urban
biodiversity (Kendal et al., 2012)

W

Changing speed and onset of diseases

Climate shiftscan adjust the speed of onset of emerging diseases and other pathogens and alien/invasive
species entering the extended regions around cities (Solecki and Marcotullio 2013).

h 4

Increased affectation on specialised species

Species that are highly specialized and heat sensitive may be threatened with local extinction driven also
by an inability to move to new areas as urban development exfRosEnzweig et al. 2015)

A 4

Increased herbivory of urban trees

Urban trees could face greater herbivory in the future as a consequence of the increased fitness of some
herbivorous arthropods under warming scenarios. However, more research is needed to generalize these
results to more urban are@osenzweig et al. 2015).

A 4

Degrarded ecosystems

As a result of the interconnectedness between ecosysterbeinal and ecosystem services, growing
ecological stress diminishes the quality and quantity of ecological services (Cairns and Pratt, 1995).

A4

Reduced options to escape heat

=
o



Sequence 10:

In the tenth sequence of impacts proposedfabis is on the shifting the environmental
suitability for the transmission of various infectious diseases due to extreme temperatures.

Changing environmental conditions shift the environmental suitability faraimemission of various

infectious diseases

An increasing percentage of coastal waters in Europe are showing suitable conditions for the
transmission of pathogenic naholerae Vibriothe climatic suitability for the transmission of dengue
increased by 30% in the past decade compared with the 1950s, and the environmental risk of West Nile

virus outbreaks increased by 149% in southern Europe and 163% in central and eastern Europe in 1986
2020 compared with 19585. West Nile virus has emerged in the Americas and expanded in Europe,
where it is becoming a public health concern (Hajat et al. 2010).

Increased transmission

Vector-borne disease incidence is influenced by temperature and precipitation, which can affect the
range, prevalence, and reproductive cycle of disease vectors, among other determinants (Hajat et al,
2010).

Transmission season for dengue combining information on temperature, rainfall, mosquito abundance,
and human population density in the period 12820 has increased by 17-3% in Europe compared
with 1951 1985. This pattern is also observed for chikungunya and Zika virus. The greatest upward
shift in transmission season is observed in central eastern Europe, with a gain of about 0,2 suitable
months for dengue (van Daalen et al 2023).

Dengue fever transmitters, the Aedes aegypti mosquito, can be easily found in regions of tropical and
subtropical climate, having an ideal temperature of transmission of betwégra2@ 27C, although
temperatures from ¥€ can also trigger its transmission (Barata et al 2018)

Changes in seasonal cycle and spatial distribution of vecttrorne diseases

Climate change may lead to changes in the seasonal cycle and spatial distribution of sorbeweztor
diseases... itis also possible that optimal temperature conditions for certain vector species will be
exceeded and thus potentially reduce the risk of infection, particularly under high warming scenarios
(Barata et al 2018)

Warmer temperatures are also shifting flowering seasons of several allergenic tree species, with birch,
olive, and alder seasons beginnin@ 2@ days earlier than 41 years ago, affecting the health of around
40% of the population in Europe who have pollen allergies (van Daalen et al 2023)

Increased water and Food-Borne Disease

Humans can be exposed to watand foodborne pathogens through a variety of routes, including via
the ingestion of polluted drinking water, consumption of contaminated food, inhalation of aerosols
containing bacteria, and by direct contact with recreational or floodwaters. A number of pathogens that
cause waterand foodborne illnesses in humans are sensitive to climate parameters, including increased
temperature, changing precipitation patterns, extreme precipitation events, and associated changes in
seasonal patterns in the hydrological cycle (Romanello, 2023).



I V. Exposure

Factor 1: Timing of exposure

T The timing of exposur e, e n cdoanypt a snsei nagn dd insitgil
gives rise to varied risks among differen
wor kshop session, individual s may have acc
centres or swimming pool s tdhe imigg htth,e idnadyi.v
often confined to their residences, occasi (
comfort. This situation may pose additiona
facing mobility issues, particularly the e
Fact®hy?2ical conditions of built environment

1 Urban environment and building structure play a vital role in determining the vulnerability
of urban populations to heat stress, such as access to vegetation and green space,
development intensity, living on a high floor of mtdtorey buildings, buildingnaterials,
land cover and housing density (Puntub et al 2022).

1 High building density and a lack of urban green and water spaces determine the adverse
bioclimatic evaluation of urban environments (Richter 2015).

1 Urban temperatures are enhanced by anthropogenic heat from vehicular transport, heat
emitted from building energy waste (Ebi et al 2021).

1 Urban heat island can cause significant negative environmental and economic impacts such
as affecting human thermal comfort, air quality and energy use due to the increased use of
air conditioning, inducing also earlier spritighe flowering in urbanizedraas compared
to surrounding rural areas (Richter 2015).

Factor 3: Exposure time

1 Overall, the number of hours of risk per person is increasing across all European regions.
In southern Europe, the number of hours with fiekdtted health risks during medium
intensity activities (e.g., football or tennis) increased relatively by 106&eleet 1990 and
2020 and increased to 429 hours per person in 2020. For strenuous activities (e.g., mountain
biking), there was a relative increase of 77% in southern Europe, leading to 627 hours at
risk per person in 2020 (van Daalen et al. 2022).

1 Equipment operators and road builders can be exposed to hight temperatures for long
periods (maintenance and building staff working in hot weather may experience intense
fatigue) (Jacobs et al. 2014).

1 People at bus stops exposed for long time periods (waiting at unsheltered transit stations
during peak hours can lead to severe heat stress (Slavich et al. 2022).

Factor 4: Nature of activity (indoor I_outdoor activity and timing of activity)

1 Heat exposure in sport events: In 2019, examples ofrakded disruptions to major
sporting events RR@aiondrdeenationhle de Wanted Assaciatién
(FIFA) World Cup in France, the Australian Open tennis tournament in Melbour@e, VI
Australia, the Olympic test triathlon event in Tokyo, Japan, the World Track and Field




Championships in Doha, Qatar, and the New York City Triathlon, NY, USA; each had
either interrupted or postponed competition due to the anticipated high risk of exertional
heat iliness in competitors (Ebi et al. 2021).

1 Projections suggest that by 2085, very few major cities will be able to host the summer
Olympic games due to heatlated risks for athletesleatrelated concerns could be even
greater for the Paralympic games because they will involve more vulnerable populations
(Ebi et al 2021).

