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The global scientific communigmphassesthat climate change and biodiversity loss pose serious threats to humanity.
These threats include increasing vulnerability to food insecurity, health risks and disrupted livelihoods, and the risk of
involuntary displacement, which could potentially leanl gocial instability[1], [2], [3] Climatic, ecological, and social
systemsshare a deep interconnection in which disruptions or risks in one syatertransmittedto the other. Ecological
breakdowns like climate change, social movement, or economic instabilithezatenfood security, health, andconomic
systems.

The current report, titled "Climate Projections Report (By"developed in the framework of the BIOTRAILS preigttte
FAYLE 2dzildzi 2F ¢+ &1 odn2®/ZANJF (6 ONRR2ZS OO A HV Y LIFDON BFE
C NI Y S gEhéldask which isled by DRAXIS ENVIRONMENTAL SA (DRAXifipes the critical linkages between
climatechangeand theassociated riskior the BIOTRAILlue chainsis well agor the local biodiversityThe primary aim

is to support transformative change pyoviding stakeholders with essential, climatdated information, to offer insights

into how changing climate conditions may affect the production of raw matedals biodiversityand subsequentlythe

people involved in their productioandthe wider economyThe report builds upon the first deliverable of Task 3.4 "Climate
Projections Report (Asubmittedin January 2024.

In particular, tie currentreport provides a comprehensive analysislhate projections andlimate risk assessment (CRA)

for the four BIOTRAIL®alue chains of traded produst(1) cocogproducedin Peru, (2) foresbased cultural products
created byindigenouscommunities in the Brazilian Amazon, (3) fisheries and aquaculture products sourced from Greece,
and (4) goldninedin Ghana.

In the framework of this deliverable, a methodolofgy assessinglimate riskgelated to the BIOTRAILS case stughias
developed based othe conceptual framework of the Intergovernmental Panel on Climate Change (IB@C}ficallya

set of hazard, exposure and vulnerability indicators is employed to astiesate risks for each value chairFirstly, a

detailed analysis aflimate projectionss carried out foselectedclimatehazard, underthree climate scenarioghe Shared
Socioeconomic PathwagSP2.6, SSR2.5 and SSPB.0.For estimating the exposure of elements in an area where hazard
events might occur, geospatial data on the exposed elements are used as indicators. For assessing vulnerability in relation
to the propensity of the exposed elements and systems to sufel addressdverse effects when impacted by hazard
events, several socieconomic indicators were usexhdindicators that reflect the level of existing stress.

Findings indicatéhat the examined value chairfaceMedium riskunder all scenarios, witlocalisedincreases in risk over
time. The cocoa value chain icayali, Peruacesthe highest riskn Padre AbadThe forestbased cultural productsalue
chain inRondénia, Braziffaces the highest risks iRorto Velho,Ariquemes,JiParana, andCacoal The fisheries and
aquaculturevalue chainn Greece show rising risks, with several regions projected to rigkechium to High risky the end
of the century, particularly undegSPZ.0. Similarly, the gold mining value chamGhanafacesMedium to High riskn
Ahafo,Ashanti,Central Eastern, andsreater AccrdaceMedium to High risk.
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The global scientific community warns that climate change biodiversity loss are interconnected crises with severe
impacts on humanity, including food insecurity, health risks, and social ufitgsf?], [3] Proposed strategies often
overlook the complex interactions between biodiversity, climate, and socittg "BCS nexus"which transmits risks

across systems. Ignoring these connections can lead to misjudged risks and amplify environmental[éhafigesldress

these challenges, transformative change is needed. This involves systamganisationof technological, economic, and

social structures, moving beyond incremental adjustments that fail to tackle the root causes of the [ElisEd.
Transformative governance must embrace integrative, adaptive, and equitable approaches to manage the complexities of
the BCS nexus, including feedback loops and social impacts.

BIOTRAILS explaethe complex relationship between climate, biodiversity, and social change, focusing on four value chains
of traded productsn Europe(cocoa produced in Peru; forebaised cultural products created liydigenouscommunities

in the Brazilian Amazon; fisheries and aquaculture products supplied by the Mediterranean basin (Greece); and gold mined
in Ghana), to unite stakeholders in creating sustainable solutions that address policy, urban consumption, and corporate
practices. In the broaderontext of climate change, biodiversity loss, and global value chains, the urgency of understanding
their intricate connections cannot be overestimated.

Climate change, driven by anthropogenic activities, poses significant challenges to ecosystems and biodiversity worldwide.
IPBES emphasises the alarming rates of biodiversity decline caused by climate change, accentuating the need for concertec
efforts to mitigate these impact§l]. The global production and supply networks being analysed are not protected from

the effects of climate change, as shifts in climate patterns can have widespread consequences on the production,
distribution, and lasting success of these commodifigs [6]. Understanding these interdependenciescriticalwhen
developing strategies for the conservation of biodiversity, the resilience of value chains, and the promotion of sustainable
practices.

This analysis aim® provide the BIOTRAILS project partners (scientific and pilot teams) as well as the broader project
stakeholders with valuable information on the expected changes in the main climate variables as well as ofothe fit
nexus climate risk assessments floe four project pilot areasBy exploring this crucial intersection, it acknowledges the
need for informed decisiomaking, adaptive strategies, and resilient pathways that balance the complex interplay of
climate, biodiversity, and societal wléing.

This section presents the BIOTRAILS Grant Agreement (GA) commitments, as extracted from the formal deliverable and
task description, in respect to their outputs and work to be carried out.

TablelYy ! RKSNBy OS 2 .Lhew!L[{Qa D! 58StABSNIotS g

BIOTRALS G g/ h7RAILS GA Component  ResPective _
Component Outline Document Justification
Title Chapter(s)
DELIVERABLE

D3.8 Climate Projections Report (B)
This deliverable refers to task 3.4. The final version (B) adélieerable describes the climate risk assessment that will take plac
as to identify the expected conditions, based on the projected changes in the climatic indicators.
TASK
Task 3.4 will use the outputs of widely In the framework of this deliverable a
used databases on the projections of detailed analysis of the projections for
T3.4 Climate climate models to bassessednd ch selected climate variables that are expected
- L apters 3, 4, . .
projections for further processed to provide insight to affect the production of raw materials for

Nexus into the future climatic conditions that 56 each case study is provided.
are expected to affect the production
of the raw materials under For theassessmenbf the climate model
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This deliverable is structured up@ix main chapters, including the conclusions of the anal@@iapter lpresents the
Executive summaryChapter Zcurrent chapter)providesa short introductionto the background linkinghe needfor the
assessment o€limate changampactsto the overall BIOTRAILS projasitjectives.Then a mapping ofTask 3.4actual

outputs and workagainstii K S DNJ y (i take3 N&ES Wile/ii theccrreni se@iény Y A

examination, or on other stages of the
value chain, for each case study.

The analysis will focus on the most
criticalclimatic parametersassociated
with climate change, such as
temperature, precipitation, and
evapotranspiration, as well as other
relevant climatic hazard indicators.

The main focus is on the CORDEX
initiative, which delivers a large
ensemble of regional climate model
(RCM) projections for the 21st century
covering the entire world, by a range ¢
global climate model simulations from
the Coupled Model Intercomparison
Project 5 (CMIP5). New CORDEX
simulations based on the CMIP6 resu
will be also included if available.

Finally, a climate risk assessment will
take place to identify the expected
conditions, based on the projected
changes in the selected climatic
indicatorsmentioned above

Lhew! L[{Q &

12

outputs, model validation is carried out
against observation data and the outputs of
the best performing models are used for the
creation of a model ensemble.

The climate data of the maitlimatic
parameterssuch asearsurface air
temperatureseasurface temperature,
evaporation, relative humidity, precipitation,
seasurfacetemperatureand salinityare
processedo produce secondary climate
indicators that better reflect climate hazards
such aghe frequency and intensitgf
extreme weather events. In tota?1 climate
indicators were produced.

Theclimate outputsfor all indicatorsare
further processedo produce relevant maps,
time seriesand tables depicting the changes
foreseen between different scenarios and
time periods.

The recently released CMIP6 global climate
model outputs wereselected to baused

since regional simulations based the new
CMIP6 data are not yet available.

Furthermore the associated climate risks
were assessd taking into account apart from
the climatic hazard indicatorselevant
exposure and vulnerability indicators for eac
case study.

the deliverable structureand its linkge to otherproject outputsis provided In chapter 3 an overview of the BIOTRAILS

case studies is provided|ong with information related to the topography of the area, the economic activities practiced,

and the climatic conditions prevailing in each case study &@bapter4 presents the methodology employed for climate

projections and climate risk assessmern@hapter Sincludes all he outputs ofthe hazard, exposuresulnerabilityand
overall risk assessmeimtre presented for altase studiesin the form of maps and tablesinally, n chapter6 the main

findingsof the analysisare summarised

Task 3.4 is strongly linked to other tasks of the BIOTRAILS project. Firstly, the climate information pioduoeahtly
{ G NHzO (i dzNXB
havebeen included in the PSD84 stressors of the systerheyare havinga twofold role in the PSDMevelopment and
simulation On the one hand, the model will simulate the impacts of climmatated phenomena e.g., flood and drought
- on the state and functioningf the ecosystem resources and, consequently, on their potential to support the production

dzASR AY

¢l a1 odp d&bSEdzA

FYR LYRAOIG2NAZX

Iy R

and transportation of goods and services. On the other hand, the impacts of climate change on societal needs and

behaviour arespecifically investigatedand their impacts on biodiversity loss asses3é@communitiesadaptive capacity
will be simulated in SDMaccounting also for the results of the SEM analysis.a {
SKI QA2 dzNEZ f dXifh i AdZBS ePK S f ARELIdeKS HF adql
oAt

{ 20K} €

b2 NJ)a
/26t 80GA2Y
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BIOTRAILS partnefihis task is also directly linked task 4.50 + A & dzk f AT F G A2y 2 & the dirafNifdutd A G S
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(maps, graphs, etc.) will be offered througlashboardproviding the opportunity to the pilot stakeholders and the wider

public to retrieve information in a morefficient way, e.g. by requesting information for a specific place on the map,
downloading the background data for further individual processing, comparing different information layetSinadty,in

WP5, the case study leaders, with the support of DRAXIS, set the context for assessing climate projections and related
climate risks in their case study by selecting the appropriate climate and risk indicators, as well as the relevant scenarios
and timefames.Following, bey providel local data necessary for the &sment, and once the resuligere available,

they evaluatel and validatel them.
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3 CASE STUDIES OVERVIEW

In this section, a description of the four case studies participating in the BIOTRAILS project is provided includingpimformat
on the topography of the area, the economic activities of #adue chainsinder examination, and the climatic conditions
prevailing in the ared7] . Additionally,it introduces how climate change is expected to impact these value chains.

Fishery and aquaculture
2| products supplied by the
Mediterranean basin and

"l Ao A
" Gold mined in Ghana

L, Do *
" Y
TR B | : 2
" S 2 2
X & ~

i

-
-

Sustainable forest-based
cultural products created
by indigenous communities
in the Brazilian Amazon

<3> TRANSITION PATHWAYS FOR BIODIVERSITY

Figurel: BIOTRAILS case studies.

Ucayali is located in the eastern part of Peru andharacterisedby a tropical climate with high temperatures and
significant humidity throughout the year. The region has a distinct wet season from November to April and a dry season
from May to October, contributing to its rich biodiversity and lush rainforg&td-igure2 represents a satellite map of the
Ucayali region, providing a detailed view of the area's topograitygeographical features, which are fundamental factors

in climate analysis. The topography of the Ucayali region is characterised by lowland Amazon rainforest, featuring vast
expanses of flat terrain intersected by numerous rivers and tributaries. Tierrés part of the Amazon Basin, and consists

of tropical plains with dense vegetation, intersperseith wetlands and oxbow lakes. The Ucayali River is one of the main
tributaries of the Amazon Riv9].
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Figure2: Satellite map of Ucayali region, Peru

Peru is the seconthrgest producer of organic cocoa globally, with Ucayali being one of the largestpazheing regions

[10]. The cocoa tree (Theobroma cacao L.) thrives in humid equatorial forests with abundant rainfall and moderate
temperatures. Optimal conditions for cocoa cultivatimclude annual precipitation of 15@2000 mm, evenly distributed
throughout the yeaf11]. Optimal temperatures for cocoa range between 18°C to 32°C, which supports high photosynthetic
efficiency[12]. Temperatures below 10°C can be letfid], while excessive heat can impair the size and quality of cocoa,
particularly in noradapted varietied14]. Increased heat levels can also disrupt root development, negatively affecting
plant growth[15]. As a major coceproducing ared16], Ucayali plays a key role in Peru's economy. However, the entire
value chain in Peru is increasingly threatened by climate change, which affects resources, commoditieglHatmers
livelihoods thus undermining economic growth.

Rondbnia is a state located in the western part of Brazil, which experiences a tropical climate characterised by distinct wet
and dry seasons. The region falls within the Amazon rainforest biome, contributing to its overall warm and humid climate
[17]. During the wet season, typically spanning from November to April, Ronddnia receives heavy rainfall, fostering lush
vegetation and contributing to the region's remarkable biodiversity. In contrast, the dry season, from May to October,
brings reduced prepitation and slightly cooler temperatures. The combination of high temperatures, abundant rainfall,
and fertile soils in Rondbnia supports the growth of diverse ecosystems, including dense forests and extensive river systems.
However, like many areas withthe Amazon basin, Rondénia faces challenges related to deforestation and climate change,
which can impact local weather patterns and ecological balaficeire3 depicts asatelliteimageof the Rondénia region

in Brazil, offering a detailed view of the area's topographg geographical features, which are esserfoalan accurate

climate analysis.

The impact of climate change on the Amazon rainforest's biodiversity is intricately linked to the forest's health. Land use
changes and deforestation lead to irreversible shifts in both local and global clifisip®eforestation significantly alters

local climate and precipitation patterns, as forests are essential for regulating the hydrological cycle, contributing to
approximately 50% of evapotranspiratifto].
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Figure3: Satellite maps of the Ronddnia region, Brazil

Forestbased cultural products, such as handicrafts madedigenouscommunities in the Brazilian Amazon, are crafted
manually using natural or recycled materials. In Brazlstdttoras a wholgyenerates around 50 billion reais (US$10 billion)
annually and employs approximately 10 milljpeople[20]. These numbers describe the significance and potential for the
existing market to expand and include indigenous commun@ged handicraft products. For thedigenous communities,

this value chaimplays a key role in empowering women, presentirglitional culture, and promoting forest conservation.
However, climate change poses significant risks to the ecosystems and commundigsnouspeoples are among the

first to feel the direct effects of climate change and are also significantly impacted by environmental destruction, a major
driver of climate change. Climate change threatens their livelihoods, cultural heritage, identities, ditidrid ways of

life, as manyindigenouscommunities rely on their environment and natural resources for survival. Additionally, it
intensifies their existing socioeconomic challenges, further increasing their vulnerhiljty

Greece is a country wethown for its extremely insular and coastal nature. It is estimated that its coastline (both mainland
and island) stretches over 15,000 km, making the country the second most coastal in Europe (approximately 30% of the
entire Mediterranean coastline)22]. In terms of maritime activities, Greece ranks among the top countries in fishing
exports ild fisheriesand aquaculture]23]. In Figure4, a satellite map of Greece is provided, illustrating its topography

and geographical features with high precision. These characteristics are significant for conducting a detailed and accurate
climate analysis.
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Figure4: Satellite map of Greek coastline (red coloured line).

