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1 EXECUTIVE SUMMARY 
The global scientific community emphasises that 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 lead to social instability [1], [2], [3]. Climatic, ecological, and social 

systems share a deep interconnection in which disruptions or risks in one system are transmitted to the other. Ecological 

breakdowns like climate change, social movement, or economic instability can threaten food security, health, and economic 

systems.  

 

The current report, titled "Climate Projections Report (B)", is developed in the framework of the BIOTRAILS project as the 

Ŧƛƴŀƭ ƻǳǘǇǳǘ ƻŦ ¢ŀǎƪ оΦп ά/ƭƛƳŀǘŜ tǊƻƧŜŎǘƛƻƴǎ ŦƻǊ bŜȄǳǎέ ƻŦ ²ƻǊƪ tŀŎƪŀƎŜ о άLƳǇŀŎǘ ƻŦ LƴŘƛǊŜŎǘ 5ǊƛǾŜǊǎ ŀƴŘ bŜȄǳǎ 

CǊŀƳŜǿƻǊƪέΦ The task, which is led by DRAXIS ENVIRONMENTAL SA (DRAXIS), examines the critical linkages between 

climate change and the associated risks for the BIOTRAILS value chains as well as for the local biodiversity. The primary aim 

is to support transformative change by providing stakeholders with essential, climate-related information, to offer insights 

into how changing climate conditions may affect the production of raw materials and biodiversity, and subsequently, the 

people involved in their production and the wider economy. The report builds upon the first deliverable of Task 3.4 "Climate 

Projections Report (A)" submitted in January 2024. 

 

In particular, the current report provides a comprehensive analysis of climate projections and climate risk assessment (CRA) 

for the four BIOTRAILS value chains of traded products: (1) cocoa produced in Peru, (2) forest-based cultural products 

created by indigenous communities in the Brazilian Amazon, (3) fisheries and aquaculture products sourced from Greece, 

and (4) gold mined in Ghana.  

 

In the framework of this deliverable, a methodology for assessing climate risks related to the BIOTRAILS case studies was 

developed based on the conceptual framework of the Intergovernmental Panel on Climate Change (IPCC). Specifically, a 

set of hazard, exposure and vulnerability indicators is employed to assess climate risks for each value chain. Firstly, a 

detailed analysis of climate projections is carried out for selected climate hazards, under three climate scenarios, the Shared 

Socioeconomic Pathways SSP1-2.6, SSP2-4.5 and SSP3-7.0. 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 suffer and address adverse effects when impacted by hazard 

events, several socio-economic indicators were used and indicators that reflect the level of existing stress.  

 

Findings indicate that the examined value chains face Medium risk under all scenarios, with localised increases in risk over 

time. The cocoa value chain in Ucayali, Peru, faces the highest risk in Padre Abad. The forest-based cultural products value 

chain in Rondônia, Brazil, faces the highest risks in Porto Velho, Ariquemes, Ji-Paraná, and Cacoal. The fisheries and 

aquaculture value chain in Greece show rising risks, with several regions projected to reach Medium to High risk by the end 

of the century, particularly under SSP3-7.0. Similarly, the gold mining value chain in Ghana faces Medium to High risk in 

Ahafo, Ashanti, Central, Eastern, and Greater Accra face Medium to High risk.  
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2 INTRODUCTION 
The global scientific community warns that climate change and biodiversity loss are interconnected crises with severe 

impacts on humanity, including food insecurity, health risks, and social unrest [1], [2], [3]. Proposed strategies often 

overlook the complex interactions between biodiversity, climate, and societyτthe "BCS nexus"τwhich transmits risks 

across systems. Ignoring these connections can lead to misjudged risks and amplify environmental changes [4] . To address 

these challenges, transformative change is needed. This involves systemic reorganisation of technological, economic, and 

social structures, moving beyond incremental adjustments that fail to tackle the root causes of the crises [1], [3]. 

Transformative governance must embrace integrative, adaptive, and equitable approaches to manage the complexities of 

the BCS nexus, including feedback loops and social impacts. 

 

BIOTRAILS explores the complex relationship between climate, biodiversity, and social change, focusing on four value chains 

of traded products in Europe (cocoa produced in Peru; forest-based cultural products created by indigenous communities 

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 broader context 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 concerted 

efforts to mitigate these impacts [1]. 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 commodities [5], [6]. Understanding these interdependencies is critical when 

developing strategies for the conservation of biodiversity, the resilience of value chains, and the promotion of sustainable 

practices.  

 

This analysis aims to 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 on the fit-for-

nexus climate risk assessments for the four project pilot areas. By exploring this crucial intersection, it acknowledges the 

need for informed decision-making, adaptive strategies, and resilient pathways that balance the complex interplay of 

climate, biodiversity, and societal well-being.  

2.1 MAPPING BIOTRAILS OUTPUTS 
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.  

 
Table 1Υ !ŘƘŜǊŜƴŎŜ ǘƻ .Lh¢w!L[{Ωǎ D! 5ŜƭƛǾŜǊŀōƭŜ ϧ ¢ŀǎƪ 5ŜǎŎǊƛǇǘƛƻƴǎ 

BIOTRAILS GA 
Component 

Title 

BIOTRAILS GA Component 
Outline 

Respective 
Document 
Chapter(s) 

Justification 

DELIVERABLE 

D3.8 Climate Projections Report (B) 
This deliverable refers to task 3.4. The final version (B) of the deliverable describes the climate risk assessment that will take place so 
as to identify the expected conditions, based on the projected changes in the climatic indicators. 

TASK 

T3.4 Climate 
projections for 

Nexus  

Task 3.4 will use the outputs of widely 
used databases on the projections of 
climate models to be assessed and 
further processed, to provide insight 
into the future climatic conditions that 
are expected to affect the production 
of the raw materials under 

Chapters 3, 4, 
5, 6 

In the framework of this deliverable a 
detailed analysis of the projections for 
selected climate variables that are expected 
to affect the production of raw materials for 
each case study is provided.  
 
For the assessment of the climate model 
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examination, or on other stages of the 
value chain, for each case study.  
 
 

The analysis will focus on the most 
critical climatic parameters associated 
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 of 
global climate model simulations from 
the Coupled Model Intercomparison 
Project 5 (CMIP5). New CORDEX 
simulations based on the CMIP6 results 
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 
indicators mentioned above. 

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 main climatic 
parameters such as near-surface air 
temperature sea-surface temperature, 
evaporation, relative humidity, precipitation, 
sea-surface temperature and salinity are 
processed to produce secondary climate 
indicators that better reflect climate hazards, 
such as the frequency and intensity of 
extreme weather events. In total, 21 climate 
indicators were produced.  

The climate outputs for all indicators are 
further processed to produce relevant maps, 
time series and tables depicting the changes 
foreseen between different scenarios and 
time periods.  
 
The recently released CMIP6 global climate 
model outputs were selected to be used, 
since regional simulations based on the new 
CMIP6 data are not yet available.  
 
Furthermore, the associated climate risks 
were assessed taking into account apart from 
the climatic hazard indicators, relevant 
exposure and vulnerability indicators for each 
case study. 

2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 
 

This deliverable is structured upon six main chapters, including the conclusions of the analysis. Chapter 1 presents the 

Executive summary.  Chapter 2 (current chapter) provides a short introduction to the background linking the need for the 

assessment of climate change impacts to the overall BIOTRAILS project objectives. Then a mapping of Task 3.4 actual 

outputs and work against ǘƘŜ .Lh¢w!L[{Ω ǎ DǊŀƴǘ !ƎǊŜŜƳŜƴǘ όD!ύ ŎƻƳƳƛǘƳŜƴǘǎ takes place, while in the current section 

the deliverable structure and its linkage to other project outputs is provided. In chapter 3, an overview of the BIOTRAILS 

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

and the climatic conditions prevailing in each case study area. Chapter 4 presents the methodology employed for climate 

projections and climate risk assessments. Chapter 5 includes all the outputs of the hazard, exposure, vulnerability and 

overall risk assessment are presented for all case studies, in the form of maps and tables. Finally, in chapter 6 the main 

findings of the analysis are summarised.  

 

Task 3.4 is strongly linked to other tasks of the BIOTRAILS project. Firstly, the climate information produced is currently 

ǳǎŜŘ ƛƴ ¢ŀǎƪ оΦр άbŜȄǳǎ {ǘǊǳŎǘǳǊŜ ŀƴŘ LƴŘƛŎŀǘƻǊǎΣ ŀƴŘ tŀǊǘƛŎƛǇŀǘƻǊȅ {ȅǎǘŜƳ 5ȅƴŀƳƛŎǎ aƻŘŜƭƭƛƴƎέΦ ¢ƘŜ ŎƭƛƳŀǘŜ ŎƻƴŘƛǘƛƻƴǎ 

have been included in the PSDM as stressors of the system. They are having a twofold role in the PSDM development and 

simulation. On the one hand, the model will simulate the impacts of climate-related phenomena - e.g., flood and drought 

- on the state and functioning of the ecosystem resources and, consequently, on their potential to support the production 

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

behaviour are specifically investigated, and their impacts on biodiversity loss assessed. The communities' adaptive capacity 

will be simulated in SDM, accounting also for the results of the SEM analysis. ¢ŀǎƪ оΦн άLƳǇŀŎǘ ƻŦ IǳƳŀƴ 5ƛƳŜƴǎƛƻƴǎ ŀƴŘΣ 

{ƻŎƛŀƭ bƻǊƳǎ ŀƴŘ .ŜƘŀǾƛƻǳǊǎέ ǿƛƭƭ ǳǎŜ ǘƘŜ ƻǳǘǇǳǘǎ ƻŦ ¢ŀǎƪ оΦп ǉǳŀƭƛǘŀǘƛǾŜƭȅΦ !ƭǎƻΣ ǘƘŜ ǘŀǎƪ ƛǎ ŎƭƻǎŜƭȅ ƭƛƴƪŜŘ ǘƻ ¢ŀǎƪ оΦм ά5ŀǘŀ 

/ƻƭƭŜŎǘƛƻƴ ŀƴŘ IŀǊƳƻƴƛǎŀǘƛƻƴέΣ ŀǎ ǘƘŜ Ŧƛƴŀƭ Řŀǘŀ ǿƛƭƭ ōŜ ǎǘƻǊŜŘ ƛƴ ǘƘŜ Řŀǘŀ ǊŜǇƻǎƛǘƻǊȅ ƻŦ ǘƘŜ .Lh¢w!L[{Σ ǘƻ ōŜ ǳǎŜŘ ōȅ ǘƘŜ 

BIOTRAILS partners. This task is also directly linked to Task 4.5 ά±ƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ǎŎŜƴŀǊƛƻǎέ as the climate outputs 



D3.3 τ Climate Projections Report (B) 
13 

 

 

(maps, graphs, etc.) will be offered through a dashboard providing the opportunity to the pilot stakeholders and the wider 

public to retrieve information in a more efficient way, e.g. by requesting information for a specific place on the map, 

downloading the background data for further individual processing, comparing different information layers, etc. Finally, 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 timeframes. Following, they provided local data necessary for the assessment, and once the results were available, 

they evaluated and validated 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 including information 

on the topography of the area, the economic activities of the value chains under examination, and the climatic conditions 

prevailing in the area [7] . Additionally, it introduces how climate change is expected to impact these value chains. 

 
Figure 1: BIOTRAILS case studies. 

3.1 CASE STUDY 1: COCOA PRODUCED IN PERU -UCAYALI REGION IN 
PERU 

Ucayali is located in the eastern part of Peru and is characterised by 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 rainforests [8]. Figure 2 represents a satellite map of the 

Ucayali region, providing a detailed view of the area's topography and geographical 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. The region is part of the Amazon Basin, and consists 

of tropical plains with dense vegetation, interspersed with wetlands and oxbow lakes. The Ucayali River is one of the main 

tributaries of the Amazon River [9]. 
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Figure 2: Satellite map of Ucayali region, Peru. 

Peru is the second-largest producer of organic cocoa globally, with Ucayali being one of the largest cocoa-producing regions 

[10]. The cocoa tree (Theobroma cacao L.) thrives in humid equatorial forests with abundant rainfall and moderate 

temperatures. Optimal conditions for cocoa cultivation include annual precipitation of 1500ς2000 mm, evenly distributed 

throughout the year [11]. Optimal temperatures for cocoa range between 18°C to 32°C, which supports high photosynthetic 

efficiency [12]. Temperatures below 10°C can be lethal [13], while excessive heat can impair the size and quality of cocoa, 

particularly in non-adapted varieties [14]. Increased heat levels can also disrupt root development, negatively affecting 

plant growth [15]. As a major cocoa-producing area [16], 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, commodities, and small-farmers 

livelihoods, thus undermining economic growth. 

3.2 CASE STUDY 2: SUSTAINABLE FOREST-BASED CULTURAL PRODUCTS 
CREATED BY INDIGENOUS COMMUNITIES IN THE BRAZILIAN 
AMAZON ς RONDÔNIA REGION IN BRAZIL 

Rondônia 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, Rondônia 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 precipitation and slightly cooler temperatures. The combination of high temperatures, abundant rainfall, 

and fertile soils in Rondônia supports the growth of diverse ecosystems, including dense forests and extensive river systems. 

However, like many areas within the Amazon basin, Rondônia faces challenges related to deforestation and climate change, 

which can impact local weather patterns and ecological balance. Figure 3 depicts a satellite image of the Rondônia region 

in Brazil, offering a detailed view of the area's topography and geographical features, which are essential for an 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 climates  [18]. Deforestation significantly alters 

local climate and precipitation patterns, as forests are essential for regulating the hydrological cycle, contributing to 

approximately 50% of evapotranspiration [19].  
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Figure 3: Satellite maps of the Rondônia region, Brazil. 

Forest-based cultural products, such as handicrafts made by indigenous communities in the Brazilian Amazon, are crafted 

manually using natural or recycled materials. In Brazil, the sector as a whole generates around 50 billion reais (US$10 billion) 

annually and employs approximately 10 million people [20]. These numbers describe the significance and potential for the 

existing market to expand and include indigenous community-based handicraft products. For the indigenous communities, 

this value chain plays a key role in empowering women, preserving traditional culture, and promoting forest conservation. 

However, climate change poses significant risks to the ecosystems and communities. Indigenous peoples 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, and traditional ways of 

life, as many indigenous communities rely on their environment and natural resources for survival. Additionally, it 

intensifies their existing socioeconomic challenges, further increasing their vulnerability [21]. 

