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Glossary of terms and abbreviations

Abbreviation / Term
c3s
CMIP5
CMIP6
ERAS
GCM

IPBES

IPCC
RCM
SSP
SST
SDM
PSDM
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Description

Copernicus Climate Change Service

Coupled Model Intercomparison Project Phase 5
Coupled Model Intercomparison Project Phase 6
ECMWEF Reanalysis v5

Global Climate Model

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services

Intergovernmental Panel on Climate Change
Regional Climate Model

Shared Socioeconomic Pathway

Sea Surface Temperature

Systems Dynamics Modelling

Participatory Systems Dynamics Modelling
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1 EXECUTIVE SUMMARY

The current report on Climate projections, produced in the framework of the BIOTRAILS project, presents a
comprehensive analysis of projections of future climate scenarios for the four value chains of traded products
(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 and consumed within the
Mediterranean countries (Greece); and gold mined in Ghana). This report aims to facilitate transformative change
by providing stakeholders with the necessary climate-related information, to give insight into the future climatic
conditions expected to affect the production of the raw materials under examination, or on other stages of each
value chain.

It compares past climate trends (1995-2014) with future climate projections (2015-2100) from the Coupled Model
Intercomparison Project Phase 6 (CMIP6), using specific Shared Socioeconomic Pathways (SSPs) to show how
climate change could affect the value chains. The selection of SSPs, as well as the climate indicators, differs across
the case studies, as they are chosen by the case study leaders to address the specific requirements of each pilot
area. In the case studies for Peru, Brazil, and Ghana, future temperature conditions are assessed by considering
various climatic variables. For the Greek case study, variables related to sea conditions, such as sea surface
temperature, are analysed. The historical climate data, aligned with the ERA5 reanalysis, provides a basis for
comparison, ensuring the reliability of future climate simulations.

Key findings of the report highlight a general warming trend across all the case studies under the examined SSPs.
Specifically, the SSP1-2.6 scenario, which assumes a future focused on sustainability with reduced emissions,
predicts a mild increase in temperature. In contrast, scenarios SSP3-7.0 and SSP4-6.0 predict more significant
warming trends, with SSP3-7.0 presenting the most considerable rise in temperatures, indicating a future that
could challenge current adaptation capabilities and will require robust mitigation strategies. The results emphasise
the urgent need for informed policy-making and strategic planning to navigate the potential challenges posed by
climate change.

The current report, titled "Climate Projections Report (A)" is the first output of Task 3.4 “Climate Projections for
Nexus” of Work Package (WP) 3 “Impact of Indirect Drivers and Nexus Framework” led by DRAXIS
ENVIRONMENTAL SA (DRAXIS). This task explores the critical linkages between climate dynamics and the
BIOTRAILS initiative, with a focus on the intricate interplay between projected climatic conditions and the
production processes within the value chains examined in BIOTRAILS. This is the initial version of this report, which
covers some of the most essential climate variables for each case study. In the forthcoming version, D3.8 (due in
month 27), additional climate variables and a climate risk assessment will be included.

B chuengﬁtrjol:;an Union B I (fﬂT RA I LS
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To effectively address the drivers of planetary change, societal transformations at all levels and across various
sectors are needed concurrently and synergistically. In fact, the first Global Assessment by the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) and the recent special report on Global
Warming of 1.5°C of the Intergovernmental Panel on Climate Change (IPCC) both argue that a sustainable world
cannot be achieved without transformative systemic change of our societies (BIOTRAILS GA). Transformative
systemic change is defined as a fundamental, system-wide reorganisation across technological, economic and
social factors, including paradigms, goals and values [1]. This analysis explores the intersection of climate dynamics
and the BIOTRAILS project — a collaborative effort to promote transformative change for a sustainable future.
Recognising that addressing global change requires social transformations, BIOTRAILS engages in a detailed and
multidisciplinary study across different fields to examine the complex interactions between climate, biodiversity,
and social systems.

BIOTRAILS uses Participatory Systems Dynamics Modelling (PSDM) to explore the complex relationship between
climate, biodiversity, and social change, focusing on four value chains of traded products (cocoa produced in Peruy;
forest-based cultural products created by indigenous communities in the Brazilian Amazon; fisheries and
aquaculture products supplied by the Mediterranean basin and consumed within the Mediterranean countries
(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 [2]. 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 [3][4]. Understanding these
interdependencies becomes major in developing strategies for the conservation of biodiversity, the resilience of
value chains, and the promotion of sustainable practices.