Greek fsheries have historicallglayeda significantrole in the nationaleconomy and employmenbenefiting from the
O2dzy iNE Q& SEGSyar@dS O2FaitAySs ydzySNRdzA A af | yheyasHppath OK
food security poverty alleviation, and cultural preservation, particularly in coastal and island commyg#ieMeanwhile,

the aquaculture sector in Greece hgsown significarly, particularly in the intensive farming of Mediterraneamarine
species such as seabream and sealja3 This development has positioned aquaculture as one offélseestgrowing
sectors in Greece's primary production, with production volumes now surpassing those of capture fidihneB623,
aquaculture accounted for 68% of Greece's domestic fish production, surpassing capture fisheries, which contributed 32%
[23]. Despite their economianportance both sectordacegrowingclimate changeisks. Climate change affects not only
fisheries ancaquaculture production but the entire value chain, increasing secmomic vulnerabilities related to food
security and farmer livelihood®5], [26] Principal stressors include rising temperatures, acidification, diseases, harmful
algal blooms, setevel rise, and extreme weather, with impacts varying by geographic location, time, and2al@8],

[29].

Ghana is the leading gold producer in Africa, demonstrating a significant 50% increase in gold production between 2011
and 2021. Gold accounts for approximately 12% of Ghana's total economic ¢Wptt Bureau of Metal Statistit)s The

mining is important for Ghana's soed@onomic developmentontributing significantly to economic growth and providing
employment opportunitieg30]. However climate change poses significant challenges to the mining industry, intensifying
existing environmental, social, and operational issues while creating new vulnerabilitréag in Ghana cabe grouped

into largescale mining sector (LS&mposed of largscale commercial mines) and Artisanal and Setle mining
(ASM).The currentproject focuses on the ASM, which is largely informal and for most part unregulated.

2 https://www.lseg.com/en/dataanalytics/tradingsolutions/worldbureaumetakstatistics
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Figure5 provides a satellite map of Ghana, offering a detailed representation of the area's topography and geographical
features, which are important factors in climate analysis.

Legend
[ Ghana

;Tamale

Sunyani

Kumasi

.Obuasi
Koforidua

Cape Coast
Sekondi

Figure5: Satellite map of Ghana.

DKI yI Q& (i NB indpo@dntforeGohoimi¢ kciivlies, including gold minitdpwever, imate changecan poseboth

direct and indirect risks to the sector, impacting operations, supply chains, energy costs, and environmental sustainability
[31]. Key risks include water challenges (droughts, floods, storms);rekedied impacts (wildfires, heat stress), and sea

level rise, all of which threaten lortgrm industry viability and ecosystem health.

Funded by

BIZTRAILS




D3.31 Climate Projections Report (B) 19

Themethodology for assessire relevantclimate riskof the BIOTRAILGse study value chaimgas developed based on
the conceptual framework established by the Intergovernmental Panel on Climate Change dHRIC®E further
refinement of the methodologyresented inrelevant deliverables produced undether EUprojects i.e. the REXUS and
LENSESoject where DRAXI8as in charg¢32], [33]

According to the IPCC's Sixth Assessment RépR@@Yisk is defined as the potential fadverse consequences for human

or ecological systemsecognisingi KS RAQGSNRAGE 2F @I fdzSa I yR pmaadOdunedSa | 3
FaaSaaySyidzr G4KS GSNXY bNxalb aLISOAFAOIfte NBFSNm (2 GKS
dynamic interactions between climatelated hazards with the exposure and vulnerability of the affected human or
et 23A0Ff agadasSy G2 GKS KIFTFNRa®E

Moreover, acording to IPCC's glossarglimaterelated hazardh & G0 KS LR ISy Al 2 O0madSy OS
physical event or trend that may cause loss of life, injury, or other health impacts, as well as damage and loss to property,
infrastructure, livelihoods, service provisidhQ2 @ a i Sya | y R Sy gushhnaRfigods ¢faudhts, heaBvavesgdzND S
and other extreme weather eventblazardscan occur suddenly (e.g. a heat wave of heavy rain event) or more slowly (e.qg.
land loss, land degradation and erosion linked to multiple climate hazards compoundargxds are affected by current

and future changes in climate, including altered climate variability @rahges in frequency, magnitude, and duration of
extreme weather events which are especially relevant for a climate risk coftpXExposureNBE FSNE (G2 GG KS L
people, livelihoods, species or ecosystems, environmental functions, services, and resources, infrastructure, or economic,
a20AFEf X 2NJ Odzf GdzNI £ FaasSida Ay LI I OB%H CongeRuendyStheigkeytar dhe K I
presence of a system in a given area, the higher the exposure. Conversely, if there is no exposure, there is no associated
risk forhumansociety forthat specific areaVulnerabilityA &8 RSFTFAY SR | a &dGKS LINRLISyardGe
affected and encompasses a variety of concepts and elements, including sensitivity or susceptibility to harm and lack of
OF LI OAde (2 (LS FYRILKE&NLIAY Of dzRSa al ttf NBt SOyl SydiN
economic, institutional, or policyelated factors that contribute to susceptibility and/or lack of capacity to prepare,
LINB @Sy i s NBalLR yIRESeBigvityeferd tdlthe dehréditcwhich a system or species is affected, either
adversely or beneficially, by climate variability or change. This effect can be direct, such as a change in crop pietdén res

to a change in the mean, range, or variability of temgtere, or indirect, such as damages caused by an increase in the
frequency of coastal flooding due to sea level fBeAdaptive capacith & GG KS oAt AGe 2F aeaidSy:
20KSNJ 2NHIyAayYa G2 | RedaAadG G2 LRGSyaGAlt RIEYF3ASE fep G118

A qualitative formula illustrates the relationship among risk, hazard, exposure, and vulnerability when evaluating climate
risk
Risk=Hazardr Exposure& Vulnerability(1)

y-
Hazard ( Risk )
| -

J Exposure

Figure6: The conceptual framework of Climate Risk Assessment in the BIOTRAIL&dapjedtfrom the IPC3].

Eachriskcomponentof the aboveequationconstitutesa compositeindicatorof one or more subrindicators.Specificallya
setof hazardindicatorsis usedto reflect climaterelatedhazardsor the BIOTRAIL&Iuechains(e.g.,heatstress)asedon
the climateprojectionsfor the relevantclimatevariables Forestimatingthe exposureof elementsin anareawherehazard
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eventsmight occur[2], geospatialdata on the exposedelements(e.g.,crops,forests gold miningsites,fishingareag are
usedasindicators.Forassessingulnerabilityin relation to the propensityof the exposedelementsand systemsto suffer
adverseeffectswhenimpactedby hazardevents[2], severalsocioceconomicindicatorswere usedfor reflectingsensitivity
(e.g.,dependencyof the nationaleconomyon the systemproduction,dependencyof the localpopulationfor employmen)
and adaptivecapacity(e.g.per capitagrossdomesticproduct, poverty rate, age,genderand educationlevel of the local
population). Additional indicators were also used that reflect the level of existingstressof the BIOTRAILBroduction
systemge.g.,deforestation overfishing or the inherentcapacityof systemso adaptto climatechangempacts

Theformulationof the indicatorsinvolved three keystagesnormalisation weighting,andaggregationin the normalisation
stage the valuesof the indicators whichmaybe expressedn different measuremenunits, are standardisedo acommon
scaleto ensurecomparability. The normalisationscaleis defined within a numericalrange of 0 to 5, with eachvalue
correspondingo one of five distinctrisklevels,from low to high,asillustratedin Table2.

Table2: Qualitativeand numericakcale of risk indicators.

Low n f W
Low to Medium M F W

The indicators wer@ormalized and rescaled to the new ranged by applying the mimax method[37] according to
the following formula

® 4L O
A aQw

U

GKSNB EQ Aa G(GKS y2NXIFEfAT SR OlfdzSs E Aa GKS 2NAIAYIE O f
selected new range.

The weighting stage includes the assignment of weights to the variables in order to express the contribution and the
relevant importance of the individual risk components and of their-sulicators in the composite risk index. For the
aggregation of theisk components, it was considered appropriate to select the geometric aggregation mghipd
according to which each stibdicator is raised to its weight and then multiplied with the other indicators, to form the
composite indicator, as shown in the following formula:

Q
R =l_[f:g
g=1

where 'Y is the composite risk indicatofj the individual risk components (i.e., hazard, exposure, vulnerabilitghe
number of indicators comprising the composite indicator (i.e., 3) @riie weight assigned to each risk component. The
sum of the weights for all risk componerggualsl. This method was selected as, based on the conceptual framework of
IPC(38], there is no compensability in the performance of the risk components, i.e., a zero exposure of elements cannot
be compensated for by a high hazard.

Y O O @

Where H stand$or the hazard component, E for exposure and V for vulnerability, whibeandc are the weightof each
componentrespectively.
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For theaggregation of the risk component sitdicators, it was considered more appropriate to apply a method which
allows for compensability. This is achieved with the linear, or else, weighted arithmetic aggregation ri3gthechich is
recommended also in the Vulnerability Sourcebook of(G&litsche Gesellschaft fur Internationale Zusammenayljaf].
According to this method, individual indicators are multiplied by their weights and then summed to form the composite
indicator, as indicated in the following formula:

0 0 O

where 6 is the composite risk componeriQthe individual sukindicators of the risk components (i.e. heat stress, frost),

0 the number of sukindicators comprising the composite risk component (i.e. 3) @rte weight assigned to each sub
indicator. The sum of the weights for all sirtalicators equals to 1. In the current assessment, equal weights are assigned
to eachsubrindicator.

The individual risk componenfer each BIOTRAILS value ch#ieir subindicators and the methodology for calculating
them are presented in more detail below

In theframework of theBIOTRARproject, the potential hazards are assessed using a set of climate indicators that capture
both slowonset changes, such as the gradual increase in temperaturéhaméductionin precipitation, as well as extreme
weather events, including heatwaves, floods, and droughtselectthe hazardindicatrsrelevant to each case stugdghe
process involved an extensive review of teailableliterature concerning the climate change impaotsthe examined
systems and areag\fter careful consideration andigtussion with the case study leaderargmetersthat were most
relevantto the climate change impactnd the associated hazariseach case studyere selected.

Regarding cocoa productiothe relevantclimatic hazards arehangesn both meanand extreme values démperature,
precipitation andevapotranspirationIn particular, ising temperatureand reduced precipitation during dry seasoage
projected to increase stress on cocoa syst¢#®, [41] leading to a considerable decline in crop producf{i#?]. Changes

in temperature, moisture, wegdrying and freezethawing cycles, etc., can lead to alterations in the growth and physiology
of soil microorganismgl3]. Increased evapotranspiration during the growing season is expected to limit suitatdl@ions

for cocoa production, reducing yield41], [44] Consequently, the extent of suitable coeg@wing areas and overall
production capacity in key regions will declif#®]. Extreme weather events such as droughts, extreme heat waves and
heavy rainfall leading to floods have increasethimpast decades, increasing leaching, soil erosion and runoff at alarming
rates[45].

Regarding indigenous handicrafthe relevant climatic hazards are related to changes in meagh extreme values of
temperature and precipitation. In particularlimate changeheavilyimpactsthe availability of planbased productsised

as raw materials idading fibers, seeds, and dyes. Rising temperatures, shifting precipitation patterns, and more frequent
extreme weather events threaten the habitats of these vital resources. Droughts, for instance, can reduce the growth and
quality of aquatic plantsrad forest species. Studies warn that tropical forests like the Amazon could lose a substantial
portion of their species diversity, directly impacting the materials available for crd#tlg

Indigenous peoples play a crucial role in climate mitigation by stewarding biodiversity and managing ecosystems
sustainably. Where their rights arecognisedand respected, their territorieare the best defense against deforestation.

For instance, Brazilian forests under indigenous management emit 27 times less carbon than those outside their territories
due to nearzero deforestation ratef21],[47].

Indigenous peoplekavetwo unique characteristics, inherent in no other group, which make them key agents of climate
action. First, their economies rely primarily on natural resources and ecosystsitiswhich they have a deep cultural
connection.Since their livelihoods depend on the value that they derive from nature, they practice sustainable resource
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managementThis is particularly important for climate change mitigation, especially regarding efforts directed at reducing
emissions from deforestation and forest degradati®@econd, their traditional knowledgend their cultural approaches
are of high relevance and value for climate change adaptation.

In the case offisheries andaquaculture climate hazards revolve around variations in meamues of sea surface
temperature and salinityRising temperatures change the distribution and abundance of fish populations, as they reduce
coldwater species, introduce invasive species, and disrupt spawning patterns degrading water quality, while increasing
mass mortality events due to heatwaviss8], [48], [49], [50], [51]Stocks of coldvater species are declining, while warm

water species are expandi§2], [53] These changes in species composition, reproduction, metabolism, and migration
patterns will significantly impact population dynamics and food availaffiit} Increasedlisease risks emerge as warming
accelerates pathogen spread, leading to more frequent outbreaks that threaten fish populations and economic profitability
[55]. This is also linked to eutrophication as with rise in temperature systems become more prod8atingy fluctuations

can threaten fish populations as most aquatic species require specific salinity levels, and deviations can lead to mortality
and reduced productioffb6]. Fluctuating salinity can also impair the immune responses of fish, increasing mortality rates
and management costs, which threatens the economic and social sustainability of fisheries and aquaculture.

Regardingthe gold miningvalue chain climate hazards are linked tchanges in both mean and extreme valuafs
temperature, relative humidity and precipitatioiRising temperatures increase energy demands for cooling underground
mines and surface facilities, leading to increased costs. Heat stress endangers worker safety, productivity, and retention,
while wildfires threaten infrastructure and disrupt supply ct&jB7], [58] Changes in precipitation patterns intensify
operational and risks. Increased precipitation and erosion jeopardize slope stability in opencast mines, increase flooding
risks, and necessitate enhanced water treatment infrastructure. Conversely, water gaaahitces mining efficiency and
heightens competition with local communiti$9]. The increased frequency of extreme weather events disrupts
transportation networks, delaying the delivery of materials and consumables. Flooding damages infrastructure and mining
sites, increasing costs and reducing raw material availability. Climdieed stress in nearby communities exacerbates
social tensions and reputational risks for mining compari@&g]. Climate change can also indirectly affect local
O2YYdzyAGASEAQ KSIfGKd ¢KS NI R dhdtipho?tie rizefbadefdd ahd, cohséduénttoy O2 d
reduction of the dilution effects. This, in turn, could increase the health risk due to the userofoetis in mining activities.

This phenomenon is modetl in the PSDM, starting from the number of consecutive dry days.