3.3 CASE STUDY 3: FISHERY AND AQUACULTURE PRODUCTS SUPPLIED 
BY GREECE AND CONSUMED WITHIN THE MEDITERRANEAN 
COUNTRIES 

Greece is a country well-known 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 (wild fisheries and aquaculture) [23]. In Figure 4, 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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Figure 4: Satellite map of Greek coastline (red coloured line). 

 

Greek fisheries have historically played a significant role in the national economy and employment, benefiting from the 

ŎƻǳƴǘǊȅΩǎ ŜȄǘŜƴǎƛǾŜ ŎƻŀǎǘƭƛƴŜΣ ƴǳƳŜǊƻǳǎ ƛǎƭŀƴŘǎΣ ǊƛŎƘ ƳŀǊƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŀƴŘ ŀ ǎǘǊƻƴƎ ƳŀǊƛǘƛƳŜ ǘǊŀŘƛǘƛƻƴΦ They support 

food security, poverty alleviation, and cultural preservation, particularly in coastal and island communities [24]. Meanwhile, 

the aquaculture sector in Greece has grown significantly, particularly in the intensive farming of Mediterranean marine 

species such as seabream and seabass [23]. This development has positioned aquaculture as one of the fastest-growing 

sectors in Greece's primary production, with production volumes now surpassing those of capture fisheries. In 2023, 

aquaculture accounted for 68% of Greece's domestic fish production, surpassing capture fisheries, which contributed 32% 

[23]. Despite their economic importance, both sectors face growing climate change risks. Climate change affects not only 

fisheries and aquaculture production but the entire value chain, increasing socio-economic vulnerabilities related to food 

security and farmer livelihoods [25], [26]. Principal stressors include rising temperatures, acidification, diseases, harmful 

algal blooms, sea-level rise, and extreme weather, with impacts varying by geographic location, time, and scale [27], [28], 

[29]. 

3.4 CASE STUDY 4: GOLD MINED IN GHANA 
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 output (World Bureau of Metal Statistics2). The 

mining is important for Ghana's socio-economic development, contributing significantly to economic growth and providing 

employment opportunities [30]. However, climate change poses significant challenges to the mining industry, intensifying 

existing environmental, social, and operational issues while creating new vulnerabilities. Mining in Ghana can be grouped 

into large-scale mining sector (LSM-composed of large-scale commercial mines) and Artisanal and Small-scale mining 

(ASM). The current project focuses on the ASM, which is largely informal and for most part unregulated. 

 

 
2 https://www.lseg.com/en/data-analytics/trading-solutions/world-bureau-metal-statistics.  

https://www.lseg.com/en/data-analytics/trading-solutions/world-bureau-metal-statistics
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Figure 5 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.   
  
 

 
Figure 5: Satellite map of Ghana. 

 
 

DƘŀƴŀΩǎ ǘǊƻǇƛŎŀƭ ŎƭƛƳŀǘŜ is important for economic activities, including gold mining. However, climate change can pose both 

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), heat-related impacts (wildfires, heat stress), and sea-

level rise, all of which threaten long-term industry viability and ecosystem health. 
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4 REFINED METHODOLOGY FOR ASSESSING CLIMATE RISKS 
The methodology for assessing the relevant climate risks of the BIOTRAILS case study value chains was developed based on 

the conceptual framework established by the Intergovernmental Panel on Climate Change (IPCC) and the further 

refinement of the methodology presented in relevant deliverables produced under other EU projects, i.e. the REXUS and 

LENSES project where DRAXIS was in charge [32], [33].  

 

According to the IPCC's Sixth Assessment Report (AR6) risk is defined as the potential for adverse consequences for human 

or ecological systems, recognising ǘƘŜ ŘƛǾŜǊǎƛǘȅ ƻŦ ǾŀƭǳŜǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǳŎƘ ǎȅǎǘŜƳǎΦέ [34] In the current 

ŀǎǎŜǎǎƳŜƴǘΣ ǘƘŜ ǘŜǊƳ ϦǊƛǎƪϦ ǎǇŜŎƛŦƛŎŀƭƭȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ Lt//Υ άǊƛǎƪǎ ǊŜǎǳƭǘ ŦǊƻƳ 

dynamic interactions between climate-related hazards with the exposure and vulnerability of the affected human or 

ecƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳ ǘƻ ǘƘŜ ƘŀȊŀǊŘǎΦέ 

 

Moreover, according to IPCC's glossary, a climate-related hazard ƛǎ άǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŀ ƴŀǘǳǊŀƭ ƻǊ ƘǳƳŀƴ-induced 

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 provision, ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎƻǳǊŎŜέ such as floods, droughts, heatwaves, 

and other extreme weather events. Hazards can occur suddenly (e.g. a heat wave of heavy rain event) or more slowly (e.g. 

land loss, land degradation and erosion linked to multiple climate hazards compounding). Hazards are affected by current 

and future changes in climate, including altered climate variability and changes in frequency, magnitude, and duration of 

extreme weather events which are especially relevant for a climate risk context [2]. Exposure ǊŜŦŜǊǎ ǘƻ άǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

people, livelihoods, species or ecosystems, environmental functions, services, and resources, infrastructure, or economic, 

ǎƻŎƛŀƭΣ ƻǊ ŎǳƭǘǳǊŀƭ ŀǎǎŜǘǎ ƛƴ ǇƭŀŎŜǎ ŀƴŘ ǎŜǘǘƛƴƎǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŀŘǾŜǊǎŜƭȅ ŀŦŦŜŎǘŜŘέ [35]. Consequently, the greater the 

presence of a system in a given area, the higher the exposure. Conversely, if there is no exposure, there is no associated 

risk for human society for that specific area. Vulnerability ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ǇǊƻǇŜƴǎƛǘȅ ƻǊ ǇǊŜŘƛǎǇƻǎƛǘƛƻƴ ǘƻ ōŜ ŀŘǾŜǊǎŜƭȅ 

affected and encompasses a variety of concepts and elements, including sensitivity or susceptibility to harm and lack of 

ŎŀǇŀŎƛǘȅ ǘƻ ŎƻǇŜ ŀƴŘ ŀŘŀǇǘέ [2]. Lǘ ŦǳǊǘƘŜǊ ƛƴŎƭǳŘŜǎ άŀƭƭ ǊŜƭŜǾŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǇƘȅǎƛŎŀƭΣ ǘŜŎƘƴƛŎŀƭΣ ǎƻŎƛŀƭΣ ŎǳƭǘǳǊŀƭΣ 

economic, institutional, or policy-related factors that contribute to susceptibility and/or lack of capacity to prepare, 

ǇǊŜǾŜƴǘΣ ǊŜǎǇƻƴŘΣ ŎƻǇŜ ƻǊ ŀŘŀǇǘέ  [36]. Sensitivity refers to the degree to which 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 yield in response 

to a change in the mean, range, or variability of temperature, or indirect, such as damages caused by an increase in the 

frequency of coastal flooding due to sea level rise [2]. Adaptive capacity ƛǎ άǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǎȅǎǘŜƳǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ƘǳƳŀƴǎ ŀƴŘ 

ƻǘƘŜǊ ƻǊƎŀƴƛǎƳǎ ǘƻ ŀŘƧǳǎǘ ǘƻ ǇƻǘŜƴǘƛŀƭ ŘŀƳŀƎŜΣ ǘƻ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻǊ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŎƻƴǎŜǉǳŜƴŎŜǎέ [2]. 

 

A qualitative formula illustrates the relationship among risk, hazard, exposure, and vulnerability when evaluating climate 

risk. 

Risk =Hazard z  Exposure z  Vulnerability (1) 

 
Figure 6: The conceptual framework of Climate Risk Assessment in the BIOTRAILS project adapted from the IPCC [3]. 

Each risk component of the above equation constitutes a composite indicator of one or more sub-indicators. Specifically, a 

set of hazard indicators is used to reflect climate related hazards for the BIOTRAILS value chains (e.g., heat stress) based on 

the climate projections for the relevant climate variables. For estimating the exposure of elements in an area where hazard 
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events might occur [2], geospatial data on the exposed elements (e.g., crops, forests, gold mining sites, fishing areas) are 

used as indicators. For assessing vulnerability in relation to the propensity of the exposed elements and systems to suffer 

adverse effects when impacted by hazard events [2], several socio-economic indicators were used for reflecting sensitivity 

(e.g., dependency of the national economy on the system production, dependency of the local population for employment) 

and adaptive capacity (e.g. per capita gross domestic product, poverty rate, age, gender and education level of the local 

population). Additional indicators were also used that reflect the level of existing stress of the BIOTRAILS production 

systems (e.g., deforestation, overfishing) or the inherent capacity of systems to adapt to climate change impacts. 

 

The formulation of the indicators involved three key stages: normalisation, weighting, and aggregation. In the normalisation 

stage, the values of the indicators, which may be expressed in different measurement units, are standardised to a common 

scale to ensure comparability. The normalisation scale is defined within a numerical range of 0 to 5, with each value 

corresponding to one of five distinct risk levels, from low to high, as illustrated in Table 2. 

 

Table 2: Qualitative and numerical scale of risk indicators. 

Qualitative scale Numerical scale 

Low л ғ wƛǎƪ Җм 

Low to Medium м ғ wƛǎƪ Җн 

Medium н ғ wƛǎƪ Җ о 

Medium to High о ғ wƛǎƪ Җ п 

High п ғ wƛǎƪ Җ р 

 

The indicators were normalized and rescaled to the new range [0-5], by applying the min-max method [37] according to 

the following formula:  

ὼȭ  ‌  
ὼ άὭὲὼ ὦ ‌

άὥὼὼ άὭὲ ὼ
 

 
ǿƘŜǊŜ ȄΩ ƛǎ ǘƘŜ ƴƻǊƳŀƭƛȊŜŘ ǾŀƭǳŜΣ Ȅ ƛǎ ǘƘŜ ƻǊƛƎƛƴŀƭ ǾŀƭǳŜ ŀƴŘ ŀΣ ō ŀǊŜ ǊŜǎǇŜŎǘƛǾŜƭȅ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ǾŀƭǳŜǎ ƻŦ ǘƘŜ 

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 sub-indicators in the composite risk index. For the 

aggregation of the risk components, it was considered appropriate to select the geometric aggregation method [37], 

according to which each sub-indicator is raised to its weight and then multiplied with the other indicators, to form the 

composite indicator, as shown in the following formula: 

 
 

where Ὑ is the composite risk indicator, ὅ the individual risk components (i.e., hazard, exposure, vulnerability), ὗ the 

number of indicators comprising the composite indicator (i.e., 3) and ύ the weight assigned to each risk component. The 

sum of the weights for all risk components equals 1. This method was selected as, based on the conceptual framework of 

IPCC [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. 

 

Ὑ  Ὄ   Ὁ  ὠ  

 

Where H stands for the hazard component, E for exposure and V for vulnerability, while ,h b and c are the weights of each 

component respectively. 
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For the aggregation of the risk component sub-indicators, it was considered more appropriate to apply a method which 

allows for compensability. This is achieved with the linear, or else, weighted arithmetic aggregation method [37], which is 

recommended also in the Vulnerability Sourcebook of GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit)  [39]. 

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: 

 

ὅ ύ  Ὅ 

where ὅ is the composite risk component, Ὅ the individual sub-indicators of the risk components (i.e. heat stress, frost), 

ὗ the number of sub-indicators comprising the composite risk component (i.e. 3) and ύ the weight assigned to each sub-

indicator. The sum of the weights for all sub-indicators equals to 1. In the current assessment, equal weights are assigned 

to each-sub-indicator. 

 

The individual risk components for each BIOTRAILS value chain, their sub-indicators and the methodology for calculating 

them are presented in more detail below. 

4.1 HAZARD 
In the framework of the BIOTRAILS project, the potential hazards are assessed using a set of climate indicators that capture 

both slow-onset changes, such as the gradual increase in temperature and the reduction in precipitation, as well as extreme 

weather events, including heatwaves, floods, and droughts. To select the hazard indicators relevant to each case study, the 

process involved an extensive review of the available literature concerning the climate change impacts on the examined 

systems and areas. After careful consideration and discussion with the case study leaders, parameters that were most 

relevant to the climate change impacts and the associated hazards in each case study were selected.  

Regarding cocoa production, the relevant climatic hazards are changes in both mean and extreme values of temperature, 

precipitation and evapotranspiration. In particular, rising temperature and reduced precipitation during dry seasons are 

projected to increase stress on cocoa systems [40], [41], leading to a considerable decline in crop production [42]. Changes 

in temperature, moisture, wetςdrying and freezeςthawing cycles, etc., can lead to alterations in the growth and physiology 

of soil microorganisms [43]. Increased evapotranspiration during the growing season is expected to limit suitable conditions 

for cocoa production, reducing yields [41], [44]. Consequently, the extent of suitable cocoa-growing areas and overall 

production capacity in key regions will decline [40]. Extreme weather events such as droughts, extreme heat waves and 

heavy rainfall leading to floods have increased in the past decades, increasing leaching, soil erosion and runoff at alarming 

rates [45]. 

 

Regarding indigenous handicrafts, the relevant climatic hazards are related to changes in mean and extreme values of 

temperature and precipitation. In particular, climate change heavily impacts the availability of plant-based products used 

as raw materials including 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 plants and 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 crafting [46].  

 

Indigenous peoples play a crucial role in climate mitigation by stewarding biodiversity and managing ecosystems 

sustainably. Where their rights are recognised and respected, their territories are the best defense against deforestation. 

For instance, Brazilian forests under indigenous management emit 27 times less carbon than those outside their territories 

due to near-zero deforestation rates [21],[47]. 

 

Indigenous peoples have two unique characteristics, inherent in no other group, which make them key agents of climate 

action. First, their economies rely primarily on natural resources and ecosystems, with which 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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management. This is particularly important for climate change mitigation, especially regarding efforts directed at reducing 

emissions from deforestation and forest degradation. Second, their traditional knowledge and their cultural approaches 

are of high relevance and value for climate change adaptation.  

 

In the case of fisheries and aquaculture, climate hazards revolve around variations in mean values of sea surface 

temperature and salinity. Rising temperatures change the distribution and abundance of fish populations, as they reduce 

cold-water species, introduce invasive species, and disrupt spawning patterns degrading water quality, while increasing 

mass mortality events due to heatwaves [38], [48], [49], [50], [51]. Stocks of cold-water species are declining, while warm-

water species are expanding [52], [53]. These changes in species composition, reproduction, metabolism, and migration 

patterns will significantly impact population dynamics and food availability [54]. Increased disease 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 productive. Salinity fluctuations 

can threaten fish populations as most aquatic species require specific salinity levels, and deviations can lead to mortality 

and reduced production [56]. 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. 