This analysis aims to explore the connections between projected climatic conditions and the production processes
within BIOTRAILS' examined value chains, highlighting the importance of climate projections. 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.

The current report, titled "Climate Projections Report (A)" is under the Task 3.4 “Climate Projections for Nexus” of
Work Package 3 "Impact of Indirect Drivers and Nexus Framework” and led by DRAXIS ENVIRONMENTAL SA
(DRAXIS). This task aims to explore the critical linkages between climate dynamics and the BIOTRAILS project, with
a focus on the intricate interplay between projected climatic conditions and the production processes within
BIOTRAILS' examined value chains. This is the initial version of this report, which covers some of the most essential
climate variables for each case study. In the forthcoming version, D3.8 (due in month 27) additional climate
variables and a climate risk assessment will be included.
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This section presents the BIOTRAILS' s Grant Agreement (GA) commitments, as extracted from the formal
deliverable and task description, concerning their outputs and work to be carried out.

BIOTRAILS GA
Component Title

BIOTRAILS GA Component
Outline

DELIVERABLE

D3.7 Climate Projections Report (A)

Respective
Document

Chapter(s)

Table 1: Adherence to BIOTRAILS's GA Deljverable & Task Descriptions

Justification

This deliverable refers to task 3.4. The initial version (A) is the analysis of the most critical climatic parameters
associated with climate change, such as temperature, precipitation, evapotranspiration, as well as other relevant
climatic hazard indicators (e.g., frost, floods, drought, excess heat), affecting the Nexus.

T3.4 Climate Projections

for Nexus

Funded by
the European Union

TASK(S)

Task 3.4 will utilise 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 examination, or on
other stages of the value chain, for each
case study. 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. 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 (e.g., frost, floods, drought,
excess heat). Following, a climate risk
assessment will take place to identify the
expected conditions, based on the
projected changes in the climatic
indicators mentioned above.

Chapter 3 outlines the
methodology followed to carry out
the climate projections, using the
CMIP6 data for selected critical
climatic variables associated to
climate change, i.e. temperature
and precipitation, as well as other
relevant climatic hazard indicators,

i.e. heat stress, minimum air
temperature, drought,
evapotranspiration, relative

humidity, sea surface temperature
and heavy precipitation. The initial,
global CMIP6 data was used since
the new regional CORDEX

Chapters 3, 4, 5,simulations based on CMIP6 data

6

are not yet available.

Chapter 4 describes each case
study with regard to climate,
geography, and topography.

Chapter 5 present the results of the
climate projections analysis in each
case study.

the

Chapter 6  concludes

deliverable.
Climate Risk Assessment will be

provided in the next version of this
deliverable D3.8.
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This deliverable is structured upon six main chapters, including the conclusions of the analysis. Chapter 1 presents
a short summary of the deliverable aiming to inform the reader on the subject of the report. In Chapter 2 (current
chapter), an introduction to the scope and aim of this deliverable is provided. In Chapter 3, the methodology and
the data used for the climate projections are laid out. In Chapter 4, the overview of the BIOTRAILS case studies is
provided along with information related to the current climate conditions of each area. Additionally, in this section
the outputs of the climate projections are presented per case study and discussed. Chapter 5 summarises the main
findings of the analysis. Chapter 6 presents the main conclusions of this deliverable.

Task 3.4 is strongly linked to other tasks of the BIOTRAILS project. Firstly, the climate information produced will
be used in Task 3.5 “Nexus Structure and Indicators, and Participatory System Dynamics Modelling”. The climate
conditions will have a twofold role in the PSDM. 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 will be specifically investigated. Task 3.2
“Impact of Human Dimensions and, Social Norms and Behaviours” will use the outputs of Task 3.4 qualitatively.
Also, the task is closely linked to Task 3.1 "Data Collection and Harmonisation”, as the final data will be stored in
the data repository of the BIOTRAILS, to be used by the BIOTRAILS partners. Finally, this task will provide essential
climate variables tailored to each case study (WP5) e.g., Climate projections of the Sea Surface Temperature (SST)
for Task 5.4 “Transitional Pathways for Fishery and Aquaculture Value Chain”.

B chuengﬁtrjol:;an Union B I (fﬂT RA I LS




D3.7 — Climate projections report (A) 11

The methodology adopted for the present analysis was designed to ensure the most reliable results possible, with
the goal of reaching meaningful conclusions in each case study. The workflow proceeded as follows:

Initially, the literature pertaining to each region and the impacts of climate change in each case study were
thoroughly reviewed. Subsequently, available datasets from the Climate Change Service (C3S) [5] for the reference
and future periods of interest (1995-2014 and 2015-2100, respectively) were identified. The next step involved
identifying relevant indicators for each case study from the current available datasets in C3S. A comprehensive list
of indicators was provided to the case study leaders, who then selected the most useful for their pilot.