Theselected hazarihdicatorsfor each case studgre presented inTable3 and furtheranalysedafterwards

Table3: Climatic hazard indicators examined for the BIOTRAILS case studies

Variable Peru Brazil Greece Ghana
Near-surface aitemperature X X X
Daily maximum neassurface air temperature X X
Daily minimum neassurface air temperature X
Heat Stress Days X X X
Evaporation including sublimation and transpiration X

Relative humidity X

Precipitation X X

Heavy precipitation X X X
Consecutive dry days X X X
Seasurface temperature X

Seasurface salinity X

0 Nearsurface air temperature Temperature of air at 2m above the surface of land, se@mland waters. The 2m
temperature is calculated by interpolating between the lowest model level and the Earth's surface, taking account
of the atmospheric conditions.
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0 Maximum near-surfaceair temperature Daily maximum temperature of the air at 2m above the surface of land,
sea, or inland waters.

0 Minimum near-surfaceair temperature: Daily minimum temperature of the air at 2m above the surface of land,
sea, or inland waters.

0 Heatstress daysThis indicator expresses heat stress frequency by conveying the number of days where the daily
maximum temperature exceeds a threshold value over the course of a year. The threshold value is decided based
on the specific characteristics of each valueish&sing this parameter, we gather insights on how the annual
frequency of days with heat stress is changing over the years. It is a secondary parameter calculated from the daily
maximum neassurface air temperature product that was mentied earlier.

o Evaporation including sublimation and transpirationThe transfer of latent heat through evaporation,
condensation, sublimation, and transpiration between the Earth's surface and the atmosphere. Evaporation from
the Earth's surface represents energy transfer from the surface to the atmosphere. Thisandicaides a vector
component positive when directed downward.

0 Relative humidity Amount of moisture in the air divided by the maximum possible moisture at a specific
temperature and location.

0 Totalprecipitation: The sum of liquid and frozen water, including rain and snow, that falls to the Earth's surface.
This parameter does not include fog, dew, or precipitation that evaporates in the atmosphere before reaching the
surface. It represents the amount of watermnit area and time.

0 Heavy precipitation This index expresses the amount of daily precipitation that exceeds tligp8&entile
threshold value averaged over a year. With this indicator we can gather insights on how the intensity of days with
heavy precipitation is increasing/decreasing over the years. It is extracted based on the daily total precipitation
amount, which02 y 8 A RSNBR (KS &adzy 2F fAldzAR FYR FTNRBI Sy 41 (SN
surface. The g5 percentile value is calculated as such:
For each grid point in the region, a time series is created, and the 95th percentile for precipitation is calculated for
each time series. The mean 95th percentileer the area of interest in the historical dataset, served as the
threshold for comparingcenarios on a grid cetly-cell basis.

o0 Consecutive dry daysThis index expresses the maximum number of consecutive days with precipitation below a
certain threshold over a course of a year. With this index we gather insights on how the frequency of dry days is
changing over the years. It is extracted from thelyd#édtal precipitation amount which considered the sum of
fAJdZAR YR FNRISY 46FGSNE O2YLINRAAY3 NIAY YR ayz26x
days with a total daily precipitation amount of less 1 mm.

0 Meansea surface temperatureTemperature of seawater near the surface.
0 Sea surface salinitySalt concentration close to the ocean's surface.
The temporal evolution of theelectedclimatic hazardsprovidesinsightson the climate risks that a certain regianay

sufferin the futuredue to climate changélo assess the temporal evolution of the parametetisnate model outputsare
utilised.

Climate projections are obtained by running numerical models, known as Getiecalation ModelfGCMs), describing
GKS AYyGSNIOGAzya o0SiG6SSy (GSs & signkcghStyols or @ofectiy lgNdalkciviate Of A
patterns, providing a comprehensive view of Earth's climate dynamics on a large scale.
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The Coupled Model Intercomparison Project Phase 6 (CMIPB6) is the latest set of coordinated climate model experiments
designed to improve our understanding of past, present, and future climate changes. CMIP6 has been instrumental in
providing climate projetions that inform assessments such as those by the Intergovernmental Panel on Climate Change
(IPCC)This project providemulti-model climate projectiomlata consideringocial and economic developmepathways

in combination with emission scenarios repemted by the Shared Socioeconomic Pathways (SSPs) and the Representative
Concentrations Pathways (RCPs) correspondinibhe SSPs outcomes are specific combinations of socioeconomic
challenges to mitigation and adaptatioRigure70 RS @St 2 LIS R [66].85SHs QieSignéd to3eprederit different
societal trends that could either facilitate or hinder efforts to mitigate adaptto climate change, withoutirectly
addressingclimate change itself61]. The RCPgrovide dataon greenhouse gases concentrations otiere and their
correspondingadiative forcing. The RCPs wergginallydeveloped during thdifth phase of the CMIP arldter updated

for the sixthphase[62], [63] These scenarios are labelled as S8 ¢ K S NdBnoths{tHe tSika2d Socioeconomic

t I 4KgI & ¥efers 6 khe ék@e€ed change in radiative forcinge@suredin watts per square meter) from 1750 to

2100.

A
5 * sSSP 5: * SSP 3:
=] (Mit. Challenges Dominate) (High Challenges)
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€S Development A Rocky Road
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< E * SSP 2:
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o (72]
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(5]
o < * sSSP 1: % sSSP 4:
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g Sustainability Inequality
[T Taking the Green Road A Road Divided

>

Socio-economic challenges

for adaptation
Figure7: The five Shared Socioeconomic Pathw&gPd)lustrate variouscombinations of challenges to climate mitigation and
adaptation[61]

Table 3 outlines the chosen climate scenarios 23R BSR2.5, and SSPB.0. Additionally, the projected changes in global surface
temperature for both the midand longterm horizons relative to the 18500 periodare included

At the time of analging climate risks for the BIOTRAILS value chains, CMIP6 climate model outputs were only available for
globatscale analysis, while their regional downscaling had not yet been completed. As a result, it was not possible to use
the latest climate outputs abigher resolution. The alternative was to use climate model outputs from the prepiocase

of the Coupled Model Intercomparison ProjegPhase 5 (CMIP5), which were downscaled atdggonal levelbut did not
incorporate the latest SSPs. Considering that the study areas covered broader national or regional scales and that global
climate outputs provided sufficient spatial differentiation at these levels, the BIOTRAILS WP3 team and pilot leaders opt

to use the latest CMIP6 projections for the analy$ise CMIP6 climate model outpufer the selected hazard indicators

were sourcedrom the Copernicus Climate Change Ser{6dé.

Three climae scenariofSSP2.6, SSR2.5, and SSPB.0)were selectedo be studiedin BIOTRAIL 8fter discussionvith

the pilot leadersTheselecton aimedto ensure comprehensive coverage of potential future climate conditionsradudce
uncertainty SSPR2.6 represents a sustainable development path with low emissions,-&SP®llows amoderate
development and emissions pathway, and S3P3describes a world with high regional competition and higher emissions.
Information on theselected climatescenariods providedin Table4.
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Table4. Description otlimatescenarioexamined Adjustedfrom O' Neil et al[61]
Temperature change
Mid-term Long term
2041¢2060 2081¢2100

Description (Socioeconomic developments and
emissions)

1 SSP1Sustainability (Taking the green road). Low
mitigation and adaptation challenges.

SSP2.6 +1.7 °C +1.8°C

(0]

1 RCP2.6towforcing path.

SSP1: The world shifts gradually, but pervasively, toward a more sustainable path, emphasizing more
development that respects predicted environmental boundaries. Management of the global commons
improves, educational and health investmerdscelerate the demographic transition, and the emphasis
economic growth shifts toward a broader emphasis on human-ketg. Driven by an increasing commitment
achieving development goals, inequality is reduced both across and within countriesuraion is oriented
towards low material growth and lower resource and energy intensity. Society follows the sustainable pa
finds it relatively easy to reduce greenhouse gas emissions and adjust to climate change. It depicts a "be
future from a sustainability perspeut.

RCP2.6: Low Greenhouse Gases (GHG) emissieresn{S€§ions cut to net zero around 2075. Radiative forcing:
W/m?2 by the year 2100. It represents the low end of plausible future forcing pathways.

1 SSP2Middle of the road. Medium mitigation and
adaptation challenges.

SSP&.5 +2.0°C +2.7°C

(o]

1 RCPA4.5intermediate forcing path.

SSP2: The world follows a path in which social, economic, and technological trends do not shift market
historical patterns. Development and income growth proceeds unevenly, with some countries making re
good progress while others fall shat expectations. Global and national institutions work toward but make <
progress in achieving sustainable development goals. Environmental systems experience degradation,
there are some improvements and overall the intensity of resource aretggnuse declines. Global populati
growth is moderate and levels off in the second half of the century. Income ineqratityinsor declines at a slow
pace, limiting progress ireducing societal and environmentaliinerabilities.Societies face a mix of manageat
but not negligible obstacles in both reducing emissions (mitigation) and adjusting to the impacts of climate
(adaptation).

RCP4.5: Intermediate GHG emissions édissions around current levels until 2050, then falling but not reacl|
net zero by 2100. Radiative forcing: 4.5 W/by the year 2100. This scenario represents the medium pal
plausible future forcing pathways.

I SSB: Regional rivalry A rocky road

SSB-7.0 +2.1°C +3.6 °C

1 RCR.0: Uppermiddle pat of forcing paths

SSP3: A resurgent nationalism, concerns about competitiveness and security, and regional conflicts push |
to increasingly focus odomestic or, at most, regional issues. This trend is reinforced by the limited numt
comparatively weak global institutions, with uneven coordination and cooperation for addressing environr
and other global concern€Economic development is slow, consumption is matén@nsive, and inequalitie
persist or worsen over time, especially in developing countries. A low international priority for addre
environmental concerns leads to strong environmental degradaiticsome regions. The combinati of impeded
development and limited environmental concern results in poor progress toward sustainability. Population ¢
is low in industrialized and high in developing countries. Growing resource intensity and fossil fuel depe
along with diffimlty in achieving international cooperation and slow technological change imply high challen
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mitigation. The limited progress on human development, slow income growth, and lack of effective institt
especially those that can act across regions, implies high challenges to adaptation for many groups in all r¢

0 RCR.0: High GHG emissions. £@nissions double by 210®Radiative forcing: 7.0 W/frby the year 2100This
scenario represents thepper middlepart of future forcing pathways.

For the purposes of this analysésnphasis is given on themporal evolution of threeselectedscenariosn comparisorto
areference periogas well as the spatial distribution of tipeojectedchanges. Time seriesfiguresfor the period19952100
exhibit the evolution of the scenarios (2023.00)relativeto the reference period (1992014) The historical period was
selectedasit represents the most recent 2@ear historical period for which data are availablibe future period was
chosenbased on the availabilityfalimatemodel projectionsMean dfferences betweenhe scenarios and the historical
period were calculated for each pildor two individualfuture periods(2041-2060and 20812100 andwere presentedin
tables The gatial distribution of themeandifferencesbetweeneach scenaridor the 20412060 periodand the historical
period, waspresentedthrough maps Thisperiodwas selectedsit was considered sufficiently neserm to facilitate the
implementation of policies and strategies in response to projected climate changes

4.1.2 MODEL VALIDATIONND ENSEMBLE

After downloading the outputs of the available climate models for each climate indicator, the nextagtp identify the
bestperforming models for each region, a process known as model valid&lonate model®utput exhibit differences
when compared to observational/reanalysis dagadifference know asbias Biasesvary significantlybetween different
geographicaareas meaning that modelperform differentlyacrossregions To identifythesebiasesin the climate models
data and to selectclimate modelsthat perform better in eachcase study areaa regionalspecificmodel validation is
required. Model validation involvesthe comparisonof model hindcasting outputs for the historical periodto
observationalreanalysis data for each parameter and pilot regj6B]. For this studythe fifth generationatmospheric
reanalysis datase(ERA5)by the European Centre for Mediung Range Weather Forecasts (ECMWHmwas used
[66] providing hourly data on many atmospheric, lasutface and seatate parameters together with estimates of
uncertainty.Data are availablat the CopernicuClimate Data Stor€CDSpPn regular latitudelongitude grids at 0.25x
0.25 resolution, with atmospheric parameters on 37 pressure levEiey areavailable from 1940 andontinueto be
extended forward in time, with daily updates being made available 5 days behind real time

Themodelvalidation method was based on the use of statistical metrics such as the Root Mean Square Error (RMSE) and
the Correlation Coefficient (CC). RMSE and CC were calculated for all models in relation to tlat&RAdb the ones
performing above a predefined threshold for each metric, were selected for further analysis.

Models exhibiting best performance for each region are combined immdelensemble Model ensembls outputstend
to leverage thestrengthsof multiple modelsand mitigatebiases or uncertaintieassociated with individual modelgus
enhandngthe overallreliability of climate projectionsSelected models are listed Trable5. After the ensemble creation,
average conditions for each tinperiod are calculated to represent the mierm (204:2060) andhe whole future period
(20152100), facilitating direct comparison with the reference period (:29%4).

Table5: Selected Global Climate Models composing the ensemble fohaaald indicatoand case study

: Evaporation
Variable vapore
Near including
. Sea surface o o .
surface air sublimation Precipitatio Sea surface Relative
temperatur . .
temperatur o and n salinity humidity
e transpiratio
n
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e HR (France) ) CESM2 (USA) (Russia) i i
CNRMESM21 NorESM2VM IPSECMBALR
(France) (Norway) (France)
UKESMD-LL NorESM2VM
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In this section, the indicatorselected for assessing the exposure of the BIOTRAILS production sgstepnesentedor

each case study

4.2.1 Cocoa produedin Perug Ucayaliregion inPeru

For assessing the exposure of the cocoa producing systems to climate change, théaaxemstedwith cocoa were
considered as the most relevant indicator.

Exposure indicator nolArea occupied by cocoa cultivation activities

This indicator assesses the spatial extent of candtivation. A largetharvestedarea increases exposure to climate risks.
This indicator aims to show the actual exposure ofdhea occupied bgocoaactivities inthe pilot area to climate change
through the share of the arelaarvestedwith cocoato the total harvestedpilot area, as shown next

Y1 QG Wi 0 Q0 ILE O PO

pTT

The source used for this indicator is thinistry of Agrarian Development and Irrigation of PEVIDAGR) which provides
information for the harvestedareas afprovinciallevel

4.2.2 Sustainable foresbased cultural products created hydigenouscommunities in

3 https://siea.midagri.gob.pe/portal/siea bi/index.html
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the Brazilian Amazon Rondonia region in Brazil

For assessing the exposure otthBustainable foresbased cultural productso climate change, the areashabited by
indigenouspeoples in combination with the presence of forest argare considered as the most relevant indicator
Ideally, identifying the precise locations iofligenouscommunities involved in handicraft production would provide the
most accurate assessment. However, due to data limitations, an alternative appsgaiciposed By combining thepatial
distribution of indigenouspeople with the spatial distribution oforested areas, potential locations where handicraft
production is likely to occuare identified This methodologgombineswo distinctsubrindicators to construct a composite
index,as shown next

Exposuresubrindicator nal: Area inhabited byndigenougpeoples

This indicator assesses the spatial extendu@ias inhabited byndigenouscommunities as their exposuréo climate risks
increaseswith a larger occupied ared’he purpose of tis indicatoris to quantifythe actual exposure oihdigenous
occupiedareasin the pilotareato climate changelt is expressed as the share of #ireainhabited byindigenouspeoples
at immediate region levaklativeto the total population in thepilot area, as shown next.