 

Regarding the gold mining value chain, climate hazards are linked to changes in both mean and extreme values of 

temperature, relative humidity and precipitation. Rising 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 chains [57], [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 scarcity reduces mining efficiency and 

heightens competition with local communities [59]. 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. Climate-induced stress in nearby communities exacerbates 

social tensions and reputational risks for mining companies [60]. Climate change can also indirectly affect local 

ŎƻƳƳǳƴƛǘƛŜǎΩ ƘŜŀƭǘƘΦ ¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ŀ ǊŜduction of the river baseflow and, consequently, to a 

reduction of the dilution effects. This, in turn, could increase the health risk due to the use of chemicals in mining activities. 

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

 

The selected hazard indicators for each case study are presented in Table 3 and further analysed afterwards.  

 

Table 3: Climatic hazard indicators examined for the BIOTRAILS case studies  

Variable Peru Brazil Greece Ghana 
Near-surface air temperature X  X    X  

Daily maximum near-surface air temperature X      X  

Daily minimum near-surface 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  

Sea-surface temperature     X    

Sea-surface salinity     X    

 

 

o Near-surface air temperature: Temperature of air at 2m above the surface of land, sea, or inland 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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o Maximum near-surface air temperature: Daily maximum temperature of the air at 2m above the surface of land, 

sea, or inland waters. 

 

o Minimum near-surface air temperature: Daily minimum temperature of the air at 2m above the surface of land, 

sea, or inland waters.  

 

o Heat stress days: This 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 value chain. Using 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 near-surface air temperature product that was mentioned earlier. 

 

o Evaporation including sublimation and transpiration: The 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. This indicator includes a vector 

component positive when directed downward.  

 

o Relative humidity: Amount of moisture in the air divided by the maximum possible moisture at a specific 

temperature and location.  

 

o Total precipitation: 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 water per unit area and time. 

 

o Heavy precipitation: This index expresses the amount of daily precipitation that exceeds the 95th percentile 

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, which ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǎǳƳ ƻŦ ƭƛǉǳƛŘ ŀƴŘ ŦǊƻȊŜƴ ǿŀǘŜǊΣ ŎƻƳǇǊƛǎƛƴƎ Ǌŀƛƴ ŀƴŘ ǎƴƻǿΣ ǘƘŀǘ Ŧŀƭƭǎ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ 

surface. The 95th 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 percentile over the area of interest in the historical dataset, served as the 

threshold for comparing scenarios on a grid cell-by-cell basis.  

 
o Consecutive dry days: This 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 the daily total precipitation amount which considered the sum of 

ƭƛǉǳƛŘ ŀƴŘ ŦǊƻȊŜƴ ǿŀǘŜǊΣ ŎƻƳǇǊƛǎƛƴƎ Ǌŀƛƴ ŀƴŘ ǎƴƻǿΣ ǘƘŀǘ Ŧŀƭƭǎ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ 5Ǌȅ Řŀȅǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ 

days with a total daily precipitation amount of less 1 mm. 

 
o Mean sea surface temperature: Temperature of seawater near the surface. 

 

o Sea surface salinity: Salt concentration close to the ocean's surface. 

 

The temporal evolution of the selected climatic hazards provides insights on the climate risks that a certain region may 

suffer in the future due to climate change. To assess the temporal evolution of the parameters, climate model outputs are 

utilised.  

 

4.1.1 CLIMATE PROJECTIONS 

Climate projections are obtained by running numerical models, known as General Circulation Models (GCMs), describing 

ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŜŀǊǘƘΩǎ ŎƭƛƳŀǘŜΦ GCMs are significant tools for projecting global climate 

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 (CMIP6) 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 projections that inform assessments such as those by the Intergovernmental Panel on Climate Change 

(IPCC). This project provides multi-model climate projection data considering social and economic development pathways 

in combination with emission scenarios represented by the Shared Socioeconomic Pathways (SSPs) and the Representative 

Concentrations Pathways (RCPs) correspondingly. The SSPs outcomes are specific combinations of socioeconomic 

challenges to mitigation and adaptation (Figure 7ύ ŘŜǾŜƭƻǇŜŘ ōȅ hΩbŜƛƭ Ŝǘ ŀƭΦ [61]. SSPs are designed to represent different 

societal trends that could either facilitate or hinder efforts to mitigate or adapt to climate change, without directly 

addressing climate change itself [61]. The RCPs provide data on greenhouse gases concentrations over time and their 

corresponding radiative forcing. The RCPs were originally developed during the fifth phase of the CMIP and later updated 

for the sixth phase [62], [63]. These scenarios are labelled as SSPx-ȅΣ ǿƘŜǊŜ Ψ{{tȄΩ denotes the Shared Socioeconomic 

tŀǘƘǿŀȅΣ ŀƴŘ ΨȅΩ refers to the expected change in radiative forcing (measured in watts per square meter) from 1750 to 

2100. 

 

 
Figure 7: The five Shared Socioeconomic Pathways (SSPs) illustrate various combinations of challenges to climate mitigation and 

adaptation [61]  

Table 3 outlines the chosen climate scenarios SSP1-2.6, SSP2-4.5, and SSP3-7.0. Additionally, the projected changes in global surface 

temperature for both the mid- and long-term horizons relative to the 1850-1900 period are included. 

 

At the time of analysing climate risks for the BIOTRAILS value chains, CMIP6 climate model outputs were only available for 

global-scale analysis, while their regional downscaling had not yet been completed. As a result, it was not possible to use 

the latest climate outputs at higher resolution. The alternative was to use climate model outputs from the previous phase 

of the Coupled Model Intercomparison Project ς Phase 5 (CMIP5), which were downscaled at the regional level, but 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 opted 

to use the latest CMIP6 projections for the analysis. The CMIP6 climate model outputs for the selected hazard indicators 

were sourced from the Copernicus Climate Change Service [64]. 

 

Three climate scenarios (SSP1-2.6, SSP2-4.5, and SSP3-7.0) were selected to be studied in BIOTRAILS, after discussion with 

the pilot leaders. The selection aimed to ensure comprehensive coverage of potential future climate conditions and reduce 

uncertainty. SSP1-2.6 represents a sustainable development path with low emissions, SSP2-4.5 follows a moderate 

development and emissions pathway, and SSP3-7.0 describes a world with high regional competition and higher emissions. 

Information on the selected climate scenarios is provided in Table 4.  
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Table 4. Description of climate scenarios examined. Adjusted from O' Neil et al. [61] 

 Scenarios 
Description (Socioeconomic developments and 
emissions) 

Temperature change 

Mid-term 
2041ς2060 

Long term 
2081ς2100 

SSP1-2.6 

¶ SSP1: Sustainability (Taking the green road). Low 

mitigation and adaptation challenges. 

¶ RCP2.6: Low forcing path. 

+1.7 °C +1.8°C 

o SSP1: The world shifts gradually, but pervasively, toward a more sustainable path, emphasizing more inclusive 

development that respects predicted environmental boundaries. Management of the global commons slowly 

improves, educational and health investments accelerate the demographic transition, and the emphasis on 

economic growth shifts toward a broader emphasis on human well-being. Driven by an increasing commitment to 

achieving development goals, inequality is reduced both across and within countries. Consumption is oriented 

towards low material growth and lower resource and energy intensity. Society follows the sustainable path and 

finds it relatively easy to reduce greenhouse gas emissions and adjust to climate change. It depicts a "best case" 

future from a sustainability perspective. 

o RCP2.6: Low Greenhouse Gases (GHG) emissions. CO2 emissions cut to net zero around 2075. Radiative forcing: 2.6 

W/m2 by the year 2100. It represents the low end of plausible future forcing pathways. 

SSP2-4.5 

¶ SSP2: Middle of the road. Medium mitigation and 

adaptation challenges. 

¶ RCP4.5: Intermediate forcing path. 

+2.0 °C +2.7 °C 

o SSP2: The world follows a path in which social, economic, and technological trends do not shift markedly from 

historical patterns. Development and income growth proceeds unevenly, with some countries making relatively 

good progress while others fall short of expectations. Global and national institutions work toward but make slow 

progress in achieving sustainable development goals. Environmental systems experience degradation, although 

there are some improvements and overall the intensity of resource and energy use declines. Global population 

growth is moderate and levels off in the second half of the century. Income inequality remains or declines at a slow 

pace, limiting progress in reducing societal and environmental vulnerabilities. Societies face a mix of manageable 

but not negligible obstacles in both reducing emissions (mitigation) and adjusting to the impacts of climate change 

(adaptation). 

o RCP4.5: Intermediate GHG emissions. CO2 emissions around current levels until 2050, then falling but not reaching 

net zero by 2100. Radiative forcing: 4.5 W/m2 by the year 2100. This scenario represents the medium part of 

plausible future forcing pathways. 

SSP3-7.0 

¶ SSP3: Regional rivalryτA rocky road 

¶ RCP7.0: Upper middle part of forcing paths 
+2.1 °C +3.6 °C 

o SSP3: A resurgent nationalism, concerns about competitiveness and security, and regional conflicts push countries 

to increasingly focus on domestic or, at most, regional issues. This trend is reinforced by the limited number of 

comparatively weak global institutions, with uneven coordination and cooperation for addressing environmental 

and other global concerns. Economic development is slow, consumption is material-intensive, and inequalities 

persist or worsen over time, especially in developing countries. A low international priority for addressing 

environmental concerns leads to strong environmental degradation in some regions. The combination of impeded 

development and limited environmental concern results in poor progress toward sustainability. Population growth 

is low in industrialized and high in developing countries. Growing resource intensity and fossil fuel dependency 

along with difficulty in achieving international cooperation and slow technological change imply high challenges to 
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mitigation. The limited progress on human development, slow income growth, and lack of effective institutions, 

especially those that can act across regions, implies high challenges to adaptation for many groups in all regions. 

o RCP7.0: High GHG emissions. CO2 emissions double by 2100. Radiative forcing: 7.0 W/m2 by the year 2100. This 

scenario represents the upper middle part of future forcing pathways. 

 

For the purposes of this analysis, emphasis is given on the temporal evolution of three selected scenarios in comparison to 

a reference period, as well as the spatial distribution of the projected changes. Time series figures for the period 1995-2100 

exhibit the evolution of the scenarios (2015-2100) relative to the reference period (1995-2014).  The historical period was 

selected as it represents the most recent 20-year historical period for which data are available. The future period was 

chosen based on the availability of climate model projections. Mean differences between the scenarios and the historical 

period were calculated for each pilot for two individual future periods (2041-2060 and 2081-2100) and were presented in 

tables. The spatial distribution of the mean differences between each scenario for the 2041-2060 period and the historical 

period, was presented through maps. This period was selected as it was considered sufficiently near-term to facilitate the 

implementation of policies and strategies in response to projected climate changes. 

 

4.1.2 MODEL VALIDATION AND ENSEMBLE 

After downloading the outputs of the available climate models for each climate indicator, the next step was to identify the 

best-performing models for each region, a process known as model validation. Climate models output exhibit differences 

when compared to observational/reanalysis data, a difference known as bias. Biases vary significantly between different 

geographical areas, meaning that models perform differently across regions. To identify these biases in the climate models 

data and to select climate models that perform better in each case study area, a regional-specific model validation is 

required. Model validation involves the comparison of model hindcasting outputs for the historical period to 

observational/ reanalysis data for each parameter and pilot region [65]. For this study, the fifth generation atmospheric 

reanalysis dataset (ERA5) by the European Centre for Medium ς Range Weather Forecasts (ECMWF)  was used 

[66] providing hourly data on many atmospheric, land-surface and sea-state parameters together with estimates of 

uncertainty. Data are available at the Copernicus Climate Data Store (CDS) on regular latitude-longitude grids at 0.25° x 

0.25° resolution, with atmospheric parameters on 37 pressure levels. They are available from 1940 and continue to be 

extended forward in time, with daily updates being made available 5 days behind real time.  

 

The model validation 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 the ERA5 data and the ones 

performing above a predefined threshold for each metric, were selected for further analysis.  

 

Models exhibiting best performance for each region are combined into a model ensemble. Model ensembles outputs tend 

to leverage the strengths of multiple models and mitigate biases or uncertainties associated with individual models, thus 

enhancing the overall reliability of climate projections. Selected models are listed in Table 5. After the ensemble creation, 

average conditions for each time-period are calculated to represent the mid-term (2041-2060) and the whole future period 

(2015-2100), facilitating direct comparison with the reference period (1995-2014).  

 

Table 5: Selected Global Climate Models composing the ensemble for each hazard indicator and case study. 

  Variable 
 
 
 

Pilot 

Near-
surface air 
temperatur

e 

Sea surface 
temperatur

e 

Evaporation 
including 

sublimation 
and 

transpiratio
n 

Precipitatio
n 

Sea surface 
salinity 

Relative 
humidity 

https://www.ecmwf.int/en/research/climate-reanalysis
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Peru 

CESM2 (USA) 
CNRM-CM6-1-

HR (France) 
CNRM-ESM2-1 

(France) 

- 

ACCESS-CM2 
(Australia) 
CESM2 (USA) 
NorESM2-MM 

(Norway) 
UKESM1-0-LL 

INM-CM4-8 
(Russia) 
INM-CM5-0 

(Russia) 
IPSL-CM6A-LR 

(France) 
NorESM2-MM 

(Norway) 

- - 

Brazil 

CNRM-CM6-1 
(France) 
CNRM-CM6-1-

HR (France) 
CNRM-ESM2-1 

(France) 
INM-CM4-8 

(Russia) 
IPSL-CM6A-LR 

(France) 

- - 

AWI-CM-1-1-
MR (Germany) 
INM-CM4-8 

(Russia) 
INM-CM5-0 

(Russia) 
NorESM2-MM 

(Norway) 

- - 

Greece - 

CMCC-CM2-
SR5 (Italy) 
INM-CM4-8 

(Russia) 
MCM-UA-1-0 

(USA) 

- - 

MCM-UA-1-0 
(USA) 
MRI-ESM2-0 

(Japan) 
NorESM2-MM 

(Norway) 

- 

Ghana 

CMCC-CM2-
SR5 (Italy) 
CNRM-CM6-1 

(France) 
CNRM-CM6-1-

HR (France) 
CNRM-ESM2-1 

(France) 

- - 

IPSL_CM6A_LR
_95 
awLψ9{aнψл 
bƻǊ9{aнψaa 

- 

CNRM-CM6-1-
HR (France) 
CNRM-ESM2-1 

(France) 
IPSL-CM6A-LR 

(France) 

4.2 EXPOSURE 
In this section, the indicators selected for assessing the exposure of the BIOTRAILS production systems are presented for 

each case study. 

