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The current deliverable, titled “PSDM processes for Nexus understanding and management (A)”,
represents the outcomes of the activities conducted under Task 3.5 ‘Nexus Structure and
Indicators, and Participatory System Dynamics Modelling’. It describes the methodological
framework adopted in BIOTRAILS for building the Participatory System Dynamics Models (PSDMs).
These models aim to depict the Biodiversity-Climate-Society (BCS) Nexus, forming an integral part
of the BIOTRAILS analysis addressing the impacts of and indirect drivers of changes in Biodiversity
losses. It also contains the preliminary results of the PSDM framework implementation in the case
studies.

Specifically, it describes the key findings on mapping the framework and defining the BCS Nexus
along the value chain of four case studies (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).

In this way, Participatory System Dynamics Modelling (PSDM) is considered an effective and
straightforward methodological participatory approach for managing Nexus BSC. The PSDM
combines scientific and local - i.e., stakeholders-driven - knowledge and is tailored to account for
the specific needs and concerns in the different BIOTRAILS case studies. The use of the PSDM
approach offers several advantages: (i) structuring the BCS Nexus through a bottom-up approach,
(ii) defining leverage points for identifying policies and actions for sustainable management of the
BCS Nexus, (iii) enhancing understanding of the state and potential evolution of the BCS Nexus
under various conditions.

The PSDM will combine the results of the specific models and a vast set of data - e.g., socio-
economic data and biophysical data - and refer to the climate projections developed in different
tasks of the WP3. Moreover, using PSDM, which is deeply rooted in Learning and Action Alliance
(LAA) activities, should ensure the long-term involvement of stakeholders in LAAs and enhance the
process of cross-sectoral knowledge fertilisation. A critical analysis of the results of the PSDM
framework implementation in the case studies revealed positive and negative insights, which will
guide improvements to the framework throughout the project's duration.
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This chapter shows the BIOTRAILS' Grant Agreement (GA) commitments, as extracted from the
formal deliverable and task description, in respect to their output and work to be carried out.

Table I: Adherence to BIOTRAILS's GA Deliverable and Task Description

BIOTRAILS GA
Component Title

BIOTRAILS GA
Component Outline

DELIVERABLE

Respective

Document

Justification

Chapter(s)

D3.9 - PSDM processes for Nexus understanding and management (A)

This deliverable is the preliminary (A) product of task 3.5. Version (A) will contain the preliminary results of
the PSDM implementation in the case studies. Specifically, version (A) will describe the main findings
concerning the mapping of the Nexus connections (Nexus structure) and the definition of the Climate-
Biodiversity-Society Nexus indicators.

Task 3.5 Nexus
Structure and
Indicators and
Participatory
System
Dynamics
Modelling

Funded by
the European Union

TASK
Task 3.5, taking advantage of the
multi-scale stakeholders’
engagement in the LAA, will aim at
developing a PSDM framework to
be implemented in the BIOTRAILS
case studies to map and analyse
the complex web of interactions
among the socio-economic and
ecological elements affecting the
sustainable management of the
Nexus and the impacts on
biodiversity (Nexus structure). To
this aim, a Socio-Ecological
System will be adopted. The
System Dynamic Model (SDM) will
combine both scientific and local -
ie., stakeholders driven -
knowledge, and will be tailored to
account for the specific needs and
concerns in the different case
studies. Both qualitative - e.g.,
Causal Loop Diagram - and
quantitative - e.g., Stock and Flow,
Agent-based Model - approaches
to system modelling will be
implemented in this task. The
analysis of the Nexus structure will
allow identifying the most central
elements and the leverage points
for the transformative change.
Both grassroots and scientific
indicators will be defined for
monitoring and evaluating the
dynamic evolutions of those
elements, with specific reference
tothe biodiversityloss and change.

Chapters 3, 4,
5

Chapter 3 is divided into
three subsections. First, the
evolution of the BCS Nexus
concept along the value

chain is described. The
correlation with the
functions  provided by

ecosystem services (ES) is
also highlighted.

The second subsection
provides an overview of
existing methods and tools
for mapping the Nexus.

The third subsection
focuses on the analysis of
the BCS nexus through the
PSDM approach.

Chapter 4 details the
different theoretical steps
for building the PSDM and
its application to the goals
of BIOTRAILS;

Chapter 5 describes the
implementation of PSDM in
the different BIOTRAILS
case studies. Specifically,
the PSDM will be developed

for all four project case
studies.

This version of the
deliverable includes a
description of the

qualitative PSDM for two
case studies: forest-based

BIZTRAILS
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The SDM will combine the results of cultural products in the
the specific models developed in Brazilian Amazon rainforest
the previous tasks of the WP3, with and mined gold in Ghana.
specific reference to the impacts For the remaining case
on the Dbiodiversity due to studies, the version of the
production/consumption trends qualitative PSDM will be
and human behaviours. presented in PSDM
Biodiversity metrics will be Processes for
accounted for in the PSDM. Finally, Understanding and
taking advantage of the wide set of Managing the Nexus (B). It
data - e.g., socio-economic data, will also contain the
biophysical data - and referring to quantitative PSDM model
the climate projections, the PSDM for all four case studies. The
will be used in the case studies to quantitative PSDM will be
simulate future scenarios and used to simulate and assess
assess the impacts of different policy interventions
policy interventions on the scenarios in all case studies.
sustainable management of the
Nexus.

The main scope of this report is to define and share the first version of the Participatory System
Dynamic Model framework for mapping and analysing the complex and non-linear connections
among the different elements affecting the Biodiversity-Climate-Society (BCS) Nexus dynamic
evolution. As discussed further in the text, this deliverable also describes the preliminary results of
the framework implementation in BIOTRAILS case studies. It is worth mentioning that the PSDM
framework described in this deliverable will be revised and, potentially, adapted accounting for the
lessons learned during its implementation in all BIOTRAILS case studies. To this aim, a final version
of this report will be delivered by the end of the project’s implementation (M36).

This report comprises six sections. Specifically, after an executive summary of the document
(chapter 1), chapter 2 highlights the interlinks with the other tasks of the Project as outlined in the
Grant Agreement. Chapter 3 describes the BCS Nexus within a wider theoretical background
related to the Nexus concept and frameworks. Chapter 4 outlines the different phases of the
BIOTRAILS PSDM framework. Chapter 5is dedicated to the PSDM framework implementationin the
case studies. Finally, Chapter 6 contains the concluding remarks, and serves as a transition to the
final version of this report.

Task 3.5 is strongly linked to other Work Packages (WPs) and tasks of the BIOTRAILS project. To
develop the PSDM, Task 3.5 exploits the efforts of the LAA (Task 4.1). It helps to map the complex
interactions between actors and socio-economic and ecological elements that influence the
sustainable management of the BCS Nexus. Within WP3, the SDM will be developed by exploiting
the large dataset - e.g. socio-economic and biophysical data derived from other tools such as
Extended Environmental Analysis Multi-Regional Input-Output (EEMRIO) and Life Cycle
Assessment Methods (LCA) (Task 3.3), climate projections (Task 3.4) and the most significant
factors driving behavioural change based on the Theory of Planned Behaviour (TPB) through the
output of Structural Equation Models (SEM). Annex | shows the results and interactions resulting
from the activities of the different tasks in order to construct the PSDM for each case study.

Annex Il describes the agenda and the structure of the stakeholder workshops.
Annexes Il and IV show the results of the conceptualisation phase for building the PSDM in the

Brazilian Amazon rainforest and mined gold in Ghana case studies.
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The activities detailed in this report are geared towards addressing several key BIOTRAILS research
questions, such as:

- Whatare the key indirect drivers of transformative change towards sustainability in the four
BIOTRAILS value chains?

- How can stakeholders be effectively reached to make them active participants in the
transformative change?

Besides these generic research questions, the activities carried out in Task 3.5 and described in
this deliverable aim to provide answers to more specific inquiries:

- To what extent is the Participatory System Dynamic Modelling (PSDM) framework capable
of overcoming the main barriers hampering the operationalisations of the Biodiversity-
Climate-Society (BCS) nexus approach for policy design?

- Is the PSDM approach and framework suitable for describing the complex web of
interactions among value chains processes and activities, climate changes, societal
dynamics, and biodiversity losses? Is the participatory process described in the PSDM
framework capable to enhance stakeholders’ understanding concerning the inherent
complexity of the BCS Nexus?

Fundadsy BIZTRAILS

the European Union




D3.9 — PSDM processes for Nexus understanding and management (A) n

The introduction of the Nexus concept in policy-making is based on the need to develop
methodological frameworks that are sufficiently integrative to deliver the necessary insights into
all the key components of the complex socio-ecological systems to be managed. The concept of
Nexus management emphasises the mutual interdependencies among different sectors,
overcoming the ‘silo’ approach that usually characterises the management of natural resources. The
Nexus concept aims at enhancing the synergies among the sectoral policies, avoiding unintended
trade-offs and informing cross-sector collaboration and policy coherence [1]. The Nexus concept
is based on the idea that failing to account for connections among the different sectors - i.e.
biodiversity conservation and protection, climate change adaptation and mitigation, and socio-
economic sector - could worsen resource scarcity and induce trade-offs and conflicts amongst
well-intended policies. The sustainable management of a Nexus-based system claims to enhance
the resilience of the human-environment-technology system as a whole, unpacking relations and
interactions among the different elements of the system [2]. Analytical approaches to identify the
facilitating and hindering conditions for cross-sector coordination and collaboration, illuminate
roles and relationships among the different actors involved in the Nexus management, diagnose
trade-offs and security issues, and identify opportunities for transformations toward a more
collaborative policy-making are required [3][4].

Although most of the works mentioned in the scientific literature on the Nexus focus on the Water-
Energy-Food system, the adoption of the Nexus concept is rapidly expanding. [5] Described the
process by illustrating that the concept of “nexus” provides a new way of thinking that is not limited
to water, energy, and food. In recent years, other approaches have also been described, such as the
Water-Soil-Waste nexus [6], the Water-Food-Energy-Ecosystems nexus [7], the Water-Energy-
Food-Territory-Climate [8] and others. Within this thread of research, the Biodiversity-Climate-
Society (BCS) Nexus addresses the interconnections between climate, ecology, and social systems
and is in line with a principle well known in the literature as the water-energy-food-environment
(WEFE) Nexus [9]. The scientific report [10] emphasises the need to start treating climate,
biodiversity and human society as coupled systems in policy design could provide opportunities
to reduce existing and potential trade-offs and co-detrimental effects while maximising co-
benefits among sectoral policies. As discussed in the IPCC report (2022) [10], biodiversity, climate
and society are profoundly intertwined. Under the effects of biodiversity losses and climate
change, societal consequences can become hard to reverse or, at worst, irreversible. Moreover,
individual and collective behaviour can further exacerbate the reinforcing feedback between
biodiversity losses and climate change. For example, climate change can reduce the availability of
ecological resources, leading to biodiversity losses and the reduction of ecosystem services. To
keep the production at a sustainablelevel, the community could react to increasing the exploitation
of resources and, thus, to an ever-increasing pressure on biodiversity. However, interventions on
the social dimension, capable of provoking changes in social responses, can help attain desirable
biodiversity-climate interactions [10].

A common element connecting the BCS to the other Nexus relates to the need to enhance the
understanding of the linkages among the three sectors, overcoming the silo-based approach to
develop effective, fully integrated, and Nexus-oriented policies. As for the other Nexus concepts,
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the policies for the BCS Nexus should aim at strengthening the synergies among sectoral policies,
emphasising the co-beneficial effects, and reducing trade-offs and co-detrimental effects. Figure
1shows the potential outcomes of policy implementation due to the interactions within the social-
ecological system. The BCS nexus analysis aims to support the design of inter-sectoral policies that
are capable of reducing trade-offs and co-detrimental interactions while emphasising co-benefits.

society

Ecosystem

provisioning

\ i
biodiversity |mmmmm————————————————— » climate
/

Valuye chain

Figure I: Outcome of Nexus BCS. Source: authors’ elaboration, adapted from [11]; [9]; [12].

The triangle represents the BCS Nexus. The three dimensions of the Nexus BCS are mutually interacting. The
area of the triangle includes the domain of Ecosystem Services (ES). ES refer to the various benefits that
ecosystems provide to humans and other organisms and can be categorised into four main types: (i)
requlating; (ii) supporting; (iii) provisioning and (iv) cultural. Generating additional relationships on the
triangle are the activities that occur along the value chain. The grey circle represents the value chain, which
can generate effects on both the dimensions of the Nexus and the ecosystem components. The outermost
circle represents the effects of interactions between Nexus, ES, and value chain-related activities. Co-
benefits occur when all elements have positive relationships. Co-deteriorating effects occur when all
elements have negative outcomes. Trade-offs occur when there is a mix of positive and negative outcomes.
The dotted lines represent the permeability between different systems (BCS, ES and value chain).

Compared to WEFE, the idea behind the BCS Nexus reflects the need for a deeperintegration of the
societal dynamics in the analysis of the direct and indirect drivers affecting biodiversity losses and
climate change impacts.