Y1 QG R O QOETE QQQA % §) it Qi

Therelevant information is sourced frothe Ministry of Indigenous Peoples of Braaihd further processed at immediate
regionlevel

Exposuresubrindicator na?: Forest areas

This indicator aims to show theetual exposure of the ecosystsmf the pilot areao climate change through the share of
the natural areas covered mainly by forestisat provide raw materials for handicraft® the total pilot area,as shown
next.

Y1 QDT @ 0 QD UARE | Qb o i pTT

The source used fauantifyingthis indicator ighe GlobalForest Watchplatform. The information wagurther processed
at immediate region level.

Compositevulnerability indicator: Indigenous peoples living in forest areas

This indicator assesses the spatial extentnafigenouspeoples living in forest areass their exposure to climate risks
increases with a larger occupied area. The purpose of this indicator is to quantify the actual exposutigesfous
occupied forestareas in the pilot area to climate change. It is expressed as the share &brést area inhabited by
Indigenous peoples relative to the total pilot area, as shown next.

V@ QME | D €08 O QAR Q QO )ik Qi pTT

4.2.3 Hshery and aquaculture products supplied by the Mediterranean basin and
consumed within the Mediterranean countries
For assessing the exposure of fisheries to climate change, the most relevant indicators considered were the spatial

distribution offish catches For aquaculture, thassessment focused dhe spatial distribution othe approved tonnage
of fish farmingacross the Greek administrative regions

4 https://www.gov.br/funai/pt-br/atuacao/terrasindigenas/geoprocessamersmapas
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4.2.3.1 Fisheries

Exposure indicator ntx Spatial dstribution of catches

This indicator aims to show thepatial distributionof fish catchesin the Greekfishing zone This is reflectethroughthe
available informatioron the fishery catcheat eachsubzone whichisthen expressed as share of total catclaesational
level as shown next.

YR OO oo 1 QB o o Qe pTT

The relevant information is sourcdtbm the Hellenic Statistical Authority (ELSTAQ further processedo match the
fishing zonegonsidered

4.2.3.2 Aquaculture

Exposure indicator ntx Spatial dstribution ofaguacultureproduction

This indicatoraims to reflect the exposure of aquacultute climate change impacthrough the spatial distributionof
aquaculture productionacross theGreek regionsA higher regional share of aquacultyseoduction suggests greater
exposure On the other handregions with minimal or no aquaculture activity are considered to haweor noexposure.

Y1 QGR N1 EWEEE FPQQ pTT

The data were sourced from the Hellenic Aquaculture Producers Organization (HAPO) at decentralized administration level
and subsequently aggregated at administrative region level.

4.2.4 Gold mined in Ghana

Exposure indicator ntx Area occupied by gold mining sites

This indicatoreflectsthe spatial extent of gold mining activitidsased on theconceptthat the exposureof the system to
climate riskss prgportionately related to thespatialextent ofthe goldmining area. This indicator aims to show the actual
exposure of the area occupied hyningactivities in the pilot area to climate change through the share of the aceapied
by gold mining siteso the total area of theadministrative regionas shown next.

YH1 QG B0 BOQR VL0 N pPTT

The relevant information is sourced frothe Center for Remote Sensing and Geographic Information Sef@&&RSGIS

and processed afdministrative regiorlevel. However, the available data do not distinguish between legal and illegal
mining activities. This limitation may affect the reliability of the results, as the environmental and socioeconomic impacts
of legal and illegal mining can differ significantly.

Following, be indicators used to assess the sensitigitig adaptive capacitpf eachBIOTRAILS value chain, are presented

4.3.1 Gocoaproducedin Peru Ucayaliregion inPeru

Vulnerability indicator nol:Contribution of national cocoa productian global level

This indicator evaluates the importance of cocoa production in Peru for the global supply of this good. The greater the
share of cocoa in Peru to thidobal cocoa production, the greater the vulnerability for the global supply, if the system is
adversely affected by climate change.
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This indicator is quantified using data glmbalcocoaproduction from theWorld Population Reviewlatform.

Vulnerability indicator no2importance of cocoa for the national economy

This indicator evaluates the economic importance of cocoa cultivation for the country by examining its contribution to the
national as well as the respective sectoral Gross Domestic Product (GDP) or Gross Added Value (GAV). A higher contributiol
of cocoa b the national and sectoral GDP or GAV indicates greater economic reliance on cocoa production, thus rendering
the national economy vulnerable to the relevant climate risks for the system.

The indicator is calculated as:
VaNEl RGBDOHBDB GO QB NORE—— - pTIT
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The data were sourced fro@OMEXPER!nd the Ministry of Agriculture and Irrigation of Peru (MIDAGRI), with further
processing conducted at national level.

Vulnerability indicator n@: Dependencyf the local population on cocgaoduction

This indicatoiis intended to reflecthe extent to which the local populatioim Perudepends orincomefrom cocoaandis
expressed as the percentage of cocoa produtethe total economicallyactivepopulation(EAP)A higher percentage of
cocoa producers indicates greater vulnerabitifythe local population

The indicator is calculated as:

Y1 QB¢ OF i Q6 QD b pPTT

Datafrom the National Institute of Statistics and Informatics (INEI) and the Ministry of Agriculture ofaRemsed to
determine the proportion of individuals engaged in cocoa production relative to the total workforce

Vulnerability indicator nak: Share of snallholder farmersn cocoa production

This indicatorexamines theproportion of cocoa producers operating on smatlale farmdo the total cocoa farmers in

Peru andJcayali. Smallholder farmetgpically manage limited land areas and have restricted access to resources, such as
capital, technology, and infrastructuf8]. A high percentage of smallholder farmers suggests increased vulnerability due
to limited access tdinancial resources, technology, and market stability.

Thepercentage of smallholder farmers wasurced fromthe Ministry of Agrarian Development and Irrigatiand the
Regional Government of Ucayatithe national andregional leved.

Vulnerability indicator n®: Age, genderand education level darmers

This indicator assesses the demographic characteristics of agricultural producers, specifically age, gender, and education
level, as determinants of adaptive capacity. Older farmers and those laitker educational attainment often face
constraints in accessing climate information, financial resources, and adaptive technologies, limiting their abilityrtd respo
effectively to climate stressorf3]. Additionally, gendebased disparities, particularly in leiwcome regions, further
exacerbate vulnerability, as women in agriculture frequently encounter structural barriers such as restricted land
ownership and limited participation in decisimnakingprocesses. A higher proportion of elderly, female, and-tskscated
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producers is associated with increased vulnerability in the sector, as these groups generally have reduced capacity to
implement adaptation strategie#\ composite indicatowas built comprising of th8 individual subindicators

"Y1 Q0 £ G OB QOO R H NG O-QEE p T
Theaverage age and education level of farmers was sourced FAG[67].

Due to the absence of data on the demographic characteristics of farmers engaged specifically in cocoa farming,
information for the wider agriculture sector in Peru was usBde datarelevant to gendewere sourced from thé L J68].

Data on the other two subindicatorswere obtained from the Food and Agriculture Organization (FAO), the National
Institute of Statistics and Informatics (INEI), and the Ministry of Agriculture of Peru.

Vulnerability indicator n®: Economic capacity difie localpopulation

The economic capacity of Retian populationis consideed as an indicator of adaptive capacity of the population to
address climate change impacts and increase its resiliérarethe quantification of this indicatothe GDP pecapitaand

the national poverty ratavere used anccompared to theespective indicatafor the wider regioni(e. Latin Americaand

the global averageGDP per capita and poverty rate are considered complementary adaptive capacity indicators because
they capture different but interrelated aspects of economic waing and resilienceAccording tother World B y'{ Qa
metadata glossaryhie GDP per capita is1éndicator that neasures the average economic output per person in a given
region orcountryf. A low GDP per capita sugged&swer economic resources, but it does not necessarily mean that
everyone benefits equally.herefore, the poverty ratevasalsousedas itmeasures the percentage of the population living
below a defined poverty thresholdPovertyrate is measured as the percentage of population living below the national
poverty lineg. The indicatorcaptures income inequality and economic vulnerability at the household I&viigh poverty

rate suggests that a smaller proportion of the population has the financial means to cope with climate related 8hocks.
composite indicator was built comprising of the two individual-guticators.

The data were sourced from tHaternational Monetary Furft{IMF)and theWorld Bank.

Vulnerability indicator nd.: Importance of handicraftfor the local population

This indicators used tevaluate the importance of handicraft production in the Brazilian AmaBom to the lack of specific
numerical data onthe population ofindigenouscommunities engaged in this activitfhe indicator was assessed
qualitatively based onthe relevantavailale literature. A high level of economiwr culturaldependency on handicraft
production indicates greater vulnerabilibf the population

Vulnerability indicator n@: Dependeng of indigenous communitiesn natural resources

This indicator assesses thevel of dependency oindigenouscommunitieson natural resourcesas theysupport the
livelihoodsof people living in or near forest€limate chang@npacts on natural resourcesay disproportionatelyaffect
those highly reliant on these materiaBBue to the lack of specifiguantitative data, the evaluation wasgjualitativebased
on existing literature.

Vulnerability indicator no31and use change and deforestation
This indicator considers any type of pressure posed to forests leading to forest loss, due to land use change e.g.tfrom fores

6
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to agricultural, industrial, urban or other land use. As forest areas decline, handicraft production capacity, whiclyis close
linked to forest resources, diminishes. This indicator is quantified by calculating tree cover loss as a percentage of total
forest area, with higher values indicating greater vulnerability of the system.

Ot QiEY i————  prnm

The data were sourced from th@lobal Forest Watgblatform and further processed at the level of the immediate region.

Vulnerability indicator nat: Age, gender and education levelinfligenougpeoples

This indicator assesses the demographic characteristics of handicraft producers, specifically age, gender, and education
level, as determinants of adaptive capacity. Olgeoducersand those with lower educational attainment often face
constraints in accessing climate information, financial resources, and adaptive technologies, limiting their abilityrtd respo
effectively to climate stressorf3]. Additionally, gendebased disparities, particularly in leivcome regions, further
exacerbate vulnerability, as women handicraft productionfrequently encounter structural barriers such as limited
participation in decisiommaking processes. A higher proportion of elderly, female, and-ddasated producers is
associated with increased vulnerability in the sector, as these groups generallyreduced capacity to implement
adaptation strategiesA composite indicator was built comprising of the 3iundual subindicators.

Information aboutthe age,genderand education level of indigenous peopless sourcedirom scientific literature
acquired fromBaez etl. [69], from aresearch and technical manu&lorest Based Value Chglii@] and IBGH20].

Vulnerability indicator no5:Economic capacity dffie local population

For the quantification of this indicator, the GDP per cafitaminal)of Brazil and the national poverty rate was used and
compared to the respective indicators for the wider region (i.e. South America) and the global average. A high poverty rate
suggests that a smaller proportion of the population has the financial mearcope with climate related shocks
composite indicator was built comprising of the 2 individual-sudicators.

The data were sourced from tHaternational Monetary Fund (IM@nd. NI T Af Q& 2FFADOALI £ 2SNy Y

4.3.3 Hshery and aquaculture products supplied by the Mediterranean basin and
consumed within the Mediterranean countries

For assessing the vulnerability of fisheries and aquaculture in Graelieidualindicators were selectefor each sub
sector.

4.3.3.1 Fisheries

Vulnerability indicator nol:Contributionof nationalfishery productiorat Mediterranean level

This indicatolis used to reflecthe contribution of Greek fisherieto the Mediterraneanproductionby analyzinglata on

fishing capacityt country level Data from FAQr1] are used to compare the number of active fishing vessels with those

of other Mediterranean countries. Fishing capacity is measured in gross tonnage (GT), which represents the total volume
of vessels and serves as an indicator of harvesting potential.

Vulnerability indicator no2importance of fisheries for the national economy

This indicatoisusedto assessKS aAIYAFAOFIyOS 2F (KS FTAAKSNASa aSO02N 64
to national GDP. Data from FA@2] and the World Bank NB dza SR (2 RS{SNXNAY Stothé&tdal FA &K
D5t ® ¢KS @dzf ySNI oAt Ale Of telatiseicdnivibution fo 2hg’ natiohal etdn@m$, Rvith2a yowei K S
share indicating higher vulnerability.

10 hitps://www.gov.br/planalto/en/latestnews/2024/12/ibge8-7-million-peoplelifted-out-of-poverty-in-2023
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Vulnerability indicator n®: Dependency ofhe local population on fisheries

This indicator is intended to reflect thextent to which local populaticsrely on fisheries for employment and incom&he
analysis also considers regional employment patterns in coastal areas, as well as qualitative factors suctinas part
employment and economic alternatives available to fishing communiftidsgh percentage dishemenindicates greater
vulnerability of the local population in case adverse impacts of climate change affect fishét@sever, low shares can
alsoindicate high vulnerability, in cagbere are coastal areashat weretraditionally inhabited byfishing communitiesn

the past andhat havenow diminished,astheir protectionis crucial for thgreservation ofocalcultural heritage

i QWMUDT a Gz p T

Data fromHellenic Statistical AuthorittELFAT and the Greek Ministry of Food and Agricultame used to calculate the
share of fisherieselated employment withirthe total workforce.

Vulnerability indicator nat Snall-scale fisheries

This indicatofocuses orthe role of smaa OF £ S FAAKSNASa o0{{C0 6AGKAY DNBSOSQa
to climate change impac{8]. Vessel registration data, employment statistics, and landing valuesiaigsedo determine

the shareof SSFThe higher the percentage of smatiale fishersthe greater the vulnerability of the system.

The data were provided by th®epartment of Fisheriesf the HellenidMinistry of Rural Development and Food.

Vulnerability indicator nd: Thermal tolerance of fish

This indicatois employed to asseslse vulnerability of fish species to temperature chandggsecies with a narrow thermal
tolerance range are classified as highly vulnerable, while those with broader ranges are considered more wsilient.
composite vulnerability indicator was buftir depictingthe vulnerability of fish population in the Greek serincreased

sea temperatureThe indicator incorporated relevant data fthre 20 mostcommerciallysignificant fish species in Greece.
Due to data limitations, certain mlokk species were excluded from the analysis.

To assess this indicatdhe thermal tolerance range and thteermal stresf fish speciesvere consideredWith respect

to the former, it was considered that the narrower the tolerance range, the higher the vulnerability of the species.
Regardinghermal stressthe assessment focused dme extent to which the average sea surface temperature exceeds, or
is expected to exceeg¢based on the climate projectiohsthe upper tolerancdimit of the species.The higher the
exceedance, the higher the vulnerability of tepecies, whilefithere is no exceedancef the upper limif there is no
vulnerability. The results were weightegroportionatdy to the contribution of each species to totsheriesproduction.

The final composite vulnerability index was derived by aggregating the weighted contributions of all dpesciexted that
thisis the only vulnerability indicatotthat varies according to different climate scenarios.