1 For outdoor workers, high metabolic heat production associated with occupational tasks
combined with high ambient and radiant heat, low air flow, and sometimes high humidity,
add to human heat strain (Ebi et al 2021)

T Cyclists exposed to dehydration and heat st
from heat stress and health problems, poter
i f they can't use a private vehicle (Jaros:

Resulting from this characterisation of exposure factors, the following table identifies the
connection between the impact sequences with exposure factors:

Impact Sequence Association to Exposure Factor
Sequence 1 1,2,3,4
Sequence 2 1,2,3,4
Sequence 3 1,2,3,4
Sequence 4 1,2,4
Sequence 5 2
Sequence 6 1,2
Sequence 7 1,2
Sequence 8 2
Sequence 9 2
Sequence 10 2

V. Sensitivity

Cli mate change in urban areas will take pl
demography, goveobmansese 8Bwhdt are shaping thos
caused by poverty, | ower |l evels of education
(Dasgupta et al. 2014).

Factor 1: Demography
1 UHI increases with city size and thamber of inhabitants (Richter 2015).



T

As urban populations steadily increase, larger numbers of people are at risk of heat stress
in the builtup environment of cities (Richter 2015).

Factor 2: Pre-existing health preconditions

T

Population exposure to heatwaves increased by 57% on averageiid208athpared with

2000 09, and by more than 250% in some regions, putting older people, young children,
people with underlying chronic health conditions, at high risk of-redated morldity and
mortality (van Daalen et al. 2022).

Future susceptibility likely to be increased with ageing populations, (Hajat et al. 2010).
Population ageing in Europe is a major demographic trend for the coming decades. It could
further increase the effect on human beings of temperature extremes (Feyen et al 2020).
Adults older than 65 years and infants younger than 1 year, for whom extreme heat can be
particularly lifethreatening, are now exposed to twice as many heatwave days as they
would have experienced in 198805 (Ebi et al. 2021).

heat related deaths of people older than 65 years increased by 85% compared wiith 1990
2000, substantially higher than the 38% increase that would have been expected had
temperatures not changed (Hajat et al, 2010).

Studies consistently show that adults older than 65 years, people with cardiopulmonary and
other chronic diseases, and very young children are particularly vulnerable to the effects of
heat, irrespective of income level or ggoaphical regiorfEbi et al 2021).

pre-existing physical conditions (such as cardascular and cerebrovascular conditions

and diabetes) or those related to mental health (such as depression) potentially leading to
mortality and morbidity, age (particularly children and the elderly) (Ruetwal 2022)

Rates of heatelated mortality and morbidity are high in elderly and chronically ill
individuals, particularly those with cardiovascular, respiratory, and renal diseases. People
with diabetes, neurological disorders, and psychiatric illnesses mighiealstancreased

risk (Hajat et al, 2010).

Factor 3: Economic status and social capital

T

Household income, poverty, unemployment, social isolation, social cohesion, household
structure, gender, education attainment, language proficiency, race;dvauseship and

more (Puntub et al 2022).

Social isolation and little mobility were identified as key risk factors during heatwaves.
Other contextual risk factors include no access to acoaiditioned environment, living in
homes with high thermal mass and littlntilation, and living on the upper floors of high

rise buildings (Hajat et al, 2010).

People who do not have adequate access to health care at high riskrelatedtmorbidity

and mortality (van Daalen et al. 2023).

increased mortality during heat extreniefssociated with being confined to bed, living
alone, being unable to care for oneself, not leaving the residence to cool down their body
temperature, and having a geeisting mental health condition (Ebi et al 2021).

The highest risk of death during heatwaves were confinement to be&xiptiag
psychiatric illness; not leaving home every day; and an inability to care for oneself (Hajat
et al, 2010).



1 Risk of waterborne iliness is greater among the poor, infants, elderly, pregnant women,
and immunecompromised individuals. Food/ water scarcities impact human health (Barata
et al 2018).

Factor 4: Urbanisation

1 increasing urbanisation could amplify the urban heat island effect, which causes urban and
metropolitan areas to be significantly warmer than their surrounding rural areas (Feyen et
al 2020)

1 The combined effects of heatwaves and air pollution might further exacerbate human stress
in densely populated are@zeyen et al 2020)

1 Urban areas are vulnerable to the health impacts of climate change due to their high
population density, concentration of vulnerable populations, higher temperatures
compared to surrounding areas (Barata et al 2018).

Factor 5: Behavioural factors: Use of alcohol and drugs

1 The use of alcohol, medications, and illegal narcotics is associated with increased mortality
during heat extremesMany commonly prescribed medications, such as general
anticholinergics, antidepressants, and opiaidd illegal narcotics such as cocaimeght
compromise physiological heat loss responses (Ebi et al 2021)

1 The magnitude and pattern of future hiesated morbidity and mortality will depend on
climate change and other important factors such as population growth and ageing,
urbanisation trendsidaptation effortsand development choices (Ebi et al 2021).

1 Some drugs, notably diuretic, psychotropic, and anticholinergic drugs, have been
implicated in increasing the risk of haalated death or iliness (Hajat et al 2010).

Factor 6: Ecosysterrelated factors
T Rate of ur babagrewbbBystems face uniqgque str
exposure to hazards such as hi-ghi patpal @adi o

stressors, and the wurban heat island (UHI)
1T Expansion of 1 mperOmea bolfe tshuer fnaocsets si gni f i c ¢
urban streams is the proliferation of | mpei
hydrological dynamics and channels pollut a
and par ki reg sltateamsnt(dsrti mm, et al . 2008) .

1T Water avai Theilisswuye of ur ban water securi:
parti cul airnlcyo men cloouwnetrr i es . Many <cities face
services to their resident s, especially t
conei ho expand, the demand for | imited wat
climate <change are poised to exacerbate t
(Rosenzweig et al. 2015).

T Tree speci es Ceornpaaghatpitummbanspecies flouri sh
globally, often outcompeting indigenous s
regional |l evels. While various ecol ogical

ur ban arngdasi,caat sipgatiwve iofveasoinve speci es



originate from war mer regions, benefiting
Wur zel, 2003).

Factor 7: Continuity of functioning of critical infrastructure
A Many health hazards associated with extreme climate events in urban areas operate through

disruptions in critical infrastructure. Lack of electricity can make it difficult or impossible

to control the interior climate, refrigerate food, physically moveuako highrise
buildings, pump water to upper floors, and operate medical support equipment. While a
lack of air conditioning in homes increases the risk of-helated death, air conditioning

also contributes to higher power demand during heat wavash witreases the risk of
power disruptions and blackouts. When blackouts occur, exposure to heat increases, with a
corresponding increase in health risks (Barata et al 2018).

Sensitivity factors for Urban areas in Occitania

Based on -stehgeu einntpeasc tpr evi ously characterised,
associated to each sequence, as shown bel ow
exacerbated when particular compdiatyi ovnd h( s@res
i mpact factors.