4.2.1 Cocoa produced in Peru ς Ucayali region in Peru 

For assessing the exposure of the cocoa producing systems to climate change, the areas harvested with cocoa were 

considered as the most relevant indicator. 

 

Exposure indicator no1: Area occupied by cocoa cultivation activities  

This indicator assesses the spatial extent of cocoa cultivation. A larger harvested area increases exposure to climate risks. 

This indicator aims to show the actual exposure of the area occupied by cocoa activities in the pilot area to climate change 

through the share of the area harvested with cocoa to the total harvested pilot area, as shown next. 

 

ὛὬὥὶὩ έὪ ὥὶὩὥ ὬὥὶὺὩίὸὩὨ ύὭὸὬ ὧέὧέὥ Ϸ  
    

      
 ρππ 

 

 

The source used for this indicator is the Ministry of Agrarian Development and Irrigation of Peru (MIDAGRI3) which provides 

information for the harvested areas at provincial level. 

 

4.2.2 Sustainable forest-based cultural products created by indigenous communities in 
 

3 https://siea.midagri.gob.pe/portal/siea_bi/index.html  

https://siea.midagri.gob.pe/portal/siea_bi/index.html
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the Brazilian Amazon - Rondônia region in Brazil 

For assessing the exposure of the sustainable forest-based cultural products to climate change, the areas inhabited by 

indigenous peoples in combination with the presence of forest area were considered as the most relevant indicators. 

Ideally, identifying the precise locations of indigenous communities involved in handicraft production would provide the 

most accurate assessment. However, due to data limitations, an alternative approach is proposed. By combining the spatial 

distribution of indigenous people with the spatial distribution of forested areas, potential locations where handicraft 

production is likely to occur are identified. This methodology combines two distinct sub-indicators to construct a composite 

index, as shown next. 

 

Exposure sub-indicator no1: Area inhabited by indigenous peoples  

This indicator assesses the spatial extent of areas inhabited by indigenous communities, as their exposure to climate risks 

increases with a larger occupied area. The purpose of this indicator is to quantify the actual exposure of indigenous-

occupied areas in the pilot area to climate change. It is expressed as the share of the area inhabited by indigenous peoples 

at immediate region level relative to the total population in the pilot area, as shown next. 

 

ὛὬὥὶὩ έὪ ὥὶὩὥ ὭὲὬὥὦὭὸὩὨ ὦώ ὭὲὨὭὫὩὲέόί ὴὩέὴὰὩί Ϸ  
       

      Ė
 ρππ 

 

 

The relevant information is sourced from the Ministry of Indigenous Peoples of Brazil4 and further processed at immediate 

region level. 

 

Exposure sub-indicator no2: Forest areas  

This indicator aims to show the actual exposure of the ecosystems of the pilot area to climate change through the share of 

the natural areas covered mainly by forests, that provide raw materials for handicrafts, to the total pilot area, as shown 

next. 

 

ὛὬὥὶὩ έὪ ὥὶὩὥ ὧέὺὩὶὩὨ ύὭὸὬ ὪέὶὩίὸί Ϸ   
    

     
 ρππ 

 

The source used for quantifying this indicator is the Global Forest Watch platform. The information was further processed 

at immediate region level. 

 

Composite vulnerability indicator: Indigenous peoples living in forest areas 

This indicator assesses the spatial extent of indigenous peoples living in forest areas, as their exposure to climate risks 

increases with a larger occupied area. The purpose of this indicator is to quantify the actual exposure of indigenous-

occupied forest areas in the pilot area to climate change. It is expressed as the share of the forest area inhabited by 

Indigenous peoples relative to the total pilot area, as shown next. 

 

 

ὛὬὥὶὩ έὪ ὪέὶὩίὸ ὥὶὩὥ ὭὲὬὥὦὭὸὩὨ ὦώ ὭὲὨὭὫὩὲέόί ὴὩέὴὰὩίϷ   
      

     
 ρππ 

 

4.2.3 Fishery 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 of fish catches. For aquaculture, the assessment focused on the spatial distribution of the approved tonnage 

of fish farming across the Greek administrative regions. 

 

 
4 https://www.gov.br/funai/pt-br/atuacao/terras-indigenas/geoprocessamento-e-mapas  

https://www.globalforestwatch.org/
https://www.gov.br/funai/pt-br/atuacao/terras-indigenas/geoprocessamento-e-mapas
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4.2.3.1 Fisheries 

Exposure indicator no1: Spatial distribution of catches 

This indicator aims to show the spatial distribution of fish catches in the Greek fishing zone. This is reflected through the 

available information on the fishery catches at each sub-zone which is then expressed as share of total catches at national 

level, as shown next. 

 

ὛὴὥὸὭὥὰ ὨὭίὸὶὭὦόὸὭέὲ Ϸ  
    

     
 ρππ 

 

The relevant information is sourced from the Hellenic Statistical Authority (ELSTAT) and further processed to match the 

fishing zones considered. 

 

4.2.3.2 Aquaculture 

Exposure indicator no1: Spatial distribution of aquaculture production 

This indicator aims to reflect the exposure of aquaculture to climate change impacts through the spatial distribution of 

aquaculture production across the Greek regions. A higher regional share of aquaculture production suggests greater 

exposure. On the other hand, regions with minimal or no aquaculture activity are considered to have low or no exposure. 

 

 

ὛὬὥὶὩ έὪ ὥὴὴὶέὺὩὨ ὸέὲὲὥὫὩ Ϸ  
       

        
 ρππ 

 

 

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 no1: Area occupied by gold mining sites 

This indicator reflects the spatial extent of gold mining activities, based on the concept that the exposure of the system to 

climate risks is proportionately related to the spatial extent of the gold mining areas. This indicator aims to show the actual 

exposure of the area occupied by mining activities in the pilot area to climate change through the share of the area occupied 

by gold mining sites to the total area of the administrative region, as shown next. 

 

ὛὬὥὶὩ έὪ ὥὶὩὥ έὧὧόὴὭὩὨ ὦώ άὭὲὭὲὫ ίὭὸὩί Ϸ  
    

  
 ρππ 

 

 

The relevant information is sourced from the Center for Remote Sensing and Geographic Information Services (CERSGIS) 

and processed at administrative region level. 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. 

4.3 VULNERABILITY 
Following, the indicators used to assess the sensitivity and adaptive capacity of each BIOTRAILS value chain, are presented. 

4.3.1 Cocoa produced in Peru- Ucayali region in Peru 

Vulnerability indicator no1: Contribution of national cocoa production at 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 the global cocoa production, the greater the vulnerability for the global supply, if the system is 

adversely affected by climate change. 
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ὅέὲὸὶὭὦόὸὭέὲ ὥὸ Ὣὰέὦὥὰ ὰὩὺὩὰ 
   

  
 ρππ 

 

This indicator is quantified using data on global cocoa production from the World Population Review platform. 

 

Vulnerability indicator no2: Importance 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 contribution 

of cocoa to 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: 

 

ὍάὴέὶὸὥὲὧὩ έὪ ὧέὧέὥ ὥὸ ὲὥὸὭέὲὥὰ ὰὩὺὩὰ 
Ⱦ   

 Ⱦ  
 ρππ 

 

ὍάὴέὶὸὥὲὧὩ έὪ ὧέὧέὥ ὥὸ ίὩὧὸέὶὥὰ ὰὩὺὩὰ 
Ⱦ   

Ⱦ   
 ρππ 

 

The data were sourced from COMEXPERÚ5 and the Ministry of Agriculture and Irrigation of Peru (MIDAGRI), with further 

processing conducted at national level. 

 

Vulnerability indicator no3: Dependency of the local population on cocoa production 

This indicator is intended to reflect the extent to which the local population in Peru depends on income from cocoa and is 

expressed as the percentage of cocoa producers to the total economically active population (EAP). A higher percentage of 

cocoa producers indicates greater vulnerability of the local population. 

 

The indicator is calculated as: 

ὛὬὥὶὩ έὪ ὧέὧέὥ ὴὶέὨόὧὩὶί Ὥὲ ὉὃὖϷ  
   

     
 ρππ 

Data from the National Institute of Statistics and Informatics (INEI) and the Ministry of Agriculture of Peru are used to 

determine the proportion of individuals engaged in cocoa production relative to the total workforce. 

 

Vulnerability indicator no4: Share of smallholder farmers in cocoa production 

This indicator examines the proportion of cocoa producers operating on small-scale farms to the total cocoa farmers in 

Peru and Ucayali. Smallholder farmers typically manage limited land areas and have restricted access to resources, such as 

capital, technology, and infrastructure [3]. A high percentage of smallholder farmers suggests increased vulnerability due 

to limited access to financial resources, technology, and market stability. 

 

The percentage of smallholder farmers was sourced from the Ministry of Agrarian Development and Irrigation and the 

Regional Government of Ucayali at the national and regional levels. 

 

Vulnerability indicator no5: Age, gender and education level of farmers 

This indicator assesses the demographic characteristics of agricultural producers, specifically age, gender, and education 

level, as determinants of adaptive capacity. Older farmers and those with lower educational attainment often face 

constraints in accessing climate information, financial resources, and adaptive technologies, limiting their ability to respond 

effectively to climate stressors [3]. Additionally, gender-based disparities, particularly in low-income regions, further 

exacerbate vulnerability, as women in agriculture frequently encounter structural barriers such as restricted land 

ownership and limited participation in decision-making processes. A higher proportion of elderly, female, and less-educated 

 
5 https://www.comexperu.org.pe/  

https://www.comexperu.org.pe/
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producers is associated with increased vulnerability in the sector, as these groups generally have reduced capacity to 

implement adaptation strategies. A composite indicator was built comprising of the 3 individual sub-indicators.  

 

ὛὬὥὶὩ έὪ ύέάὩὲ Ὥὲ ὥὫὶὭὧόὰὸόὶὥὰ ὴὶέὨόὧὸὭέὲ 
  

   
 ρππ 

The average age and education level of farmers was sourced from FAO [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 used. The data relevant to gender were sourced from the LLC [68]. 

Data on the other two sub-indicators were 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 no6: Economic capacity of the local population 

The economic capacity of Peruvian population is considered as an indicator of adaptive capacity of the population to 

address climate change impacts and increase its resilience. For the quantification of this indicator, the GDP per capita and 

the national poverty rate were used and compared to the respective indicators for the wider region (i.e. Latin America) and 

the global average. GDP per capita and poverty rate are considered complementary adaptive capacity indicators because 

they capture different but interrelated aspects of economic well-being and resilience. According to ther World BŀƴƪΩǎ 

metadata glossary, the GDP per capita is an indicator that measures the average economic output per person in a given 

region or country6. A low GDP per capita suggests fewer economic resources, but it does not necessarily mean that 

everyone benefits equally. Therefore, the poverty rate was also used as it measures the percentage of the population living 

below a defined poverty threshold. Poverty rate is measured as the percentage of population living below the national 

poverty lines7. The indicator captures income inequality and economic vulnerability at the household level. A high poverty 

rate suggests that a smaller proportion of the population has the financial means to cope with climate related shocks. A 

composite indicator was built comprising of the two individual sub-indicators. 

 

The data were sourced from the International Monetary Fund8 (IMF) and the World Bank9. 

 

4.3.2 Sustainable forest-based cultural products created by indigenous communities in 
the Brazilian Amazon ς Rondônia region in Brazil 

Vulnerability indicator no1: Importance of handicrafts for the local population 

This indicator is used to evaluate the importance of handicraft production in the Brazilian Amazon. Due to the lack of specific 

numerical data on the population of indigenous communities engaged in this activity, the indicator was assessed 

qualitatively based on the relevant available literature. A high level of economic or cultural dependency on handicraft 

production indicates greater vulnerability of the population. 

 

 

Vulnerability indicator no2: Dependency of indigenous communities on natural resources 

This indicator assesses the level of dependency of indigenous communities on natural resources, as they support the 

livelihoods of people living in or near forests. Climate change impacts on natural resources may disproportionately affect 

those highly reliant on these materials. Due to the lack of specific quantitative data, the evaluation was qualitative based 

on existing literature. 

 

Vulnerability indicator no3: Land 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. from forest 

 
6 https://databank.worldbank.org/metadataglossary/world-development-indicators/series/NY.GDP.PCAP.KN  
7 https://databank.worldbank.org/metadataglossary/gender-statistics/series/SI.POV.NAHC  
8 https://www.imf.org/en/Home  
9 https://data.worldbank.org/  

https://databank.worldbank.org/metadataglossary/world-development-indicators/series/NY.GDP.PCAP.KN
https://databank.worldbank.org/metadataglossary/gender-statistics/series/SI.POV.NAHC
https://www.imf.org/en/Home
https://data.worldbank.org/
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to agricultural, industrial, urban or other land use. As forest areas decline, handicraft production capacity, which is closely 

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. 

 

 

ὊέὶὩίὸ ὰέίί 
   

  
 ρππ 

 

The data were sourced from the Global Forest Watch platform and further processed at the level of the immediate region. 

 

Vulnerability indicator no4: Age, gender and education level of indigenous peoples 

This indicator assesses the demographic characteristics of handicraft producers, specifically age, gender, and education 

level, as determinants of adaptive capacity. Older producers and those with lower educational attainment often face 

constraints in accessing climate information, financial resources, and adaptive technologies, limiting their ability to respond 

effectively to climate stressors [3]. Additionally, gender-based disparities, particularly in low-income regions, further 

exacerbate vulnerability, as women in handicraft production frequently encounter structural barriers such as limited 

participation in decision-making processes. A higher proportion of elderly, female, and less-educated producers is 

associated with increased vulnerability in the sector, as these groups generally have reduced capacity to implement 

adaptation strategies. A composite indicator was built comprising of the 3 individual sub-indicators. 

 

Information about the age, gender and education level of indigenous peoples was sourced from scientific literature 

acquired from Baez et al. [69], from a research and technical manual: Forest Based Value Chains [70] and IBGE [20]. 

 

Vulnerability indicator no5: Economic capacity of the local population 

For the quantification of this indicator, the GDP per capita (nominal) 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 means to cope with climate related shocks. A 

composite indicator was built comprising of the 2 individual sub-indicators. 