Information on the thermal tolerance rangestbie fish speciesvasretrieved fromthe online database on fisttalledFish
Base The data on thdisheries production by fish speciesgre provided by the&sreek Ministry of Rural Development and
Food, Department of Fisheries.

Vulnerability indicator nd: Pressuresn fish populations

This indicatolis used toexamine other pressures on fish populations, suchhaspressures imposed by invasive species

and by overfishingThe vulnerability related to the invasion of alidish species is examined for those species that are
considered tonegatively affechative fish populationdeading toecological and economic effecfBhe impact of invasive
species on fisheries is evaluated by examining population trends of invasive species and their effects on native fish stocks.
The datawere sourced fromthe HellenicMinistry of Rural Development and Food, Dep#ent of Fisheries.

Additionally, the impact of overfishings used to assesanother critical pressure on fish populationdData for the
overfishing rate in the Mediterranean Seassourced fromthe Food and Agriculture Organization of the United Nations
[71].
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Vulnerability indicator n@: Age, genderand educatiodevelof the fisheries workforce

This indicatoiis used to asseshe demographic characteristics of fishers, specifically age, gender, and education level, as
determinants of adaptive capacity. A highamoportion of elderly, female, and lessiucated fishers is associated with
increased vulnerability in the sector, as these groups generally have reduced capacity to implement adaptation strategies.

The datawereretrieved from the Greek Ministry of Rural Development and Food, Department of Fisheries.

Vulnerability indicator no8:Physical daptive capacity of fispopulations

This indicatoris used toassess the ability of fisheries to adapt to climate change by examining observed shifts in fish
distributions,behaviour and reproductive patterns. The methodology is based on scientific literfi@ie[53]and includes

a review of species migration trends, spawning period changes, and habitat shifts. The vulnerability classification considers
020K 0A2t23A0Ft ITRILIWIFIOATAGE FTYR GKS aSOd2NRa OF LI OAde

The assessment of the physical adaptive capacity of fish populations to climate change is conducted through a qualitative
literature-based approachThis indicator was assessed through a qualitative literature review focusing on the physical
adaptive capacity of fish populations to climate change

Vulnerability indicator no9:Economic capacity of the local population

For the quantification of this indicator, the GDP per cafritaminal)of Greece and the national poverty rate was used and
compared to the respective indicators for the wider region (i.e. Europe) and the global average. A high poverty rate suggests
that a smaller proportion of the population has the financial means to coifie elimate related shocks.

The data were sourced from theternational Monetary Fund (IM@nd theWorld Bank

4.3.3.2 Aquaculture

Vulnerability indicator no1:Contributionof nationalaquaculture production at Mediterranean level

CKAa AYRAOIFIG2NI FaasSaasSa DNBSOSQa NRfS Ay aSRAGSNNI ySHy
countries in the region. Data from FA®1] are used taqualitativelylj dz- y G A ¥& DNBSO0SQa O2y i N 6 dzi
and Black Sea aquaculture outp&egions with higher contributions are more reliant on aquacultimdicating greater
vulnerability.

Vulnerability indicator no2importance of aquaculture for the national economy

This indicator assesses the economic significance of aquaculture ilithils SOSQa yIF GA2y Lt SO2y 2 Y
contribution to Gross Value Added (GVA). Data from EUR®STATS dz&a SR G2 O2 YL} NB | |j dzZ Odzt
GKS ONBFRSNJ I INAROdz §dzZNBEx F2NBAGNEBZ FYR FTA&AKAY3I aSO02NAH!:
indicates greater economic importance, and increased vulnerability.

Vulnerability indicator n®: Dependency of the local population on aguaculture
This indicator assesses the reliance of local populations on aquaculture for employment. The analysis uses employment
data from HAP(23] to determine the share of jobs in aquaculture across different administrative regions.

Y1 QAN dé QB HDD6 PO 0 R p T
The data for the number of employeesdquaculturewere sourced from the Greek Ministry of Food and Agriculture (Greek
Annual Report, 2023), while the economically active population of Greece was sourced from the Hellenic Statistical

Servicé?,

Trends in employment over time are also examined to assess sectoral stébdiéglining trend in this indicator indicates

11
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higher vulnerability, as it reflects reducesgctoral resilience andbility to cope with the effects of overproduction of
cultivated species from countries outside the EU anthpetition in selling prices

The data were sourced from the Hellenic Statistvathority (ELSTAT).

Vulnerability indicator nal: Share of snall-scale aquaculture

This indicator assesses the vulnerability of sreadlleaquaculture enterprises in Greecgmaliscale farmers face greater

risks from climate change, as they are more vulnerable to increased production costs in farm management and lack of
support systems to recover from the effects compared to lasgale producer§r3], [74], [75], [76] A higher percentage

of smallscale aquaculture farms indicates increased vulnerability to climate chamgeeduced sectoral resilience and
ability to cope with the effects of overproduction of cultivated species from countries outside the EU and competition in
selling prices

The data were sourced from HAPZ3].

Vulnerability indicator no5Thermal tolerance of fish
The same methodology used for the fisheries sector was applied to the main aquaculture species.

Vulnerability indicator n®: Other pressures

This indicator evaluates the impact of overfishing on aquaculture, specifically the reduced availability of essential feed
ingredients, such as fishmeal and fish oil. Overfishing of wild fish stocks, which are key sources for theterdatels
aquaculture by making raw materials scarce, expensive, and uncéfiamfrom Greecdé). Additionally, overfishing leads

to biodiversity loss, which further weakens the ecological resilience of marine ecosystems, increasing the sector's
vulnerability to climate changé&.hus, a higher percentage of overfishing indicates greater vulnerability of the sector.

The data were sourced frothe Food and Agriculture Organization of the United Natipfig.

Vulnerability indicator n&: Age, gender and education level of the aquaculture workforce

This indicator assesses demographic characteristics of the aquaculture workforce to determine potential vulnerabilities.
Age distribution, gender representation, and education levels analysedusing data fromthe Ministry of Rural
Development and Foo@3]. The classification considers factors such as workforce aging, gender imbalances, and education

tf S@PStax a GKSaS AyTtdzsSyO0S (KS aSOiaaedRdichdlilendes. A Ge (2 I RIL

Vulnerability indicator n@: Adaptive capacity of aquaculture

This indicator assesses the capacity of the aquaculture sector to adapt to the impacts of climate change. It provides a
qualitative evaluation by examining the distinct ways in whichdhaaculturesector responds to climate stressors. The
indicator highlights the reliance of the secton human interventions such as technological advancements, disease
management, and the relocation of operations.

{he indicator provides insights into the relative vulnerability of each sector, based on their adaptive capacity to climate
change.The information waslerived from various studies on aquacultussilience and climate adaptation

Vulnerability indicator n®: Economic capacity ¢fie local population

For thequantification of this indicator, the GDP per cagit@minal)of Greece and the national poverty rate was used and
compared to the respective indicators for the wider region (i.e. Europe) and the global average. A high poverty rate suggests
that a smaller proportion of the population has the financial means to aeifle climate related shocks.

The methodology is the same as in the case of fisheries.

13
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Vulnerability indicator no1:Contributionof nationalgold production at global level

This indicator evaluates the importance of gold production in Ghana for the global supply of this good. The greater the
share of thegold in Ghano the globalgold production, the greater the vulnerability for the global supply, if the system is
adversely affected by climate change.

6£€¢01 QOOANQM@DD Q& pTT

This indicator is quantified using data on tjlebal gold productiofrom the Ghana Chamber of Mingg7].

Vulnerability indicator no2importance of gold for the national economy

This indicator evaluates the economic importance of gold mining for the country by examirtimghiésnational as well as

the respective sectoral Gross Domestic Product (GDP) or Gross Added ValueA(Gigki¢r contribution of gold to the
national and sectoral GDP or GAV indicates greater economic reliance on gold production, thus rendering the national
economy vulnerable to the relevant climate risks for the system.

DENET 0 OERR— pTT
VaNéEl 0 OE@R— pmTm
The data were sourced from thiehana Chamber of Mingg7].
Vulnerability indicator n®: Economic dependency thie local population on gold mining
This indicatois intended to reflecthe extent to which the local population fBhanadepends on income frorgold mining

and is expressed as the percentagetttd number ofgold minersto the total economically active populatiorA higher
percentage ofjold minersindicates greater vulnerabilityf the local population

00¢ ¢ £ @UINE QQ & pmm

Thetotal economically activpopulationdata were sourced frorthe Ghana Statistical Servjaghile the number ofarge
scale gold miners was obtained frahe Ghana Chamber of Ming3ue to the lack of specific and comprehensive data for
the number of smaikcale gold miners, the calculation relies on estimated figures.

Vulnerability indicator nak: Share of snall-scalegold mining

This indicator examines the proportion of smathle gold mining production, asost smalscale workers operate
informally, lacking the required licenses apérmits, using poor mining techniques. Informality creates significant
challenges for miners, resulting in precarious livelihodidsted legal rights, insecurlandtenure, and dangerous working
conditions. Additionally, the absence of technical expertise arabss tdinance perpetuates the cycle of informalif8].

The higher the percentage efmaltscale productiorthe greater the vulnerability of the system.

The data were sourced from the Minerals Commissior2(R0

Vulnerability indicator né&: Age, gender andducationlevel of miners
This indicator assesses the demographic characteristics of miners, specifically age, gender, and education level, as
determinants of adaptive capacityf¥omen may have less access to resources, increasing their susceptibility to climate
impacts[79]. A higher proportion of elderly, female, and lesducated miners is associated with increased vulnerability in
the sector, as these groups generally have reduced capacity to implement adaptation strategies.

Theinformation wassourced fromstudies onsociceconomic analysefsom the LLJ68].
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Vulnerability indicatorno6: Economic capacity d¢fie local population

For the quantification of this indicator, the GDP per capit&b&naand the national poverty rate was used and compared
to the respective indicators for the wider region (i&fricd) and the global average. A high poverty rate suggests that a
smaller proportion of the population has the financial means to cope with climate related shocks.

The data were sourced frothe International Monetary Fund (IMRnd theWorld Bank
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https://www.imf.org/en/Publications/WEO/weo-database/2024/October/weo-report?c=512,914,612,171,614,311,213,911,314,193,122,912,313,419,513,316,913,124,339,638,514,218,963,616,223,516,918,748,618,624,522,622,156,626,628,228,924,233,632,636,634,238,662,960,423,935,128,611,321,243,248,469,253,642,643,939,734,644,819,172,132,646,648,915,134,652,174,328,258,656,654,336,263,268,532,944,176,534,536,429,433,178,436,136,343,158,439,916,664,826,542,967,443,917,544,941,446,666,668,672,946,137,546,674,676,548,556,678,181,867,682,684,273,868,921,948,943,686,688,518,728,836,558,138,196,278,692,694,962,142,449,564,565,283,853,288,293,566,964,182,359,453,968,922,714,862,135,716,456,722,942,718,724,576,936,961,813,726,199,733,184,524,361,362,364,732,366,144,146,463,528,923,738,578,537,742,866,369,744,186,925,869,746,926,466,112,111,298,927,846,299,582,487,474,754,698,&s=NGDPD,PPPGDP,NGDPDPC,PPPPC,&sy=1980&ey=2029&ssm=0&scsm=1&scc=0&ssd=1&ssc=0&sic=1&sort=subject&ds=.&br=1
https://data.worldbank.org/
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5 CLIMATE RISK ASSESSMEREULTS

This section presents the results of climate projections and climate risk assessments conducted for the casef siadies
BIOTRAILS project

5.1 COCOA PRODUCED IN PEROAYALI REGIONPERU

5.1.1 ASSESSMENT OF HAZARD

In the following paragraphs, the findings regarding hazard indicéotse cocoa sector in Peru are present@the climate
scenarios presented are the FS2.6 SSP2.5 and SSP3J.0. Historical periodrefers to 19952014 andfuture climate
projectionscenarios periods refer to 204060.

5.1.1.1 Nearsurface air temperature

The spatial distribution of the average nesurface air temperatug change betweelimate scenariogand the historical
periodin the Ucayali region of Peru, is depictedrigure8. Future projections indicate an overall increase in temperature.
Under the SSP2.6 scenario, there is a moderate temperature msaintaining a change of about 1.5H€oughout Ucayali
while under the SSP2.5 and SSP3.0 scenarios it is more significant, especially ingbethernareas.SSP2.5 conveys

an increase of about 2°Qhe projected warming is expected to occur throughout the region, withrtbehern part
consistently maintaining the lowest temperatuchanges The most severe warming is projected for 8mthernUcayali
area under all three scenarios, reaching arost2d® Cin SSP3.0, significantly surpassing historical temperature levels.
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Differences in near surface air temperature
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Figure8: Spatial representation of the mean nesurface air temperaturehange betweemeference perio@g19952014) and the
future period 2@1-2060 (under SSPA.6, SSR2.5 and SSP3.0), Ucayali region in Peru.

In Figure9, time series of mean annual temperatures for the Ucayali region in Peru are provided, covering the period from
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1995t0 2100 under SSPA6, SSR2.5 and SSPB.0 scenarios. The data reveal a consistent rise in temperature for each
scenario. In particular, the SSPbB pathway shows a relatively moderate temperature increase, aligning with a-lower
emission future. In contist, the SSP2.5 and SSPB.0 scenarios indicate more substantial warming, with the latter
showingthe most significant rise. The graph demonstrates that {0, average temperatures in all scenarios are
expected to remain above 23.5°C, indiogta shift to a warmer climate baseline. The peak temperatures are most evident

in the SSP3.0 scenario, particularly towards the end of the century, where they approach 28°C, a remarkable contrast to
the historical reference period.
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Figure9: Timeseries of the mean annual nesurface air temperature for the period 192300 (under SSF2L6, SSRP2.5 and SSP3
7.0), Ucayali region in Peru.

In Table6, the projected absolute values and changes in mean 1seafiace air temperature in Ucayali, Peru are provided
for the three SSP scenarios. The expected temperature changes for thhenmiduture period range from +1.4 °C under

SSR-2.6to0 +2 °C under S3H.0, while for the longterm future they reach up to +4.5 °C, based on&EB. The projected
increasesin temperatureare considered as a Medium to High level hazard.

Table6: Absolute value (°C) and change (°C) of the meansweéace air temperature for the future period
based on the SSP16, SSR2.5 and SSP3.0, compared to the reference period, Ucayali, Peru.
Reference

Near period Mid-term period (2041-2060 Long term period2081-2100
t ;:%‘;;3;; (1995 SSP1  SSP2  SSP3  SSP1  SSP2  SSP3
P 2014) 2.6 4.5 7.0 2.6 4.5 7.0
Abso'(ftg)va'“e 236 250 253 256 251 26.4 28.1
Change (°C) - +1.4 +1.7 +2.0 +1.6 +2.8 +4.5
Normalised . Medium to . Medium to : )
value - Medium High High High High High

5.1.1.2 Daily maximum neassurface air temperature
The spatial distribution of the average daily maximum r&anface temperaturechangebetween climate scenarios and

the historical period in the Ucayali region of Peru, is depiéteBigurel0. The distribution shows higher temperature
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changetowards the eastern part, closer to Brazil, and lowemperature changdowards the northwestern part. All
scenarios exhibit increases in averadply maximum neasurface air temperatureSSP2.6 exhibitsincreases in daily
maximum temperaturerangingbetween+1° Cto +1.5° C SSP2.5 between+1.5°C to +2 C, and SSPB0 +2°C to
+2.4° C. There is noticeable warming across the region, with consistently higher temperatures.
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FigurelQ: Spatial representation of the mean daily maximum reanface air temperaturehangebetween he reference period 1995
2014 and the future period 20-2060 (under SSPA.6, SSR2.5 and SSPB.0), Ucayali region in Peru.