Indeed, from this perspective, the WEFE Nexus appears to have evolved, reflecting a growing
understanding of the complex interactions between natural systems and the need for integrated
approaches to address environmental challenges (BCS Nexus). By incorporating biodiversity into
the Nexus framework, the crucial role it plays in sustaining ecosystem services, promoting
resilience, and ensuring sustainability in long-term resource use is acknowledged. This expanded
Nexus concept demonstrates a more holistic and integrated approach to addressing
environmental and socioeconomic challenges, moving away from the 'silo' vision [12].
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The expanded Nexus concept recognises that biodiversity loss and climate change have significant
implications for the availability of water, energy, and food, as well as their impact on social system.
In addition, it recognises that the conservation and sustainable use of biodiversity are intrinsically
linked to climate change mitigation and adaptation efforts, as well as to social development and
the provision of essential ecosystem services and in supporting human well-being. This is achieved
through goals of social inclusion, equity, empowerment, and resilience in addressing these
interconnected challenges [9]. However interesting the Nexus approach may be within the
scientific community, its practical adoption for supporting the policy design is still rather limited
[13]; [14]; [15]. The transition from ‘Nexus thinking’ to ‘Nexus doing’ is hampered by several barriers,
such as i) the fragmented institutional structures and governance arrangements across sectors [5];
ii) the presence of disciplinary silos, which limits the understanding of interconnections and trade-
offs [16]; iii) the challenges in fully describing the complexity and uncertainty of a Nexus system,
consisting of interactions and feedback loops among different sectors and dimensions [17]; iv) the
lack of effective stakeholder engagement and collaboration across sectors, which is paramount for
an effective Nexus management [18]; v) the tendency of the Nexus analytical tools to focus on
techno-economic and biophysical analysis, limiting the role of social sciences [15]; vi) the static
nature of most analytical frameworks, which does not account for the highly dynamic nature of
policy implementation processes [19].

The primary goal of BIOTRAILS in this domain is to overcome the aforementioned barriers and
develop a framework enabling the operationalisations of the BCS nexus. To this aim, as described
further in the text, BIOTRAILS adopts a framework based on the Participatory System Dynamic
Model (PSDM).

PSDM is not the only framework adopted for mapping and analysing the Nexus system. A literature
review has been carried out in this work to identify the main limits/drawbacks of the existing
methods. There are different methods and tools for mapping and analysing the nexus. Depending
on the objectives, context and scale, different approaches may be more or less suitable and may
combine to provide a comprehensive understanding of nexus dynamics [20]. The literature focuses
mostly on the study of methods and tools used to structure the Water Energy Food (WEF) nexus.
Indeed, there are numerous reviews on this topic (e.g. [20], [21], [22], [23], [24], [25]). According to
these reviews, a common feature of the Nexus approaches concerns the need to represent and
account for cross-sectoral social, environmental and technical challenges [26] and incorporate the
social, political and institutional context of the water, energy and food sectors [27]; [28].

The joint three-way interaction of the BCS nexus on multiple spatial, temporal and organisational
scales is generally ignored [12]. This interaction is mentioned for the first time in the [12]. However,
no tools are provided for structuring the BCS nexus. It is suggested that addressing complex
resources and development challenges requires transdisciplinary and mixed-methodology
approaches. Based on an analysis of the most recent reviews of methods and tools available for
Nexus, Table 2 provides a summary of methods and techniques used. Specifically, methods and
tools were grouped into six categories of approaches: (i) Graph theory-based, (ii) Web-based/
geospatial mapping, (iii) Network Analysis, (iv) Analytical and Strategic, (v) Qualitative and (vi)
Quantitative methods.
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Table 2: Approaches, methods and tools to Nexus mapping

Approaches Methods and tools
Concept Mapping
Systems Thinking Diagrams
Flowcharts
Graph theory based Spider Diagrams
Heat Maps
Mental Models
Geospatial mapping approach GIS Mapping
Social Network Analysis (SNA)
Network Analysis Tools
Ecological Network Analysis (ENA)
Centrality Analysis
Network Dynamics Modelling
Network Analysis Multi-Mode Networks Analysis
Value Chain Analysis
Scenario Planning
Stakeholder Mapping
Process Mapping
Semantic Network Analysis
SWOT Analysis
Cost-Benefit Analysis
Multi-Criteria approach
Risk Assessment and Management
Value Proposition Canvas
Analytical and Strategic approaches Cost-Benefit Analysis
Multi-Criteria approach
Risk Assessment and Management
Value Proposition Canvas
Institutional Analysis and Development
Multi-objective analysis
Interviews
Focus Groups
Thematic Analysis
L Grounded Theory
Qualitative
Participant Observation
Narrative Analysis
Content Analysis
Ethnographic Research
Correlation Analysis
Regression Analysis
Quantitative Statistical Modelling
Quantitative Network Analysis
Time Series Analysis
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Cluster Analysis

Factor Analysis

Simulation Modelling
Quantitative storytelling
System Dynamic modelling
Q-Nexus modelling

The Graph theory-based approachesare based on constructing mathematical structures, known as
graphs, used to model relationships between objects [29]. A graph consists of vertices (nodes or
points) connected by edges (links). Graphs can model various real-world systems, such as social
networks, transport networks and molecular structures. They can be qualitative or quantitative,
depending on the data available. For example, systems thinking techniques use qualitative graphs
known as Causal Loop Diagrams [30] and quantitative graphs known as Stock and Flow [31]. Some
applications to nexus structuring are the work of [32], who discusses the incorporation of carbon
emission controlinto a water-energy nexus structure using two-level programming based on graph
theory; [33] proposes a risk-constrained operation of a sustainable energy-water nexus using graph
theory to reduce the operational costs associated with resource management. This group of
methods has been used to map the interactions among the different elements in the Nexus.

In the context of nexus assessment, the Geospatial Mapping Approach involves using spatial data
and geographic information systems (GIS) to analyse and visualise the interconnections between
water, energy, food and other related resources. Several studies and tools have been developed to
support geospatial mapping in nexus assessment, such as iWEF, which was initially developed by
[34]. Numerous studies use this approach, such as [35], to study Ghana's population-land use/cover
nexus and analyse the Agriculture-Water-Energy Nexus in the North Western Sahara Aquifer
System [36].

The Network Analysis approaches are techniques used to study the relationships and interactions
between entities within a network. These methods help to analyse the structure, behaviour and
properties of networks, providing information on their organisation, connectivity and dynamics
[37]. Some applications to the nexus can be found in the work of Kurian, M. et al., [38]. In his work,
he uses social network analysis (SNA) as an appropriate tool that can disclose and highlight the
relational complexities that exist within the Water Energy Food (WEF) Nexus and between the
stakeholders working with the singular elements of the nexus. In this work, the authors [39], on
ecological network analysis, construct a hybrid framework to study the intertwined connections of
energy consumption and water use for urban agglomerations.

The Analytical and Strategic approaches include a variety of techniques that can identify key
information, make informed decisions and develop effective strategies to address complex
challenges [40]. In the application of Nexus, [41] uses value chain analysis to identify critical input-
output linkages between water, food and energy production processes and then applies the
Institutional Analysis and Development (IAD) approach to better understand the effect of
institutions within and across these processes. In this work, the authors [42] construct a multi-
objective optimisation model for the design of a Water-Energy-Food system involving the
sustainable production of water, energy and food in areas that share economic activities across the
industrial, agricultural and livestock sectors. In addition, a multi-stakeholder assessment is
presented to generate a set of solutions in which different priorities are assigned to stakeholders.
This approach allows the level of satisfaction of each stakeholder to be quantified.
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The Qualitative approaches comprise a range of methods used to collect, analyse and interpret
non-numerical data to understand social phenomena, human behaviour and subjective
experiences. These methods provide insights into the complexity of human interactions,
perceptions and cultural contexts [43], [44]. In the context of the Nexus, some applications present
a methodological framework that seeks to integrate the perspectives of experts, practitioners and
local stakeholders on the WEFE Nexus through the combined application of Delphi and Focus
Group methods. The combined framework made it possible to explore the understanding of the
Nexus at the local level and was instrumental in identifying initiatives for more integrated resource
management. In this work, authors [45] formulate a qualitative analytical model that goes beyond
the three components of the water-energy-food nexus by incorporating other elements, such as
policy, innovation, governance and labour, to examine their effect as influencing factors and to
understand how synergies, trade-offs and long-neglected interconnections between sectors and
between existing policies and institutions can become visible.

The Quantitative approaches are approaches used to collect, analyse and interpret numerical data
to identify patterns, relationships and trends within a given context. These methods provide
objective and measurable information on phenomena, enabling statistical inferences and
hypothesis testing [43]. Such as the Q-Nexus Model for quantitative assessment of the water-
energy-food nexus presented [46]. The System Dynamic Model to quantify the impacts of water
resources allocation on the water-energy-food-society (WEFS) nexus presented by [47]. However,
new methods are still being developed, such as a recent study on Quantitative Storytelling, a
transdisciplinary approach used by [48] addresses the evaluation of four innovations with a strong
nexus componentin EU policy: biofuels, shale gas, electric vehicles and alternative water resources.

One of the main goals of BIOTRAILS is to enhance the understanding of the complex and non-linear
cause-effects chains connecting the elements of the BCS nexus and to operationalise the nexus
concept, making it feasible for supporting the design of Nexus-based policies, i.e. capable of
overcoming the “silos-based” institutional framework. The Nexus-related activities in BIOTRAILS
aims at demonstrating the usability of System Dynamic Modelling to operationalise the BCS
framework and overcome the barriers hampering the operationalisations of the Nexus approach
for policy design.

System Dynamics Modelling (SDM) has been recently identified in the scientific literature as an
effective modelling approach for supporting Nexus analysis and management (see, e.qg., [49]; [50];
[51]). As demonstrated by these authors, SDM could contribute to overcoming the above-
mentioned barriers to Nexus implementation. SDM enables the adoption of a multidisciplinary
perspective that considers complex interactions and interdependencies among components
within a system [52], providing a valuable holistic framework for addressing Nexus challenges [53];
[8]. It helps describe the dynamic patterns, feedback loops, trade-offs and synergies that shape the
interactions between the systems, leading to more effective decision-making and coherent policy
development [54]; [55]. SDM can thus support the development and analysis of different scenarios,
supporting the analysis of the dynamic evolution of the Nexus system under different conditions
and policy interventions [56]. Stakeholders’ engagement is also at the core of several works related
to SDM implementation for Nexus management [57].
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Although the application of SDM in nexus management is promising, some gaps still exist in the
literature. The lack of consistent frameworks for developing SDM for Nexus systems analysis is
limiting its practical application [20], [58]. In addition, most of the literature fails to adequately
integrate stakeholders’ viewpoints in the SDM and to support participation, ultimately allowing an
effective co-creation process for Nexus policies [56]. This undermines the potential for a
successful policy implementation. Many works related to SDM implementation in Nexus analysis
primarily concentrate on the technical aspects of the Nexus management, often overlooking the
critical policy and governance dimensions [28]; [56]. Finally, the adoption of SDM for mapping and
analysing the BCS nexus requires a multi-scale nature, which is not common in SDM experiences.
Bridging these gaps is crucial for enhancing the suitability of SDM in bridging the gaps between
Nexus thinking and Nexus doing.

Starting from these premises, the work carried out in BIOTRAILS aims to develop a multi-step
methodological framework to be implemented in the case study to map and analyse the BCS nexus
and support the design of Nexus policies. As described further in the text, the methodological
approach is based on the sequential implementation of a qualitative SDM - i.e. Causal Loop
Diagram- and quantitative SDM - i.e. Stock-and-Flow model. This report is mainly dedicated to
describing the methodological approach, enabling its implementation in the case studies. The
second version of this report will revise and adapt the methodological approach based on the
lessons learned from the BIOTRAILS case studies.

In BIOTRAILS, stakeholders’ engagement processes will be activated to integrate stakeholders’and
scientific knowledge in developing the SDM, i.e. Participatory System Dynamic Model (PSDM). As
described further in the next section, PSDM will be qualitative and quantitative. Specifically, the
qualitative PSDM, i.e. Causal Loop Diagram (CLD) - is used in BIOTRAILS to map the complex
connections among the different elements affecting the dynamic evolution of the BSC Nexus, to
identify the main challenges and central elements and, finally, to support the detection of the
leverage points. The latter result will be obtained by integrating CLD analysis and the work carried
out in WP2. The quantitative PSDM - i.e. Stock-and-Flow diagram - is used for simulating and
comparing different policy intervention scenarios, supporting the identification of policy options
capable of activating biodiversity-related transformative changes. To facilitate the stakeholders’
engagement in modelling activities, strict interaction will be created and sustained with the
activities carried out in the BIOTRAILS Learning and Action Alliances (LAAs). Moreover, to make the
PSDM capable of simulating the dynamic evolution of the BSC Nexus, efforts will be carried out to
integrate inthe PSDM inputs from other BIOTRAILS activities, such as i) the analysis of the activities
and processes in the value chains impacting the biodiversity —i.e. EEMRIO and LCA analytical tools;
ii) the analysis of climate projections; and iii) the analysis of stakeholders’ and consumers’
behaviour.

Moreover, the BIOTRAILS PSDM framework aims to address specific issues related to the use of
System Thinking approaches for BSC modelling and value chain analysis. In this regard, the key
research questions are: i) to what extent can the PSDM framework account for the diversity of
problem understandings among the actors involved in the value chain? ii) is the PSDM framework
capable of replicating the multi-scale nature of the value chains? iii) Is the developed PSDM
framework feasible to support the design of BCS Nexus policies?

The following section describes the main phases of the PSDM framework. At this stage of the
project implementation, the framework has been partially tested in two case studies.
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The following figure shows the different phases of the PSDM framework to be implemented in
BIOTRAILS. The proposed framework is based on previous experiences carried out by CNR-IRSA
related to PSDM [55]; [59]. The lessons learned from other European Research Projects in which
CNR-IRSA team is currently involved, namely REXUS? and LENSES?, have been also accounted for.