This process included meetings to explain the conceptual framework of the methodology, the indicators, and their
potential impact on each case. During these meetings, available climate scenarios, named Shared Socioeconomic
Pathways (SSPs), were also presented, and the leaders were asked to choose the most relevant for their case study.
SSPs are a set of scenarios developed by the scientific community to explore plausible future trajectories of global
societal development, with a focus on factors such as demographics, economic development, and energy use.
These scenarios were created to provide a common framework for researchers working on climate change and
integrated assessment modelling. Integrated assessment models are tools that combine knowledge from various
scientific disciplines to assess the interactions between human and natural systems. They are designed to cover a
range of potential socioeconomic and environmental futures, helping climate scientists and policymakers
understand how different pathways of human development may impact greenhouse gas emissions and other
factors relevant to climate change. There are five SSPs, each representing a different storyline of future global
development [6]:

o SSP1: Sustainability - A world with globally coordinated efforts to achieve sustainable development, with
emphasis on social equity, environmental protection, and economic growth.

o SSP2: Middle of the Road - A future where development patterns follow historical trends, with some
improvements in economic and social conditions, but without significant global cooperation or major
changes in policy.

o SSP3: Regional Rivalry - A future characterised by high regional disparities, competition, and fragmented
international cooperation, leading to slower global economic growth.

o SSP4: Inequality - A world with high levels of inequality and limited social and environmental policies,
resulting in fragmented and localised efforts to address sustainability challenges.

o SSP5: Fossil-Fuelled Development - A future where economic growth is driven by the intensive use of
fossil fuels, with limited emphasis on environmental and social sustainability.

The scenarios of the IPCC's Fifth Assessment Report (RCPs) are updated in the latest IPCC report (AR6) [7], coupled
with the SSPs to provide a broader range of future developments and CO, emission impacts up to 2100. As
highlighted in ARG, the new scenarios not only offer information on future global social development in terms of
demographics, economic growth, and energy use, but also in terms of different emission scenarios. This
integration provides a more comprehensive understanding of possible future climate developments. The
combined scenarios, examined in this analysis, are presented below:

o SSP1-2.6: Represents a low-end future pathway with low emissions, crucial for analysing policy goals and
climate impacts.

o SSP2-4.5: Represents a moderate future pathway, serving as a reference for various CMIP6-Endorsed
MIPs, including regional downscaling and short-term climate predictions.

o SSP3-7.0: Represents a medium to high-end future pathway with substantial land use changes, important
for understanding regional climate sensitivity.

o SSP4-6.0: Fills in the range of medium forcing pathways, providing insights into impacts across different
global average forcing scenarios.

Funded by IP) “
the European Union B I § ’T R I LS
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o SSP5-8.5: Described by a high-end future pathway with significant emissions, crucial for addressing
scientific questions.

For the current analysis, the case study leaders of BIOTRAILS (CIAT, HAPO, KNUST) selected three Shared
Socioeconomic Pathways (SSPs) for each case study, which are deemed useful for the pilot area and meet their
needs. This selection is depicted in Table 2. The choice of three scenarios was made to ensure comprehensive
coverage of potential future climate conditions in the case studies, offering diverse perspectives and adequately
addressing varying climate change scenarios.

Table 2: Selection of Shared Socioeconomic Pathways for each case studly.

CASE STUDY Selected Shared Socioeconomic Pathways
Peru SSP1-2.6, SSP2-4.5 and SSP3-7.0
Brazil SSP1-2.6, SSP2-4.5 and SSP3-7.0
Greece SSP1-2.6, SSP3-7.0 and SSP4-6.0
Ghana SSP1-2.6, SSP3-7.0 and SSP4-6.0

Following the collection of all this information, the list of indicators was refined by DRAXIS, eliminating overlaps
among the different indicators. This was done while ensuring that each indicator was available for each of the
selected scenarios. The selected reference and future period for the analysis is 1995 to 2014 and 2015-2100
respectively. The reference period of 1995-2014 was chosen because it represents the most recent 20-year
historical period for which data are available. The future period 2015-2100 was selected since, these are all the
future years for which data are available. Also, the short-term future period 2031-2050 was selected to access the
spatial future changes in each case study, since it was considered sufficiently near-term to facilitate the
implementation of policies and strategies in response to projected climate changes. The final selection included
the following indicators and the allocation to each case study is presented in Table 3:

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.

o Mean Sea Surface Temperature: Temperature of seawater near the surface.