Figurellillustrates the time series of mean annual daily maximum reeaface air temperaturgcovering the period from
1995 to 2100 under SSR16, SSR2.5 and SSP3.0 scenariosThe data display a rise in temperature over the future period
for each scenarioAll three scenarios show that post 2050 temperature will remain above 28f€ SSR2.6 pathway
projects a relatively moderate temperature increase, aligning with a leemeission future.The SSP2.5 and SSP3.0
scenarios indicate more substantial warmiegceedindg30°C and32°C respectivelpy the end of the century
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Figurell: Time seriesf the mean annual daily maximum nesurface air temperature for the period 192300 (under SSF21L6,
SSP2.5 and SSPB.0), Ucayali region in Peru.

In

Table7, the projected absolute values and changes in mean gladximum neassurface air temperature in Ucayali, Peru
are provided for the three SSP scenarios. The expected temperature changes for ttegrmidture period range from
+1.4 °C under SSR16 to +2°C under SSPRO, while for the londgerm future they reach up to +4.6°C, based on S&EB3
The projected increases in temperatuaee considered as Medium to High level hazard

Table7: Absolute value (°C) and change (°C) of the mean daily maximursunéace air temperature for the
future period based on the SSP®, SSRP2.5 and SSPB.0, compared to the reference period, Ucayali, Peru.

D?'Iy Reference  Mid-term period (20412060) Long term period (2082100)
maximum et
”ear';'i‘:rface (1995 SSP1  SSP2  SSP3  SSP1  SSP2  SSP3
2014) 2.6 4.5 7.0 2.6 4.5 7.0
temperature
Abso'(‘jtg)"a'“e 283 297 30.1 303 299 312 329
Change (°C) +1.4 +1.8 +2.0 +1.6 +2.9 +4.6
Normalised . Medium to ) Medium to . .
value - Medium High High high High High

5.1.1.3 Daily minimum neassurface air temperature

The spatial distribution of daily minimum nesurface air temperaturehange between climate scenarios and the historical
period in the Ucayali region of Peisi depicted inFigure12. Future projections suggest an increasedaily minimum
temperatures, particularly observed in the soutbstern part of Ucayalinderall three scenariosScenario SSP2L6exhibit
a rather uniformincrease of about #° C throughout Ucayali. SSBX5 displays a change in a range 08-2.0° C with the
largest differences being in western Ucayali. 88B displays the largest difference of abdu®’° C to 2.2 C Largest
increase idocated in the southwest of Ucayalnder the scenario SSH3reaching a difference of about +2.C.
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Figurel2: Spatial representation of the mean daily minimum reanface air temperaturehangebetweenthe reference period 1995
2014 and the future period041-2060(under SSR2.6, SSR2.5 and SSPB.0), Ucayali region in Peru.

The annual daily minimum neaurface air temperature is presented in the form of time serieBigurel3, covering the

period from 1995 to 2100 under SSR16, SSR2.5 and SSPB.0 scenariosHistorically, the mean annual daily minimum
temperature was below 18°C. However, future trends indicate an increase under all three scenarios. Future projections
suggest that mean annual minimum temperature will remain above 18°C. Specifically20d@stemperatures are
projected to remain above 18°C, compared to the reference period. Under the-Z&Rtenario, temperatures are
projected to remain above 19°C until 2100 and for S&BAnd SSPB3.0 scenarios, temperatures are expected to extee

20°C and 23°C, respectively.
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Figurel3: Time seriesf the mean annual daily minimum neaurface air temperature for the period 192300 (under SSF2L6,
SSP2.5 and SSPB.0), Ucayali region in Peru.

In

Table8, the projected absolute values and changes in mean ghaiilymum nearsurface air temperature in Ucayali, Peru
are provided for the three SSP scenarios. The expected temperature changes for tteermidture period range from
+1.4 °C under SSR16 to 4.9 °C under SSPRO, while for the longerm future they reach up to +8°C, based on SSP3
7.0. The projected increases in temperature are considered as Medium to High level hazards.

Table8: Absolute value (°C) and change (°C) of the mean daily minimursuréace air temperature for the
future period based on the SSP.6, SSP2.5 and SSPB.0, compared to the reference period, Ucayali, Peru.
Dail , . :
minimﬁm Reference  Mid-term period (20412060) Long term period (2082100)

) period
”ear:i‘:rface (1995 SSP1  SSP2  SSP3  SSP1 SSP2  SSP3
2014) 2.6 4.5 7.0 2.6 4.5 7.0
temperature
Abs°|(‘jtce)va|”e 18.7 20.1 205 20.6 20.3 21.7 232
Change (°C) - +1.4 +1.8 +1.9 +1.7 +3.0 +4.5
Normalised ) Medium to Medium to Medium to i .
value ) Medium High High High High High

5.1.1.4 Heat stress days

Thespatial distribution of averagehange ofannual heat stress days, defined the number ofdays with temperatures
exceeding 32°@ver the course of a yeabetween climate scenarios and the historical pericddepicted inFigurel4.
Scenario SSPA.6 shows differences between®® days. Scenario SS®3 scenario displays changes of 0 to 95 days and
scenario SSPB.0 scenario exhibits the most pronouncettrease in heat stress days reaching more than 100 days of
difference compared to the historical period. Resiitigicatean increasen heat stress days all regions ofJcayali. The
increase is more profounih the southwest partn all scenariosvhereas the change lsssprofoundin the nathwestern
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part of UcayaliAdditionally, areas with the higher number of heat stress days extend slightly northeast.

SSP1-2.6 (2041-2060) SSP2-4.5 (2041-2060)
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Differences in number of days with heat stress in a year
compared to the reference period
Figurel4: Spatial representation of mean number of days with heat stress (over 32°C) for the reference perp@11985d the
future period2041-2060(under SSRP2.6, SSR2.5 and SSPB3.0), Ucayali region in Peru.

Figurel5 shows the time series of mean annual heat stress/ering the period from 1995 to 2100 under SR SSR2

4.5 and SSPB.0 scenariosFor the historical period, the occurrence of heat stress days was below 100 days annually.
Overall, the graph illustrates a clear upward trend in the number of heat stress days under all three scenarios. Future
projections,under SSP2.6, show a gradual increase in the number of days with heat stresehingl50 daysannuallyby

the end of the century. The SSBX% scenario shows a more substantial increase in the number of heat stress days
exceeding 200 dayannually until 2100This scenario demonsttes asignificantincrease in heat stress. Under the SSP3

7.0 scenario, a more pronounced increase is projected in the number of heat stresextaedind250 days by 2100.
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Figurel5: Time seriesf the mean annual number of days with heat stress (over 32°C) for the perio@19@%under SSP2L6, SSR2

4.5 and SSPB.0), Ucayali region in Peru.

In Table9, the projected absolute values and changes in mbaat stress days Ucayali, Peru are provided for the three
SSP scenarios. The expected changes for theemd future period range from 50.9 °C under SSPA.6 to #5.4days
under SSR3.0, while for the longerm future they reach up to #57.5days based on SSP30. The projected increases in
temperature are considered as Medium Highto High level hazards.

Table9: Absolute value (number of days) and change (number of days) of the mean number of heat stress days
(over 32°C) for the future period based on the S56,1SSR2.5 and SSPB.0, compared to the reference
period, Ucayali, Peru.

REEENEE Mid-term period (20412060) Long term period (2082100)

Heat stress period

days (1995 SSP1 SSP2 SSP3 SSP1 SSP2 SSP3
2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value

(number of 101.2 152.1 170.9 176.6 159.7 208.2 258.7

day9g
Change

(number of - +50.9 +69.7 +75.4 +58.5 +107.0 +157.5
days

Normalised Mediumto  Medium to ) Medium to ) .
value i High High I High ik bl

5.1.1.5 Evaporation(including sublimation andranspiration)

Figure 15 conveysthe spatial distribution of the mean change of annualaporation including sublimation and
transpiration Future projectiongndicate an increase under all scenarbasnpared to the historical perio&SP2.6 shows
the most profound changef about+30 to+55 Kg/n? - year in northwest Ucayalin SSP2.5the maximum change appears
in central Ucayaland displays lower changes compared to SSBlof about +25%0 Kg/nt - year. SSPF.0 displays the
lowest changeshroughout the Ucayali regiobetween 630 Kg/n? - year.
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Figurel6: Spatial representation of mean evaporation for the reference period-2028 and the future period041-2060(under
SSPL.6, SSR2.5 and SSP3.0), Ucayali region in Peru.

Figurel7 illustrates thetime seriesof mean annual evaporation (including sublimation and transpiration) (measured in
kg/m2-yea), covering the periodrom 1995 to 2100 under SSR16, SSR2.5 and SSPB.0scenariosThe historical data
indicate relatively stable evaporation rates fluctuating around X200 kg/m2/year Under SSP2.6 evaporation rates
increase steadily, remaining relatively high and stab#?2.5also shows an increasing trend, sligtgigilar toSSP2.6.

In contrast, SSPB.0exhibitsignificantly lower evaporation rates after 2050, with greater variability and a general decline.
These trends suggest that lower emissions scesgi$SR2.6 and SSP2.5) maintain more stable water cycles, while SSP3

7.0 reflects harsher conditions with reduced evaporation, potentially indicating negative impacts on water availability and
ecosystems.
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Figurel7: Time seriesf mean annual evaporation for the period 192500 (under SSP16, SSR2.5 and SSPB.0), Ucayali region in
Peru.

In Tablel0, the projected absolute values and changemi@an evaporationn Ucayali, Peru are provided for the three SSP
scenarios. The expected temperature changes for thetarioh future period range from21.52kg/d 30 'Q dinder SSB
7.0to +395 kg/&d w0 ‘Q dunder SSP2.6, while for the longterm future they reach up to +42kg/a b 'Q hased on
SSRB-2.6. The projected increase @vaporationis considered aslaow to Mediurmto medium to HigHevel hazardNegative
changes are not considered as a hazarthe framework of this study.

TableloY ! 60a2ftdziS @I tdzS 613IkYwHi 8SINPO YR OKIFy3IS 01 3IKYWHT ¢
period based on the SSPB, SSRP2.5 and SSP3.0, compared to the referengeriod, Ucayali, Peru.

Rzl;er:ggce Mid-term period (20412060) Long term period (2082100)

svaporation (1995 SSpa  SSP2  SSP8  SSPA  SSP2  SSP3

2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value

(kg/@ O 1284.5 1324.03 1319.71 1306.02

‘mI3> 1331.8 1329.5 1275.4
Change
(kg/O O - +39.5 +35.2 +21.5

- +47.2 +44.9 9.2

Normalised i Medium to Medium Low to Mediumto = Medium to No hazard
value High Medium High High

5.1.1.6 Precipitation

The spatial distribution of mean annual precipitaticmange between climate scenarios and historical peisggresented

in Figurel8. It should be noted thascenarioprojection outputsdo not exhibitnotable variations wittother. All scenarios
agree on the spatial distribution characteristic of the changiescenarios display changes of about 0 to 100 mm/year.
Spatial distribution is quitéhe samein all scenarios displaying areashigh relative differencén central North and West
Ucayali
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Figurel8: Spatial representation of mean precipitation for the reference period-283%8 and the future period041-2060(under
SSPL.6, SSR2.5 and SSP3.0), Ucayali region in Peru.

Time series of mean annyalovering the period from 1995 to 2100 under Sl SSR2.5 and SSPB.0 scenariosare
presented inFigurel9. Analysis of the historical period reveals that annual precipitation ranges betw@@h m/year

and 2200 mm/year, exhibiting significant interannual variability but no discernibletknng trend. Future projections
indicate that, while the specific values of annual precipitation vary among the SSP scenarios, all three indicate that the
Ucayali region will continue to experience significant interannual variability in precipitation through 2100. More specifically
under the SSR2.6 pathway the precipitation pattern appears relatively stable with minor fluctuations, reflecting the
historicalvariability. Increased precipitation periods are noticeable around the-2iit century (around 2045) and late

21st century (around 2095), but these peaks do not significantly deviate from the historical range, suggesting a relatively
consistent precipitdon pattern under this scenario. The SSP2 scenario shows more pronounced peaks and troughs
compared to SSPA.6. Significant increases in precipitation are observed around 2040, 2055, and 2085, indicating potential
periods of higher precipitation. Th8SPZ.0 scenario exhibits the highest variability among the three pathways, with
several distinct periods of elevated precipitation, notably around 2045, 2070, and 2090. These pronounced peaks indicate
that under this scenario, the Ucayali region may engnce more extreme fluctuations in annual precipitation.
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Figurel9: Time seriesf mean annual precipitation for the period 192500 (under SSFP2L6, SSR2.5 and SSP3.0), Ucayali region in
Peru.
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In Tablel1l, the projected absolute values and changes in mpeetipitationin Ucayali, Peru are provided for the three
SSP scenarios. The expected temperature changes for theemidfuture period range from31.7 mmunder SS&7.0to
+39.7 mmunder SSR4.5, while for the longerm future they reach up t0 63.2°C, based on SSP3. The projected
increases in temperaturare considered as a Medium to High level hazartle abovehighlight a small increasen
precipitationfor both periods compared to the reference periodhis is consistent witthe AR60of IPCChased orwhich
precipitationis projected todecreaseover the tropical regiorhowever there is a regional differentiation, such as increases
in rainfall amounts ithe westernpart of theNorthern South Americeegion, where Ucayals located80]. Additionally,it

is noted thatfuture changesn precipitationare subject to high uncertainty even in the sign of the projected change
(negative or positive]3]. In the frameworkof the current study, thericrease of precipitation is not considered as a hazard

Tablell: Absolute value (mm/year) and change (mm/year) of the mean precipitation for the future period
based on the SSP16, SSR2.5 and SSP3.0, compared to the reference period, Ucayali, Peru.

REBETEE Mid-term period (20412060) Long term period (2082100)

Precipitation period
P (1995 SSP4 SSP2 SSP3 SSP41 SSP2 SSP3
2014) 2.6 45 7.0 2.6 45 7.0
Absolute value 2091.2 21259 21309 2122.9 2119.4 2106.4 2154.4
(mm)
Change (mm) - +34.7 +39.7 +31.7 +28.3 +15.2 +63.2
No\r/r;le;l(iesed - No hazard No hazard No hazard No hazard No hazard No hazard

5.1.1.7 Heavy precipitation days

The spatial distribution of thehange in themean annual number of heavy precipitation ddyetween climate scenarios
and is depicted inFigure20. Future projections suggest small increase iheavy precipitation days iall scenarios
ScenarioSSPR.6 and SSP2.5 exhibit a relatively smalt increasebetween 04 days in year whereas scenario SSF
conveys differences of-6 days in yearThis indicates that, in the future, the Ucayali region is expected to experience
slightly more frequent heavy precipitation events compared to the reference pesipecially under scenario SSP.8.
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More specifically, the increase is more pronounced in the northwest side of the department, where cocoa cultivation is

more extensive.
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Differences in heavy precipitation days in a year compared to the reference period

Figure20: Spatial representation of mean number of heavy precipitation days (>95%) for the reference peri@01985d the
future period2041-2060(under SSR2.6, SSR2.5 and SSPB3.0), Ucayali region in Peru.