The proposed framework for PSDM implementation comprises four steps of analysis as: (i) system
conceptualisations, (ii) system mapping, (iii) system behaviour and (iv) system simulation as
illustrated in Figure 2.

PHASEs METHODs OUTPUTs OUTCOMEs
. Diagnosis of current status :
L1ter§ture of Nexus BCS, ES and Value Theoret1cgl Iiramework
review Flreit building
System |
conceptualization ; F— -
1 reliminary assessment o .
Se";:_lt ;rmtéﬁ:red the mail Nexus variables and Thegr?tg‘cgll d(,:LD
relationship bgerel S ElEiE,
Stakeholders’ . dNE),?"f? \;:a ?‘a bles d MNexus variables’
workshop 1dentinctation and relationship definition
geographical allocation
System
mapping il
Participative CLD Nexus assessment CLD
building
Mexus central variables,
System Descriptive and Structural Inter-sectorial Preparation for system
analysis Analysis of CLD dependencies, suggesting simulation analysis
leverage points
Transition from CLD Scenario building to a
(qualitative model) to a Stock and Flow comprensive
Stock and Flow model building understanding of
(quantitative model) a system evolution
System |
simulation ;
Stakeholders’ Validation of Stock Identification and testing
workshop and Flow model potential measures

Figure 2: Methodology process

This phase aims at developing an initial hypothesis of the BCS system structure, and at defining the
set of stakeholders to be involved in the modelling exercises. This step is based on two activities:
(i) a literature review for a preliminary assessment of the problem framework; (ii) a round of semi-
structured interview (SSI) aimed at collecting stakeholders’ understandings concerning the key
elements of the Nexus system and their causal connections. The results of these two phases
allowed us to develop the first draft of the CLD mapping the BCS Nexus.

2 https://www.rexusproject.eu/.
3 https://www.lenses-prima.eu/.
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The semi-structured interviews have been used as a complementary technique to fill in the
information soughtin theliterature and reveal the specificities of value chains, which are still poorly
investigated. Aliterature review supports the objectives frames, needs and interests of the actors
involved along the value chainin a broader context. A set of questions was developed based on the
findings of the literature and the suggestions of the case study leaders. Questions have been
considered as the starting points for discussion with the interviewees. The SSls topics addressed
are divided into two sections: (i) value chain dynamics and biodiversity concerns, including the
impact of climate change and human actions, (ii) obstacles and needs in relation to the interaction
and needs of stakeholders along the value chain and existing policies and their implementation.

The analysis of stakeholders’ interviews has been carried out following the coding-chart layout [60]
in order to build a CLD:

Q)] Coded text. The SSI interviews have been analysed to identify the keywords in the
stakeholders' arguments - translated into variables in the CLD. The identification of key
variables starting from a ‘narrative’ is described through an example as follow.

Narrative: “Climate change has impacts on biodiversity and aquaculture production. The main
issue is that these become apparent gradually and it is difficult to distinguish between random
changes in the environment or climate impact. A direct impact we see is from the rise in seawater
temperature e.g., from 26 to 290C. The increase in seawater temperature also influences the rise
of fish pathogens. However, no other impact has yet been caused in the water column, so it is
difficult to judge what the overall impact on biodiversity is. Sea water temperature rise also
impacts productivity as some fish do not really cope well with this heat. It is difficult, though, to
always attribute directly the changes to climate only. In some cases, it could be because of changes
in fish feed or pollution. It’s muiti-factor”.

Keywords in narrative: Climate change, biodiversity, aquaculture production, rise in sea water
temperature, fish pathogens, productivity, fish feed or pollution.

(ii) Identify “microstructures” - Nexus categories BCS and cause variables, effect variables
and their relationships.

Table 3: Example of identification of Nexus microstructures from the analysis of the SS/

Nexus category Cause variable Effect variable Relationship

Climate change Climate change Sea water temperature Positive

Biodiversity losses and . . -
ecosystem degradation Fish pathogens Fish health Negative

(iii) Transform “microstructures” - Nexus BCS into words and arrow diagrams.

Table 4: Example of transformation of Nexus microstructures into CLD

Cause variable Effect variable Relationship CLD
Climate change -> (+)
Sea water temperature
Fish pathogens -> (-)
Fish health

Climate change Sea water temperature Positive

Fish pathogens Fish health Negative

This step allows us to build a theoretical framework of CLD model and assess the content of the
following step: system mapping. The theoretical framework of CLD takes the form shown in Figure
3. It shows the positive (green) and negative (red) connections between the variables. More details
about CLD are described in section 4.2.2.
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In addition, the variables are enclosed in coloured boxes or highlighted according to the linkage
categories to which they belong. For example, the variable Climate change belongs to the
namesake category of the Nexus and is represented by the colour blue. The variable 'fish pathogens'
belongs to the category 'biodiversity losses and ecosystem degradation’ and is represented by the
colour yellow. The same way has been used for all relatable variables.

sea water temperature fish health
+ =

+

climate change fish pathogens
Figure 3: Example of CLD building from SS/s

The Nexus categories according to which the variables were divided and represented in the
theoretical model are:

climate change;

biodiversity losses and ecosystem degradation;
elements/processes of value chains;

social dynamics.

O O O O

Furthermore, to represent all aspects of Nexus complexity, the category of Ecosystem Services (ES)
was also included. The ES have a twofold role in BSC Nexus mapping. On the one hand, ES describe
the services that the ecosystems could provide to support the societal dynamics. On the other
hand, assessing ES under different scenarios could support the detection and analysis of human
pressures on ecosystems that could hamper the production and provision of ES. This makes it
possible to reconstruct the cause-effect relationships between the Nexus dimensions and the
impact on ES.

The second phase of the PSDM methodological approach aims to finalise the development of the
BCS Nexus system structure. Starting from the results of the system conceptualisations, a
stakeholders’ workshop was organised to map the system. Then, the obtained inputs were coded
into a CLD. Finally, this CLD was merged with the one developed, referring to the literature review
and the round of semi-structured interviews.

4.2.1 Stakeholders’ Workshop

The stakeholders’ workshop dedicated to the system mapping is part of a process concerning the
stakeholders’ engagement in the different BIOTRAILS case studies. Specifically, the system
mapping workshop aimed at:

o collecting stakeholders’ understandings concerning the causal connections among: i) the
main biodiversity losses in the study area, ii) climate change impacts exacerbating those
losses; iii) processes and activities in the value chains affecting the biodiversity losses; iv)
societal dynamics activated by both the biodiversity losses and climate change impacts -
e.g. migration, etc;
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o to start the stakeholders-driven process for co-designing interventions to activate
alternative pathways for biodiversity-related transformative changes.

The detailed agenda of the system mapping workshop is available in Annex Il.

It is worth mentioning that, to facilitate the stakeholders’ participation in the discussion, the
participatory exercise was conducted in thelocallanguage for all the case studies. Local facilitators
supported the Case Study Leaders in coordinating the discussion. Moreover, small groups of
stakeholders, including a maximum of 10 participants, were formed to ensure equal participation
for all attendees.

How to better define the composition of the stakeholders’ groups was an issue that was long
debated in the consortium. We decided to create homogeneous groups, each representing a
specific phase of the value chain, whenever we had enough representatives of each phase
attending the workshop. In this case, we were able to compare the different problem
understandings. Otherwise, heterogenous groups were created, enhancing the richness of the
discussion during the workshop.

4.2.2 Causal loop diagram building

The CLD building process involves continuous learning and knowledge gathering through
participatory approaches such as SSls and Workshops (WSs). These tools allow for the
implementation of literature, the focus of the case study, and the collection of knowledge from
stakeholders.

Drawing from insights gathered in previous phases, a framework illustrating the intricate network
of connections among various elements of the Nexus BCS along the value chain has been
developed using CLDs. CLDs structure the conceptual model of a phenomenon by depicting
variables representing the system and their interconnections. These diagrams combine relevant
knowledge and empirical research findings on the system of interest [6]1], visualising causal links
between variables through directed edges typically denoted with polarity symbols (+) for positive
or (-) for negative links [62]. The causal links are also characterised by a weight describing the
strength of the connection. These links often form feedback loops, leading to imbalance or
equilibrium. They may be reinforcing (marked as "R"), driving exponential growth or decay, or
balancing ("B"), tending towards equilibrium or oscillations [62] (Figure 4). Modern CLDs
encompass variables, causal links represented by arrows, and identified feedback loops [63].

/x@{ ©

VARIABLE \ reinforcing
1 loop
(R) (B)

o~ 3%

Figure 4: Causal Loop Diagram framework, adapted from [62]

balancing VARIABLE
loop 3

During the workshop, each group of stakeholders was provided with a geographical map of the
study area and with a set of small cards, representing the main elements of the BCS Nexus system.
Itis worth mentioning that the list of cards to be used during this phase of the exercise was defined
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accounting for the results of the system conceptualisations phase. Stakeholders were free to add
further elements if needed.

Participants were required to locate the main biodiversity losses, value chain processes and
activities, climate change impacts and societal dynamics by sticking them on the map. Causal
connections were, then, drawn on the map. Please, refer to the section on the case studies
description to see the examples of the cards and maps used in this phase of the PSDM framework.

As already stated, participants were divided in small groups to facilitate the discussion. Therefore,
different outputs were collected, and a synthesis procedure was needed at the end of the workshop
to obtainaunique CLD accounting for the diversity of perspectives among the stakeholders. To this
aim, the Synthesis Theory was adopted in this work [64]. Synthesis Theory assumes that multiple
mental models contain pieces of the puzzle according to their context and seeks to identify key
findings in this dataset [65]. This theory seeks to develop an understanding of a phenomenon by
putting together separate pieces of information to create a whole [66]. It aims to conclude
'induction andinterpretation' [67]. Starting from this premises, the aggregation process starts with
the identification of the common elements in the different system maps. Then, the relationships of
the common elements are aggregated. The number of times a specific causal relationship is
mentioned among the different groups affects the weight to be assigned to thislinkin the final CLD:
The higher the number of groups adding that connection the higher the weight assigned in the final
CLD. Theliterature review is used in case different stakeholders’ group assign a discordant polarity
to a specific causal link. The same process s is used in the same way until the common key variables
are finished and then all relationships belonging to each model are reported. Figure 5 shows a
graphic summary of the process. Among the three models, key variables have been identified
(green). In each model, the key variables relate to other variables in different ways. These
relationships become part of the aggregate model. In addition, it may happen that, for each model,
key variables have common relationships (variables 1.1, 2.2, 3.2). The relationships of these variables
will also be aggregated and form part of the final map. Of the various forms of aggregation, the
choice fell on this method, which is usually used when models are characterised by complexity.
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Figure 5: Causal Loop Diagram process aggregation. Source: author 's elaboration
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The primary objective of this phase is to comprehend the dynamic behaviour of the Nexus BCS
system across the value chain and its correlation with the effects on the Ecosystem Services (ES) to
facilitate the formulation of Nexus policies. To achieve this objective, graph theory measures are
applied to analyse the Causal Loop Diagram (CLD) developed in the previous phase. This analysis
comprises both "descriptive" and "structural" assessments of the CLD. The descriptive analysis
focuses on scrutinising the principal dynamics influencing the state and potential evolution of
pertinent variables, primarily revolving around feedback loops. Meanwhile, the structural analysis
entails the application of graph theory measures to identify the most central elements in the CLD.
Three classic measures of centrality were used:

o Degree Centrality (DC): This index gauges the direct influence of a node by assessing the
number of connections it holds within the system map. Nodes with higher degrees possess
heightened direct influence, communication, or accessibility to first-hand information,
thus earning the designation of the most central nodes [69].

o Betweenness Centrality (BC): BC calculates the number of shortest paths passing through
a node within the system map.

o Closeness Centrality (CC): CC quantifies a node's proximity to other nodes in terms of
distance within the system map. This measure indicates a node's potential to disseminate
information to all other nodes [69].

Once the key elements are defined, the descriptive analysis can be implemented to analyse their
dynamic evolution accounting for the loops in which those elements are integrated. The
combination of descriptive and structural analyses facilitates the identification of "Nexus
challenges" — the primary cross-sectoral issues influencing Nexus sustainability that necessitate
integrated addressing across all sectors.

The last phase aims to evaluate the impact that the actions and measures may have on the system.
As it is developed based on the construction of a quantitative stock and flow (SFD) diagram, it will
be addressed in the deliverable “PSDM processes for Nexus understanding and management (B)”
(Month 29).
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The PSDM framework described in the previous sections will be tested in the BIOTRAILS case
studies. The critical analysis of the implementation will allow us to adapt/revise the PSDM
framework, enabling its exploitation beyond the BIOTRAILS duration. At this stage of the project
implementation, the first two phases of the PSDM framework have been tested in two of the four
case studies, namely the 1) Forest-based cultural products in the Brazilian Amazon Forest and 2)
Gold mined in Ghana. The implementation of the PSDM framework in the rest of the BIOTRAILS case
studies, i.e Fisheries and aquaculture in the Mediterranean basin and the Cocoa production in Peru,
will be described in the second version of this deliverable. However, the first stakeholders’
workshop of the Greek case study was held only recently. Therefore, this report does not include
the preliminary results of the PSDM implementation in the Fishery and Aquaculture case study.

The present section provides a summary of the level of implementation of the PSDM framework by
the end of the project (month 36). As already stated, two different levels of implementation are
foreseen forthe PSDM framework. l.e., qualitative and quantitative PSDM. If the targetlevel of PSDM
implementation is defined as ‘quantitative’, i.e., the development of a SFD model is foreseen, the
‘qualitative’ model (i.e., the CLD) will also be available and used as a basis for building SFD. As
extensively discussed with the Case Study Leaders, the PSDM framework will be implemented at
the quantitative level in all cases. This is mainly because the SFD will be used to support the
development and assessment of intervention scenarios for transformative change.