Sequence Association to s¢€
Sequence 1 2,3,4,5
Sequence 2 2,3,4,5
Sequence 3 4,7
Sequence 4 4,5
Sequence 5 1,4
Sequence 6 4,7
Sequence 7 2,7
Sequence 8 4,6,7
Sequence 9 4,6
Sequence 10 4,6

VI . Adaptive Capacity

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations, and infrastructures that enable people to adapt to the effects of
climate change.

Factor 1. Resources

1 Provision of aiconditioning, increasing urban vegetation, accessibility to medical services
and insurance, and accessibility to nearby public heat refuges as crucial (Puntub 2022)

1 Financial options for refurbishment (identified during workshop)



Factor 2. Spatial planning

1 Spatial planning influences the spatial configuration, type and degree of development of
buildings and land use, as well as landscapes and green spaces (Richter 2015).

1 Improved design and insulation of houses, schools and hospitals, sound urban planning
(increasing tree and vegetative cover, installing green or reflecting roofs, or using cool
pavements) (Feyen et al 2020)

9 Building codes (Hajat et al 2010)

1 Implementation of thermal regulations (PLUIH) (identified during workshop)

Factor 3. Policy public health

T Focus on identifying awefdfiofenmi pgbkeitebein
change adaptation and mitigation intervent:i
heal th burdens and i1 nequities; nptr omfot yo uwmg
people and minoritised groups in identifyli
mini mise or eliminate health inequities (H;:

f Public health protection measur bspbeawsietdh t h
prevention advice to the gener al public (H

T Heat heal th warning systems that trigger
response to forecasts of adwvelratedveialtlhees € «
avoidabl e, the most crucial poiht opfeveneéer x
strategies by susceptible i ndi vi dbuaaslesd an-c
prevention advice already forms an integra
extent to which the advice i swlbeadsgeed oofn enfefde
prevent i cani dantdr efaitrnsetnt |, besi des - afnf eacwtasr emfe
prescription drugs during hot weather, I's
2010) .

T Upgrading health infrastructure, i mproving
di sease surveill ancsepecahdccootoetahbhgl ihtewl ¢
United Nations Envijonment Programme, 2023

T Multisectori al cooperation (identified dur|

Factor 4: Public policy in transport sector

T Transport systems should be operated by ad

across all functions, understand current a
i n place to address them (Black et al. 202
T I mproving adaptive capacity involves asses:
organi zational capability to respond to c
pl anners and operators adhere t or atewsrignarsd
precipitation ranges and return intervals
T Nonetheless, these standards are becoming
infrastructure investments, particularly f



underscoring the necessity for comprehensi\

endeavours (Black et al. 2021).
T Time flexibility for commuting (identified
T Multisectoral cooperation (identified duri |

Factor 5: Public policy urban ecosystem
1T Conserving, restoring, and expanding urban

T

ot he-bemnceof i t s under mo u Actliinngat c £t i nsattriecs sanad
urbani zati on and devel opment processes Wi

pl anpiohgcy, and govecnhnanicel aocdoped atii on to
urban ecosystems and biodiversity (Sol ecki
Al s o, greater coordination and networ ks am
ecosystems and wurban biodiversity, i ncl udi
nei ghbourhood gardens, would strengthemnd ec:
and essewtobbhabgsoal akngagement (Ernstson et
The adaptive capacity of species in urban
and genetic diversity (W lliams et al ., 20

I n the context of wurban biodiversity and e
i nteractioiersol agdchumant erventions are al s
For eXx ampil ed ucheudnaandapti ve capacittyhatoudrde i
more tolerant of higher t edvepreirvaetduradsa patnidv ed

could include natur al processes that <chang
|l i ke insect popul ations persisalng20&s8pite
mul ti sectoral cooperation (identified duri |

Factor 6. Education, awareness, and stakeholder engagement

T

Education and awareness raising of potential risk factors and recommended responses
(Feyen et al 2020)

Skill preparation of public officials (identified during workshop)

Vecborne and infectious diseaadsaenggiesEpindeimifo
rates) , hospitals (to respond to public he
workers and | ocal community members and grc
and respond to environm2oti &) heal th needs)
Heatl ated illnesses (including stroke, re:
municipal iima&ded® sdddiosidoenvel o-pealntdh i wad reimeaq
response policies), the media (tooalserotf t h
cooling centers), and independent power pr
for cooling and maintain infrastructure) (|
Wat er gual ibtoyr n&@nddi wa®tasres : Emergency prepa
responders for flood events), munici pal p
drainage systems), and water management dej
Air quality, ast hma, all ergies: Met eor ol og
and/ or medi cal school s, NGOs and research



and health i mpacts), private sectors (who

produce valuable product s, including medic
2018)
Sequence Association to ada
Sequence 1 1,2,3
Sequence 2 1,2,3,4
Sequence 3 2,3,4,6
Sequence 4 3,4
Sequence 5 2,3,4
Sequence 6 1,2,3,4
Sequence 7 1,3,6
Sequence 8 1,2,3,4,5,6
Sequence 9 2,345
Sequence 10 2,3,4,6
Adaptation measures in the Occitania
Sourmdcd:an Climat Air Energie Territori al for
Launched in November 2020, the APacte Verto
i mpacts our territory. This is a frameworKk
transition, solidarity, and economic opportu
the Green New Deal, | aunched by the European
This APacte Verto includes 6 major ambitions
A The decarbonizatitdhire ®Ofccmobni at )Region ain
positive energy region in Edrroepee .t rTaoi ndso (th
battery, hydrogen) and clean energy coach
facilitate & h(es wmpppeo rotf fboarcytchHe constructi ol
cycle routes, assistance with the acqui si
sector) .
A A sovereign and sustainbhbtweeamgrR2Oolbt @amall

Occitania Region tripled (from 030 to U9

agriculture, or 012 per i nhmatiitoamal cloempealr.
l nvest ments made it possible to | aunch ¢
agriculture contracts, deployment plan fo



A Water management, orgahizebHdeamobntdi 3atieome
Region and water stakeholders through, I
adaptation pl ans by basin and t he I mp |
management strategies; 2chthmhet@bdbVvVegr pment d
water savings on the horizon 2030. To do
through calls for projects or securing d
Regiomneddops water plan in June, wi th a
result of citizen consultation, it 1is foc
strengthen sustainable water management i

A The decarbonization of energy and tthoe de
achieve the objectives set by the Europea
Energy Region scenario which is based on
three of | ocal renewabl e energy productio

A Thteher mal renovawhioanh oif s btuhd dg wmlgjsect of s
Nati onal Housing Agency (u114.6 million)
R®nov' Occitanie regional system and suppg
operator.