Figure21 presents time series of the mean annual number of heavy precipitation days, coveripgribd from 1995 to
2100 under SSPA.6, SSRP2.5 and SSPB.0 scenariosHistorically, the number of heavy precipitation days ranged from
12.5to 17.5days annually. Under the SSP® and SSP2.5 scenarios, the number of heavy precipitation days remains
relatively stable unti06Q with only a slight increase projected until 2100. In contrast, the §3P8cenario shows a
gradual increase in heavy precipitation days ug@bQ followed by a more pronounced rise betwe@060and 2100,
indicating a steeper trend toward more frequent heavy precipitation events in the latirof the century.
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Figure21: Time seriesf the mean annual number of heavy precipitation days (>95%) for the perioe21995under SSF2L6, SSR2
4.5 and SSPB.0), Ucayali region in Peru.

In Table12, the projected absolute values and change$h@avy precipitation days Ucayali, Peru are provided for the

three SSP scenarios. The expected chaimglesavy precipitation dayer the midterm future period range from0:7 days

under SSR2.6 to #.1 daysunder SSR3.0, while for the longerm future they reach up to +4.days based on SSP30.

The data indicate an increase in the number of days with heavy precipitation under all scenarios compared to the reference
period. The biggest change heavy precipitation days observed between SSP and the historical period followed by

the SSP2Z.5 and SSPA.6. According tahe AR6of IPC(2], heavy precipitatiorin the Northern South America regiavill
generally become more frequent and more intense with additional global warrkiogrever, there is medium confidence

in climate model projections for precipitation extremes as there are several factors that make the projections more complex
at regional leve[3]. The projected increases in heavy precipitation dysboth periods and all scenariese considered

as a Lovhazardwith the exception of SSPB0 whichis considered aMedium to High level hazard.

Tablel2: Absolute value (number of days) and change (number of days) of the mean heavy precipitation days
for the future period based on the SSP@, SSRP2.5 and SSP3.0, compared to the reference period, Ucayali,
Peru.

Heavy Rzl;er:ggce Mid-term period (20412060) Long term period (2082100)
precéz't";t'on (1995 SSP4  SSP2  SSP3  SSPA SSP2  SSP3
y 2014) 2.6 45 7.0 2.6 4.5 7.0
Absolute value
(number of 14.3 15.0 151 154 14.8 15.6 19.1
days)
Change
(number of - +07 +0.8 +1.1 +0.5 +1.3 +4.7
days)
Normalised - Low Low Low Low Low Medi'um to
value High

5.1.1.8 Consecutive dry days

The spatial distribution of thehange in themean annual number ofmaximumconsecutive dry daybetween climate
scenarios andhe reference periods depicted inFigure22. There is no significant change in this parameter under all
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scenarios as they exhibit changes of lgem 34 days even under themost pessimistic scenariédreas thatare projected
to experience slightly drier conditisrare locatedin the Western andouthwestern part of Ucayali.
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Differences in the number of consecutive dry days in a year
compared to the reference period

Figure22: Spatial representation of mean number of consecutive dry days (<1mm) for the reference peri@g@1985d the future
period2041-2060(under SSR2.6, SSR2.5 and SSP3.0), Ucayali region in Peru.

In Figure23, time series of mean annual number of consecutive dry days are provided, coveripgribe from 1995 to
2100 under SSPA.6, SSR2.5 and SSPB.0 scenariosThe historical data ranged betweefl @1d 40 consecutive dry days.
Future projections under the SSR® scenario, reflect that the number of consecutive dry days is expected to remain
relatively stable throughout the 21st century. There are annual fluctuations, but the overall trend doeshowt a
significant difference compared to the historical baseline. Under the-8SPenario there are periods where the number

of dry days increases, and the overall trend shows moderate fluctuations. The&/ ®&8B8nario shows theost relatively
largeincrease in the number of consecutive dry days.
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Figure23: Time seriesf the mean annual number of consecutive dry days (<1mm) for the perioel1995under SSFP2L6, SSR2.5
and SSR3.0), Ucayali region in Peru.

In Tablel3, the projected absolute values and changes in meaximum number o€onsecutive dry dayis Ucayali, Peru

are provided for the three SSP scenarios. The expected changes for thermitlture period range froml.1 daysunder
SSR-2.6 to no change irSSR-4.5, while for the longierm future they reach up to %2 days based on SSP30. In the
framework of the current study, thelecreasein the maximum number of consecutive dry ddagsot considered as a
hazard.The projected increases are considered.as/to Low to Mediumével hazardlt can bediscerned thathe change

in the number oimaximumconsecutive dry days between the three scenarios is miniawording to the AR6 of IP(AT,

[81], aridity and drought in the Northern South America region are projected to increase with additional global warming.
However, there isnediumconfidence irclimate modelprojectionsfor precipitation extremes athere are several factors

that make the projections more complex at regional €@l

Tablel3: Absolute value (number of days) and change (number of days) of mean consecutive dry days for the
future period based on the SSP.6, SSRP2.5 and SSP3.0, compared to the reference period, Ucayali, Peru.

Reference . . :
Consecutive  period Mid-term period (20412060) Long term period (2082100)

dry days (1995 SSP1  SSP2  SSP3  SSP1  SSP2  SSP3

2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value
(number of 31.0 29.9 31.0 30.9 31.1 30.8 32.2
days)
Change
(number of - -1.1 +00 0.1 +0.1 0.1 +1.2
days)
Normalised - No hazard No hazard No hazard Low No hazard LOV\.’ 0
value Medium

5.1.2 ASSESSMENT BXPOSURE

In this section, the results of the assessment of expodarehe cocoa value chain in the Ucayali region of Peru are
presented at provincial level.
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5.1.2.1 Area occupied by cocoa cultivation activities

Cocoa cultivation is distributed acro$sO | & flour praisices, with Padre Abatcounting for70%of the total cultivated
area, showing high exposur&oronel Portilleand Atalaya also contribute to cacao production, though on a smaller,scale
representingl7% and 12%, respectivelyndicatingmedium exposureThe province oPurds showso exposure.

Tablel4: Cultivated area for cocoa production by provinc&dayali,Peru.

Province Harvested area (ha) Harvested area (%) Exposure
Padre Abad 20,894 70 High
Coronel Portillo 5,102 17 Medium
Atalaya 3,667 12 Medium
Purls 26 0.1 Low

5.1.3 ASSESSMENT @WBLNERABILITY

In this section, the selected vulnerability indicators for cocoa value chain in Ucayali, Peru are presented.

5.1.3.1 Contribution of nationalcocoa production aglobal level

Peru is the eightifargest cocoa producer globally, accounting for 2.9% of global produgtionld Population Rewie'),
and thesecondleading producerof organic cocod82]. Its production exceeds the average of thé cocoaproducing
countries, which is approximatel2%. However,cocoa production is highly diversified, with numerous countries
contributing to global supply.

Based on these factors, tlewntribution of national cocoa production at global leigtlassified as mediuto high.

5.1.3.2 Importance of cocoa for the national economy

Ucayali is the thirdargest cocogroducing region in Peru, contributing approximately 13.5% of the national cocoa supply
[83]. Within the regional economy, cocoa represents a key agricultural commodity, ranking as the third most exported
LINE RdzOG = | O002dzy Ay 3 ¥ 2 NJAmhe tational RVEl, aprioitu¥d: conkviuted GvexdiFeri's GDP 2 NI
2023 COMEXPERUwith cocoa representing 3.4% of the agricultural se¢t@. Thus,the contribution of cocoa to the

national GDP accounts for 0.6%ccording to the above, thinportance of cocoa for the national econorisyconsidered

to below to medium

5.1.3.3 Dependeng of the local population on cocoaroduction

Cocoa cultivationis an integral part ofthe agricultural sectorof Pery with approximately 90,00@ocoa producers
representing NB dzy R m’» 2 ¥  { K SotabegraayturalfFoducerf4r A theieRdjpi2623, the total population
employedin the cocoa productiorsectorwas estimated ab,349 in the department of Ucaydl83], while the economically
active population (EAP) was 318,300 individ8Kk].Thus, he proportion of cocoa producerswithin | Ol & tofalA Q &
workforce has been estimated at7. Additionally, for most farmers, cocoa cultivation is not their primary labour activity;
however, the majority cultivate cocoa alongside other crops as part of their agricultural actifitiestding to the above,

the dependency of the local population on cocoa productidiovs

5.1.3.4 Share of snallholder farmersin cocoa production

Fragmentation of agricultural land is a major issue in Peru. Despite the expansion of the agricultural frontier, average
landholdings have decreasddationally, he average area managed per agricultural household declined from 3.1 hectares

in 1994 to 3.3 hectares in 2012. In 2012, 82%gyfcultural units were small farms (<5 ha), while mediusd@ha) and

large farms (>50 ha) decreased by 16% and 12%, resped82glyn Ucayali cocoa productions largely dominated by
smallholder farmers, many of whom face significant challenges, including limited access to advanced farming technologies,
reliable markets, and financial servicéitionally, 91% of cocoa producexngltivateless than 3 hectares of caci8], and

similar trends are observed in Ucay&pecifically, 85% of cocoa producers in the region own 5 hectares or less, while only

14 hitps://worldpopulationreview.com/countryrankings/cocogproducingcountries
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5% operate larger farms exceeding 20 hectdB. According to the abovéigures the share of smallholder farmers in
cocoa productions considered to baigh.

5.1.3.5 Age genderand educationlevel of theagriculture producers

In Peru, the average age of agricultural producers varies across different groups. According to the Food and Agriculture
Organizatior{16], most farm managers are men with an average age of 50 yaddstionally, the education levelmong

farmers isgenerallylow, with the majority having completed onlyprimary education This demographic trend poses a
challenge to the longerm sustainability of the agricultural sector, as older farmers may be less likely to adopt innovative
technologies or regenerative practices that enhance resilience and productivity. Moreover ngnaagkforce can reduce

GKS &aS00G2NDa | RI LI candidisriipiions) goterfidfyicBrdomising adxdsiiuldansRiaability and
food security.

In terms of genderwomen are heavily involved in cocoa production, particularly in harvest andhawsest activities.
However, despite their significant involvement, traditional gender roles continue to limit their participation in coopsrative
restrict their access to tiaing and exclude them from decisionaking processes, such as land management and climate
adaptation planning86]. In 2023, Peru had a total of 2,260,973 agricultural producers)(I8E&this total, 922,000 were
women farmers[87], accounting for approximately 41% of the agricultural workforce, underscoring the important
contribution of women to the agricultural sector in Pefgcording to the above figures, érage, gender and edugah

level indicatoris categomsed to havehighvulnerability.

5.1.3.6 Economic capacitpf the local population

The economic capacity of Peru, expressed as the GDP per capita, is compared to both the South American average and the
global average iffablel5. While South America's GDP per capita is 11,242 USD, Peru's stands at 7,790 USD, which is 69%
of the regional average. This reflects a low economic capacity, impacting the country's adaptive capacity, as illustrated by
the GDP data. When compared to thenld average, Peru's GDP per capita is just 56%, further emphasizing its limited
adaptive capacityAdditionally, approximately 27.5% of Peru's population lives in poverty, indicating low to medium
adaptive capacity of the country.

Tablel5: Relative economic capacity of Peru.

. In % of South In % of world
Area GDP per capita (USC .
America average average
South America 11,242 100 R
Peru 7,790 69 56

According to the abovehe economic capacity of the local populatimtategorised atow to medium, indicatingnedium
to high vulnerability.

5.1.4 ASSESSMENT OWERALL RISK

In thissection the results of the comprehensive climate risk assessrf@rthe cocoa value chain in the Ucayali region of
Peruare presentedunder SSP2.6, SSR2.5, and SSPB.0andfor the periods 2041-2060and 20832100 The results are
provided at provincial leveh Tablel6.

The results indicate that most provinces are projected to experience a Medium risk level under all scenarios, with Padre
Abad facing the most significant increase in risk. Under-3SR8s risk level rises from Medium to High by 2050 and

further increases to High by 20&1100. Under SSRR5, the risk level in Padre Abad reaches Medium to High in-2080Q.

Coronel Portillo also experiences an increase in risk, reaching Medium to High undet.58RB12100) and SSPRO
(2041-2100). Similarly, talaya remains at Medium risk in most scenarios but reaches Medium to High undef7 8SP3
(2081:2100). In contrast, Puris maintains a Low to Medium risk lendér all scenarios and time periodSincehazard
indicator exhibits small variations between different provinces under the same scenarios and p#r@dgferentiation

in overall riskbetweeneach provinces attributed mainlyto the spatial distribution othe cocoa cultivation areasindings
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suggest that adaptation efforts should prioritize Padre Abad, Coronel Portillo, and Atalaya, where risks are projected to
intensify. A detailed breakdown of individual risk components per scenario and time period is presented in the Annex.

Tablel6: Overall riskassessmenfior cocoa productiofUJcayali region in Peru.

SSP2.6 SSP2.5 SSP3.0

Provinces oUcayali

2041-2060 2081-2100

2041-2060 2081-2100 2041-2060 2081-2100

Low to

Coronel Portillo Medium

Atalaya

Padre Abad

Low to
Medium

Low to
Medium

Low to
Medium

Low to
Medium

Low to
Medium

Low to
Medium

Puras

5.2 SUSTAINABLE FORB3EED CULTURAL PRODWREANTED BY
INDIGENOUS COMMUNITIES IN THE BRAZILIAN AMAZON
RONDONIA REGION IN BRAZIL

5.2.1 ASSESSMENT BRZARD

In the following paragraphs, the findings regarding hazard indicatofRoind6nia Brazil are presentedThe climate
scenarios presented are the SSP&, SSRP2.5andSSPZ.0. All the historical periods refer to 192914 and future climate
projection scenarios periods refer to 202060.

5.2.1.1 Nearsurfaceair temperature

Figure24 depicts the spatial distribution athange in themean annual neasurface air temperature for the Ronddnia
region in Brazilbetween climate scenarios and historical periéditure projections under the SSP5 scenario indicate a
general increase in temperatures across the region, with most areas experiénciegse irtemperatures betweertl.3

and 1.8°C Under scenario SSP25 the temperature increase is aboli6 to 1.9 °CScenario SSPBO0 exhibits the largest
differencesbetween 1.8 and over 2 °The highest temperature differences are concentrated in the central and southern
parts of Ronddnia in all scenarios
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Figure24: Spatialrepresentation of mean neaurface air temperature for the reference period 12884 and the future period 2041
2060 (under SSF2L6, SSR2.5 and SSP3.0), Rondénia region in Brazil.