Table 5: Target level of PSDM related activities implementation in the BIOTRAILS case study

Case study Target level of PSDM implementation

Forest-based cultural products in the Brazilian

Amazon Forest Quantitative analysis: stock and flow

Gold mined in Ghana Quantitative analysis: stock and flow
Fisheries and aquaculture in the Mediterranean basin Quantitative analysis: stock and flow
Cocoa produced in Peru Quantitative analysis: stock and flow

The level of PSDM implementation in case study might change by the end of the project (M36).
Some of the potential critical issues that could influence the implementation of the PSDM
framework in the case studies are:

o representation scale: for all case studies, except for the case of aquaculture, the scale
is at a local level, while for the case study of Greece, the Mediterranean basin is
considered;

o limited participation of stakeholders: challenges in stakeholder participation may arise,
asiscommon in any participatory process;

o integration with other models and data: integrating scientific information could
represent a critical task since different sources of information may be available (spatial
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and temporal resolution), and specific processing (and typically aggregation) need to
be performed.

Various software packages are available for developing System Dynamics Models, each offering
unique features and capabilities. A comprehensive overview of these software options can be
found at the following link: [https://systemdynamics.org/tools/coresoftware/]

Within the context of the BIOTRAILS project, two software packages have been used:

o VENSIM (developed by Ventana Systems): VENSIM is widely recognised for its robustness in
constructing Causal Loop Diagrams (CLDs) and stock and flow models. It also offers alearning
edition that is freely available for academic use. While VENSIM provides comprehensive
functionality to support model building, revision, validation, and scenario analysis, it may
present challenges for users unfamiliar with SDM concepts, lacking a user-friendly interface
(unless supplemented with a custom interface).

o Kumu: Kumu is a web-based tool designed for stakeholder mapping, systems mapping, social
network mapping, community asset mapping, and concept mapping. It offers a straightforward
approach to CLD building, featuring intuitive visualisation tools. Kumu also includes
functionalities for computing graph theory metrics on CLDs and visualising causes-uses trees
and feedback loops directly on the diagram.

In the BIOTRAILS project, stock and flow models are primarily developed using VENSIM due to its
comprehensive features and established methodologies. However, for CLD construction, Kumu
offers a simpler yet visually effective alternative, particularly suitable for stakeholders less familiar
with SDM concepts.

5.3.1 System conceptualisation analysis - diagnosis of the current state of
the value chain and main issues related to the BCS Nexus

During the 1970s and 1980s, the Rondonia region was a major destination for rural workers in the
south-east and south of Brazil. More than 60,000 families settled in the forests of Rondonia,
bringing with them their specialised knowledge of the mixed-crop coffee cultivation systems
prevalent in the agricultural heartland of Brazil [70]. The result has been an enormous increase in
deforestation, a trend that is still confirmed today (according to data collected by Terrabrasilis, in
2023, Rondonia recorded an area of deforestation equal to 873 km? (+ 9.70%), accompanied by the
invasion of protected areas and indigenous reserves equal to 22,805 km?, [71].

Forest use is therefore affected on the one hand by (i) forest-based activities value chain that
increase deforestation, include agriculture, livestock farming, timber extraction and mining [72]);
(i) on the other hand, the impact of forest-based activities value chain affect indigenous
communities’ wellbeing and the benefits from ESs.

Specifically, with regards to the value chain and social dynamics, all forest-based activities related
to land-use change (production phase of value chain) have a direct impact on deforestation. In
addition, there are some activities at the production phase of value chain such as the use of
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agricultural chemicals and water exploitation that directly impact on water resources by affecting
groundwater quality and baseflow. More associated with the processing phase of value chain are
waste production activities that increase soil contamination and thus affect both wildlife and
pastoralism. Transport phase of value chain produces pollutants that negatively impact air
quality. Moreover, deforestation is the main driver related to the ecosystem's ability to not provide
carbon sequestration. It also negatively impacts the ability to provide erosion and flood prevention.
The cultural component of Ecosystem Services is highly dependent on forest availability and thus
indirectly related to deforestation. Soil characteristics also depend on value chain activities and so
on.

From the point of_biodiversity losses and system degradation, deforestation and land
encroachment have also led to a decrease in the quality of raw materials. The main biodiversity
concerns that require urgent attention are focused on the lack of raw material to make handcrafted
products (seeds, roots, vines, clay, etc.) due to the limited availability/depletion of natural
resources that provide this material to traditional artisans.

Referring the impact of climate change on biodiversity in the Amazon rainforest is strongly
associated with the state of the forest itself. Climate is directly linked to forest formation in the
Amazon biome, depending semi-integrally on it for its variations. Land use change activities and
deforestation, cause irreversible changes onlocal and global climate [73].

5.3.1.1. Semi- structured interview (SSI) and first draft of the CLD

During March and April 2023, 10 stakeholders of the handicraft value chain were interviewed thanks
to the support of the Case Study leader. To get a variety of problem understandings, different
categories of stakeholders were interviewed - i.e., suppliers, intermediary, retailer, consumers,
artisan and civil society. The framework of SSl is available in the D2.3 ‘Framework of transitional
pathways and leverage points (A)’ [submitted MO6]. By integrating the results of the interviews and
the literature review, a first draft of the CLD describing the BCS Nexus for this case was built. This
CLDis composed by 65 variables. The “Annex I11” shows the output of SSI analysis based on coding-
chart layout defined in section 4.1.1. The Figure 6 shows part of the first draft of CLD.

Soil erosion

Soil degradation

Land use change for agricultural
roductior

production

| deforestation

Forest understorey quality

Land use change for wood
extraction
Plant species for human
needs
Seed availability
Technical assistance
and tachnology for deforestation
free business model adoption
Empowemment of temitorial
ions.

Figure 6: Example of CLD theoretical model built from SS/s analysis process
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5.3.2 System Mapping Analysis

5.3.2.1 Stakeholders’ workshop

The stakeholders’ workshop took place on October 26, 2023 in the city of Brasilia and involved 30
stakeholders. The workshop was divided into several sessions dedicated to the different
participatory exercises. Local moderators and the case study leaders leaded the discussion. The
participatory exercise was held in local language to facilitate the stakeholders’ participation. The
stakeholders were organised into three different groups.

The first exercise was related to the System Mapping. Participants were asked to draw a map
showing the complex interactions among the BCS Nexus. The variables shown in Table 6 were
defined accounting for the system conceptualisations phase. These variables were, then, used to
create a set of cards aiming to support the participatory exercise. The cards were divided into four
main groups (Figure 7): i) biodiversity losses and ecosystem degradation (yellow); ii)
elements/processes of value chains (orange); iii) climate change impacts (blue); and iv) social
dynamics (purple). Empty cards were provided to allow participants allowing them to generate new

variables to be added to the map.
@ W i

QUALIDADE £ a ERCSAD DAS
ESPECIE ESPECIE ANIMAL MARGENS DO
DESMATAMENTO TA e P RECIEANIM MARGENS DO

Figure 7: Example of the card used during participatory exercise

Table 6: Variables subdivided according to Nexus categories

Biodiversity losses and

. Climate Change Value chain effects Social dynamics
ecosystem degradation
Deforestation Flood risk Land use change for Technical assistance
nuts production and support
. . Land use change for Economic and financial
Landscape quality Drought risk Acai production support
. . . . . Land use change for Cooperation between
Avifauna species Rainfall intensity . .
wild cacao production  producers and buyers
Social justice and
. . . R Land use change for .
Terrestrial animal species Wildfires . . community
oil palm production
empowerment
Birds plumage use for Empowerment of
Rio Jipanara riverbank erosion Heatwaves head bonnets territorial protection
production regulations

Fundadsy BIZTRAILS

the European Union




D3.9 — PSDM processes for Nexus understanding and management (A)

Rio Jipanara water quality

Rio Jipanara baseflow

Groundwater quality

Air quality

Soil degradation

Soil erosion

Soil contamination

Plant species diversity

Alternation of plants'
phenological phases

Agrobiodiversity agricultural
product diversity)

Medicinal plants

Seed availability
Forest understorey
Use of forest fruits/latex/tannins
Prey for hunting/consumption
Fish diversity and abundance
Food diversity from forest
products
Forest construction materials
(timber/stray, etc.)
Fuel wood (species for fire, heat,
cooking)

Land use change for
wood extraction

Land use change
impact on GHG
emissions mitigation

GHG emissions from
transport

GHG emissions from
transformation of raw
materials into final
products
Water resources
exploitation for
agricultural
production
Water contamination
due agricultural
production

Use of chemicalsin
agricultural
production

Liveability of
indigenous populated
areas for agricultural
areas expansion

Energy consumption
for transformation

Waste production
from transformation
of raw materials into

final products
Discharge of
wastewater on water
bodies due to
transformation

Indigenous’
communities’ safety
and wellbeing
Economic stability of
indigenous
communities
Products
commercializationin
informal market

Detection of
unauthorized activities

Traditional knowledge,
cultural rituals and
attitudes

Gender equality

Indigenous
communities’
engagement in policy
definition

Institutional
cooperation

Indigenous
communities’
awareness

To account for the spatial dimension of biodiversity losses and value chains processes, the
participants were asked to distribute the cards on a geographic map and to highlight the
connection between them. In accordance with their perception and knowledge, participants
carried out the exercise selecting and geographically locating the most important biodiversity
losses, the key value chain processes/activities provoking/affecting biodiversity losses, climate
change impacts and social dynamics. The result can be seenin Figure 8 a, b, c.

L/
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Figure 8: Participatory exercise during stakeholders’ workshop: system mapping

From a qualitative/visual analysis of the maps it is possible to highlight the perception of
stakeholders about different aspects. From the climatic point of view, in map A, effects related to
forest fires in the northern wall and the central western area are recorded, where among other
things, drought phenomena are also recorded. Map B highlights how the drought phenomenon also
has negative effects on hydropower plants. In fact, in the state of Rondonia, due to the lowering of
the average flow of the Madeira River, the Santo Antonio hydroelectric plant has been
stopped. Ecosystem degradation and biodiversity losses are reported rather heterogeneously
throughout the maps. Specifically, in the Itapua do Oeste area, ecosystem degradation is
associated with the use of wood for fuel. The southsouth-eastern border zone records soil
contamination and pest abundance due to the use of chemicals used for agriculture and the use of
the forest in material extraction. Map B provides indications of unauthorised mining activities.
Indications also emerge from this map regarding affected indigenous peoples such as the Karittana
People who are located in the north eastern part of the region. Looking at map C, the border area
in the northern part is affected by flood risk and is affected by emission-related effects that can
affect air quality. In the latter map, greater emphasis is placed on social dynamics. In fact, variables
such asinstitutional cooperation thatincreases social justice, cooperation between producers and
buyers, and involvement of people in policy making is mentioned in several areas. As well as
strengthening territorial protection standards towards Nova Mamorée and the Angueiras area.

The results of the discussion in the three tables were used to finalises the CLD. The construction
process of the CLD in relation to the specific case study is described in detail in the following
section.

5.3.2.2 Causal loop diagram building

The analysis of data collected during the workshop allowed to build a CLD according to
stakeholders’ perceptions. The result of the representation of the cause-effect relationships
between BCS Nexus variables, for each group of stakeholders has been aggregated to finalises the
CLD, according to Synthesis Theory (section 4.2.1). Specifically, variables and their relationships
were analysed for each table. Table 7 shows the variables examined by each table and highlights the
variables in common and the variables added as a result of stakeholder consultation. To keep the
geographical connotation of the variables, the table shows the variables X* as belonging to the
entire Rondonia region. The variables characterised by the “X” are those located in specific areas,
defined in Figure 10. Specifically, following the progressive numbering in Table 7, the geographical
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allocation of variables for each table is represented by Figure 10. It represents the digitalisation of
the maps used during the participatory exercise.