 

The data were sourced from the International Monetary Fund (IMF) and .ǊŀȊƛƭΩǎ ƻŦŦƛŎƛŀƭ ƎƻǾŜǊƴƳŜƴǘ ǎƛǘŜ10. 

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

For assessing the vulnerability of fisheries and aquaculture in Greece, individual indicators were selected for each sub-

sector.  

 

4.3.3.1 Fisheries 

 

Vulnerability indicator no1: Contribution of national fishery production at Mediterranean level 

This indicator is used to reflect the contribution of Greek fisheries to the Mediterranean production by analyzing data on 

fishing capacity at country level. Data from FAO [71] 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 no2: Importance of fisheries for the national economy 

This indicator is used to assess ǘƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘŜ ŦƛǎƘŜǊƛŜǎ ǎŜŎǘƻǊ ǿƛǘƘƛƴ DǊŜŜŎŜΩǎ ŜŎƻƴƻƳȅ ōȅ ŜȄŀƳƛƴƛƴƎ ƛǘǎ ŎƻƴǘǊƛōǳǘƛƻƴ 

to national GDP. Data from FAO [72] and the World Bank ŀǊŜ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŦƛǎƘŜǊƛŜǎ ǎŜŎǘƻǊΩǎ ǎƘŀǊŜ to the total 

D5tΦ ¢ƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǎŜŎǘƻǊΩǎ relative contribution to the national economy, with a lower 

share indicating higher vulnerability. 

 
10 https://www.gov.br/planalto/en/latest-news/2024/12/ibge-8-7-million-people-lifted-out-of-poverty-in-2023  

https://www.globalforestwatch.org/
https://www.gov.br/planalto/en/latest-news/2024/12/ibge-8-7-million-people-lifted-out-of-poverty-in-2023


D3.3 τ Climate Projections Report (B) 
33 

 

 

 

Vulnerability indicator no3: Dependency of the local population on fisheries. 

This indicator is intended to reflect the extent to which local populations rely on fisheries for employment and income. The 

analysis also considers regional employment patterns in coastal areas, as well as qualitative factors such as part-time 

employment and economic alternatives available to fishing communities. A high percentage of fishermen indicates greater 

vulnerability of the local population in case adverse impacts of climate change affect fisheries. However, low shares can 

also indicate high vulnerability, in case there are coastal areas that were traditionally inhabited by fishing communities in 

the past and that have now diminished, as their protection is crucial for the preservation of local cultural heritage.  

 

ὛὬὥὶὩ έὪ ὪὭίὬὩὶάὩὲ Ϸ  
  

   
 ρππ 

 

Data from Hellenic Statistical Authority (ELSTAT) and the Greek Ministry of Food and Agriculture are used to calculate the 

share of fisheries-related employment within the total workforce. 

 

Vulnerability indicator no4: Small-scale fisheries 

This indicator focuses on the role of small-ǎŎŀƭŜ ŦƛǎƘŜǊƛŜǎ ό{{Cύ ǿƛǘƘƛƴ DǊŜŜŎŜΩǎ ŦƛǎƘŜǊƛŜǎ ǎŜŎǘƻǊΣ ŀǎ ǘƘŜȅ ŀǊŜ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ 

to climate change impacts [3]. Vessel registration data, employment statistics, and landing values are analysed to determine 

the share of SSF. The higher the percentage of small-scale fishers, the greater the vulnerability of the system. 

 

The data were provided by the Department of Fisheries of the Hellenic Ministry of Rural Development and Food. 

 

Vulnerability indicator no5: Thermal tolerance of fish 

This indicator is employed to assess the vulnerability of fish species to temperature changes. Species with a narrow thermal 

tolerance range are classified as highly vulnerable, while those with broader ranges are considered more resilient. A 

composite vulnerability indicator was built for depicting the vulnerability of fish population in the Greek sea to increased 

sea temperature. The indicator incorporated relevant data for the 20 most commercially significant fish species in Greece. 

Due to data limitations, certain mollusk species were excluded from the analysis. 

 

To assess this indicator, the thermal tolerance range and the thermal stress of fish species were considered. With respect 

to the former, it was considered that the narrower the tolerance range, the higher the vulnerability of the species. 

Regarding thermal stress, the assessment focused on the extent to which the average sea surface temperature exceeds, or 

is expected to exceed (based on the climate projections), the upper tolerance limit of the species. The higher the 

exceedance, the higher the vulnerability of the species, while if there is no exceedance of the upper limit, there is no 

vulnerability. The results were weighted proportionately to the contribution of each species to total fisheries production. 

The final composite vulnerability index was derived by aggregating the weighted contributions of all species. It is noted that 

this is the only vulnerability indicators that varies according to different climate scenarios. 

 

Information on the thermal tolerance ranges of the fish species was retrieved from the online database on fish, called Fish 

Base. The data on the fisheries production by fish species were provided by the Greek Ministry of Rural Development and 

Food, Department of Fisheries. 

 

Vulnerability indicator no6: Pressures on fish populations 

This indicator is used to examine other pressures on fish populations, such as the pressures imposed by invasive species 

and by overfishing. The vulnerability related to the invasion of alien fish species is examined for those species that are 

considered to negatively affect native fish populations, leading to ecological and economic effects. The impact of invasive 

species on fisheries is evaluated by examining population trends of invasive species and their effects on native fish stocks. 

The data were sourced from the Hellenic Ministry of Rural Development and Food, Department of Fisheries.  

 

Additionally, the impact of overfishing is used to assess another critical pressure on fish populations. Data for the 

overfishing rate in the Mediterranean Sea was sourced from the Food and Agriculture Organization of the United Nations 

[71]. 

 

https://www.fishbase.se/search.php
https://www.fishbase.se/search.php
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Vulnerability indicator no7: Age, gender and education level of the fisheries workforce 

This indicator is used to assess the demographic characteristics of fishers, specifically age, gender, and education level, as 

determinants of adaptive capacity. A higher proportion of elderly, female, and less-educated fishers is associated with 

increased vulnerability in the sector, as these groups generally have reduced capacity to implement adaptation strategies. 

 

The data were retrieved from the Greek Ministry of Rural Development and Food, Department of Fisheries.  

 

Vulnerability indicator no8: Physical adaptive capacity of fish populations 

This indicator is used to assess 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 literature [52], [53] and includes 

a review of species migration trends, spawning period changes, and habitat shifts. The vulnerability classification considers 

ōƻǘƘ ōƛƻƭƻƎƛŎŀƭ ŀŘŀǇǘŀōƛƭƛǘȅ ŀƴŘ ǘƘŜ ǎŜŎǘƻǊΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀŘŀǇǘƛǾŜ ǎǘǊŀǘŜƎƛŜǎΦ 

 

The assessment of the physical adaptive capacity of fish populations to climate change is conducted through a qualitative 

literature-based approach. This 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 capita (nominal) 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 cope with climate related shocks. 

 

The data were sourced from the International Monetary Fund (IMF) and the World Bank. 

 

4.3.3.2 Aquaculture 

Vulnerability indicator no1: Contribution of national aquaculture production at Mediterranean level 

¢Ƙƛǎ ƛƴŘƛŎŀǘƻǊ ŀǎǎŜǎǎŜǎ DǊŜŜŎŜΩǎ ǊƻƭŜ ƛƴ aŜŘƛǘŜǊǊŀƴŜŀƴ ŀǉǳŀŎǳƭǘǳǊŜ ōȅ ŜǾŀƭǳŀǘƛƴƎ ƛǘǎ ǇǊƻŘǳŎǘƛƻƴ ǾƻƭǳƳŜ ǊŜƭŀǘƛǾŜ ǘƻ ƻǘƘŜǊ 

countries in the region. Data from FAO  [71] are used to qualitatively ǉǳŀƴǘƛŦȅ DǊŜŜŎŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƻǘŀƭ aŜŘƛǘŜǊǊŀƴŜŀƴ 

and Black Sea aquaculture output. Regions with higher contributions are more reliant on aquaculture, indicating greater 

vulnerability. 

 

Vulnerability indicator no2: Importance of aquaculture for the national economy 

This indicator assesses the economic significance of aquaculture within DǊŜŜŎŜΩǎ ƴŀǘƛƻƴŀƭ ŜŎƻƴƻƳȅ ōȅ ŎŀƭŎǳƭŀǘƛƴƎ ƛǘǎ 

contribution to Gross Value Added (GVA). Data from EUROSTAT11 ŀǊŜ ǳǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ŀǉǳŀŎǳƭǘǳǊŜΩǎ ǎƘŀǊŜ ƻŦ D±! ǿƛǘƘƛƴ 

ǘƘŜ ōǊƻŀŘŜǊ ŀƎǊƛŎǳƭǘǳǊŜΣ ŦƻǊŜǎǘǊȅΣ ŀƴŘ ŦƛǎƘƛƴƎ ǎŜŎǘƻǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ƛǘǎ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ D±!Φ ! ƘƛƎƘŜǊ ǎƘŀǊŜ 

indicates greater economic importance, and increased vulnerability. 

 

Vulnerability indicator no3: Dependency of the local population on aquaculture 

This indicator assesses the reliance of local populations on aquaculture for employment. The analysis uses employment 

data from HAPO [23] to determine the share of jobs in aquaculture across different administrative regions.  

 

ὛὬὥὶὩ έὪ ὩάὴὰέώὩὩί Ὥὲ ὥήόὥὧόὰὸόὶὩ Ϸ  
    

   
 ρππ 

 

The data for the number of employees in aquaculture were 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 

Service12. 

 

Trends in employment over time are also examined to assess sectoral stability. A declining trend in this indicator indicates 

 
11 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics  
12 https://www.statistics.gr/documents/20181/2fb5a3de-949d-4d3a-bc54-f7feab07446c  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics
https://www.statistics.gr/documents/20181/2fb5a3de-949d-4d3a-bc54-f7feab07446c
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higher vulnerability, as it reflects reduced 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 the Hellenic Statistical Authority (ELSTAT). 

 

Vulnerability indicator no4: Share of small-scale aquaculture 

This indicator assesses the vulnerability of small-scale aquaculture enterprises in Greece. Small-scale 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 large-scale producers [73], [74], [75], [76]. A higher percentage 

of small-scale aquaculture farms indicates increased vulnerability to climate change and reduced 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 HAPO [23]. 

 

Vulnerability indicator no5: Thermal tolerance of fish 

The same methodology used for the fisheries sector was applied to the main aquaculture species. 

 

Vulnerability indicator no6: 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 these feeds, threatens 

aquaculture by making raw materials scarce, expensive, and uncertain (Fish from Greece13). Additionally, overfishing leads 

to biodiversity loss, which further weakens the ecological resilience of marine ecosystems, increasing the sector's 

vulnerability to climate change. Thus, a higher percentage of overfishing indicates greater vulnerability of the sector. 

 

The data were sourced from the Food and Agriculture Organization of the United Nations [71]. 

 

Vulnerability indicator no7: 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 are analysed using data from the Ministry of Rural 

Development and Food [23]. The classification considers factors such as workforce aging, gender imbalances, and education 

ƭŜǾŜƭǎΣ ŀǎ ǘƘŜǎŜ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǎŜŎǘƻǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘ ǘƻ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŎƭƛƳŀǘŜ-related challenges. 

 

Vulnerability indicator no8: 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 which the aquaculture sector responds to climate stressors. The 

indicator highlights the reliance of the sector on human interventions such as technological advancements, disease 

management, and the relocation of operations. 

 

ʆhe indicator provides insights into the relative vulnerability of each sector, based on their adaptive capacity to climate 

change. The information was derived from various studies on aquaculture resilience and climate adaptation. 

 

Vulnerability indicator no9: Economic capacity of the local population 

For the quantification of this indicator, the GDP per capita (nominal) 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 cope with climate related shocks. 

 

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

 

 
13 https://fishfromgreece.com/  

https://fishfromgreece.com/
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4.3.4 Gold mined in Ghana 

Vulnerability indicator no1: Contribution of national gold 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 the gold in Ghana to the global gold production, the greater the vulnerability for the global supply, if the system is 

adversely affected by climate change. 

 

ὅέὲὸὶὭὦόὸὭέὲ ὥὸ Ὣὰέὦὥὰ ὰὩὺὩὰ 
   

  
 ρππ 

 

This indicator is quantified using data on the global gold production from the Ghana Chamber of Mines [77]. 

 

Vulnerability indicator no2: Importance of gold for the national economy 

This indicator evaluates the economic importance of gold mining for the country by examining its to the national as well as 

the respective sectoral Gross Domestic Product (GDP) or Gross Added Value (GAV). A higher 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. 

 

 

ὍάὴέὶὸὥὲὧὩ 
  

  
 ρππ 

 

ὍάὴέὶὸὥὲὧὩ 
  

 
 ρππ 

 

The data were sourced from the Ghana Chamber of Mines [77]. 

 

Vulnerability indicator no3: Economic dependency of the local population on gold mining 

This indicator is intended to reflect the extent to which the local population in Ghana depends on income from gold mining 

and is expressed as the percentage of the number of gold miners to the total economically active population. A higher 

percentage of gold miners indicates greater vulnerability of the local population. 

 

ὉὧέὲέάὭὧ ὨὩὴὩὲὨὩὲὧώ 
   

  
 ρππ 

 

The total economically active population data were sourced from the Ghana Statistical Service, while the number of large-

scale gold miners was obtained from the Ghana Chamber of Mines. Due to the lack of specific and comprehensive data for 

the number of small-scale gold miners, the calculation relies on estimated figures. 

 

Vulnerability indicator no4: Share of small-scale gold mining 

This indicator examines the proportion of small-scale gold mining production, as most small-scale workers operate 

informally, lacking the required licenses and permits, using poor mining techniques. Informality creates significant 

challenges for miners, resulting in precarious livelihoods, limited legal rights, insecure land tenure, and dangerous working 

conditions. Additionally, the absence of technical expertise and access to finance perpetuates the cycle of informality [78]. 

The higher the percentage of small-scale production the greater the vulnerability of the system. 

 

The data were sourced from the Minerals Commission (2020).  

 

Vulnerability indicator no5: Age, gender and education level of miners 

This indicator assesses the demographic characteristics of miners, specifically age, gender, and education level, as 

determinants of adaptive capacity. Women may have less access to resources, increasing their susceptibility to climate 

impacts [79]. A higher proportion of elderly, female, and less-educated miners is associated with increased vulnerability in 

the sector, as these groups generally have reduced capacity to implement adaptation strategies. 

 

The information was sourced from studies on socio-economic analyses from the LLC [68]. 