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 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: Sum of days with Daily Maximum Temperature above a given threshold.

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 Heavy precipitation days: Sum of days with Daily precipitation above a threshold.

o Consecutive dry days: Maximum number of consecutive days with precipitation below a given threshold
in ayear.

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

Funded by ) “
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Table 3: List of indlicators chosen by case study leaders to meet their specific needs.

Variable Peru Brazil Greece Ghana
Near-surface air temperature X X X
Sea surface temperature 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 days X X X
Consecutive dry days X X X
Sea surface salinity X

Climate models, which simulate the Earth's climate system based on mathematical equations and known physical
processes, were considered essential for validation by comparing their output with observed climate data or ERA5
data to assess accuracy and reliability. For robustness assessment, the ERAS dataset, provided by the European
Centre for Medium-Range Weather Forecasts, was used [8]. This dataset, encompassing global climate and
weather for the past eight decades, integrates observations from various sources into a space- and time-
continuous product. Rigorous quality control procedures ensure its accuracy and reliability [9] [10]. With its high
spatial and temporal resolution, ERA5 is often used as a reference dataset for validating climate models [11]. This
study focused on comparing the model output for the mean annual temperature for the reference period (1995-
2014) with the corresponding ERAS5 data. The process included examining most of the available model simulations
for each variable and selecting the model that that most accurately reflected the ERAS data (Table 4).

Table 4: Selected Global Climate Model for each case studly.

CASE STUDY Selected Global Climate Model
Peru ACCESS-CM2
Brazil ACCESS-CM2
Greece CanESM5
Ghana CNRM-ESM2-1

Data for the future period were also retrieved, specifically from the "CMIP6 climate projections" dataset of the
C3S, published primarily between 2019 and 2022. This dataset of CMIP6 data underwent a quality control
procedure by the data provider to ensure data reliability. The CMIP6 data is integral to understanding potential
future climate conditions, enabling a comprehensive overview of climate dynamics within the case studies, using
the latest advancements in climate simulations. The regional CORDEX simulations based on CMIP6 data are not
yet available, thus the initial global CMIP6 data were used. Global Climate Models (GCMs) are key tools for
predicting climate patterns, giving us a broad view of how the Earth's climate works on a global scale. These
models are quite detailed, with their ability to cover areas between 50 to 250 km across, showing just how much
effort and time go into making sure their predictions are accurate [12]. Although GCMs lack the detailed focus
characteristic of Regional Climate Models (RCMs), they are essential for establishing a better understanding of the
broader global climate system. The distinctive feature of GCMs lies in their ability to offer a holistic and integrated
perspective, accounting for diverse elements such as topography, coastlines, inland water bodies, land cover, and
intermediate dynamic processes, thereby advancing our comprehension of the Earth's climate [13]. The selection
of global climate models was considered appropriate given the spatial extent of the pilot areas. These areas were
chosen at the national level for Greece and Ghana, and at the state level for Peru (Ucayali) and Brazil (Ronddnia).
This decision ensures that the models used can effectively capture the climatic characteristics of these regions. It
enables a thorough analysis of potential climate impacts and adaptation strategies.

The analysis continued by processing the initial data using Climate Data Operator (CDO). For maximum- and near-

surface air temperature, the data represent air temperature at 2m above the surface, initially in Kelvin (°K), but
converted to Celsius (°C). This conversion was also applied to sea-surface temperature data. Finally, the results
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were illustrated using Python in the form of maps and figures for each case study.
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4 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 Nexus systems under examination, and
the climatic conditions prevailing in the area [14].

Fishery and aquaculture

£

Mediterranean basin and
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TRANSITION PATHWAYS FOR BIODIVERSITY

Figure 1: BIOTRAILS case studles.

Peru is the second largest producer of organic cocoa worldwide and within the country, the department of Ucayali
stands as one of the largest cocoa-producing regions. BIOTRAILS examines thoroughly the value chain of cocoa
production in the Ucayali region. This report delves into essential climate indicators impacting the value chain and
investigates the future climate projections for the area.