Table 7: Variables mentioned during participatory exercise

Table Table Table

MERUE n Variables group group group
cathegories )
1 2 3
1 Deforestation X* X* X*
2 Landscape quality X* X
3 Avifauna species X* X
4 Terrestrial animal species X X* X
5 Rio Jipanara riverbank erosion X
6 Rio Jipanara water quality
7 Rio Jipanara baseflow X
8 Groundwater quality X X
9 Air quality X* X* X
10  Soildegradation X
N Soil erosion X*
12  Soil contamination X
Biodiversitylosses 13 Plant species diversity X
and ecosystem
degradation 14 Alternation of plants' phenological phases X* X*
(variables) 15 Agrobiodiversity (agricultural product X
diversity)
16 Medicinal plants X X X
17  Seed availability X*
18 Forest understorey X
19 Use of forest fruits/latex/tannins X X
20  Prey for hunting/consumption X* X
21 aquatic animal species X X
22 Pestand disease X X
23  Food diversity from forest products X
Forest construction materials (timber/stray,
24 X
etc.)
25 Fuelwood (species for fire, heat, cooking) X
26  Forest products for religious ceremonies X
27  Flood risk X X
28 Drought risk X X* X*
S CIEED 29  Rainfall intensity X
impact
30  Wildfires X X*
31 Heatwaves X* X* X*
Social dynamics 30 Technical assistance and technology for N
(variables) deforestation free business model adoption
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33 Economic and financial support X*

34  Cooperation between producers and buyers X* X X

35 Social justice and community N N X
empowerment
Empowernment of territorial protection o

36 . X* X
regulations

37 Indlgepous communities safety and N N X
wellbeing

38 Economlf:_stablhty of indigenous X% X
communities

39 Products commercialization in informal N N X
market

40 Detection of unauthorized activities X X

41 Tra.dltlona] knowledge, cultural rituals and N X X
attitudes

42  Gender equality X* X* X

43 Ind!genou.s ggmmunltles engagementin N N X
policy definition

44  Institutional cooperation X

45  Indigenous area invasion X

46 Land use change for nuts production X* X

47  Land use change for Acai production

48 Land use change for wild cacao production X*

49  Land use change for oil palm production
Birds plumage use for head bonnets

50 . X
production

51 Land use change for wood extraction X*
Land use change impact on GHG emissions p

52 NP X X
mitigation

Impact of 53 GHG emissions from transport X X* X

activities along L .
T e 54 GHG emissions from transformation of raw N

materials into final products

value chain ==
(variables) 55 Wai':er resources exp_lmtatmn for X N X
agricultural production
Water contamination due agricultural
56 - X
production
57 Use of chemicals in agricultural production X
58 Livability of indigenous populated areas for X
agricultural areas expansion
59 Energy consumption for transformation X
Waste production from transformation of
60 I . X
raw materials into final products
Discharge of wastewater on water bodies
61 . X
due to transformation
62 Sand extraction X
New variables 63 Habitatlosses due to Hydroelectrical X
added 64 Food security X
65 Water availability X

Specifically, stakeholders have added new variables:
o Sand extraction
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o Habitatlosses due to hydroelectric

o Food security
o Water availability

3-8
15 30
7. 21
62
18
28 53 51
3 4 10 16 I
13 14 15 5 19 22 51
17 19 30 55 57
11 15 48
56 58

Figure 9: Example of digitalisations of maps built during the participatory exercise. The map refers to the

elaboration of the contents of Table 7

Moreover, to describe the complexity of Nexus BCS, the CLD has been implemented by including

ES (Table 8).

Ecosystem Services

Regulating

Provisioning

Supporting

Funded by
the European Union

Table 8: Ecosystem Services implemented in CLD

Variables

Local temperature (the Amazonian part of Mato Grosso)
Drought prevention

Heatwave prevention

Rio Ji Parana flood prevention

Erosion prevention

Carbon sequestration

Clean air

Purify water

Phenological phases of plants (germination, flowering, pollination, etc,)
Nutrient soil sequestration

Habitat quality

Pest and disease

Seeds availability

Plant variety availability for food diversity

Plant variety availability for construction materials
Plant variety availability for fuel wood

Plant variety availability for religious ceremonies
Plant variety availability for medicinal aims

Water resource

Terrestrial animal

Avifauna

Aquatic fauna

Nutrient cycling

Soil characteristic

Biodiversity

Photosynthesis

BIZTRAILS



D3.9 — PSDM processes for Nexus understanding and management (A) 33

Recreational and cultural values

Social and economic benefits
Cultural Spiritual and religious value

Landscape quality

Populated area quality

Figure 10 shows the level of interconnection between the different BCS Nexus variables, indicated
with different colours, explained in the caption. The connections between the different Nexus
variables have positive polarities (green connection) and negative polarities (red connection). It
represents the weight assigned by the analysts based on the information gathered from the
previous steps of the methodology. The model consists of 108 variables compared to 65 in the
theoretical framework, including ESS and new additions by stakeholders*

4 https://embed.kumu.io/65a51beb8866fcalb152397dbfceb5d0.
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Figure 10: CLD of Brasilian Amazon forest case studly.

Red highlight: different type of demand; Red box: consumption phase of VC; yellow box: production phase of VC; green box: transformation phase of VC; bilue
box: export phase of VC; brown box: trade phase of VC; black box: ES. Yellow variable: biodiversity and ecosystem degradation,; blue variable: climate change;
purple variable: society variable
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5.3.3 System Behaviour Analysis

The aggregate CLD was explored through the structural and descriptive analysis (see section 4)
and, in doing so, defining the challenges for the BCS Nexus for this case study. In our analysis, the
BCS nexus challenges are those characterised by high centrality degrees and by multi-sectoral
impacts/dependencies. On the totality of the variables, the highest value variables were selected
for each index. Table 9 represents the ranking of the main variables with a high Centrality Degree.

Table 9: Values of Degree Centrality

Variables Degree Centrality
Deforestation 14
Plant Species forf Human Needs n
Social And Economic Benefits 10
Soil Contamination 9
Habitat Quality 9
Volume Of Forest Based Production 9
Land Site Demand 8
Carbon Sequestration 8
Rio Ji Panara Water Quality 7
Hunting And Fisheries Activities 6
Flood Risk 6
Water Resource Availability 6
Soil Degradation 5
Heatwaves 5
Soil Erosion 5
Biodiversity 5
Populated Area Quality 5
Land Use Change for Wood Extraction 5
Indigenous Communities Safety and Health 5
Groundwater Quality 5
Similarly, Table 10 shows the variables with a high Betweenness Index.
Table 10: Values of Betweenness Centrality

Variables Betweenness Centrality
VVolume Of Forest Based Production 0.140
Plant Species For Human Needs 0.097
Carbon Sequestration 0.089
Deforestation 0.087
Flood Risk 0.086
Damages To Agricultural Products 0.080
Land Site Demand 0.079
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Soil Erosion 0.079
Seed Availability 0.058
Heatwaves 0.057

In order to identify challenges, variables with high values of both indices were considered (Table
1).
Table 11: Variables used to define challenges

Variables Degree Centrality Betweenness Centrality
Deforestation 14 0.087
Plant species for human needs 1 0.097
Volume of forest-based production 9 0.140
Land site demand 8 0.079
Carbon sequestration 8 0.089
Flood risk 6 0.086
Heatwaves 5 0.057
Soil erosion 5 0.079

Given the strong correlation between the different variables, they have been grouped and the
relative challenges have been identified.
Table 12: Challenges

Cluster Variable Challenge Description - motivation
- Deforestation
- Plant species for human Promote
1 needs sustainable forest
- Carbon sequestration management
- Soil erosion

Protecting the forest is vital to
safeguarding the livelihoods of
local communities and its crucial
role in mitigating climate change.

Changes in climate can impact

. Dealing with both the quantity and quality of
- Floodrisk - .
2 climate related resources available, as well as the
- Heatwaves . .- irs .
risks living conditions of indigenous
populations and habitat.
Encourage the The rising market demand for
- Volume of forest-based rag 9 .
- adoption of forest-based products amplifies
3 production . .
- sustainable market land-use changes, leading to
- Land site demand . - -
practices unsustainable practices.

The recognition of these challenges highlights the interdependence among various sectors.
The variables within cluster 1 are interconnected with domains such as:

o Value chain. Within the value chain, deforestation is heavily driven by activities associated
with the production phase, including forest-based activities, land use changes for
agricultural production, farming, and wood extraction.

o Biodiversity/ecosystem degradation. Biodiversity and ecosystem degradation result
directly from deforestation, leading to erosion and decreased plant availability for human
needs. This diminishes agricultural product diversity crucial for the livelihoods of
indigenous peoples and hampers carbon sequestration due to the lack of vegetation.
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o Ecosystem Services. Ecosystem services suffer due to deforestation, resulting in the
disruption of crucial functions like carbon sequestration, maintenance of local
temperatures, and air quality. Increasing temperatures exacerbate the heat effect,
impacting the liveability of indigenous communities.

o Social dynamics. Social dynamics influenced by the variables in cluster 1 significantly affect
the well-being of indigenous peoples and habitat conditions, leading to increased
migration from the forest. Providing technical assistance and technological support can
facilitate the adoption of sustainable processes aimed at reducing deforestation.

Figure 13 illustrates some of the cross-sectoral relationships between the variables in cluster 1and
the BCS Nexus domains. Specifically, variables included in red box represent the effects of
activities during consumption phase of value chain; variables included in yellow box represent the
effects of activities during production phase of value chain; variables included black box represent
ecosystem services; yellow variables represent biodiversity and ecosystem degradation; purple
variable represent society dynamics.

The variables within cluster 2 are interconnected with domains such as:

o Value chain. Climate change impacts like floods from heavy rainfall or heat islands due to
rising temperatures can disrupt activities in the production phase of the value chain. These
effects include agricultural damage and alterations to soil components.

o Biodiversity/ecosystem degradation. Floods exacerbate soil erosion, which in turn
negatively impacts water quality and soil composition in affected areas. Heatwaves also
degrade air quality, affecting habitats, including those of indigenous populations.

o Ecosystem Services. Effective forest management is essential for mitigating climate
change, as it supports regulating ecosystem services like drought prevention, carbon
sequestration, and the phenological phases of plants.

o Social dynamics. Climate change effects are compounded by human activities, such as
those along riverbanks, which increase erosion and flooding. These impacts not only disrupt
habitats but also force local communities to relocate.

Figure 11 shows some of the cross-sectoral relationships between the variables in Cluster 2 and the
BCS Nexus domains.
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Drought prevention

“air quality
y Soil erosion
‘ e
|

Carbon sequestration

Local temperature I
flood prevention

climate change

Soll eroslon

Rio Ji Panara water quality

DAMAGES TO AGRICULTURAL | °
PRODUCTS

. Soll contamination
rainfall intensity  Rio Ji Panara riverbank
erosion

Phenological phases of
plants

Figure 11: Intersectoral dependences of Cluster 2.

Yellow box: production phase of VC; biack box: ES. Yellow variable: biodiversity and ecosystem degradation;
blue variable: climate variable

The variables within cluster 3 are interconnected with domains such as:

o Value chain Market demand drives the production of forest-related products, yet this
growth doesn't translate into local economic development for indigenous peoples.
Products contributing to community income areinlow demand, while the forest is exploited
for activities like wood extraction or cultivating items such as acai, cacao, etc. Increased
production volumes lead to waste and resource overexploitation, primarily in the
production and export phases.

o Biodiversity/ecosystem degradation. The direct impacts of demand for forest-based
products result in the exploitation of soil and water resources, adversely affecting habitat
quality and liveability.

o [Ecosystem Services Rising volumes of forest-based products indirectly impact ecosystem
services, including water availability due to over-exploitation, erosion prevention due to
land-use changes, and the provision of economic and social benefits to local populations.

o Social dynamics. Indirectly, these factors influence the well-being of populations. Changes
in land use, deforestation, and flooding events compel populations to migrate, leading to
habitat fragmentation.

Figure 12 illustrates some of the cross-sectoral relationships between the variables in Cluster 3 and
the BCS Nexus domains.

Fundady BIZTRAILS

the European Union




D3.9 — PSDM processes for Nexus understanding and management (A) 39

Soil erosion

Carbon sequestraten
Floodisk
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Figure 12: Intersectoral dependences of Cluster 3
Red highlight: different type of demand; Red box: consumption phase of VC; yellow box: production phase of
VC; green box: transformation phase of VC; bilue box: export phase of VC; brown box: trade phase of VC;
black box: ES. Yellow variable: biodiversity and ecosystem degradation; blue variable: climate change; purple
variable: society variable

The structural analysis allowed us to identify the key Nexus Challenges. As described in section 4,
the next step concerns the implementation of the descriptive analysis to investigate the dynamic
evolution of the Nexus challenges and support the detection of leverage points. It is worth
remembering that the leverage points represent element in the system that, due to their position
in the system map, could amplify the effects of a specific policy. In a later stage of the project
implementation, the analysis of the leverage points will support the design of policies for
transformative changes.

Figure 13 shows the direct connections affecting the dynamic evolution of the “deforestation”
variable, which is part of the challenge “Promote sustainable forest management”. As shown in the
figure, most of the processes affecting the state of this variable are related to land use changes due
to different anthropic activities, such as agricultural production, farming activities, mining
activities, wood extraction, etc. It is interesting to notice that the deforestation could activate
other environmental and societal processes that could negatively impact the status of the forest
ecosystem and, thus, its capacity to produce and provide the expected Ecosystem services - e.q.
flood risk, erosion, local communities migration.
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Land use change for farms

Land use change far mining
Figure 13: Intersectoral dependences of variables “deforestation”

Widening up the picture, it becomes clear that the main drivers for these changes relate to the
market demand. Besides the land use change, meeting the demand for the different products
requires carrying out specific activities that could lead to a depletion of ecological resources -i.e.
water consumption for agricultural activities. This, in turn, could negatively affect the state of the
forest ecosystem and, thus, contribute to the deforestation and negatively affect the sustainable
management of the forest.

Climate changes are also impacting the state of the forest ecosystem. As stated by several
stakeholders, the reduction of the average precipitation is increasing the drought risk and, thus,
affecting the phenological phases of the vegetation. Moreover, the drought risk is increasing the
water consumption for agricultural activities.

The analysis of the causal connections influencing the dynamic evolution of the variable
“deforestation” shows the importance of reducing this process to control other ecological and
social processes that could affect the capacity of the forest ecosystem to produce the expected
ecosystem services. Moreover, as described in the previous analysis, policies to control these
processes cannot be limited exclusively to impose limits to the consumption of land. Reducing the
demand of land for the different production activities is key. However, this could mean to reduce
the demand of final products - i.e., changing consumers’ behaviour - and/or improving the
production activities to reduce the consumption of ecological resources.
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The results of this analysis will be used to support the discussion during the second stakeholders’
workshop. Moreover, a combination with the EEMRIO-LCA analysis, behavioural operations and
leverage points detection will contribute to the design of innovative policies for enabling the
transformative changes.