D3.3 τ Climate Projections Report (B) 
37 

 

 

 

Vulnerability indicator no6: Economic capacity of the local population 

For the quantification of this indicator, the GDP per capita of Ghana and the national poverty rate was used and compared 

to the respective indicators for the wider region (i.e. Africa) 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 from the International Monetary Fund (IMF) and the World Bank. 

 

  

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 ASSESSMENT RESULTS 
This section presents the results of climate projections and climate risk assessments conducted for the case studies of the 

BIOTRAILS project.  

5.1 COCOA PRODUCED IN PERU ς UCAYALI REGION IN PERU 
 

5.1.1 ASSESSMENT OF HAZARD  

In the following paragraphs, the findings regarding hazard indicators for the cocoa sector in Peru are presented. The climate 

scenarios presented are the SSP1-2.6 SSP2-4.5 and SSP3-7.0. Historical period refers to 1995-2014 and future climate 

projection scenarios periods refer to 2041-2060. 

5.1.1.1 Near-surface air temperature 

The spatial distribution of the average near-surface air temperature change between climate scenarios and the historical 

period in the Ucayali region of Peru, is depicted in Figure 8. Future projections indicate an overall increase in temperature. 

Under the SSP1-2.6 scenario, there is a moderate temperature rise maintaining a change of about 1.5°C throughout Ucayali, 

while under the SSP2-4.5 and SSP3-7.0 scenarios it is more significant, especially in the southern areas. SSP2-4.5 conveys 

an increase of about 2°C. The projected warming is expected to occur throughout the region, with the northern part 

consistently maintaining the lowest temperature changes. The most severe warming is projected for the southern Ucayali 

area under all three scenarios, reaching around +2.4°C in SSP3-7.0, significantly surpassing historical temperature levels. 

 

 
 

Figure 8: Spatial representation of the mean near-surface air temperature change between reference period (1995-2014) and the 
future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

In Figure 9, time series of mean annual temperatures for the Ucayali region in Peru are provided, covering the period from 
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1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. The data reveal a consistent rise in temperature for each 

scenario. In particular, the SSP1-2.6 pathway shows a relatively moderate temperature increase, aligning with a lower-

emission future. In contrast, the SSP2-4.5 and SSP3-7.0 scenarios indicate more substantial warming, with the latter 

showing the most significant rise. The graph demonstrates that post-2040, average temperatures in all scenarios are 

expected to remain above 23.5°C, indicating a shift to a warmer climate baseline. The peak temperatures are most evident 

in the SSP3-7.0 scenario, particularly towards the end of the century, where they approach 28°C, a remarkable contrast to 

the historical reference period. 

 
 

Figure 9: Time series of the mean annual near-surface air temperature for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-
7.0), Ucayali region in Peru. 

In Table 6, the projected absolute values and changes in mean near-surface air temperature in Ucayali, Peru are provided 

for the three SSP scenarios. The expected temperature changes for the mid-term future period range from +1.4 °C under 

SSP1-2.6 to +2 °C under SSP3-7.0, while for the long-term future they reach up to +4.5 °C, based on SSP3-7.0. The projected 

increases in temperature are considered as a Medium to High level hazard. 

 

 

Table 6: Absolute value (°C) and change (°C) of the mean near-surface air temperature for the future period 
based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

Near-
surface air 

temperature 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060)  Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(°C) 

23.6 25.0 25.3 25.6 25.1 26.4 28.1 

Change (°C) - +1.4 +1.7 +2.0 +1.6 +2.8 +4.5 

Normalised 
value 

- Medium 
Medium to 

High 
High 

Medium to 

High 
High High 

5.1.1.2 Daily maximum near-surface air temperature 

The spatial distribution of the average daily maximum near-surface temperature change between climate scenarios and 

the historical period in the Ucayali region of Peru, is depicted in Figure 10. The distribution shows higher temperature 
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change towards the eastern part, closer to Brazil, and lower temperature change towards the northwestern part. All 

scenarios exhibit increases in average daily maximum near-surface air temperature SSP1-2.6 exhibits increases in daily 

maximum temperature, ranging between +1° C to +1.5 ° C, SSP2-4.5 between +1.5 ° C to +2° C, and SSP3-7.0 +2° C to 

+2.4° C. There is noticeable warming across the region, with consistently higher temperatures.  

 

 
Figure 10: Spatial representation of the mean daily maximum near-surface air temperature change between the reference period 1995-

2014 and the future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

Figure 11 illustrates the time series of mean annual daily maximum near-surface air temperature, covering the period from 

1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. The data display a rise in temperature over the future period 

for each scenario. All three scenarios show that post 2050 temperature will remain above 28°C. The SSP1-2.6 pathway 

projects a relatively moderate temperature increase, aligning with a lower-emission future. The SSP2-4.5 and SSP3-7.0 

scenarios indicate more substantial warming, exceeding 30°C and 32°C respectively by the end of the century.  

 



D3.3 τ Climate Projections Report (B) 
41 

 

 

 
Figure 11: Time series of the mean annual daily maximum near-surface air temperature for the period 1995-2100 (under SSP1-2.6, 

SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

In  

Table 7, the projected absolute values and changes in mean daily-maximum near-surface air temperature in Ucayali, Peru 

are provided for the three SSP scenarios. The expected temperature changes for the mid-term future period range from 

+1.4 °C under SSP1-2.6 to +2 °C under SSP3-7.0, while for the long-term future they reach up to +4.6°C, based on SSP3-7.0. 

The projected increases in temperature are considered as Medium to High level hazards. 
 

Table 7: Absolute value (°C) and change (°C) of the mean daily maximum near-surface air temperature for the 
future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

Daily 
maximum 

near-surface 
air 

temperature 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(°C) 

28.3 29.7 30.1 30.3 29.9 31.2 32.9 

Change (°C)  +1.4 +1.8 +2.0 +1.6 +2.9 +4.6 

Normalised 
value 

- Medium 
Medium to 

High 
High 

Medium to 

high 
High High 

 

5.1.1.3 Daily minimum near-surface air temperature 

The spatial distribution of daily minimum near-surface air temperature change between climate scenarios and the historical 

period in the Ucayali region of Peru is depicted in Figure 12. Future projections suggest an increase in daily minimum 

temperatures, particularly observed in the southwestern part of Ucayali under all three scenarios.  Scenario SSP1-2.6 exhibit 

a rather uniform increase of about 1.4° C throughout Ucayali. SSP2-4.5 displays a change in a range of 1.6-2.0° C with the 

largest differences being in western Ucayali. SSP3-7.0 displays the largest difference of about 2.6° C to 2.1° C. Largest 

increase is located in the southwest of Ucayali under the scenario SSP3-7.0 reaching a difference of about +2.1° C.  
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Figure 12: Spatial representation of the mean daily minimum near-surface air temperature change between the reference period 1995-
2014 and the future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

The annual daily minimum near-surface air temperature is presented in the form of time series in Figure 13, covering the 

period from 1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. Historically, 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. Specifically, post-2045 temperatures are 

projected to remain above 18°C, compared to the reference period. Under the SSP1-2.6 scenario, temperatures are 

projected to remain above 19°C until 2100 and for SSP2-4.5 and SSP3-7.0 scenarios, temperatures are expected to exceed 

20°C and 23°C, respectively. 
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Figure 13: Time series of the mean annual daily minimum near-surface air temperature for the period 1995-2100 (under SSP1-2.6, 
SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

In  

Table 8, the projected absolute values and changes in mean daily-minimum near-surface air temperature in Ucayali, Peru 

are provided for the three SSP scenarios. The expected temperature changes for the mid-term future period range from 

+1.4 °C under SSP1-2.6 to +1.9 °C under SSP3-7.0, while for the long-term future they reach up to +4.5°C, based on SSP3-

7.0. The projected increases in temperature are considered as Medium to High level hazards. 

 

Table 8: Absolute value (°C) and change (°C) of the mean daily minimum near-surface air temperature for the 
future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

Daily 
minimum 

near-surface 
air 

temperature 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060)  Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(°C) 

18.7 20.1 20.5 20.6 20.3 21.7 23.2 

Change (°C) - +1.4 +1.8 +1.9 +1.7 +3.0 +4.5 

Normalised 
value 

- Medium 
Medium to 

High 

Medium to 

High 

Medium to 

High 
High High 

 

5.1.1.4 Heat stress days 

The spatial distribution of average change of annual heat stress days, defined as the number of days with temperatures 

exceeding 32°C over the course of a year, between climate scenarios and the historical period, is depicted in Figure 14. 

Scenario SSP1-2.6 shows differences between 0-75 days. Scenario SSP2-4.5 scenario displays changes of 0 to 95 days and 

scenario SSP3-7.0 scenario exhibits the most pronounced increase in heat stress days reaching more than 100 days of 

difference compared to the historical period. Results indicate an increase in heat stress days in all regions of Ucayali. The 

increase is more profound in the southwest part in all scenarios whereas the change is less profound in the northwestern 
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part of Ucayali. Additionally, areas with the higher number of heat stress days extend slightly northeast.  

 

 
Figure 14: Spatial representation of mean number of days with heat stress (over 32°C) for the reference period 1995-2014 and the 

future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

Figure 15 shows the time series of mean annual heat stress, covering the period from 1995 to 2100 under SSP1-2.6, SSP2-

4.5 and SSP3-7.0 scenarios. For 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 SSP1-2.6, show a gradual increase in the number of days with heat stress, reaching 150 days annually by 

the end of the century. The SSP2-4.5 scenario shows a more substantial increase in the number of heat stress days, 

exceeding 200 days annually until 2100. This scenario demonstrates a significant increase in heat stress. Under the SSP3-

7.0 scenario, a more pronounced increase is projected in the number of heat stress days, exceeding 250 days by 2100.  
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Figure 15: Time series of the mean annual number of days with heat stress (over 32°C) for the period 1995-2100 (under SSP1-2.6, SSP2-

4.5 and SSP3-7.0), Ucayali region in Peru. 

In Table 9, the projected absolute values and changes in mean heat stress days in Ucayali, Peru are provided for the three 

SSP scenarios. The expected changes for the mid-term future period range from +50.9 °C under SSP1-2.6 to +75.4 days 

under SSP3-7.0, while for the long-term future they reach up to +157.5 days, based on SSP3-7.0. The projected increases in 

temperature are considered as Medium to High to High level hazards. 

 

Table 9: 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 SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference 

period, Ucayali, Peru. 

Heat stress 
days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(number of 

days) 

101.2 152.1 170.9 176.6 159.7 208.2 258.7 

Change 
(number of 

days) 

- +50.9 +69.7 +75.4 +58.5 +107.0 +157.5 

Normalised 
value 

- 
Medium to 

High 

Medium to 

High 
High 

Medium to 

High 
High High 

 

5.1.1.5 Evaporation (including sublimation and transpiration) 

Figure 15 conveys the spatial distribution of the mean change of annual evaporation including sublimation and 

transpiration. Future projections indicate an increase under all scenarios compared to the historical period. SSP1-2.6 shows 

the most profound change of about +30 to +55 Kg/m2 · year in northwest Ucayali. In SSP2-4.5 the maximum change appears 

in central Ucayali and displays lower changes compared to SSP1-2.6 of about +25-50 Kg/m2 · year. SSP3-7.0 displays the 

lowest changes throughout the Ucayali region between 0-30 Kg/m2 · year. 
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Figure 16: Spatial representation of mean evaporation for the reference period 1995-2014 and the future period 2041-2060 (under 

SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

Figure 17 illustrates the time series of mean annual evaporation (including sublimation and transpiration) (measured in 

kg/m²·year), covering the period from 1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. The historical data 

indicate relatively stable evaporation rates fluctuating around 1275ς1300 kg/m²/year. Under SSP1-2.6 evaporation rates 

increase steadily, remaining relatively high and stable. SSP2-4.5 also shows an increasing trend, slightly similar to SSP1-2.6. 

In contrast, SSP3-7.0 exhibit significantly lower evaporation rates after 2050, with greater variability and a general decline. 

These trends suggest that lower emissions scenarios (SSP1-2.6 and SSP2-4.5) 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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Figure 17: Time series of mean annual evaporation for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in 

Peru. 

In Table 10, the projected absolute values and changes in mean evaporation in Ucayali, Peru are provided for the three SSP 

scenarios. The expected temperature changes for the mid-term future period range from +21.5.2 kg/ά ϽώὩὥὶ under SSP3-

7.0 to +39.5 kg/ά ϽώὩὥὶ under SSP1-2.6, while for the long-term future they reach up to +47.2 kg/ά ϽώὩὥὶ, based on 

SSP1-2.6. The projected increase in evaporation is considered as a Low to Medium to medium to High level hazard. Negative 

changes are not considered as a hazard in the framework of this study. 

 
Table 10Υ !ōǎƻƭǳǘŜ ǾŀƭǳŜ όƪƎκƳϣнϊȅŜŀǊΦύ ŀƴŘ ŎƘŀƴƎŜ όƪƎκƳϣнϊȅŜŀǊΦύ ƻŦ ǘƘŜ ƳŜŀƴ ŜǾŀǇƻǊŀǘƛƻƴ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜ 

period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

 

Evaporation 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 

(kg/□ Ͻ
◐▄╪►) 

1284.5 1324.03 1319.71 1306.02 

1331.8 1329.5 1275.4 

Change 

(kg/□ Ͻ
◐▄╪►) 

- +39.5 +35.2 +21.5 

+47.2 +44.9 -9.2 

Normalised 
value 

- 
Medium to 

High 
Medium 

Low to 

Medium 

Medium to 

High 

Medium to 

High 
No hazard 

 

5.1.1.6 Precipitation 

The spatial distribution of mean annual precipitation change between climate scenarios and historical period is presented 

in Figure 18. It should be noted that scenario projection outputs do not exhibit notable variations with other. All scenarios 

agree on the spatial distribution characteristic of the change. All scenarios display changes of about 0 to 100 mm/year. 

Spatial distribution is quite the same in all scenarios displaying areas of high relative difference in central, North and West 

Ucayali. 
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Figure 18: Spatial representation of mean precipitation for the reference period 1995-2014 and the future period 2041-2060 (under 

SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

Time series of mean annual, covering the period from 1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios, are 

presented in Figure 19. Analysis of the historical period reveals that annual precipitation ranges between 2000 mm/year 

and 2200 mm/year, exhibiting significant interannual variability but no discernible long-term 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 SSP1-2.6 pathway the precipitation pattern appears relatively stable with minor fluctuations, reflecting the 

historical variability. Increased precipitation periods are noticeable around the mid-21st century (around 2045) and late 

21st century (around 2095), but these peaks do not significantly deviate from the historical range, suggesting a relatively 

consistent precipitation pattern under this scenario. The SSP2-4.5 scenario shows more pronounced peaks and troughs 

compared to SSP1-2.6. Significant increases in precipitation are observed around 2040, 2055, and 2085, indicating potential 

periods of higher precipitation. The SSP3-7.0 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 experience more extreme fluctuations in annual precipitation. 
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Figure 19: Time series of mean annual precipitation for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in 

Peru. 