The Ucayali region in Peru experiences a tropical climate characterised by high temperatures and significant
humidity throughout the year. The region typically has a distinct wet season from November to April, marked by
heavy rainfall, while the dry season occurs from May to October. These climatic conditions contribute to the rich
biodiversity and lush rainforests that define the area [15]. The entire value chain in Peru is adversely impacted by
climate change, affecting resources and commodities from supply to political relations and thereby undermining
the country's economic growth. The escalation of extreme events, such as droughts, floods, and heat waves, has
disrupted water availability, production, and food quality, fostering the proliferation of pests, diseases, and farm
animal mortality. These factors have resulted in decreased productivity in cultivated areas and pastoral activities,
posing threats to both food security and farmers' incomes [16].

Figure 2 is a satellite map of the Ucayali region in Peru, to provide a clearer understanding of the area's
topography, land cover, and geographical features, which are crucial factors in climate analysis. As it may be seen,
the topography of the Ucayali region in Peru 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 its landscape 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 [17].
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Figure 2: Satellite map of Ucayali region, Peru (DRAXIS, 2024).

The diverse ecosystem of the Brazilian Amazon faces threats from climate change and human activities [18].
BIOTRAILS project seeks to address these challenges through a comprehensive Nexus approach, aiming for
alternative avenues for transformative change. This involves understanding the intricate dynamics of indigenous
community-based value chains and forest-related activities impacting them.

In this report, the Rondonia region in Brazil is examined. Ronddnia, a state located in the western part of Brazil,
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 [19]. During the wet season, which typically
spans from November to April, Ronddnia receives heavy rainfall, fostering lush vegetation and contributing to the
region's remarkable biodiversity. In contrast, the dry season, from May to October, brings reduced precipitation
and slightly cooler temperatures. The combination of high temperatures, abundant rainfall, and fertile soils in
Ronddnia supports the growth of diverse ecosystems, including dense forests and extensive river systems.
However, like many areas within the Amazon basin, Rondonia faces challenges related to deforestation and climate
change, which can impact local weather patterns and ecological balance. Climate change's impact 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 [20]. Deforestation significantly influences local precipitation
and thermal conditions, as forests play a crucial role in hydrological control, contributing to approximately 50%
of evapotranspiration [21].

Figure 3 is the satellite map of the Rondonia region in Brazil, included to provide a clearer understanding of the
area's topography, land cover, and geographical features, which are crucial factors in climate analysis.
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Figure 3: Satellite maps of the Ronddnia region, Brazil (DRAXIS, 2024).

According to Carvalho & Guillen [22], Greece represents the third largest aquaculture producer in the
Mediterranean. At the national level, aquaculture represents 65% of fish production. The remaining 35% comes
from fishing [23]. The main contribution of BIOTRAILS is to explore the Nexus between the demand for seafood-
related ecosystem services and the condition of the supplying and intermediate ecosystems.

Greece is a country well-known for its extremely insular and coastal nature. It is estimated that Greece's 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) [24]. In terms of maritime activities, Greece ranks
among the top countries in fishing exports (free fishing and aquaculture) [23].

Climate change has a significant impact on aquaculture in Greece, affecting various stages of the value chain.
Some of the main impacts of climate change are the following:

o Seatemperature rising, or acidification due to increased levels of carbon dioxide (CO;) in the atmosphere
can affect the growth and reproduction of species and increase the spread of diseases. As water
temperature rises, the distribution of marine species may also change. This can affect the availability of
species suitable for aquaculture and may require adjustments in farming practices or the development
of new aquaculture species.

o The increasing number of extreme weather events, including storms and heavy rains. These events can
cause damage to infrastructure, escape of farmed species, and contamination of aquaculture facilities.

o Sea level rise is capable of threatening aquaculture systems located in low-lying coastal areas. Increased
flooding and saltwater intrusion into freshwater aquaculture systems can damage both infrastructure and
aquaculture species.

A satellite map of Greece is provided below, to provide a clearer understanding of the area's topography, and
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geographical features, which are crucial factors in climate analysis.

=37
Figure 4: Satellite map of Greek coastline (red coloured line) (DRAXIS, 2024).

Ghana stands out as the top gold producer in Africa, experiencing a significant 50% increase in gold production
from 2011 to 2021. Currently, gold makes up 12% of Ghana's total economic output (World Bureau of Metal
Statistics, 2022).

Ghana's climate is mainly tropical, and it significantly influences the country's economic activities. Climate change
has several effects on the gold production process. Extreme events, particularly floods, can damage infrastructure,
mining sites, and related activities. This affects both the production of raw materials and the costs associated with
their sale and transportation due to their increasing rarity. Longer periods of drought due to climate change pose
a threat to the water supply needed for mining activities, affecting costs related to resource use and treatment
[25].

Following is a satellite map of Ghana, included to provide a clearer understanding of the area's topography, land
cover, and geographical features, which are crucial factors in climate analysis.