5.4.1 System conceptualisation analysis — diagnosis of the current state of
the value chain and main issues related to the BCS Nexus

Ghana ecosystems are under pressure due to overexploitation of natural resources on a local or
nationwide scale. Climate change impacts and the presence of invasive species are exacerbating
the threats to the ecological resources [74]. The analysis of the existing literature allowed us to
identify the land cover change due to the expansion of the agricultural activities as the main driver
of biodiversity losses [74].

Besides the agricultural practices, mining activities are also provoking damages to the
environment, such as the destruction of the surface within the mining area, the production of
often toxic waste - e.g. mercury - as side products (tailings or drainage) and the emission of dust,
enriched with heavy metals into the atmosphere. According to the literature, small-scale mining,
which most of the time operate illegally, represent the most problematic type of mining activities,
since they represent a serious threat to the health and the security of the population that lives
close to them [75]. Consequences are changing livelihoods and land use conflicts [76].

5.4.1.1 Semi- structured interview and first draft of CLD

During March and April 2023, 9 stakeholders from different categories such as policymaker, miners,
business, researchers and members of the civil society were interviewed thanks to the support of
the Case Study leader. The framework of SSls is available in the D2.3. By integrating the literature
review and the results of the SSI, a first draft of the CLD was developed to map the complex
interactionsinthe BCS nexus. 131 variables have been identified and connected among themselves.

“Annex IV” shows the output of SSI analysis based on coding-chart layout defined in section 4.1.1.
Figure 14 shows part of the first draft of CLD.
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Discharge of wastewater
on water bodies

&

Water contamination due
Purify water to mining activities

Herding animals. quality

Groundwater quality

Sluicing activities

Use of
chemical products for mining activities {separation of raw materials, refining)

Figure 14: Example of CLD theoretical model built from SS/s analysis process
5.4.2 System mapping analysis

5.4.2.1 Stakeholders’ workshop

The stakeholders’ workshop took place on November 23™ 2023 in the city of Kumasi and involved
about 40 stakeholders. The workshop was divided into several sessions within which participatory
exercises were conducted supported by the presence of facilitators. The stakeholders were
organised into four different groups. As per the Brazilian case study, participants were asked to
collaborate in drawing a map showing the complex interactions among the BCS Nexus. The
variables shown in Annex IV have been used to create cards used during the participatory exercise.
Specifically, the cards were divided into four main groups (Figure 16; Table 13): i) biodiversity losses
and ecosystem degradation (yellow); ii) elements/processes of value chains (orange); iii) climate
change impacts (blue); and iv) social dynamics (purple). Empty cards were provided to allow
participants to generate new variables.
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Figure 15: Example of card used during participatory exercise
Table 13: Variables subdived according Nexus categories
Biodiversity losses < . .
v Impact of activities Climate . .
and ecosystem Social dynamics
. along the gold value change .
degradation . . . (variables)
. chain (variables) impact
(variables)
Deforestation Lan‘d'u.se el eI Flood risk Political interest
activities
. . Land use change for
Pra river water quality . s s . e .
. agricultural activities (cocoa, Droughtrisk Local communities’ security
degradation .
coffee, oil palm, tobacco, etc)
Groundwater quality Land use change for herding Rainfall Enforcement of land use
degradation activities intensity planning regulations
Herding animals quality Land uge change for wood Wildfires Enforcgment of working
extraction regulation
. . . Excavation activities through Local communities’ health and
Air quality degradation L Heatwaves .
machineries wellbeing
Landscape quality Blasting activities Landslides Safety in the work areas
degradation
Crops
Avifauna species . . s failure due s .
. Sluicing activities . Institutional cooperation
reduction to climate
conditions

Aquatic animal species
reduction
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Terrestrial animal
species reduction

Pra river baseflow
reduction
Pra riverbank erosion

Plant species diversity
reduction

Soil degradation
Soil erosion

Territorial morphology
degradation

Habitat destruction

River sedimentation

Reduction of soil
fertility

Water exploitation for
agricultural activities

Water contamination due to
mining activities

Water contamination due to
agricultural activities

Soil contamination due to
agricultural activities

Soil contamination due to
mining activities

Use of chemical products for
mining activities (separation
of raw materials, refining)
Use of chemical products for
agriculture activities

GHG emissions from
agricultural process
(transformation of raw
materials into final products)
GHG emission for mining
machinery use

GHG emissions from transport

Energy consumption for
machinery use

Crushing and grinding of raw
materials

Smelting and casting
Discharge of wastewater on
water bodies

Waste from refining activities

Waste from packaging
Organic waste from
agricultural activities
Land degradation due to
mining activities
Reduction of crops yield

44

Conflicts among miners ASM
group

Conflicts among miners LSM
group due to boundary
disputes and concession
ownership issues

Liveability of populated areas
for agricultural areas
expansion

Increased population

Employment opportunities

Infrastructural development

Gender inequality

Corruption

Competition for labour forces
with other sectors (agriculture)
Lack of land resources for
agriculture

Food insecurity

Child labour

Communities’ awareness

In addition, participants were asked to stick the cards in a geographic map and to highlight the
connection between them: Nexus system mapping.

Participants carried out the exercise accounting for the most important biodiversity losses, value
chain processes/activities that impact biodiversity losses, identification and mapping of impacts
due to climate change and social dynamics. Figure 16 (a, b) shows an example of the results of the
system mapping exercise.
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Figure 16: Participatory exercise during stakeholders’ workshop: system mapping

5.4.2.2 Causalloop diagram building

The Synthesis Theory (section 4.2.1) was adopted to aggregate the outputs from each table of
discussion. The analysis of data collected during the workshop allowed us to finalise the CLD
building process, integrating the stakeholders’ perceptions, the literature review and the SSI
results. The variables and their relationships were analysed for each table. Table 14 shows the
variables examined by each table and highlights those commonly used by the stakeholders, and
those added as a result of stakeholder consultation. To keep the geographical connotation of the
variables, the table shows the variables X* as belonging to the entire Kumasi area. The variables
characterised by the “X” are those located in specific areas, defined in Figure 18. Specifically,
following the progressive numbering in Table 14, the geographical allocation of variables for each
table is represented by Figure 17. It represents the digitalisation of the maps used during the
participatory exercise.

Table 14: Variables mentioned during participatory exercise

Table Table Table Table

Nexus ° .
. n Variables group group group group
categories
1 2 3 4
1 Deforestation X* X X
2 Pra river water quality degradation X* X X
Biodiversity 3  Groundwater quality degradation X X
losses and 4 Herding animals quality X
ecosystem
degradation 5  Air quality degradation X
6 Landscape quality degradation
7 Avifauna species reduction X*
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10
1
12
13
14
15
16
17
18
19

20

21
22
23
24
25
26

27
28
29

30

Impact of 31
activities
alongthegold 3,
value chain

33

34

35
36
37
38
39
40
41
42
43
44
45
46
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Aquatic animal species reduction
Terrestrial animal species reduction
Pra river baseflow reduction

Pra riverbank erosion

Plant species diversity reduction
Soil degradation

Soil erosion

Territorial morphology degradation
Habitat destruction

River sedimentation

Reduction of soil fertility

Land use change for mining activities

Land use change for agricultural activities
(cocoa, coffee, oil palm, tobacco, etc)

Land use change for herding activites
Land use change for wood extraction
Exavation activities through machineries
Blasting activites

Sluicing activities

Water expoitation for mining activities

Water exploitation for agricultural
activities

Water contamination due to mining
activities

Water contamination due to agricultural
activities

Soil contamination due to agricultural
activities

Soil contamination due to mining
activities

Use of chemical products for mining
activities (separation of raw materials,
refining)

Use of chemical products for agriculture
activities

GHG emissions from agricultural process
(transformation of raw materials into final
products)

GHG emission for mining machinery use
GHG emissions from transport

Energy consumption for machinery use
Crushing and grinding of raw materials
Smelting and casting

Discharge of wastewater on water bodies
Waste from refining activities

Waste from packaging

Organic waste from agricultural activities
Land degradation due to mining activities
Reduction of crops yield

Flood risk

X
X*
X
X

X*
X*

X*

X*

X*

Bl

X
X
X

X
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X
X
X
X
X
X
X
X
X
X
X
X
X
X
X*
X
X*
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47

48
Climate 49
change
impact 50
51

52
53
54

55

56
57
58
59
60
61

62

Social
dynamics 63

64
65
66
67
68

69

70
71
72
73
74

New variables 75
added 76

77

Compared to the initial list of variables, stakeholders have also added the following ones:

O O O O

Immigration
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the European Union

Drought risk

Rainfall intensity

Wildfires

Heatwaves

Landslides

Crops failure due to climate conditions
Political interest

Local communities’ security

Enforcement of land use planning
regulations

Enforcement of working regulation

Local communities’ health and wellbeing
Safety in the work areas

Institutional cooperation

Ilegal mining (galamsey) activities

Conflicts among miners ASM group

Conflicts among miners LSM group due to
boundary disputes and concession
ownership issues

Liveability of populated areas for
agricultural areas expansion

Increased population
Employment opportunities
Infrastructural development
Gender inequality

Corruption

Competition for labour forces with other
sectors (agriculture)

Lack of land resources for agriculture
Food insecurity

Child labour

Communities’ awareness

Sand extraction

Loss of human life

Malaria due to mosquitos

Immigration

Sand extraction
Loss of human life
Malaria due to mosquitos

X*

X*
X*

X*
X*

X*
X*

X

X

X
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X

X

X

X
X*

X

X

X*

X
X*

X*
X

X*

X*

X
X
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Figure 17: Example of digitalisation of maps built during the participatory exercise.
The map refers to the elaboration of the contents of Table 1.

Moreover, to describe the complexity of Nexus BCS, the CLD has been implemented by including
ES (Table 15).

Table 15: Ecosystem Serviced implemented in CLD

ES categories ES variables
Local temperature
Drought prevention
Heatwave prevention
Pra river flood prevention
Erosion prevention
Carbon sequestration
Clean air
Purify water
Phenological phases of plants (germination, flowering, pollination, etc,)
Nutrient soil sequestration
Habitat quality
Pest and disease
Seeds availability
Plant variety availability for food diversity
Plant variety availability for construction materials
Plant variety availability for fuel wood
Plant variety availability for religious ceremonies
Plant variety availability for medicinal aims
Water resource
Terrestrial animal
Avifauna
Aquatic fauna
Nutrient cycling
Supporting Soil characteristic
Biodiversity

Regulating

Provisioning
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Photosynthesis
Recreational and cultural values
Social and economic benefits

Landscape quality
Populated area quality

Cultural

Figure 18 shows the level of interconnection between the different BCS Nexus variables, indicated
with different colours, explained in the caption. The connections between the different Nexus
variables have positive polarities (green connection) and negative polarities (red connection). It
represents the weight assigned by the analysts based on the information gathered from the
previous steps of the methodology. The model consists of 108 variables compared to 65 in the
theoretical framework, including ES and new additions by stakeholders®.

5 https://embed.kumu.io/fle3a7f7c7820aea394e00ad36609329.
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Figure 18: CLD of gold mining case studly.
Red highlight: different type of demand; Red box: consumption phase of VVC; yellow box: production phase of VC; green box: transformation phase of VC; blue box: export phase of
VC; brown box: trade phase of VC; black box: ES. Yellow variable: biodiversity and ecosystem degradation; blue variable: climate change; purple variable: society variable
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5.4.3 System behaviour analysis

The aggregate CLD was explored through the structural and descriptive analysis (see section 4) to
identify the main BCS nexus challenges and start the process for defining the leverage points. In a
later stage of the project implementation, as already discussed, these results will be used to
support the design of policy interventions for enabling biodiversity-related transformative
changes. In our analysis, the BCS nexus challenges are those characterized by high centrality
degrees and by multi-sectoral impacts/dependencies. On the totality of the variables, the highest
value variables were selected for each index.

Table 16 represents the ranking of the main variables with a high Degree Centrality.

Table 16: Values of Degree Centrality

Variables Degree Centrality
Illegal mining (galamsey) activities 1
Groundwater quality 10
Deforestation 10
Habitat quality 10

Volume of agricultural production

Soil degradation

Herding animals quality

Pra river water quality

Carbon sequestration

Water exploitation for agricultural activities
Volume of mining production

Pra river baseflow

GHG emission for mining machinery use
Water resource availability/ accessibility
Water contamination due to mining activities
Enforcement of land use planning regulations
Land use change for mining activities

Plants species for human needs

Water contamination due to agricultural activities

o o0 o0 oo OO OO OO0 N 00 00 00

Water exploitation for mining activities

Similarly, Table 17 shows the variables with a high Betweenness Index.
Table 17: Values of Betweenness Centrality

Variables Betweenness centrality
Volume of agricultural production 0.085

Water resource availability/ accessibility 0.07
Carbon sequestration 0.063
Soil degradation 0.053
Local temperature 0.049
Groundwater quality 0.048
Deforestation 0.041
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lllegal mining (galamsey) activities 0.032
Soil characteristic 0.031
Nutrient soil sequestration 0.025
Phenological phases of plants 0.025

In order to identify challenges, variables with high values of both indices were considered (Table
18).
Table 18: Variables used to define challenges

. Degree Betweenness
Variables . .
Centrality centrality
lllegal mining (galamsey) activities 1 0.032
Groundwater quality 10 0.048
Water resource availability/ accessibility 6 0.071
Deforestation 10 0.041
Soil degradation 8 0.053
Carbon sequestration 7 0.063
Volume of agricultural production 9 0.085

Given the strong correlation between the different variables, they have been grouped and the
relative challenges have been identified.