A Decarbonizationl/of s2Mm&@e@,s il i ndustri al (
projects have benefited from support fron
I n i nvestments); 2/ An ecol ogi cal transi
November 22 with ttshei nt htrheee rceegrieonnt. pAraonu nd
supported by the State, i n particul ar [
depl oyment by the Region of a regional S
parti culeaero tshyestFeim (0100 million) support
transition projects in industry; 4/ The I
territory's flagship sectors: aeronauti cs
t he <ccansothrusector (adoption of a sustaina
contract) .

A Waste management tamel regiyechalngwaste mana
circul ar economy action plan aim to dr a
Occitania region. For this, support syste
Ademe, are i mplemented.

Adaptation measures specific to Montpellier:

A The Montpellier Metropolis adopted a new

Pl an on February 2, 2023. This PCAETs i s
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I mpl ement a policy of mitigation and adar

enter-yagr ai fpl ementation phase, during wh
have to mobilize around achieving its obj
As part of the development of the new CI i
an ambitious strategy that meets the chal
which are broken down into 25 concrete a
publ i c indicators.

entat Massilvely renovate buildings (housin
erty

Action 1. 1st@Gpeathepafonebuilding energy r
Action 1. 2: Reorganize and expand suppor
energy poverty

ent abeicoanr b2 ni ze mobility, preserve heal th
vel di fferently

Acti on 2. 1: Ma k e publ i c transport acces
optimization of the networKk

Action 2. 2: Depl oy the bicycle system for
Action 2.3: Estabmobihl tthy 2 omwe emi ssi ons
Action 2.4: Appease the Metropolis
entatCeomt B3i bute to energy sovereignty and
Action 3. 1: | mpl ement the energy master p
ActBo#f: Depl oy renewable and recovery ene
Action 3.3: Develop renewabl e heat and co
entat$tomi Me towards the AZero net artific
el opment or urban renewal operation carbo
Action 4.1: Guarantee |l and sobriety
Action 4.2: Integrate carbon neutrality i
entatMake 5t he territory resilient to pres
ulations and reduce the cost of damage,

i ronments

Action 5.1 Protect the population and ac
Action 5.2: Preserve the water cycle and
Action 5.3: Make the coastline resilient
entatProees ddveersity, refresh the city and
Action 6.1: I mplement the biodiversity st
Action 6. 2: Refresh the city by greening
Action 6. 3: Il nitiate reflecti @i aon damikon



Orientat$Swxnt &in water resources and promot e
uses

A Action 7. 1: Preserve water resources 1in q
A Action 7. 2: Secure and diversify raw wate
OrientatBeno@e a Zero Waste Territory

A Action 8. 1: Direct the behavior of resi de
A

Action 8.2: Develop a circular economy
OrientatBwinl ® the regionds sustainable and e
A Action 9. 1: Shape an agroecological terri
A Action 9.2: Structuring sustainable and r
A Action 9.3: Allow everyone access to qual
Orientati Sappb0dt tiee omegniacn &s akediod der s i n th
A Action 10.1: Develop an economy with a po
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Annex 8. Climate | mpac¥|l obdsn

I. INTRODUCTION

The Climate Impact chain for the region of Central Greece in the context of the Valddada
project, focuses on thiésk of hydrogeologic affectation due to flash floods on livelihoods,
infrastructure, and agricultural means of production.

The development of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving regional representatives Valoradasortium members Terra Spatium

and Avristotle University of Thessaloniki was held ori2thd 24" of November 2023 in
Chalkida, at the premises of Central Greece Region. The preliminary climate impact chain was
formulated based on the insights gathered during this workshop, supplemented by a
comprehensive literature review. Subsequently, the initédt dfthe climate impact chain was
shared with city officials and VALORADA consortium partners. This document incorporates
all the suggestions provided by the local stakeholders, resulting in the final version of the
impact chains.

The document is organised as follows:

A Section 11 presents a brief definition and
A Section 111 discusses key climate hazards.
A Section IV delineates the identified cli ma:
A Section V outlines the exposure factors as:
A Section VI outlines the sensitivity factor:
A Section VII outlines the adaptive capacity
I mpact s.

A Section VIII presents the bibliography, inc
document

[I. CLIMATE -IMPACT CHAINS

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaxs akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermiecjoetets, which finally
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lead to the risk. The hazard component includes factors related to the climate signal and direct
physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by one or more exposure f@tdrand EURAC, 2017).

Figure 1: Composition of a Climate Impact Chain (GIZ and EURAC, 2017)

Hazard
(climate signal)

Sensitivity

Impacts
Risk

lll. CLIMATE HAZARDS AND CLIMATE RISKS IN  CENTRAL GREECE

Adaptive Capacity

Climate hazardsare defined as the potential occurrence of a clireltged event, trend or
physical impact that may cause loss of life, injury, damage and loss of infrastructure,
livelihoods, service provision, ecosyster®Rsq s enzwaéi g 20t 5) .

Climate risks are defined as the potential for consequences where something of value is at
stake and where the outcome is uncertRio(s enzwei g et al . 2015) .

During the workshop, regional representatives of Central Greece decided to attend the risk of
hydrogeologic affectation on livelihoods, infrastructure and agricultural production.

Key contextual aspects characterising climate risk linked to floods:

91 Europe has experienced an increase in flood risk in recent years. In the last three decades,
the number of extreme weather events, including hydrological events, has increased by
60% in Europe (Furtak et al. 2022)

1 Projections show that climate change will lead to an increase in the intensity of storms and
floods in Europe by 2100. An increase in the frequenggiofall intensityis estimated to
increase the occurrence of flash floods and urban flooding (Furtak et al. 2022).

1 The frequency of river flood events, and annual flood and windstorm damages, in Europe
have increased over recent decades, but this increase is attributable mainly to increased
exposure and the contribution of observed climate change is unclear (Ba@&dp, 2
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/precipitation-intensity

1 Flood damage constitutes about a third of the economic losses inflicted by natural hazards
worldwide (Arent et al. 2014).

1 Future flood damages will depend not only on changes in the climate regime, but also on
settlement patterns, land use planning decisions, flood forecasting quality, warning and
response systems, and other adaptive measures (ibid).

I V. Il MPACTS

The threat of hydrogeologic events provoking affectation on livelihoods, infrastructure and
agricultural production is connected through four sequences of impacting factors: (1)
Hydrogeological events impact public infrastructure and increase the risksaindnating
chemical pollutants; (2) Interruption of public services; (3) the affectation provoked by
hydrogeological events on soil degradation; (4) the affectation provoked by hydrogeological
events on demographic trends and changes in land use.