In Table 11, the projected absolute values and changes in mean precipitation in Ucayali, Peru are provided for the three 

SSP scenarios. The expected temperature changes for the mid-term future period range from +31.7 mm under SSP3-7.0 to 

+39.7 mm under SSP2-4.5, while for the long-term future they reach up to +63.2 °C, based on SSP3-7.0. The projected 

increases in temperature are considered as a Medium to High level hazard. The above highlight a small increase in 

precipitation for both periods compared to the reference period. This is consistent with the AR6 of IPCC, based on which 

precipitation is projected to decrease over the tropical region, however there is a regional differentiation, such as increases 

in rainfall amounts in the western part of the Northern South America region, where Ucayali is located [80]. Additionally, it 

is noted that future changes in precipitation are subject to high uncertainty even in the sign of the projected change 

(negative or positive) [3]. In the framework of the current study, the increase of precipitation is not considered as a hazard. 

 

Table 11: Absolute value (mm/year) and change (mm/year) of the mean precipitation for the future period 
based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

Precipitation 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(mm) 

2091.2 2125.9 2130.9 2122.9 2119.4 2106.4 2154.4 

Change (mm) - +34.7 +39.7 +31.7 +28.3 +15.2 +63.2 

Normalised 
value 

- No hazard No hazard No hazard No hazard No hazard No hazard 

 

5.1.1.7 Heavy precipitation days 

The spatial distribution of the change in the mean annual number of heavy precipitation days between climate scenarios 

and is depicted in Figure 20. Future projections suggest a small increase in heavy precipitation days in all scenarios. 

Scenarios SSP1-2.6 and SSP2-4.5 exhibit a relatively smaller increase between 0-4 days in year whereas scenario SSP3-7.0 

conveys differences of 0-6 days in year. This indicates that, in the future, the Ucayali region is expected to experience 

slightly more frequent heavy precipitation events compared to the reference period specially under scenario SSP3-7.0. 
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More specifically, the increase is more pronounced in the northwest side of the department, where cocoa cultivation is 

more extensive. 

 

 
Figure 20: Spatial representation of mean number of heavy precipitation days (>95%) for the reference period 1995-2014 and the 

future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

Figure 21 presents time series of the mean annual number of heavy precipitation days, covering the period from 1995 to 

2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. Historically, the number of heavy precipitation days ranged from 

12.5 to 17.5 days annually. Under the SSP1-2.6 and SSP2-4.5 scenarios, the number of heavy precipitation days remains 

relatively stable until 2060, with only a slight increase projected until 2100. In contrast, the SSP3-7.0 scenario shows a 

gradual increase in heavy precipitation days until 2060, followed by a more pronounced rise between 2060 and 2100, 

indicating a steeper trend toward more frequent heavy precipitation events in the latter half of the century. 
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Figure 21: Time series of the mean annual number of heavy precipitation days (>95%) for the period 1995-2100 (under SSP1-2.6, SSP2-

4.5 and SSP3-7.0), Ucayali region in Peru. 

In Table 12, the projected absolute values and changes in heavy precipitation days in Ucayali, Peru are provided for the 

three SSP scenarios. The expected changes in heavy precipitation days for the mid-term future period range from +0.7 days 

under SSP1-2.6 to +1.1 days under SSP3-7.0, while for the long-term future they reach up to +4.7 days, based on SSP3-7.0. 

The data indicate an increase in the number of days with heavy precipitation under all scenarios compared to the reference 

period. The biggest change in heavy precipitation days is observed between SSP3-7.0 and the historical period followed by 

the SSP2-4.5 and SSP1-2.6. According to the AR6 of IPCC [2], heavy precipitation in the Northern South America region will 

generally become more frequent and more intense with additional global warming. However, there is medium confidence 

in climate model projections for precipitation extremes as there are several factors that make the projections more complex 

at regional level [3]. The projected increases in heavy precipitation days for both periods and all scenarios are considered 

as a Low hazard with the exception of SSP3-7.0 which is considered as Medium to High level hazard. 

 

Table 12: Absolute value (number of days) and change (number of days) of the mean heavy precipitation days 
for the future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, 

Peru. 

Heavy 
precipitation 

days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(number of 

days) 

14.3 15.0 15.1 15.4 14.8 15.6 19.1 

Change 
(number of 

days) 

- +0.7 +0.8 +1.1 +0.5 +1.3 +4.7 

Normalised 
value 

- Low Low Low Low Low 
Medium to 

High 

 

5.1.1.8 Consecutive dry days 

The spatial distribution of the change in the mean annual number of maximum consecutive dry days between climate 

scenarios and the reference period is depicted in Figure 22. There is no significant change in this parameter under all 
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scenarios as they exhibit changes of less than 3-4 days even under the most pessimistic scenario. Areas that are projected 

to experience slightly drier conditions are located in the Western and Southwestern part of Ucayali. 

 

 
Figure 22: Spatial representation of mean number of consecutive dry days (<1mm) for the reference period 1995-2014 and the future 

period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali region in Peru. 

In Figure 23, time series of mean annual number of consecutive dry days are provided, covering the period from 1995 to 

2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. The historical data ranged between 20 and 40 consecutive dry days. 

Future projections under the SSP1-2.6 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 does not show a 

significant difference compared to the historical baseline. Under the SSP2-4.5 scenario there are periods where the number 

of dry days increases, and the overall trend shows moderate fluctuations. The SSP3-7.0 scenario shows the most relatively 

large increase in the number of consecutive dry days.  
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Figure 23: Time series of the mean annual number of consecutive dry days (<1mm) for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 

and SSP3-7.0), Ucayali region in Peru. 

 
In Table 13, the projected absolute values and changes in mean maximum number of consecutive dry days in Ucayali, Peru 

are provided for the three SSP scenarios. The expected changes for the mid-term future period range from -1.1 days under 

SSP1-2.6 to no change in SSP2-4.5, while for the long-term future they reach up to +1.2 days, based on SSP3-7.0. In the 

framework of the current study, the decrease in the maximum number of consecutive dry days is not considered as a 

hazard. The projected increases are considered as Low to Low to Medium level hazard. It can be discerned that the change 

in the number of maximum consecutive dry days between the three scenarios is minimal. According to the AR6 of IPCC [2], 

[81], aridity and drought in the Northern South America region are projected to increase with additional global warming. 

However, there is medium confidence in climate model projections for precipitation extremes as there are several factors 

that make the projections more complex at regional level [3].  

 

 
Table 13: Absolute value (number of days) and change (number of days) of mean consecutive dry days for the 
future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Ucayali, Peru. 

Consecutive 
dry days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(number of 

days) 

31.0 29.9 31.0 30.9 31.1 30.8 32.2 

Change 
(number of 

days) 

- -1.1 +0.0 -0.1 +0.1 -0.1 +1.2 

Normalised 
value 

- No hazard No hazard No hazard Low No hazard 
Low to 

Medium 

 

5.1.2 ASSESSMENT OF EXPOSURE  

In this section, the results of the assessment of exposure for the 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 across ¦ŎŀȅŀƭƛΩǎ four provinces, with Padre Abad accounting for 70% of the total cultivated 

area, showing high exposure. Coronel Portillo and Atalaya also contribute to cacao production, though on a smaller scale, 

representing 17% and 12%, respectively, indicating medium exposure. The province of Purús shows no exposure. 

 

Table 14: Cultivated area for cocoa production by province in Ucayali, 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 

Purús 26 0.1 Low 

 

5.1.3 ASSESSMENT OF VULNERABILITY  

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

5.1.3.1 Contribution of national cocoa production at global level 

Peru is the eighth-largest cocoa producer globally, accounting for 2.9% of global production (World Population Review14), 

and the second-leading producer of organic cocoa [82]. Its production exceeds the average of the 57 cocoa-producing 

countries, which is approximately 2%. However, cocoa production is highly diversified, with numerous countries 

contributing to global supply. 

 

Based on these factors, the contribution of national cocoa production at global level is classified as medium to high. 

5.1.3.2 Importance of cocoa for the national economy 

Ucayali is the third-largest cocoa-producing 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 

ǇǊƻŘǳŎǘΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ млΦм҈ ƻŦ ¦ŎŀȅŀƭƛΩǎ ǘƻǘŀƭ ŜȄǇƻǊǘǎΦ At the national level, agriculture contributed 6% to Peru's GDP in 

2023 (COMEXPERÚ), with cocoa representing 3.4% of the agricultural sector [16]. Thus, the contribution of cocoa to the 

national GDP accounts for 0.6%. According to the above, the importance of cocoa for the national economy is considered 

to be low to medium. 

5.1.3.3 Dependency of the local population on cocoa production 

Cocoa cultivation is an integral part of the agricultural sector of Peru, with approximately 90,000 cocoa producers, 

representing ŀǊƻǳƴŘ п҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ нΣнслΣфто total agricultural producers [84]. At the end of 2023, the total population 

employed in the cocoa production sector was estimated at 5,349, in the department of Ucayali [83], while the economically 

active population (EAP) was 318,300 individuals [84].Thus, the proportion of cocoa producers within ¦ŎŀȅŀƭƛΩǎ total 

workforce has been estimated at 1.7. 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 activities. According to the above, 

the dependency of the local population on cocoa production is low. 

5.1.3.4 Share of smallholder farmers in cocoa production 

Fragmentation of agricultural land is a major issue in Peru. Despite the expansion of the agricultural frontier, average 

landholdings have decreased. Nationally, the average area managed per agricultural household declined from 3.1 hectares 

in 1994 to 3.3 hectares in 2012. In 2012, 82% of agricultural units were small farms (<5 ha), while medium (5-50 ha) and 

large farms (>50 ha) decreased by 16% and 12%, respectively [82]. In Ucayali, cocoa production is largely dominated by 

smallholder farmers, many of whom face significant challenges, including limited access to advanced farming technologies, 

reliable markets, and financial services. Nationally, 91% of cocoa producers cultivate less than 3 hectares of cacao [83], and 

similar trends are observed in Ucayali. Specifically, 85% of cocoa producers in the region own 5 hectares or less, while only 

 
14 https://worldpopulationreview.com/country-rankings/cocoa-producing-countries  

https://worldpopulationreview.com/country-rankings/cocoa-producing-countries
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5% operate larger farms exceeding 20 hectares [85]. According to the above figures, the share of smallholder farmers in 

cocoa production is considered to be high. 

5.1.3.5 Age, gender and education level of the agriculture producers 

In Peru, the average age of agricultural producers varies across different groups. According to the Food and Agriculture 

Organization [16], most farm managers are men with an average age of 50 years. Additionally, the education level among 

farmers is generally low, with the majority having completed only primary education. This demographic trend poses a 

challenge to the long-term 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, an aging workforce can reduce 

ǘƘŜ ǎŜŎǘƻǊΩǎ ŀŘŀǇǘŀōƛƭƛǘȅ ǘƻ ŜȄǘŜǊƴŀƭ ǇǊŜǎǎǳǊŜǎ and disruptions, potentially compromising agricultural sustainability and 

food security. 

 

In terms of gender, women are heavily involved in cocoa production, particularly in harvest and post-harvest activities. 

However, despite their significant involvement, traditional gender roles continue to limit their participation in cooperatives, 

restrict their access to training and exclude them from decision-making processes, such as land management and climate 

adaptation planning [86]. In 2023, Peru had a total of 2,260,973 agricultural producers (INEI). Of 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 Peru.According to the above figures, the age, gender and education 

level indicator is categorised to have high vulnerability. 

5.1.3.6 Economic capacity of 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 in Table 15. 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 the world average, Peru's GDP per capita is just 56%, further emphasizing its limited 

adaptive capacity. Additionally, approximately 27.5% of Peru's population lives in poverty, indicating low to medium 

adaptive capacity of the country. 

 

Table 15: Relative economic capacity of Peru. 

Area GDP per capita (USD) 
In % of South 

America average 
In % of world 

average 

South America 11,242 100 - 

Peru 7,790 69 56 

 

According to the above, the economic capacity of the local population is categorised as low to medium, indicating medium 

to high vulnerability. 

5.1.4 ASSESSMENT OF OVERALL RISK 

In this section, the results of the comprehensive climate risk assessment for the cocoa value chain in the Ucayali region of 

Peru are presented, under SSP1-2.6, SSP2-4.5, and SSP3-7.0 and for the periods 2041-2060 and 2081-2100. The results are 

provided at provincial level in Table 16.  

 

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 SSP3-7.0, its risk level rises from Medium to High by 2041-2060 and 

further increases to High by 2081-2100. Under SSP2-4.5, the risk level in Padre Abad reaches Medium to High in 2081-2100. 

Coronel Portillo also experiences an increase in risk, reaching Medium to High under SSP2-4.5 (2081-2100) and SSP3-7.0 

(2041-2100). Similarly, Atalaya remains at Medium risk in most scenarios but reaches Medium to High under SSP3-7.0 

(2081-2100). In contrast, Purús maintains a Low to Medium risk level under all scenarios and time periods. Since hazard 

indicator exhibits small variations between different provinces under the same scenarios and periods, the differentiation 

in overall risk between each province is attributed mainly to the spatial distribution of the cocoa cultivation areas. Findings 
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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. 

 

Table 16: Overall risk assessment for cocoa production, Ucayali region in Peru. 

Provinces of Ucayali 

SSP1-2.6 SSP2-4.5 SSP3-7.0 

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

Coronel Portillo 
Low to 

Medium 
Medium Medium 

Medium to 
High 

Medium 
Medium to 

High 

Atalaya Medium Medium Medium Medium Medium 
Medium to 

High 

Padre Abad Medium Medium Medium 
Medium to 

High 
Medium to 

High 
High 

Purús 
Low to 

Medium 
Low to 

Medium 
Low to 

Medium 
Low to 

Medium 
Low to 

Medium 
Low to 

Medium 

5.2 SUSTAINABLE FOREST-BASED CULTURAL PRODUCTS CREATED BY 
INDIGENOUS COMMUNITIES IN THE BRAZILIAN AMAZON ς 
RONDÔNIA REGION IN BRAZIL 

5.2.1 ASSESSMENT OF HAZARD  

In the following paragraphs, the findings regarding hazard indicators in Rondônia, Brazil are presented. The climate 

scenarios presented are the SSP1-2.6, SSP2-4.5 and SSP3-7.0. All the historical periods refer to 1995-2014 and future climate 

projection scenarios periods refer to 2041-2060. 