Table 19: Challenges

Description -

motivation

Galamsey activities exert a
profound impact across
various dimensions including

Cluster Variable Challenge

- gkl Reduce galamsey activities

(galamsey) the environment, public
health, livelihoods, social
dynamics, and the economy
Groundwater quality impacts
human health, while access to

- Groundwater quality water resources is essential
- Water resource Enhance water resource for economic prosperity.
2 I : .
availability and management Groundwater sustains vital
accessibility ecosystems and biodiversity,
contributing to ecological
and climate balance.
Promoting sustainable forest
management practices allow
- Deforestation to conserve biodiversity,
3 - Soildegradation Promote sustainable forest mitigate climate change,
- Carbon management support local livelihoods, and
sequestration ensure the continued
provision of ecosystem
services
The rising market demand for
- Volume of . forest-based products
) Encourage the adoption of e
4 agricultural - ) amplifies land-use changes,
- sustainable market practices - .
production leading to unsustainable

practices

The recognition of these challenges highlights the interdependence among various sectors.
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The variables within cluster 1 are interconnected with domains such as:

o Value chain. Galamsey contributes greatly to increasing mining production volumes
(consumption phase of value chain) and at the same time tends to exacerbate the effects in
other phases of the value chain. For example, it increases land use change, water
exploitation, and the use of chemicals that are used without any kind of control.

o Biodiversity/ecosystem degradation. Galamsey operations involve heavy machinery,
mercury, cyanide, and deforestation, resulting in soil erosion, water pollution, biodiversity
loss, and land degradation. Contaminated water bodies harm aquatic life and jeopardize
drinking and agricultural water sources. Galamsey threatens the livelihoods of farmers and
fishermen by polluting and destroying theirlands and water sources. This makes sustainable
agriculture and fishing increasingly difficult in galamsey-dominated areas.

o Ecosystem Services. Galamsey directly contribute to the escalation of deforestation,
thereby disrupting the functioning of forest-related ecosystem services. These services
include seed and plant provision, habitat conservation, carbon sequestration, and more.

o Social dynamics. While Galamsey activities fulfill a demand for employment, they also
exacerbate child exploitation. Moreover, the abandonment of agricultural endeavors due to
soil contamination pushes many workers toward this practice. Strengthening controls over
land use and labor activities is imperative to mitigate such phenomena.

Figure 19 illustrates some of the cross-sectoral relationships between the variables in cluster 1and
the BCS Nexus domains.

Water expoltation for
mining activities

Use of
chemical products for mining activities (separation of raw materials, refining)

I0ss of human life

Land use change for mining
activities

Deforestation VOLUME OF MINING PRODUCTION

Agricultural productivity

lllegal mining (galamsey)
activities

Employment demand child labour

Enforcement of land use
planning regulations

Figure 19: Intersectoral dependences of Cluster 1
Red box: consumption phase of VC; yellow box: production phase of V/C; Yellow variable: biodiversity and
ecosystem degradation; purple variable: society variable; green box: transformation phase of V/C;

The variables within cluster 2 are interconnected with domains such as:
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Value chain. Groundwater quality is highly dependent on the effects of value chain activities.
In fact, it deteriorates due to overexploitation or contamination related to both mining and
also other activities on forest use.

Biodiversity/ecosystem degradation. Groundwater supports vital ecosystems and
biodiversity, contributing to ecological balance. Hence the direct relationship on the
variable Habitat quality.

Ecosystem Services. Groundwater quality has the potential to shape the accessibility and
availability of water resources. chemicals from mining, agricultural runoff, and untreated
sewage enter groundwater reservoirs, also compromise the delicate balance of aquatic
ecosystems and endanger human health.

Social dynamics. The quality, accessibility and availability of the water resource involves
two main social aspects. On the one hand human health and on the other the economy,
negatively affecting agricultural productivity.

Figure 20 illustrates some of the cross-sectoral relationships between the variables in cluster 2 and
the BCS Nexus domains.

damages to agricultural

Waste from refining activities

Aquatic species Avifauna specles

Discharge of wastewater
on water bodles Alr quality

Pra river water quality Temestrial species

[P woler | Pranis species foruman
neads
Water contamination due
to mining activities
Water expottation for
mining activities.
river sedimentation Herding animals quality
Water contamination due habitat qualty
to agricoltural activities. 2
Pra nverbank erosion -+ Flood risk pest and disease
Soll contamination due Use of
to agricoltural activities T teRE S0l SequcsThe] chemical products for mining activities (separation of raw materials, refining)
Rainfall intensity st ol
errtorial morphology
Soll contamination due degradation Sluicing activities
to mining activities Wildfires
Drought risk Local communities health
and wellbeing
Groundwater quallty

Land use change for mining

| | Prariver baseflow
activiiles

soll degradation

Useof
chemical products for agriculture activities. Deforestation

water resource avallability/
accessibility

Agricultural productvity

Water explotation for damages to mining sites

agricultural activities Land use change for agricuttural
activities (cocoa, coffee,
il paim, tobacco, etc)

fliegal mining (galamsey)
activities

Figure 20: Intersectoral dependences of Cluster 2

Yellow box: production phase of VC; green box: transformation phase of VC; blue box: export phase of VC;
brown box: trade phase of VC; black box: ES. Yellow variable: biodiversity and ecosystem degradation; biue

variable: climate change; purple variable: society variable

The variables within cluster 3 are interconnected with domains such as:

Value chain. In the context of the case study, deforestation is predominantly fueled by
activities linked to the production phase across various value chains. These activities
include forestry operations, alterations in land use for agricultural purposes, livestock
farming, and mining activities.

Biodiversity/ecosystem degradation. Deforestation directly contributes to biodiversity
loss and ecosystem degradation, resulting in erosion and reduced availability of plants
essential for human sustenance. This decline in agricultural diversity poses significant
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challenges to the livelihoods of indigenous communities and inhibits carbon sequestration
efforts due to the absence of vegetation.

o Ecosystem Services. The adverse impacts of deforestation extend to ecosystem services,
disrupting vital functions such as carbon sequestration, regulation of local temperatures,
and maintenance of air quality. Rising temperatures further intensify the heat effect,
compromising the liveability of indigenous communities.

o Social dynamics. The social dynamics influenced by variables in cluster 1 profoundly impact
the well-being of indigenous peoples and habitat conditions, often resulting in heightened
migration from the forest. Offering technical assistance and technological support can
streamline the adoption of sustainable practices aimed at curbing deforestation.

Figure 21illustrates some of the cross-sectoral relationships between the variables in cluster 3 and
the BCS Nexus domains.

Livability.of populated
areas for agricultural
areas expansion

habitat quality

Carbon sequestration

Flood risk

Soil erosion

soil degradation

Deforestation
/ Exavation activities
through machineries
Land use change for agricultural
activities (cocoa, coffee,
oil palm, tobacco, eic) seeds and plants availability |
Land use change for wood
AT lllegal mining (galamsey)

activities
Land use change for herding
activites

Figure 2I: Intersectoral dependences of Cluster 3
Yellow box: production phase of VC; bilack box: ES. Yellow variable: biodiversity and ecosystem degradation;
blue variable: climate change, purple variable: society variable

The variables within cluster 4 are interconnected with domains such as:

o Value chain. In the examined case study, mining operations aren't the sole contributor to
the deterioration of the ecosystem. The demand for forest-based activities stands as
another significant factor that requires attention and intervention. It contributes to the
increase inland use change and its relative effects
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o Biodiversity/ecosystem degradation. The market demand indirectly impacts the
ecosystem through the repercussions of land-use change, leading to adverse effects such
as increased deforestation and its associated consequences.

o Ecosystem Services. The increasing volumes of forest-based products indirectly affect
ecosystem services, impacting water availability due to over-exploitation, erosion
prevention resulting from land-use changes, and the provision of economic and social
benefits to local communities.

o Social dynamics. These factors indirectly influence the well-being of populations, as
changes in land use, deforestation, and flooding events prompt population migration,
consequently leading to habitat fragmentation.

Figure 22 illustrates some of the cross-sectoral relationships between the variables in cluster 4 and
the BCS Nexus domains.

Herding animals quality
GHG emissions from agricultural
process (transformation
of raw materials into

Carbon sequestration final products)
Soil contamination due
to agricoltural activities
Soil contamination due
to mining activities
damages to agricultural
soil degradation Use of
chemical products for agriculture activities T
water resource availability/
accessibility
Water exploitation for
agricultural activities Land use change for agricultural
activities (cocoa, coffee,
Agricutural productiity oil palm, tobacco, etc)
Organic waste from agricultural Land use change for wood
activities TRl
ST SRS oot mnn g
activities
Land use change for herding
Social and economic benefits activites

VOLUME OF FOREST BASED
PRODUCTION

soll fertility

enforcement of emission
ontrol

Figure 22: Intersectoral dependences of Cluster 4

Red highlight: different type of demand; Red box: consumption phase of VC; yellow box: production phase of
VC; green box: transformation phase of VC; biue box: export phase of VC; brown box: trade phase of VC;
black box: ES. Yellow variable: biodiversity and ecosystem degradation; blue variable: climate change; purple
variable: society variable

The descriptive analysis allows us to formulate hypothesis on the dynamic evolution of the Nexus
challenges, accounting for the causal connections in the CLD. We are still carrying out this analysis.
Itis, however, worth citing some of the preliminary results to demonstrate and discuss the usability
of the PSDM framework to support the policy design process. Let us consider the causal
connections influencing the dynamic evolution of the variable “illegal mining”. As shown in Figure
20, the increase of illegal mining activities could exacerbate other phenomena affecting the quality
of the ecological resources, such as the soil and water quality. Moreover, the illegal mining increase
could negatively affect the agricultural production, forcing the farmers to sell/rent their land for the
mining. However, the illegal mining activities seem to have a rather positive impact on the local
community livelihood. This is mainly because illegal mining is basically conceived as a “community
business”. Legal mining activities are characterized by the presence of foreign investors and labour
force. This has a negative impact on the local community’s perception. It is also interesting to
notice that implementing the territory control to reduce the illegal mining activities could be
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hampered by many institutional and social barriers. Therefore, it cannot be considered as a feasible
solution if implemented alone. Interventions are needed to enhance the economic sustainability
and competitiveness of other community-based activities.
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The primary aim of this is deliverable is to describe a comprehensive framework for implementing
Participatory Systems Dynamics Modelling (PSDM) within the BIOTRAILS framework. Specifically,
the PSDM aims at shading a light on the complexity of the interactions in the BCS Nexus. In doing
this, the PSDM contributed to the identification and analysis of the indirect drivers affecting the
biodiversity losses. Moreover, accounting for the complex interaction in the BCS Nexus, the PSDM
will inform the policy design process, raising decision-makers’ awareness about trade-offs and
synergies among different policy interventions. In doing so, PSDM provides opportunities to
maximize co-benefits and to minimize trade-offs and co-detrimental (mutually harmful) effects for
people and nature. The work described in this report is mainly theoretical. Efforts have been carried
out to develop the PSDM framework based on the previous experiences carried out in several
research projects. Specifically, the PSDM framework has been developed to address the key issues
that are still hampering the operationalization of the Nexus approach.

Starting from a literature review concerning the different Nexus frameworks available in the
scientific literature, key barriers to their implementation have been identifies, and the different
phases of the PSDM framework discussed. At this stage of the project implementation, only few
phases of the PSDM framework have been tested in the case studies. Therefore, we cannot yet
evaluate the feasibility of the PSDM. This analysis will be part of the second version of this
deliverable. However, some preliminary lessons can be drawn considering the results of the PSDM
implementation in two of the four BIOTRAILS case studies. Both pros and cons of part of the
methodological approach can be described. Among the pros we can mention:

1. The incremental knowledge collection process - i.e. from the literature review to the
stakeholders’ workshop - can be considered as successful because it allowed us to get
familiar with the main case studies issues, improving the effectiveness of the stakeholders’
engagement process.

2. The use of CLD to map the interactions among the BCS Nexus elements allowed us to
account for the complexity of the Nexus structure. However, the implementation of the
structural and descriptive analysis allowed us to reduce this complexity, to focus the
analysis on specific parts of the CLD and, thus, to better understand the drivers affecting the
dynamic evolution of the BCS nexus.

Among the cons we can mention:

1. Efforts are still required to integrate the spatial dimension into the PSDM. Although
stakeholders were required during the workshop to locate the different elements of the BCS
Nexus on a spatial map, methodological efforts are required to integrate the spatial
dimension in the SDM;

2. In the early phases of the PSDM framework implementation, we mainly focused on the
“origin” part of the value chains, investigating the impacts of the first phases/processes -
mainly production and transformation - of the value chains on the Biodiversity. The next
phases of the PSDM implementation should also account for the rest of the
phases/processes.
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ANNEX Il - WORKSHOPS’ ACTIVITIES

Ist activity
PPT presentation file on PSDM tools for understanding Biodiversity, Climate and Society (BCS)
Nexus structure and identifying leverage points. Time: 10 min

2nd activity
Participatory exercise to Causal Loop Diagram building.

The results of the interviews will be used to define a preliminary set of elements to be included in
the system map. Cards will be prepared representing those elements. Accounting for the BCS
nexus, the cards will be divided into four main groups: i) Biodiversity losses; ii) elements/processes
of the value chains; iii) climate change impacts; iv) societal dynamics (see the example below).

Biodiversity losses Value chain Climate change Society

Deforestation Extraction of the raw | Drought Depopulation

Flora species losses material Flood Unemployment rate

Fauna specieslosses | Transportation Wildfire Social cohesion
Trade Heatwaves

The main scope of the Nexus mapping exercise is to map the complex and non-linear connections
among those elements. The results of this phase should look like:

The whole session will last no longer than 2 hours. According to the number of participants,
different groups will be created. This will facilitate the discussion among the stakeholders.