The full climate i mpact chain is presented

b

Key messages emerging from the i mpact sequen

Key Message 1:Agricultural production may decline due to shifting precipitation patterns
which provokes soil degradation. Production is threatened by excessive runoff, leaching, and
flooding, which results in soil erosion and nutrient depletion.

Key Message 20ngoing demographic trends such asmigration may be exacerbated due

to livelihood lose as floods reduce local agricultural production and affect the local workforce,
affecting rural governance and local institutions.-&xisting conditions (lower irame, high
dependency level on agricultural production) could further affect this trend.

Key message 3Health challenges to rural populations and ecosystems emerge from risks of
chemical contamination and pollutants being spread during flood events. Costs of chemical

clean up and associated temporary loss of land activities may need to be considered.

Key message 4lInterrupted infrastructure may place additional burden to rural communities
if no alternative connectivity means are available, increasing the isolation of villages.

M p



Figure 3: Climaterkempaato€Ch€&entfat
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Sequence 1. Hydrogeol ogical events i mpact d

In the first sequence of impacts proposed, the focus is on how hydrogeological events affect
the dissemination of chemical pollutants.

Hydrogeological events impacts public infrastructure

Flooding eventsmay causesedimenttransportand damageroadsand bridges,coastaland deltaic
areas,as well as affecting reservoir storing capacity (Dasguptaet al. 2014). Floods are also
generatedrom catastrophidailure of artificial reservoirs(BenitoandHudson,2010.

Extreme flood events represent one pathway of chemical substances into the environment
in acute exposure to high pollutant concentrations. (Voélker et al. 2023)

(Re)mobilizationand (re)distributionof pollutantsdueto damagedwvastewatelinfrastructureand
sedimentboundpollutantsresultingfrom historicaldischargegVolker etal. 2023

Chemicalsubstanceare continuouslyemittedinto the environment Suspendedparticulatematter
continuouslyentersfluvial systemsas a result of erosionof terrestrialsurfacesand the riverbed
itself. Theseparticlesaretransportedcalongwith the water currentand are ultimately depositedn

regionsof low waterflow throughsedimentatiorprocessesg.g., in harbors,groin fields, lowland
rivers, floodplains, wetlands,or estuariegCrawfordet al 2022).

Impacts on ecosystem and human health

Chemicalmaterial may contaminatenouseholdsFlooding may leadto mobilization of dangerous
chemicalsfrom storageor remobilizationof chemicalsalreadyin the environmente.g. pesticides
Hazardsmay be greaterwhenindustrial or agriculturalland adjoining residentialland is affected
(Euripidou etal. 2004).

The re-suspensiorand consequentvidespreadlistribution of highly contaminatededimentsnto
adjacentnatural floodplains, farmland, urban centers,or artificially constructedflood retention
areascan devastatethe environmentand the wildlife and affect humansthat dependupon it.
Dioxins and DLCs are known to causea rangeof toxic effects when humansand wildlife are
exposedjncluding neure, immuno andhepatotoxicity reproductivetoxicity, andcertaintypesof
cancer(Crawfordetal. 2022).

Increased economic costs related to chemical contamination

The environmental,economic,and societal consequencesf remobilizationand distribution of
pollutantsduringflood eventsarenot widely recognizedLossof life, damageo infrastructureand
monetarycleanupcostsassociatedavith floods areimportantdirect effects It would be beneficial
to determine economic tradeoffs betweenflood prevention measuresmeasuresto avoid the
remobilizationof hazardousubstances toxic sedimentsand measuresiealingwith the cleanup
andrestorationof the affectedareaq Crawfordetal. 2022
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Sequence 2. Interruption of public services
In the second sequence of impacts proposed, the focus is on the effect of hydrogeological events
on public services.

Affectation provoked by hydrogeological events on public infrastructure

) o As the risk of extreme sea level events increases with
Roads: Circulation in rural and urban roac  climate change coastal flood risk will remain a key
temporarily interrupted by floods and  challenge for several European cities, port facilities, and

landslides other infrastructure (Hallegatte et al., 2008)

Interrupted public transportinterrupted public services

) ) ) Infrastructure at risk: More frequent heavy
Isolation of rural villagesAdverse impacts on  rainfall events may overload the capacity of
transportation (such as flooded roads) car sewer systems and water and wastewater
further affect access and evacuation. The ab  treatment plants more often, and increased
of health care facilities to properly care for tr occurrences of low flows that will lead to
affected and for those with ongoing health higher pollutant concentrations.
issues requiring medication or treatment may
compromised by very large events that affe
multiple health care facilities. Areas projecte
to experience increases in extreme events c(

Unpaved roads are vulnerable to a number of
climatebased factors especially to increasingly
intense precipitation, leading to wash out and
disruption of service (Chinowsky and Arndt,

consider additional 2012) manage
such events without interruption of service :
(Banks et al., 2007; Hess et al., 2009 in Aren Rail beds are susceptible to increases in
al 2014). precipitation, flooding and subsidence (Arent et
al. 2014)

Economic costs of infrastructure interrupted

Costs of Refurbishing infrstructure:
Private livelihoods affected due to reduced workforce and overal reduced economic activity.

Flood losses in the UK in 2000, 2007, and 2009 have put the insurance market under further
pressure, with increasing need for the government to reduce risk (Ward et al., 2008 in Arent et al
2014)

Public attitudes in Scotland and the Netherlands would support insurance of private property and
public infrastructure damages in the case of increasing flood risk (Botzen et al., 2009 in Arent et al
2014).
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Sequence 3. Soil degradation and reduced pr

In the third sequence of impacts proposed, the focus is on the affectation provoked by
hydrogeological events on soil degradation and associated reduced productivity.

River flooding will produce temporary loss of land and land activities, and damage to transpor
infrastructure(Dasgupta et al. 2014)

Futurevulnerability will alsobe stronglyaffectedby crosssectoral(iindirect) interactionsfor example,
flooding-ecosystemsagriculturespecies,agriculturecultural landscapesand so on (Kovats et al
2014.

Floodsdamagefarms, crops, livestock, the physicalinfrastructureof agriculture,andthe food supply
chain, reducing agricultural productivity and food availability,. Human interference
with floodplainlandscapingausesvaterlevelsin rivers to moverapidly from low to high levelsasa
result of precipitationevents This leadsto changesn the flow and flooding of water from canals

(Furtaketal. 2023.

Floods affect the physical structure of soils and nutrient cycling, resulting in potentially irrever
damage to agricultural productivity and ecosystem functioning (Furtak et al, 2023)

Flooding compactsthe soil with water. Increasedmoisturereducesoxygenand nitrogendiffusion in
the soil. C andN mineralisationis reduced Flooding resultsin loss of soil P. Floodingincreased-e
phosphatesolubility dueto pH changesChangesn soil moistureaffect the soil microbiomewhich
affectthe long-term productivity of crops(Furtaketal. 2023.