Figure25 presents the time series of mean annual seaface air temperature for the Ronddnia region in Brazil, covering
the period from 1995 to 2100 under SSP.B, SSR24.5 and SSPB.0 scenariosFor the historical period, the data reveal a
relatively stable trend in temperature ranging from 26°C #8Q Notably, for the future period, temperatures show a
gradual increase over the century. By 2100, the mean annual temperature is projectedctvaround 28°C under the
SSP2.6. The SSR2.5 scenario indicates a continued rise in temperatueegeeding?9°C by 210CFinally the SSR3.0
scenario projectshat nearsurfaceair temperatures mayotentially exceed 31°C by the end of the century.
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Figure25: Time seriesf mean annual neasurface air temperature for the period 192300 (under SSP2L6, SSR2.5 and SSP3.0),

Rondo6nia region in Brazil.

Tablel7 showsthe projected absolute values and changes in mean fsegface air temperat

ure ilRondoniaBrazilare

provided for the three SSP scenarios. The expected temperature changes for termifiture period range from +3.
°C under SSPA6 to #4.9°C under SSPRO, while for the longerm future they reach up to +2.°C, based on SSPJ.
The projected increases in temperature are considered as a Medium to High level hazard.

Tablel7: Absolute value (°C) and change (°C) of mean ameaasurface air temperature

for the future

period based on the SSPB, SSP2.5 and SSPB3.0, compared to the reference period, Rondbnia, Brazil.

SSP2 SSP3

4.5 7.0
29.3 30.7
+2.9 +4.2
High High

Near Rz‘gggce Mid-term period (20412060)  Long term period (2082100)
t jr‘:]rfaefztj;; (1995 SSP1  SSP?2  SSP3  SSPi
P 2014) 2.6 4.5 7.0 2.6
Absolute value 26.5 278 28.2 28.4 27.9
(°C)
Change (°C) - +1.3 +1.7 +1.9 +1.5
Normalised . Medium to Medium to .
value - Medium High High Medium

5.2.1.2 Heatstress days

Figure26shows he spatial distribution athe change iraverage annual heat stress days, defined as days with temperatures
exceeding 32°@etween climate scenarios and historical period, in Rondénia, Baitilre projections show a rather large
increase in heat stress dayScenario SSPA6 showsan increase between 40 and 50 dagcenarie SSP2.5 SSPF .0

depicts an increase of abo&0 to 75 annual days of heat streSgpatial distribution of théeat stress days increase remains
essentially the same under all scenariBglatively higher stress dagse observed in the Northern part of Rondonia and

less daysn the central and Eastr part.
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Figure26: Spatial representation of mean number of days with heat stress (over 32°C) for the reference per@@14995d the

future period 2@1-2060 (under SSPA.6, SSR2.5 and SSPB3.0), Rondonia region in Brazil.

Figure27 shows the time series of mean annual heat stress gdeggering the period from 1995 to 2100 under S31
SSP2.5 and SSPB.0 scenariosThe data demonstrate sirongincrease in the number of heat stress daysdibscenaris
over the future period. Historically, heat stress days ranged betvi@®and 40 annually. Under the SSR16 scenario, a
gradual increase is projected, with the number of heat stress days expected to exceed 150 annually, yh##@0e
SSP21.5 scenario shows a more pronounced increasaching250 days. The SSHJ scenario displays the highest

increasereaching300 dayswith heat stress annuallgy 2100.
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Figure27: Time seriesf the mean annual number of days with heat stress (over 32°C) for the perio@1@9%under SSP26, SSR2
4.5 and SSPB.0), Rond6nia region in Brazil.

Table18 shows the projected absolute values and changes in number of heat stres®waythe course of a yedn
Rondonia, Brazil for the three SSP scenarios. The expected changes for-teenmiidture period range from +46.5 days
under SSR2.6 to +70.4 days under SSPB, while for the longerm future they reach up to +146.4 °C, based on SSP3
7.0. The projeted increases in the number of days with heat stress are considered as a Medium to High level hazard.

Tablel8: Absolute value (number of days) and change (number of days) of mean annual heat stress days for
the future period based on the SSP&, SSR2.5 and SSPB.0, compared to the reference period, Rondbnia,

Brazil.
Heat stress Rzzﬁgce Mid-term period (20432060)  Long term period (2082100)
days (1995 SSP1 SSP2 SSP3 SSP1 SSP2 SSP3
2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value
(Number of 1162 162.7 182.6 186.6 169.3 220.0 262.6
days
Change
(Number of - +46.5 +66.4 +70.4 +53.1 +103.8 +146.4
day9
No\r/rglilésed - Medium Meﬂlil;r: o Me:';r 0 Medium High High

5.2.1.3 Precipitation

Figure28 shows thedistribution of changes in thanean annual precipitatiofetween the climate scenarios and the
historical periodFuture projections show that there are areas with negative and positive changes. ScenarSaB4tly
conveyspositive differencegspecially in the West and North Bbndbnia Small negative changes can be identified in the
easternand the centrapart of the region Differences range frormd0 to 40 mm/year. Scenari®SP2.5 exhibitsmostly
negative differences in the range €0 to 15 mm/year. Negative changes are located to temtral andeastern part of
Rondbénia whereas the positive changes are located to the eadternarea. Scenario SSH30shows positive differences
in the northern region, negative in the Sowhd close to zero changesmpared to the historical perioid the central and
western region.

Funded by

BIZTRAILS




D3.31 Climate Projections Report (B) 61

SSP1-2.6 (2041-2060) SSP2-4.5 (2041-2060)

8°s

10"S

12°S

66°W 64°W 62°W 60°W 66°W

SSP3-7.0 (2041-2060)

60 50 -40 -30 20 -10 O 10 20 30 40 50 60
Differences in precipitation compared to the reference period (mm/year)

Figure28: Spatial representation of mean precipitation for the reference period-283%8 and the future period041-2060(under
SSP2.6, SSR2.5 and SSP3.0), Rondbnia region in Brazil.

Figure29 presentsthe time series of mean annuyatovering the period from 1995 to 2100 under S SSR2.5 and
SSPJ .0 scenariosDuring the historical period, mean annual precipitation ranged between 1750 mm and 2000 mm. Future
projections indicate a general decreasing trend in precipitation over the 21st cennagr all scenarioswith the
magnitude of decline varying by emissions pathwilye SSR2.6 scenario projects a moderate reduction in precipitation,
whilethe SSP2.5 and SSPB.0 scenarios exhibit more substantial declines, with the SSPBathway projecting the most
pronounced reductions in precipitation by the eafithe century.Unlike temperature, which demonstrates a clear upward
trend, precipitation exhibits strong interannual variability throughout the study peridds highlights the complexity and
uncertainty in projecting future precipitation under changing climate conditions.
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Figure29: Time seriesf mean annual precipitation for the period 192500 (under SSP2L6, SSR2.5 and SSP3.0), Rondénia region
in Brazil.

In Tablel9, the projected absolute values and changes in mean precipitation in Rondonia, Brazil are provided for the three
SSP scenarios. The expected temperature changes for theemidfuture period range from5 mm under SS7.0to +15

mm under SSP2.6, while for the longterm future the changesare negative from4.4 mm under SSPA6 t0-61.6 mm

under SSR3.0. In the framework of the current study, the increase of precipitation is not considered as a habhard.
projecteddecreasesn temperature are considered ad.awto Low toMediumlevel hazard.

Tablel9: Absolute value (mm) and change (mm) of mean annual precipitation for the future period based on
the SSP2.6, SSR2.5 and SSPB.0, compared to the reference period, Rondonia, Brazil.

Rzl;er:ggce Mid-term period (20412060) Long term period (2082100)

Precipitation (1995 sSSP sSSPz SSP3  SSPA  SSP2  SSP3

2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value 1813.3 1828.3 1805.7 1808.3 1808.9 1772.3 1751.7
(mm)
Change (mm) - +15.0 -7.6 5.0 -4.4 -41.0 -61.6
Normalised - No hazard Low Low Low LOV\./ to LOV\./ to
value Medium Medium

5.2.1.4 Heavy precipitation days

The spatial distribution of the mean number of days with heavy precipitation in Rondonia, Brazil is depleigaé30,
providing historical data from 1998014 and projections for the future perid@D41-2060under the SSR2.6, SSR2.5 and
SSPZ.0 scenariosThis pattern reflects a positive gradient in heavy precipitation days from southwest to rarthre
projections indicate an increase in the frequency of heavy precipitation ewerdsr all scenarios. The SSP® scenario
projects the most significant increase, while S8Bland SSP2.5 show comparatively smaller increaséhese findings
suggest that the Ronddnia region is likely to experience more frequent heavy precipitation events in the future compared
to the historical period, particularly under higimission scenarios.

Funded by

the European Union B I / T RA I LS




D3.31 Climate Projections Report (B) 63

SSP1-2.6 (2041-2060) SSP2-4.5 (2041-2060)

10°s

12°S

64°W 62°W 60°W
SSP3-7.0 (2041-2060)

66°W

66°W 64°W 62°W 60°W

20-18-16-14-12-10 8 6 -4 2 0 2 4 6 8§ 10 12 14 16 18 20
Differences in heavy precipitation days in a year compared to the reference period

Figure30: Number of heavy precipitation days in a year (>95%) for the reference perio@dB9%nd the future period041-2060
(under SSR2.6, SSP2.5 and SSPB3.0), Rondbnia region in Brazil.

Figure31 presentsthe time series of the mean annual number of heavy precipitation dayering the period from 1995
to 2100 under SSPA6, SSR2.5 and SSPB.0 scenariosHistorically, the number of heavy precipitation days ranged
between B and 18 annually. Projections indicate an increase in heavy precipitation dagler SSR2.5 and SSP3.0.
However,under SSP2.6, the nhumber of heavy precipitation daigsprojected to increase until 2050 and thdacrease
until 2100.
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Figure31: Time seriesf the mean number of heavy precipitation days (>95%) in year for the perioe21995under SSF2L6, SSR2
4.5 and SSP3.0), Rondbdnia region in Brazil.

Table20, shows the projected absolute values and changesi@an heavy precipitation days in Rondonia, Brazil for the
three SSP scenarios. The expected changes for theemidfuture period range from +4.1 days under SQFlto +6.4
days under SSPAR0, while for the longerm future they reach up to ¥ days based on SSPB0. The projected increases
in temperature are considered as a Medium to High level hazard.

Table20: Absolute value (number of days) and change (number of days) of mean annual heavy precipitation
days for the future period based on the S8R SSR2.5 and SSPB.0, compared to the reference period,
Rondonia, Brazil.

Heavy Rsfeerzﬁgce Mid-term period (20412060) Long termperiod (20812100)
preco'lz'tit'on (1995  SSP4  SSP2  SSP3  SSPA  SSP2  SSP3
y 2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value
(number of 15.5 19.6 19.8 21.9 18.6 22.4 26.5
days)
Change
(number of - +4.1 +4.3 +6.4 +3.1 +6.9 +11.0
days)
Normalised : Medium  Medium High Medium High High
value

5.2.1.5 Consecutive dry days

Figure32 shows the spatial distributionf the change in thenaximumnumber ofconsecutive dry days, defined as days
with precipitation lower than 1 mnmbhetween the climate scenarios and the historical peri8denario SSF2L6 exhibitsa
decreasen the maximum number of consecutive dry &ap the southern Rondonia whereas the naviésternareasshow
adlight increase SSP2.5 showa small increase in the northwesteamd southeasterrmreas anda slight decrease in the
central areaScenario SSPB0shows a decrease in the maximum number of consecutive dry days in the southern areas
and anincrease in the northern ared.hese projections suggest that, in the futuRgndoniawill experiencequite small
changesn the maximum number ofiry daysin a year throughout the regiorfThesign of the changdepends heavily on
localcharacteristics.
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Figure32: Spatial representation of mean number of consecutive dry days for the reference perie20199%nd the future period
2041-2060(under SSRP2.6, SSR2.5 and SSP3.0), Rondbnia region in Brazil.

Figure33 presentstime series of mean annual number of consecutive dry days, coveringdtied from 1995 to 2100
under SSR2.6, SSRP2.5 and SSP3.0 scenarios

Historically, the meanumber of consecutive dry days ranged between 30 and 60 days annually. For the period from 2015
to 2100, projections under the SSPX® scenario show some variability, but no significant fmrgn increase in the number

of consecutive dry days is expect&imilarly, the SSPR5 and SSR3.0 scenari® exhibit variability, with the number of
consecutive dry days remaining around historical levels, although occasional peaks and troughs are cdbseraéidhis
parameter may exhibisome minor changedepending on local charactestics butin average,maximum number of
consecutivedryday@ 2 S&y Qi SEKAOAG Fyeé &AAIYATFAOIyG OKFry3aSa o02GK A
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Figure33: Time seriesf mean annual number of consecutive dry days for the period-2906 (under SSP6, SSR2.5 and SSP3
7.0), Ronddnia region in Brazil.

Table21, shows the projected absolute values and changesmaximum number of consecutive dry dayger a yeaiin

Rondonia, Brazil for the three SSP scenarios. The expected changes for tieenmidture period range from %3 days
under SSR2.6 to 2.9 days under S5, while for the longterm future they reach up to5.2days, based on SSP3.

The projected increases maximum consecutive dry dagse considered as laowto High level hazardn the framework
of the current study, the decrease in this parameter is not considered as a hazard.

Table21: Absolute value (number of days) and change (number of days) of mean amiaiumconsecutive
dry days for the future period based on the S3B1SSPR2.5 and SSPB.0, compared to the reference period,

Rondoénia, Brazil.
Reference . . .
Consecutive  period Mid-term period (20412060) Long term period (2082100)

dry days (1995 SSP1  SSP2  SSP3  SSP1  SSP2  SSP3

2014) 2.6 4.5 7.0 2.6 4.5 7.0
Absolute value
(number of 50.6 51.9 53.5 52.1 51.5 49.8 55.8
days)
Change
(number of - +1.3 +2.9 +1.5 +0.9 -0.8 +5.2
days)
Normalised - Low LOV\{ o Low Low No hazard High
value Medium

5.2.2 ASSESSMENT BXPOSURE

In this section, the results of the assessment of exposor¢he handicrafts value chain in tHeondoniaregion of Brazil
are presented aimmediate regiorievel.

5.2.2.1 Indigenous peoples living in forest areas

The distribution ofindigenous populations acrotse immediateregions of Rondénia, based on the percentage of land

area occupied bindigenouspeoples, indicates varying levels of exposure to clinmatated hazardsin Porto Velho and-Ji

Parand, where Indigenous communities occupy 37.2% and 19.9% of the area, respectively, the exposure levels are classifie
as high and mediunCacoal, with 29.4% of its area inhabitedmigyigenous peoples, falls into the medittar-high exposure
category. The relativelatger proportion of land undeindigenous control. In Vilhena (8.2%) and Ariquemes (5.2%), the
lower percentages of Indigenous land occupancy correspond to-sdemedium level of exposure. Jaru, with only 0.1% of

its area occupied by Indigenous communities, has low exposure.
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