First question: Biodiversity losses

According to your own experience, what are the main biodiversity losses in your region?
Stakeholders could select the main losses from the cards we will prepare. The cards will be put on
the paper. Other cards could be added if needed. Animportance degree among the differentlosses
could be discussed as well.
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Second question: Value chains

Do you think that processes/elements of the value chain (we need to make them aware of the
different steps/processes in the Value chain) are provoking the above-mentioned biodiversity
losses? Could you indicate those elements/processes? Could you describe the impacts?

(The cards related to the value chain will be put on the paper and link will be drawn connecting
those elements with the biodiversity losses). It is important to ask stakeholders to describe the
meaning of the links they draw on the map.

Third question: Climate change

Are you aware of climate change impacts in your area? (Cards will be provided representing the
climate change impacts). Could you, please, explain if and how those climate change impacts are
exacerbating/reducing the biodiversity losses? (e.g. the increase of the sea water temperature is
affecting the fish health). Are the biodiversity losses affecting the climate change impacts? (e.g.
the deforestation is affecting the flood risk, etc.)

Connection will be drawn between climate change and biodiversity losses.

Fourth question: Societal dynamic

According to your own experience, is the local community affected the biodiversity losses? Could
you describe those impacts? Is the local community affected by the climate change? Could you
describe those impacts?

According to your own experience, is the local community affecting the biodiversity losses (e.g.
theincrease of agricultural activities is leading to an increasing deforestation)? Could you describe
those impacts?
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Cause variable
Agricultural product
diversity
Agricultural products
demand
Air quality

Aquatic animal species
Avifauna species
Biodiversity
Carbon sequestration

Clean air
Climate change

Cooperation between
producers and buyers

Damages to agricultural
products

Deforestation

Detection of
unauthorized activities
Discharge of wastewater
on water bodies due to
transformation

Drought risk
Economic and financial
support
Economic stability of
indigenous communities
Empowerment of
territorial protection
regulations

Energy consumption for
transformation
Erosion prevention
Flood prevention
Flood risk

Funded by
the European Union

Effect variable

Plant availability for food diversity

Land site demand

Habitat quality
Avifauna species
Populated area quality
Biodiversity
Biodiversity
Prey for hunting/ consumption
Heatwave prevention
Local temperature
Clean air
Air quality
Rainfall intensity
Local temperature

Products commercialization in informal market
Economic stability of indigenous communities
Volume of forest based production

Social and economic benefits
Forest understorey quality
Plant species for human needs
Soil erosion
Flood prevention
Seed availability
Carbon sequestration
Erosion prevention
Soil degradation

Products commercialization in informal market
Water contamination due agricultural
production

Rio ji panara water quality
Water resource availability
Technical assistance and technology for
deforestation free business model adoption

Social and economic benefits

Deforestation

Detection of unauthorized activities
Carbon sequestration

Soil erosion
Flood risk
Damages to agricultural products
Rio ji panara riverbank erosion
Rio ji panara water quality
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D3.9 — PSDM processes for Nexus understanding and management (A)

Food demand
Food security

Forest understorey
quality
GHG emissions from
transformation of raw
materials into final
products
GHG emissions from
transport

Groundwater quality

Habitat quality

Heatwave prevention

Heatwaves

Hunting and fisheries
activities

Indigenous communities'
engagementin policy
definition
Indigenous communities’
awareness

Institutional cooperation

Land site demand

Land use change for
agricultural production

Land use change for
wood extraction

Landscape quality
Local temperature

Medicinal plants
Nutrient cycling
Nutrient soil
sequestration
Pasture quality
Pest and disease

Funded by
the European Union

Hunting and fisheries activities
Social and economic benefits
Indigenous communities safety and wellbeing
Populated area quality

Habitat quality
Carbon sequestration

Carbon sequestration

Purify water

Water resource availability
Avifauna species
Aquatic animal species
Indigenous communities’ safety and wellbeing
Terrestrial animal species
Heatwaves
Drought prevention
Wildfire
Drought prevention
Clean air

Social and economic benefits

Avifauna species
Terrestrial animal species
Aquatic animal species

Indigenous communities’ awareness

Social justice and community empowerment

Economic and financial support

Indigenous communities' engagement in policy
definition
Empowerment of territorial protection
regulations
Land use change for agricultural production

Land use change for wood extraction

Water resources exploitation for agricultural
production
Deforestation
Use of chemicals in agricultural production
GHG emissions from transformation of raw
materials into final products
Deforestation
GHG emissions from transport
Energy consumption for transformation
Populated area quality
Pest and disease
Phenological phases of plants
Heatwaves
Plant variety availability for medicinal aims
Phenological phases of plants

Nutrient cycling

Food security
Habitat quality
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D3.9 — PSDM processes for Nexus understanding and management (A)

Phenological phases of Seed availability
plants
Recreational and cultural values
Plant availability for food
diversity
Plant species for human
needs

Social and economic benefits

Agricultural product diversity

Plant variety availability for fuel wood
Medicinal plants
Plant variety availability for handicraft activities
Biodiversity
Carbon sequestration
Plant variety availability for religious ceremonies
Habitat quality
Plant variety availability for construction
materials
Plant variety availability
for construction
materials
Plant variety availability
for fuel wood
Plant variety availability
for hancraft activities
Plant variety availability
for medicinal aims
Plant variety availability
for religious ceremonies
Plant variety availability
for religious ceremonies

Social and economic benefits

Social and economic benefits
Economic stability of indigenous communities
Social and economic benefits
Recreational and cultural values

Spiritual and religious value

Populated area quality
Prey for hunting/
consumption
Purify water
Rainfall intensity

Rio ji panara baseflow

Rio ji panara riverbank

erosion
Rio ji panara water
quality

Seed availability
Social justice and
community
empowerment
Soil characteristic

Soil contamination

Soil degradation

Soil erosion

Funded by
the European Union

Indigenous community wellbeing
Hunting and fisheries activities

Habitat quality
Rio ji panara baseflow
Drought risk
Flood risk
Water resource availability

Rio ji panara baseflow

Purify water

Aquatic animal species
Populated area quality
Plant species for human needs

Indigenous communities safety and wellbeing

Gender equality
Nutrient soil sequestration
Seed availability
Soil degradation
Soil characteristic
Pasture quality
Terrestrial animal species
Groundwater quality
Damages to agricultural products
Landscape quality
Soil characteristic
Flood risk
Soil degradation
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D3.9 — PSDM processes for Nexus understanding and management (A)

Technical assistance and
technology for
deforestation free
business model adoption
Terrestrial animal species
Use of chemicals in
agricultural production

Volume of forest-based
production

Waste from packaging
Waste production from
transformation of raw
materials into final
products
Water contamination due
agricultural production

Water resource
availability

Water resources

exploitation for
agricultural production

Wildfire

Wood demand

Funded by
the European Union

Deforestation

Biodiversity
Soil contamination

Water contamination due agricultural
production
GHG emissions from transformation of raw
materials into final products
Waste production from transformation of raw

materials into final products

Land site demand
Waste from packaging
GHG emissions from transport
Energy consumption for transformation

Soil contamination

Soil contamination

Groundwater quality
Rio ji panara water quality
Indigenous community wellbeing

VVolume of forest-based production
Water resource availability

Rio ji panara baseflow
Groundwater quality
Rio ji panara water quality
Drought prevention
Soil erosion
Land site demand

+ + + + o+
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D3.9 — PSDM processes for Nexus understanding and management (A)

Cause variable
Agricultural products
market demand
Air quality

Aquatic species
Area of mining site

Avifauna species
Blasting activites

Carbon sequestration

Clean air
Climate change

Corruption
Crushing and grinding of
raw materials
Damages to agricultural
production
Damages to mining sites

Deforestation

Discharge of wastewater
on water bodies

Drought risk
Employment opportunities
Energy consumption for
machinery use
Enforcement of land use
planning regulations

Enforcement of working
regulation

Funded by
the European Union

Effect variable
Volume of agricultural production

Avifauna species
Habitat quality
Biodiversity
lllegal mining (galamsey) activities
Land use change for mining activities
Employment opportunities
Biodiversity
Territorial morphology degradation
Ghg emission for mining machinery use
Soil characteristic
Local temperature
Clean air
Air quality
Local temperature
Rainfall intensity
Political interest

Ghg emission for mining machinery use

Volume of agricultural production

Safety in the work areas
VVolume of mining production
Soil erosion
Carbon sequestration
Livability of populated areas for agricultural areas
expansion
Soil degradation
Seeds and plants availability

Herding animals quality

Pra river water quality
Water contamination due to agricultural activities
Water contamination due to mining activities
Water resource availability
Social and economic benefits

Ghg emission for mining machinery use

Conflicts among miners ASM group

Land use change for mining activities
Conflicts among miners LSM group due to
boundary disputes and concession ownership
issues
lllegal mining (galamsey) activities
lllegal mining (galamsey) activities
Child labour

Safety in the work areas
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D3.9 — PSDM processes for Nexus understanding and management (A)

Exavation activities
through machineries

Flood risk

GHG emission for mining
machinery use
GHG emissions from
agricultural process
(transformation of raw
materials into final
products)

GHG emissions from
transport
Gold market demand

Groundwater quality

Habitat quality

Heatwaves

Herding animals quality

INlegal mining (galamsey)
activities

Infrastracture
development

Institutional cooperation

Lack of land resources for
agriculture

Land use change for
agricultural activities
(cocoa, coffee, oil palm,
tobacco, etc)

Land use change for
herding activites

Funded by
the European Union

Deforestation
Groundwater quality
Damages to agricultural products

Damages to mining sites
Pra riverbank erosion

Carbon sequestration

Carbon sequestration

Carbon sequestration

Area of mining site
VVolume of mining production
Water resource availability
Habitat quality
Aquatic species
Terrestrial species
Avifauna species
Clean air
Wildfires
Food insecurity
Local communities health and wellbeing

Local communities security

Water expoitation for mining activities

Conflicts among miners ASM group
Safety in the work areas
Deforestation
Child labour

Use of chemical products for mining activities

(separation of raw materials, refining)
Landscape quality

Soil degradation
Enforcement of working regulation

Enforcement of land use planning regulations

Political interest
Social and economic benefits

Reduction of crops yield

Deforestation

Water exploitation for agricultural activities
Deforestation

Water expoitation for mining activities
Exavation activities through machineries
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D3.9 — PSDM processes for Nexus understanding and management (A)

Land use change for wood
extraction

Landscape quality

Local communities
security

Local temperature
Nutrient cycling
Nutrient soil sequestration
Organic waste from
agricultural activities

Pest and disease

Phenological phases of
plants

Plants species

Political interest
Pra river baseflow

Pra river water quality

Pra riverbank erosion
Purify water

Rainfall intensity

Recreational and cultural
value
Reduction of crops yield
Sluicing activities
Smelting and casting
Soil characteristic

Soil contamination due to
agricultural activities

Soil degradation

Soil erosion

Funded by
the European Union

Use of chemical products for mining activities
(separation of raw materials, refining)

Deforestation

Livability of populated areas for agricultural areas

expansion
Local communities health and wellbeing

Heatwaves
Phenological phases of plants
Pest and disease
Soil fertility
Phenological phases of plants
Habitat quality
Nutrient cycling

Herding animals quality
Habitat quality
Seeds and plants availability

Plants species
Carbon sequestration
Uses of plants by local communities
Biodiversity
Habitat quality
lllegal mining (galamsey) activities
River sedimentation
Water resource availability
Aquatic species
Habitat quality
Pra river baseflow
Pra river water quality
Food insecurity
Flood risk
Drought risk
Pra river baseflow

Local communities health and wellbeing

Social and economic benefits
Water contamination due to mining activities
GHG emission for mining machinery use
Nutrient soil sequestration
Food insecurity

Herding animals quality

Soil degradation
Groundwater quality
Soil degradation
Herding animals quality
Groundwater quality
Landscape quality
Soil characteristic
Lack of land resources for agriculture
Soil degradation
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D3.9 — PSDM processes for Nexus understanding and management (A)

Soil fertility
Terrestrial species
Territorial morphology
degradation
Use of chemical products
for agriculture activities

Use of chemical products
for mining activities
(separation of raw
materials, refining)

Uses of plants by local
communities
VVolume of agricultural
production

Waste from packaging
Waste from refining
activities
Water contamination due
to agricultural activities

Water contamination due
to mining activities

Water expoitation for
mining activities

Water resource availability

Wildfires

Funded by
the European Union

Reduction of crops yield
Biodiversity

Landscape quality

Soil contamination due to agricultural activities

Water contamination due to agricultural 1 activities
Water contamination due to mining activities

Soil contamination due to mining activities

Recreational and cultural value

Land use change for wood extraction

Use of chemical products for agriculture activities
Land use change for herding activities
GHG emissions from agricultural process
(transformation of raw materials into final
products)

Organic waste from agricultural activities
Land use change for agricultural activities (cocoa,
coffee, oil palm, tobacco, etc)

GHG emissions from transport
Sluicing activities
GHG emission for mining machinery use
Blasting activities
Pra river water quality

Pra river water quality
Groundwater quality
Groundwater quality

Herding animals quality
Purify water

Purify water

Herding animals quality
Groundwater quality
Pra river water quality

Water resource availability
Pra river baseflow
Groundwater quality
Pra riverbank erosion

Pra river water quality

Pra river baseflow
Groundwater quality
Local communities’ health and wellbeing
VVolume of agricultural production
Habitat quality
Clean air
Soil erosion
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