B fhuenngo:)ian Union B I ’/T RA I LS




D3.7 — Climate projections report (A) 19

Tamale

Sunyani

Kumasi

.Obuasi
Koforidua

Cape Coast
Sekondi

Figure 5: Satellite map of Ghana (DRAXIS, 2024).
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5 CLIMATE PROJECTIONS FOR THE BIOTRAILS CASE
STUDIES

In this section, the results of the climate projections are provided for the case studies of the BIOTRAILS project.
Specifically, the section is divided into individual sub-sections for each case study, presenting results of the
selected indicators as timeseries figures and maps. It is important to note that while these projections offer insights
into potential future climate scenarios, the effects of policies outlined in the Shared Socioeconomic Pathways
(SSPs) will take time to be visible, as climate responses are gradual. In the next version of this deliverable, this
section will include the rest of the indicators mentioned in Table 3, as well as the results of the overall climate risk
assessment in each case study.

The variable under examination for the Ucayali region in Peru is Near-surface air temperature.

The spatial distribution of the mean annual temperature for the Ucayali region in Peru, is depicted in Figure 6,
providing both historical data from 1995-2014 and projections for the future period 2031-2050 under the SSP1-
2.6, SSP2-4.5 and SSP3-7.0. It is observed that historically, the region experienced a range of temperatures from
14°C to 29°C, with the coolest temperatures in the southwestern part and the warmest in the north-eastern part.
Future projections indicate an overall increase in temperatures. Under the SSP1-2.6 scenario, there is a moderate
temperature rise, while the SSP2-4.5 and SSP3-7.0 scenarios show a more significant increase, especially in the
north-eastern areas. Despite the projected warming, the southwestern parts of the region consistently display
cooler temperatures, around 16°C, relative to the north-eastern. The most severe warming is depicted in the north-
eastern Ucayali area for all the three scenarios, around 28°C, far surpassing the historical temperature levels.

Historical (1995-2014) SSP1-2.6 (2031-2050)

SSP2-4.5 (2031-2050) SSP3-7.0 (2031-2050)

Mean Air Temperature (°C)

Figure 6: Spatial representation of the mean air temperature for the reference period 71995-2014 and future period 2031-
2050 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), over the Ucayali region in Peru.

In Figure 7 time series of annual mean temperatures for the Ucayali region in Peru are provided, covering the
reference period from 1995 to 2014 and projecting up to 2100 under different climate scenarios. The data reveals
a consistent rise in temperature over the 70-year future period 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 predicting the most significant
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rise. The graph demonstrates that post-2040, average temperatures in all scenarios are expected to remain above
18°C, indicating a shift to a warmer climate baseline. The trend for SSP2-4.5 from 2025 to 2100 suggests an
increase of approximately 1.6°C. However, the SSP3-7.0 scenario forecasts a more pronounced temperature
elevation of around 2.6°C, pointing to a higher potential for extreme heat events. The graph also highlights the
variability within the projections, with the SSP2-4.5 scenario occasionally lying closely the cooler reference
temperature but generally staying above it. The peak temperatures are most evident in the SSP3-7.0 scenario,
particularly towards the end of the century, where they approach 29°C, a remarkable contrast to the historical
reference period.
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Figure 7: Timeseries of the Mean Air Temperature for the period 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ucayali
region in Peru.

The variable under examination for the Rondonia region in Brazil is Near-surface air temperature.

The historical and projected mean temperatures for the area are depicted in Figure 8. The maps reflect the climate
projections based on three SSPs, SSP1-2.6, SSP2-4.5 and SSP3-7.0, for the period of 2031-2050. During the
historical period, temperature distribution across the region varied, with lower temperatures observed in the
southern parts near Vilhena, while warmer temperatures are more likely to occur in the northern areas around
Porto Velho and Ariquemes.

The future projections indicate an overall warming trend. In specific, the SSP1-2.6 scenario, shows a moderate
temperature increase. In contrast, the SSP2-4.5 and SSP3-7.0 scenarios, which assume higher emissions, project a
more significant temperature rise across the region. It is evident that regardless of the scenario, the entire region
is expected to experience an increase in mean air temperatures, with the most substantial changes likely to occur
in the central and northern areas.
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Figure 8: Spatial representation of the mean air temperature for the reference period 1995-2014 and future period 2031-
2050 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), over the Ronddnia region in Brazil.