Acrossmostof NorthernandContinentalEurope,anincreasen flood hazardgArentetal 2014 could
increasedamagedso cropsandplantgrowth, complicatesoil workability, andincreaseyield variability
(ibid).

Economicimpacts Unhealthysoil cannotprovide cropswith the nutrition they needto grow correctly
andabundantlyresultingin shortagesandeconomicstrainon peoplelinked to productionchains

Excessivesoil moistureis alsoassociateavith disruptionsto plannedagriculturalpracticesandforces
farmersto use greateramountsof lime to improve pH and other techniquego improve soil quality
(aeration)(Furtaketal. 2023.

Postharvestaspectof agricultur® storageonfarmandcommercially,handling,andtranspord have
beenrelatively neglectedin discussionsof climate change,but will be affected by changesin
temperaturerainfall, humidity, andby extremeevents(Dasgupteet al. 2014).

Climate changemay also affect investmentpatternsin rural areas Sectorsthat are expectedto be
affectedadverselyby climate changemay havedifficulty attractinginvestment(Dasguptaetal. 2014).
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S e g u e nAffextatibn of hydrogeological events on demographic trends and land uses

In the third sequence of impacts proposed, the focus is on the affectation provoked by
hydrogeological events on demographic trends and land uses.

Impacts of climate change on the rural economic base and livelihoods, land use, and reg

interconnections are at the latter stages of complex causal chains (high confidesgipta et al
2014)

Migration patterns will be driven by multiple factors of which climate change is onlyhigte (
confidencg Climate impacts may contribute to migration away from rural areas, but this is
contested by other bodies of literature. Attribution of migration to climate change is extremely
complex, because life in rural areas involves complex patterns of udbah and ruratural
migration, subject to economic, political, social, and demographic drivers, patterns that are
modified or exacerbated by climate events Iand tre)nds rather than solely caused ([Detbgupta
et al. 2014).

Current damages from weathedated disasters (floods and storms) are significant. Disasters have
long lasting effects on the affected populations (Schnitzler et al., 2007). Households are often
displaced while their homes are repaired (Whittle et al., 2010). Little research has been carried out
on the impact of extreme weather events such as heat waves and flooding on temporary or

permanent displacement in Europe (Kovats et al 2014).

Impacts of migration

The phenomenon of abandoning agricultural activities has triggered processes of lack of territorial
governance, which increases the risk of both fires (recolonization of these areas begins with the
settlement of shrub species) and hydrogeological instabRiggibn Moliseb, 2017.

Processes that influence flash flood risk include increasing exposure from urban expansion, and
forest fires that lead to erosion and increased surface runoff (Lasda et al., 2010).

Land use changes demand bew investments which may become jeopardized by enviuron
threats, further deepening impacts on local livelihoods

production) to leisure (consumption) activities; focus on broader amenity
values of rural landscapes for recreation, tourism, forests, and ecosystem services (Dasgupta et al.
2014)



V. EXPOSURE

Factotoclati on: Whet her g e o mo r(pphhoyl soigcya | a nepxltief
floodplains and catchment hydrology (Thomson

Fact @i s2ance from wapteeorp |beoddsi el so caantdi orni vneerasr c
the terrain, the proximity to streams and to
river or deltaic areas (proposed during wor Kk
of Auguste 262 @&nidn otffh Evoi a, that caused the o

del taic area, the Messapian river and the Po
FactoCar3r:ying capacity OF | oxopescidriec alnda agen
catastrophic failure of artificial reservoir
Exposed element Association to Exposure Factor
Agricultural lands 1,2
Roads 1,2,3
Aqueducts and potable water infrastructure 1,2,3
Rural electricity 1,2,3
Chemical and pollutant sources (industry) 12,3
VI . SENSITIVITY
Climate <change in rur al areas wil |l take pl
demography, economics, and governance that a
caused by poverty, | ower l evel s ionfat educdhatniga
i mpacts in many ways (Dasgupta et al. 2014) .

The IPCC (Dasgupta et al. 2014) has also highlighted a number-cfim@ate factors affecting
vulnerability in rural areas at both, individual and community levels:

Physical geography,

Remoteness,

Economic constraints and poverty,

Demographichanges such as entigration and aging,

Density of social networks,

Neglect by policymakers and shairhe policy horizons,

Low levels of public services,

Memories of past climate variations and knowledge.

=A =4 =4 =4 4 4 A A

Sensitivity factors for Central Greece

Based on information gathered during the wo
sequences and vulnerability factors identifi
are identified:



Sensitivit

Description

Number
i nhabit a
fl ood ri

Age grou

Poverty

Per capita gross domestic product (GDP) in r
(but significant vari at(iDears gwiptthai retamd .b tOwele
producing a very |l arge part of the countryos
regions in Greece. Centr al Greece i s gagrmeertat
economy in Greece. lts devel opment | evel, I n
but very | ow compared to the EU average (600%9
( 38 %) i's morenthaonadal tamesagéde and about 1.4
empl oyment is also high (21%).

The relative productivity of the secondary s

in t#8,EUn that the significantly higher GDP
its major urbanmeentueal bateanofh the Region

per capita have declined during the | ast dec
Greece is facing significant isorciafl tphe brl egnso
to health services, 7#84eBfM ohempbobgeed, paongdgl &8

age gr20duparles excluded from education or the |
of poverty and soci al( Sowalcesi derirs tmornalt Rew

Share
agricul't

The primary sector of the Region of Central Greece is dominated by agriculture production, while li
and fishery also have a significant presence. In Central Greece there is approximately 10% (ie 3,256,(
of the cultivated area agell as the fallow land in the whole country. It is the fifth region in terms of agricul
land in the country. The irrigated lands correspond to 33% of the total. The value of the Produced Agt
Product corresponds to approximately 9% of thei@alf the country's total product. This means that
Region is in seventh place in terms of wvalue

The main agricultural products with the greatest economic value, are vegetables and horticultur
amounting to U245 million, which correspond |




make a significant contribution with approximately 84 million of which the most important are cottg
industrial tomato. Of the total value of cereals, durum wheat has the largest share, amounting to appr
054 million. Foddgmipl a@amans sieeal sthheofval ue of
14% of the total value of the product at national level. Viticulture also seems to have a particular dyn
the sector. The total sum of the produced product (edible grapesamie ) exceeds 04
added value of this specific agricultural product is demonstrated by the fact that grape cultivatio
regional level ranges from 2%, but owns 10% of the total value at the national level. (Hellenic St
Authority, 2014)