5.2.1.1 Near-surface air temperature 

Figure 24 depicts the spatial distribution of change in the mean annual near-surface air temperature for the Rondônia 

region in Brazil, between climate scenarios and historical period. Future projections under the SSP1-2.6 scenario indicate a 

general increase in temperatures across the region, with most areas experiencing increase in temperatures between 1.3 

and 1.8 °C. Under scenario SSP2-4.5 the temperature increase is about 1.6 to 1.9 °C. Scenario SSP3-7.0 exhibits the largest 

differences between 1.8 and over 2 °C. The highest temperature differences are concentrated in the central and southern 

parts of Rondônia in all scenarios. 
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Figure 24: Spatial representation of mean near-surface air temperature for the reference period 1995-2014 and the future period 2041-

2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region in Brazil. 

Figure 25 presents the time series of mean annual sea-surface air temperature for the Rondônia region in Brazil, covering 

the period from 1995 to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. For the historical period, the data reveal a 

relatively stable trend in temperature ranging from 26°C to 27°C. Notably, for the future period, temperatures show a 

gradual increase over the century. By 2100, the mean annual temperature is projected to reach around 28°C, under the 

SSP1-2.6. The SSP2-4.5 scenario indicates a continued rise in temperatures, exceeding 29°C by 2100. Finally, the SSP3-7.0 

scenario projects that near-surface air temperatures may potentially exceed 31°C by the end of the century. 
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Figure 25: Time series of mean annual near-surface air temperature for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), 

Rondônia region in Brazil. 

Table 17 shows the projected absolute values and changes in mean near-surface air temperature in Rondonia, Brazil are 

provided for the three SSP scenarios. The expected temperature changes for the mid-term future period range from +1.3 

°C under SSP1-2.6 to +1.9 °C under SSP3-7.0, while for the long-term future they reach up to +4.2 °C, based on SSP3-7.0. 

The projected increases in temperature are considered as a Medium to High level hazard. 

 

Table 17: Absolute value (°C) and change (°C) of mean annual near-surface air temperature for the future 
period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Rondônia, Brazil. 

Near-
surface air 

temperature 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(°C) 

26.5 27.8 28.2 28.4 27.9 29.3 30.7 

Change (°C) - +1.3 +1.7 +1.9 +1.5 +2.9 +4.2 

Normalised 
value 

- Medium 
Medium to 

High 

Medium to 

High 
Medium High High 

 

5.2.1.2 Heat stress days 

Figure 26 shows the spatial distribution of the change in average annual heat stress days, defined as days with temperatures 

exceeding 32°C, between climate scenarios and historical period, in Rondônia, Brazil. Future projections show a rather large 

increase in heat stress days. Scenario SSP1-2.6 shows an increase between 40 and 50 days. Scenarios SSP2-4.5 SSP3-7.0 

depicts an increase of about 50 to 75 annual days of heat stress. Spatial distribution of the heat stress days increase remains 

essentially the same under all scenarios. Relatively higher stress days are observed in the Northern part of Rondonia and 

less days in the central and Eastern part. 
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Figure 26: Spatial representation of mean number of days with heat stress (over 32°C) for the reference period 1995-2014 and the 

future period 2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region in Brazil. 

Figure 27 shows the time series of mean annual heat stress days, covering the period from 1995 to 2100 under SSP1-2.6, 

SSP2-4.5 and SSP3-7.0 scenarios. The data demonstrate a strong increase in the number of heat stress days for all scenarios 

over the future period. Historically, heat stress days ranged between 100 and 140 annually. Under the SSP1-2.6 scenario, a 

gradual increase is projected, with the number of heat stress days expected to exceed 150 annually by 2100, while the 

SSP2-4.5 scenario shows a more pronounced increase, reaching 250 days. The SSP3-7.0 scenario displays the highest 

increase, reaching 300 days with heat stress annually by 2100. 
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Figure 27: Time series of the mean annual number of days with heat stress (over 32°C) for the period 1995-2100 (under SSP1-2.6, SSP2-

4.5 and SSP3-7.0), Rondônia region in Brazil. 

Table 18 shows the projected absolute values and changes in number of heat stress days over the course of a year in 

Rondonia, Brazil for the three SSP scenarios. The expected changes for the mid-term future period range from +46.5 days 

under SSP1-2.6 to +70.4 days under SSP3-7.0, while for the long-term future they reach up to +146.4 °C, based on SSP3-

7.0. The projected increases in the number of days with heat stress are considered as a Medium to High level hazard. 

 

Table 18: Absolute value (number of days) and change (number of days) of mean annual heat stress days for 
the future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Rondônia, 

Brazil. 

Heat stress 
days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(Number of 

days) 

116.2 162.7 182.6 186.6 169.3 220.0 262.6 

Change 
(Number of 

days) 

- +46.5 +66.4 +70.4 +53.1 +103.8 +146.4 

Normalised 
value 

- Medium 
Medium to 

High 

Medium to 

High 
Medium High High 

5.2.1.3 Precipitation 

Figure 28 shows the distribution of changes in the mean annual precipitation between the climate scenarios and the 

historical period. Future projections show that there are areas with negative and positive changes. Scenario SSP1-2.6 mostly 

conveys positive differences especially in the West and North of Rondônia. Small negative changes can be identified in the 

eastern and the central part of the region. Differences range from -40 to 40 mm/year. Scenario SSP2-4.5 exhibits mostly 

negative differences in the range of -60 to 15 mm/year. Negative changes are located to the central and eastern part of 

Rondônia whereas the positive changes are located to the northeastern area. Scenario SSP3-7.0 shows positive differences 

in the northern region, negative in the South and close to zero changes compared to the historical period in the central and 

western region.  
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Figure 28: Spatial representation of mean precipitation for the reference period 1995-2014 and the future period 2041-2060 (under 

SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region in Brazil. 

Figure 29 presents the time series of mean annual, covering the period from 1995 to 2100 under SSP1-2.6, SSP2-4.5 and 

SSP3-7.0 scenarios. During 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 century under all scenarios, with the 

magnitude of decline varying by emissions pathway. The SSP1-2.6 scenario projects a moderate reduction in precipitation, 

while the SSP2-4.5 and SSP3-7.0 scenarios exhibit more substantial declines, with the SSP3-7.0 pathway projecting the most 

pronounced reductions in precipitation by the end of the century. Unlike temperature, which demonstrates a clear upward 

trend, precipitation exhibits strong interannual variability throughout the study period. This highlights the complexity and 

uncertainty in projecting future precipitation under changing climate conditions. 
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Figure 29: Time series of mean annual precipitation for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region 

in Brazil. 

In Table 19, the projected absolute values and changes in mean precipitation in Rondonia, Brazil are provided for the three 

SSP scenarios. The expected temperature changes for the mid-term future period range from -5 mm under SSP3-7.0 to +15 

mm under SSP1-2.6, while for the long-term future the changes are negative from -4.4 mm under SSP1-2.6 to -61.6 mm 

under SSP3-7.0. In the framework of the current study, the increase of precipitation is not considered as a hazard. The 

projected decreases in temperature are considered as a Low to Low to Medium level hazard. 

 

Table 19: Absolute value (mm) and change (mm) of mean annual precipitation for the future period based on 
the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, Rondônia, Brazil. 

Precipitation 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(mm) 

1813.3 1828.3 1805.7 1808.3 1808.9 1772.3 1751.7 

Change (mm) - +15.0 -7.6 -5.0 -4.4 -41.0 -61.6 

Normalised 
value 

- No hazard Low Low Low 
Low to 

Medium 

Low to 

Medium 

 

5.2.1.4 Heavy precipitation days 

The spatial distribution of the mean number of days with heavy precipitation in Rondônia, Brazil is depicted in Figure 30, 

providing historical data from 1995-2014 and projections for the future period 2041-2060 under the SSP1-2.6, SSP2-4.5 and 

SSP3-7.0 scenarios. This pattern reflects a positive gradient in heavy precipitation days from southwest to north. Future 

projections indicate an increase in the frequency of heavy precipitation events under all scenarios. The SSP3-7.0 scenario 

projects the most significant increase, while SSP1-2.6 and SSP2-4.5 show comparatively smaller increases. These findings 

suggest that the Rondônia region is likely to experience more frequent heavy precipitation events in the future compared 

to the historical period, particularly under high-emission scenarios.  
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Figure 30: Number of heavy precipitation days in a year (>95%) for the reference period 1995-2014 and the future period 2041-2060 

(under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region in Brazil. 

Figure 31 presents the time series of the mean annual number of heavy precipitation days, covering the period from 1995 

to 2100 under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios. Historically, the number of heavy precipitation days ranged 

between 13 and 18 annually. Projections indicate an increase in heavy precipitation days under SSP2-4.5 and SSP3-7.0. 

However, under SSP1-2.6, the number of heavy precipitation days is projected to increase until 2050 and then decrease 

until 2100. 
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Figure 31: Time series of the mean number of heavy precipitation days (>95%) in year for the period 1995-2100 (under SSP1-2.6, SSP2-
4.5 and SSP3-7.0), Rondônia region in Brazil. 

Table 20, shows the projected absolute values and changes in mean heavy precipitation days in Rondonia, Brazil for the 

three SSP scenarios. The expected changes for the mid-term future period range from +4.1 days under SSP1-2.6 to +6.4 

days under SSP3-7.0, while for the long-term future they reach up to +11 days, based on SSP3-7.0. The projected increases 

in temperature are considered as a Medium to High level hazard. 

 

Table 20: Absolute value (number of days) and change (number of days) of mean annual heavy precipitation 
days for the future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, 

Rondônia, Brazil. 

Heavy 
precipitation 

days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(number of 

days) 

15.5 19.6 19.8 21.9 18.6 22.4 26.5 

Change 
(number of 

days) 

- +4.1 +4.3 +6.4 +3.1 +6.9 +11.0 

Normalised 
value 

- Medium Medium High Medium High High 

5.2.1.5 Consecutive dry days 

Figure 32 shows the spatial distribution of the change in the maximum number of consecutive dry days, defined as days 

with precipitation lower than 1 mm, between the climate scenarios and the historical period. Scenario SSP1-2.6 exhibits a 

decrease in the maximum number of consecutive dry days in the southern Rondonia whereas the northwestern areas show 

a slight increase. SSP2-4.5 show a small increase in the northwestern and southeastern areas, and a slight decrease in the 

central area. Scenario SSP3-7.0 shows a decrease in the maximum number of consecutive dry days in the southern areas 

and an increase in the northern area. These projections suggest that, in the future, Rondonia will experience quite small 

changes in the maximum number of dry days in a year throughout the region. The sign of the change depends heavily on 

local characteristics. 
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Figure 32: Spatial representation of mean number of consecutive dry days for the reference period 1995-2014 and the future period 

2041-2060 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Rondônia region in Brazil. 

Figure 33 presents time series of mean annual number of consecutive dry days, covering the period from 1995 to 2100 

under SSP1-2.6, SSP2-4.5 and SSP3-7.0 scenarios.  

 

Historically, the mean number of consecutive dry days ranged between 30 and 60 days annually. For the period from 2015 

to 2100, projections under the SSP1-2.6 scenario show some variability, but no significant long-term increase in the number 

of consecutive dry days is expected. Similarly, the SSP2-4.5 and SSP3-7.0 scenarios exhibit variability, with the number of 

consecutive dry days remaining around historical levels, although occasional peaks and troughs are observed. Overall, this 

parameter may exhibit some minor changes depending on local characteristics but in average, maximum number of 

consecutive dry days ŘƻŜǎƴΩǘ ŜȄƘƛōƛǘ ŀƴȅ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ōƻǘƘ ƛƴ ƴŜŀǊ ŀƴŘ ƭƻƴƎ ǘŜǊƳ ŀƴŘ ǳƴŘŜǊ ŀƭƭ ǎŎŜƴŀǊƛƻǎΦ 
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Figure 33: Time series of mean annual number of consecutive dry days for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-

7.0), Rondônia region in Brazil. 

Table 21, shows the projected absolute values and changes in maximum number of consecutive dry days over a year in 

Rondonia, Brazil for the three SSP scenarios. The expected changes for the mid-term future period range from +1.3 days 

under SSP1-2.6 to +2.9 days under SSP2-4.5, while for the long-term future they reach up to +5.2 days, based on SSP3-7.0. 

The projected increases in maximum consecutive dry days are considered as a Low to High level hazard. In the framework 

of the current study, the decrease in this parameter is not considered as a hazard. 

 

Table 21: Absolute value (number of days) and change (number of days) of mean annual maximum consecutive 
dry days for the future period based on the SSP1-2.6, SSP2-4.5 and SSP3-7.0, compared to the reference period, 

Rondônia, Brazil. 

Consecutive 
dry days 

Reference 
period 
(1995-
2014) 

Mid-term period (2041-2060) Long term period (2081-2100) 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

SSP1-
2.6 

SSP2-
4.5 

SSP3-
7.0 

Absolute value 
(number of 

days) 

50.6 51.9 53.5 52.1 51.5 49.8 55.8 

Change 
(number of 

days) 

- +1.3 +2.9 +1.5 +0.9 -0.8 +5.2 

Normalised 
value 

- Low 
Low to 

Medium 
Low Low No hazard High 

5.2.2 ASSESSMENT OF EXPOSURE  

In this section, the results of the assessment of exposure for the handicrafts value chain in the Rondônia region of Brazil 

are presented at immediate region level. 

5.2.2.1 Indigenous peoples living in forest areas 

The distribution of indigenous populations across the immediate regions of Rondônia, based on the percentage of land 

area occupied by indigenous peoples, indicates varying levels of exposure to climate-related hazards. In Porto Velho and Ji-

Paraná, where Indigenous communities occupy 37.2% and 19.9% of the area, respectively, the exposure levels are classified 

as high and medium. Cacoal, with 29.4% of its area inhabited by indigenous peoples, falls into the medium-to-high exposure 

category. The relatively larger proportion of land under indigenous control. In Vilhena (8.2%) and Ariquemes (5.2%), the 

lower percentages of Indigenous land occupancy correspond to a low-to-medium level of exposure. Jaru, with only 0.1% of 

its area occupied by Indigenous communities, has low exposure. 

 






















































































