The timeseries of mean annual temperatures in the Rondonia region of Brazil, for the historical period of 1995-
2014 with the future projections extending up to the year 2100, based on SSP1-2.6, SSP2-4.5 and SSP3-7.0, is
depicted in Figure 7. The historical data is presented with a dotted line, which shows that mean temperatures
ranging around 25 to 27°C, establishing a climatic norm for the region. Moving into the future scenarios, this norm
is expected to shift upwards. By mid-century and beyond, the SSP3-7.0 scenario, indicates a potential for the mean
annual temperature to reach or exceed the 30°C, a significant difference from the historical averages. Additionally,
the SSP1-2.6 projection suggests a modest rise, while the SSP2-4.5 and SSP3-7.0 pathways, which correspond to
higher emissions, project a more pronounced increase in temperatures.
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Figure 9: Timeseries of the Mean Air Temperature for 1995-2700 (under SSP1-2.6, SSP2-4.5 and SSP3-7.0), Ronddnia region
in Brazil.

The variable under examination for the Greek case study is sea surface temperature.

The spatial analysis of the sea surface temperatures (SST) around Greece, for the historical period of 1995-2014
and the future period 2031-2050, is presented in Figure 10. The projections are based on SSP1-2.6, SSP3-7.0, and
SSP4-6.0. In the historical map, the sea surface temperatures range from 15.5°C to 24.4°C, with the warmer
temperatures primarily concentrated in the southern Aegean Sea. Regarding the future projections, there is a
noticeable shift towards warmer temperatures across all scenarios. The SSP1-2.6, shows an increase in
temperatures (around 21 to 22°C), however is still considered as the most conservative among the projections.
Moving to SSP3-7.0, the higher temperatures are expected to cover a larger area, and this is consistent with higher
emission trajectories and less aggressive mitigation measures. The SSP4-6.0 scenario, considered to be a middle-
of-the-road pathway, reflects a temperature increase that lies between the SSP1-2.6 and SSP3-7.0 projections.
This progression indicates that, regardless of the pathway, increased sea surface temperatures are expected, with
the most pronounced warming under the highest emission scenario, SSP3-7.0.
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Figure 10: Spatial representation of the Mean Sea Surface Temperature (SST) for the future period 2037-2050 (under SSP1-
2.6, SSP2-4.5 and SSP4-6.0) and for the reference period 1995-2074, over Greece.

A timeseries representation of sea surface temperature trends in Greece, is presented in Figure 11, capturing both
historical data from 1995 to 2014 and future projections up to 2100 based on SSP1-2.6, SSP2-4.5 and SSP4-6.0.
The historical data, illustrated by the dashed line, establishes the baseline SST, which future projections will deviate
from. The graph reveals a clear warming trend in all three projected SSP scenarios. The SSP1-2.6 scenario remains
closer to the historical baseline but still shows an incremental rise (around +1.5°C). The SSP3-7.0 scenario, predicts
a more pronounced rise in SST, suggesting a future with high emissions and potentially less mitigation action.
Meanwhile, the SSP4-6.0 scenario, projects a trajectory of warming that falls between the other two scenarios,
reflecting a future with intermediate challenges in emissions reduction and policy responses. As the timeline
progresses, a divergence between the scenarios becomes apparent, with the SSP3-7.0 scenario depicting the
highest temperatures, exceeding 24°C by the end of the century. Based on SSP4-6.0 temperatures that frequently
overlap with the other two scenarios are expected.
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Figure 11 Timeseries of the Mean Sea Surface Temperature for 1995-2700 (under SSP7-2.6, SSP2-4.5 and SSP4-6.0), Greece.

The variables under examination for Ghana is the near-surface air temperature and daily maximum near-surface
temperature.

The mean air temperature across Ghana, for the historical period 1995-2014 and for the future period 2031-2050,
under SSP1-2.6, SSP2-4.5 and SSP4-6.0, is depicted in Figure 12. The historical data establish a baseline, where
temperatures range from 25°C in coastal regions such as Accra and Sekondi-Takoradi to 30°C in northern areas
near Tamale. Under the SSP1-2.6 scenario, the mean temperatures show a warming trend, almost 30°C around
Tamale. In the SSP3-7.0 projection, Tamale and its surrounding regions exhibit a significant increase, with
temperatures reaching above 30°C, suggesting a pronounced deviation from the baseline period. The SSP4-6.0
scenario also indicates warming, with temperatures near Tamale rising to between 29°C and 30°C, highlighting a
clear warming trend, although slightly less severe than SSP3-7.0.
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Figure 12: Spatial representation of the mean air temperature for the reference period 1995-2014 and future period 2031-
2050 (under SSP1-2.6, SSP2-4.5 and SSP4-6.0), over Ghana.