Demographic changes

Central Greece is the eighth most populated region of Greece with 555,623 inhabitants in 2018, and 1
most urbanized. While Lamia is the administrative centre of the region, the city of Chalkida, has q
population size. Moreover, Chalkidaasnajor port city and a significant industrial hub at the regional I
The region has experienced a modest increase in population in tH0p8gteriod and a corresponding tre
in its population density, which is significantly lower than the natiand the EU average. The population
the region lives predominantly in cities, as the urbanization rate is 58.3%, a value that is, however, [
national average. (Territorial Review of Greece, OECD 2020)

Ageing in Central Greece is an important issue as the share of population over 70 years old is higher
to the Greek or EU levels and has also increased significantly (2.9%) during the crisis. This is also
from the elderly dependency ratioat, in 2019, was at the level of 37.4%, above the national averagt
index of crude rate of net migration for the region of Central Greece, is one of the highest in the cou

Remot ene

Ti me/ cos
to r e
i nfrastr

place) and has slightly increased (by 0.4%) over time. (Territoerie of Greece, OECD 2020)

Il mportantly, in rur al areas wusually there ar

vul nerability of rur al areas when facing ex
infrastructure (Dasgupta et al. 2014)

Access t
and net w
density

net wor ks

Geography advantages the region of Centr al G
country. Howesportitaeafrastructur e, as the re
and (in a number of them) among the | ast pl a
one of the |l ess equi ppean, elgutonisn afsr eaitgihtol tdrsa
among Greek regions due to the | arge industr.




I n terms of air and marine transport, the re
have a noteworthy traffic. None of the airpor
airport and oeonngeoo uts dfast we nctoympr ehensi ve pos
Network). Worth to note that the economic cri
Similarly, in terms of health infrastructure,
number of hospital beds per inhabitant, a fa
Review of Greece, OECD 2020)

Presence 1 Centr al Greecentehseseonntladobuires ( siurcthe nassi vfée

i ndustry (such as pl astneme tbaalsliicc meitnael reanltsa)n da nvde opnr ocdaupy

agricult machinery), with high | evels of rel ative pr
regul ate the spati al devel opmentboofdeman wii & &t
|l atter I s, mai nl vy, the outcome of the correg
region of Attica in order to deal with major

Environm 1, 3 FIl ooding may | ead to mobilization of dangerou

conditio in the environment, e.g., pesticides (Euripi

(presenc Resource degradation, environmentally fragil g

chemical soci al and environment al chall enges (Dasgupt

needed t

chemical

contamin

Policy 1, 2, 3 Neglectby policymakers can aggravate climate change impacts in many ways. Neglect by policyma

Frequenc underinvestment in infrastructure and services has negatively affected rural areas (Dasgupta et al. 2

monitor.i

infrastr

dams,

Il nfrastr

baseline
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{Vegetables and HAutwuwomo!| punali cgopsegetabl es a
planting starts in the autumn season and th
cauliflower. Spring planting vegetables whi clh
spring season and they are harvested in the
Cot tPolmanting period between April to May and
Ceredahe: sowing season starts from the beginn
i mportant factor being the weather conditions
of July.

Fodder PRllamttisnng period is dur-%5 ngomtuh s maf t dar w
ViticwHlarwvrees:t period end of August until begi
Ol'iveHareest takes place in | ate September a




vil. ADAPTI VE CAPACITY

Adaptive capacity is normally determined in terms of knowledge, financial resources,
technologies, legislations and infrastructures that enable people to adapt to the effects of
climate change. The IPCCDa s gu pt a intotms & key var2Zables 4hpping a resilient
rural system in the context of climate change:

9 Structural features of farm households and communities affect their vulnerability to climate
change in complex ways. Resilience of access to land and natural resources, flexible local
institutions, and knowledge and information, and on the associatie@ndeginequalities
with vulnerability are key.

1 Accelerating globalization, through migrat
trade, and new information and communi cat.
transformation in rural areas of both devel

T I'n developed countries, there are I mportatl
especially |l eisure uses, and new rur al p o
stakehol der s, the targeting of Abual stteiap | e s
i nveshaneend pol i cy.

1 Agricultural subsidies under pressure from international trade negotiations and domestic
budgetary constraints. As a result of recent price hikes, domestic price support has been
lowered in OECD countries.

1 Institutions and networks can affect vulnerability to climate change: through distribution
of climate risks between social groups; by determining the incentive structures for
adaptation responses; and by mediating external interventions (e.g., finamseledge
and information, skills training) into local contexts (e.g., if decision makers resist seeing
climate change as within their responsibilities, this may contribut to low levels of planning
for either adaptation or mitigation, and thus to greatarerability.

1 Access to information alone is not a guarantee of success. Despite access to weather
forecasting, people may not rely on such information.

T Rur al househol dsd | ack of access to technol
major barrier to adaptation for certain production systems.

1 Access to water, credit, extension services, andfaoffi income and employment
opportunities, tenure security, far mer so ¢
enhancing farmers6é adaptive capacity.

Sequence Association to ada
Sequence 1 6,7

Sequence 2 1,2,3,5,6,

Sequence 3 3,4,5,6

Sequence 4 1,2,3,4,5,6,7,8




Contextual elements characterising adaptive capacity:
Il n December 2014, the MinCsitmpat ef CEamgeofmearl

Mi ni stry of Environment and Energy), t he Me
Academy of Athens and the Bank of Greece, S
among other things, concxtrnetl the DbDamposal.
Adaptation to Climate Change (ESPKA). I n Apr
to Climate Change was i ssued.

The primary purpose of the ESPKA is to contr
terms of the effects of <c¢climate change and t
based on the correctt ernni otranragnagtoirintga n df iascik s h aln
advantage of the opportunities that arise. !
ESPKA ar e:

T I mproving -malki dgecpsooeass through the acgq
i nformation and scientific data related t

T The promotion of the development and i mpl
i n accordance with this strategy.

T The promotion of adaptation actions and p
most vulnerabl e.

T The creation of a monitoring and evaluat
policies.