The timeseries of mean annual temperature in Ghana, for the historical period of 1995-2014 with the future
projections extending up to the year 2100, based on SSP1-2.6, SSP2-4.5 and SSP4-6.0, is depicted in Figure 13.
The historical period shows average temperatures being around 27°C, which provides a baseline for future
comparisons. Regarding the future scenarios, a noticeable upward shift from this standard is expected.
Specifically, the SSP3-7.0 scenario indicates that average annual temperatures may rise to or surpass 30°C in the
coming decades, presenting a significant shift from historical averages. In addition, the SSP1-2.6 projection points
to a modest temperature increase, while the SSP4-6.0 scenario predicts a rise, similar to SSP3-7.0.

32
— sspl-2.6
— ss5p3-7.0
cL ) | p— ssp4-6.0
- -—=~| teference
£ 30
[J]
1=
2
© 29 B
P
7]
3
28
e ha A
,,“"‘ ;r 'lu:-.\\"h\,’vl,
27 V!
26 1 1 1 1 1 1 1 1 1 1
9 H N \eJ \e) W) 9 2P % \eJ \eJ
S QO oy 4 > ] 9] © A D )
& g R o B Y a8 @ @ @ P

- r#engzgoz);an Union B I ‘%T RA I LS



D3.7 — Climate projections report (A) 27

Figure 13: Timeseries of the Mean Air Temperature for 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP4-6.0), Ghana.

The daily maximum air temperature across Ghana, for the historical period 1995-2014 and for the future period
2031-2050, under SSP1-2.6, SSP2-4.5 and SSP4-6.0, is depicted in Figure 14. The historical data establish a baseline,
where temperatures range from 27°C in coastal regions such as Sekondi-Takoradi to 35°C in northern areas near
Tamale. All the future scenarios agree that the maximum temperatures show an increasing trend, up to 37°C
around Tamale. Most of the areas are expected to experience maximum daily temperatures up to +2°C.

Historical (1995-2014) SSP1-2.6 (2031-2050)
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Mean Air Temperature (°C)

29

\/-27

Figure 14: Spatial representation of the maximum air temperature for the reference period 1995-2074 and future period
2037-2050 (under SSP1-2.6, SSP2-4.5 and SSP4-6.0), over Ghana.

The timeseries of maximum annual temperature in Ghana, for the historical period of 1995-2014 with the future
projections extending up to the year 2100, based on SSP1-2.6, SSP2-4.5 and SSP4-6.0, is depicted in Figure 15.
The historical period shows average temperatures being around 31.5°C, which provides a baseline for future
comparisons. Regarding the future scenarios, a noticeable upward shift from this baseline is expected. Specifically,
the SSP3-7.0 scenario indicates that maximum annual temperatures are expected to or surpass 36°C in the coming
decades, presenting a significant shift from the baseline. In addition, the SSP1-2.6 projection points to a modest
temperature increase, while the SSP4-6.0 scenario predicts a rise, similar to SSP3-7.0.
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Figure 15 Timeseries of the Maximum Air Temperature for 1995-2100 (under SSP1-2.6, SSP2-4.5 and SSP4-6.0), Ghana.
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6 CONCLUSIONS

Utilising CMIP6 climate projections for the four BIOTRAILS case studies in South America, Africa and Europe, the
report provides insights of the expected climate dynamics over the coming decades based on different SSPs.

For the Ucayali region in Peru, regarding mean temperature all SSPs indicate a warming trend, with SSP3-7.0
projecting the most significant temperature increase, particularly in the north-eastern regions. This increase could
have profound effects on the value chain of cocoa production, such as negative effects on various stages of the
crop growth.

For the Rondonia region in Brazil, the findings are similarly concerning. The deforestation-prone area is projected
to experience substantial warming, especially under the high-emission SSP3-7.0 scenario. This could exacerbate
existing environmental pressures and impact the indigenous communities' forest-based cultural products and
livelihoods.

In Greece, sea surface temperature projections suggest a consistent warming trend across the board, with the
most substantial rise under SSP3-7.0. This warming could impact the marine biodiversity that supports local
fisheries and aquaculture—industries vital to the region's economy.

Lastly, the analysis of Ghana shows a considerable warming trend, regarding both maximum and mean
temperature, particularly around Tamale in the north, which could significantly affect the gold mining industry
and agricultural activities, thereby influencing the country's broader economic landscape.

The next version of this deliverable will include more indicators tailored to each pilot needs and a climate risk
assessment for each case study.
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