T The informatiosoandt wwareness of

The Regional Pl an f or -APdeaSpPtKaAt,i o(n2 0t109 ) Gl iwnha tceh

National Pl an for Energy and Climate, forese
(agricultural/livestock act ipvriatieecst,e doiaorde avse)r
are expected both in the forests from the in
to an increase in temperature and a decreas
centers of Parnasasms pahes Karf petnoiusrii,stm attr a
phenomena create problems in the transport n
can create problems in the road network and

Among t he-i mearswemrtsi ons proposed by the PeSP
among ot hers:

T Urban Revitalization of cities through re
1T Erosion Proted6Sooh Daeservehttcabhson.
T FIlood Risk Prevention and Management Meas

Water resources are adversely affected in te
| ower rate of recharge of mountain aquifers
terms of water supply and irrigation infrast



The FI ood Ri s k Management Pl ans of Eastern

potentially high flood risk zones, assess th
preparedness and restoration meaber wat éorBas
Management Plans. The Fl ood Risk Management
i mpl ement ation of the projects in the new pe
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Annex 9. Climate | mpacWi tdéain

I. INTRODUCTION

The Climate Impact chain for the region of Central Greece in the context of the Valddada
project, focuses on thesk of wildfires in forests and peri-urban areas due to increase in
temperature and droughts.

The development of the climate impact chain occurred in two stages. Initially, a participatory
workshop involving regional representatives Valoradasortium members Terra Spatium

and Avristotle University of Thessaloniki was held ori2thd 24" of November 2023 in
Chalkida, at the premises of Central Greece Region. The preliminary climate impact chain was
formulated based on the insights gathered during this workshop, supplemented by a
comprehensive literature review. Subsequently, the initédt dfthe climate impact chain was
shared with city officials and VALORADA consortium partners. This document incorporates
all the suggestions provided by the local stakeholders, resulting in the final version of the
impact chains.

The document is organised as follows:

A Section 11 presents a brief definition and
A Section 111 discusses key climate hazards.
A Section IV delineates the identified cli ma:
A Section V outlines the exposure factors as:
A Sectioount IVilnes the sensitivity factors assoc
A Section VII outlines the adaptive capacity
I mpact s.
A Section VIII presents the bibliography, inc

document .

[I. CLIMATE -IMPACT CHAINS

A climateimpact chain delineates the connection between a specific climate hazard and a
designated impact area. These chains aim to elucidate-aadséfect relationships within
various components of a system. By defining these relationships, impaxs akeertain how

a hazard transforms into a risk, factoring in exposure, potential intermediate impacts, sensitivity
factors, and response/adaptation capacities that mitigate vulnerability. In cases where
applicable, intermediate impacts can be identjfiedch with its exposure, sensitivity, and
adaptation factors (GIZ and EURAC, 2017).

A chain is composed of risk components (hazard, vulnerability, exposure) and underlying
factors associated to each component. A climate signal, e.g. a heavy rain event, may lead to a
direct physical impact, e.g. a flood, causing a sequence of intermiecjoetets, which finally

lead to the risk. The hazard component includes factors related to the climate signal and direct



physical impact. The vulnerability component consists of sensitivity and capacity factors. The
exposure component is comprised by one or more exposure factors (Gl1Z and EURAC, 2017).

Figure 1: Composition of a Climate Impact Chain (G1Z and EURAC, 2017)

Hazard
(climate signal)

Sensitivity

Impacts
Adaptive Capacity

.
Risk

11 . CLI MATE HAZARDS I N CENTRAL GREECE

Climate hazardsare defined as the potential occurrence of a clireltged event, trend or
physical impact that may cause loss of life, injury, damage and loss of infrastructure,

livelihoods, service provision, ecosystenRds enzwei g et al . 2015) .
di scussed in this Climate i mpact chain is ¢t
Greece.

The key issues of concern |inking wildfires
drought are reflected in the following facts

1 Humancaused climate change is causing profound changes in global fire regimes through
changes in fire season length, fuel moisture, fire intensity and fire severity. Climate plays
a role in determining the fuel available to burn, the length of the fagoseas well as the
presence of lightning, which is the most common natural source of ignition (Chuvieco et
al. 2023).

T climate change threatens to increase the frequency and length of the wildfire season, as
well as the size and extent of large fi(€owda et al2018).

1 Atmospheric variables that affect ignition or propagation include temperature, relative
humidity, precipitation, wind speed and direction (Chuvieco et al. 2023).

1 Forest fires, like all other ecosystem processes, are highly sensitive to climate change, as
fire behaviour responds immediately to fuel moisture, which in turn is affected by
precipitation, relative humidity, air temperature and wind speed. The projeséeth
temperature as a result of climate change should therefore increase fuel dryness and reduce
relative humidity, more markedly in those regions where rainfall will decrease. The
increased frequency of extreme climate events is expected to havéieasigimpact on
the vulnerability of forests to fires (Ministry of Environment and Energy, 2022).



IV. CLIMATE RISKS IN CENTRAL GREECE

Climate risks are defined as the potential for consequences where something of value is at
stake and where the outcome is uncert&ro(s e nz we i g Daiing tad workskop,1 5) .
regional representatives of the Central Greece administration decided to attend the risk of
wildfires in forests and perrban areas due to increase in temperature and droughts.

Il n the particular context of wil dfires, Chu
encompasses an extensive array of factors
consequences, and an evaluati on aofr etshuel ts,i gtnhie
of wildfire risk assessment 1Is to estimate w
to occur and propagate, shedding light also

A central issue concerning the increasing risk of wildfires in the region:

1 The climate change impact wildfires on the ecosystems of Greece under a RCP4.5 and
RCP8.5 scenarios (2022 to 2098) suggest a significant intensification of fire and increased
likelihood of severe wildfires. By the end of the century, most ecosystems will be prone to
intense fire ativity under RCP8.5. Even under the milder RCP4.5 scenariosihighsity
wildfires are projected to occur with increasing frequency in places that are currently rare.
(Malisovas et al., 2023)

1 Central and norteastern parts of Greece will be affected with 30 or more extreme
consecutive days of prolonged fire weather, under RCP4.5, in the near future and under
RCP8.5 in the far future (20¥8099). Finally, the expected rate of fire spread isemor
spatially extended all over the country and particularly from southern to northern parts
compared to the historical state (Politi, et al. 2023)

1 European Forest Fire Information System (EFFIS) data shows 42,900 hectares have been
already burned in Greece in 2023, nearly double the area compared to 2022 and triple the
area of 2020 (Greenpeace, 2023).

Figure 2. Final aggregated wildfire risk by pixel level for higkésk class in each EURO
CORDEX spatial cell prototype version 1 (Oom et al. 2022 in Chiuveco et al. 2023)

High risk
(aggr. wildfire risk)




V. IMPACTS

The threat of wildfire®ccurring in forests and peurban areas due to increase in temperature

and droughts is connected through seven sequences of impacting fact@en{gsting
patterns of seasonal extremes events; (2) Increased drought and temperature; (3) Forestry
practices; (4) Farming practices; (5) Retthban migration; (6) Tourism; (7) Soegzonomic

and ecological impacts.

The full <climate i mpact chain is presented b
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