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Glossary of terms and abbreviations  

 

Abbreviation / Term  Description 

BCS Biodiversity- Climate- Society 

CLD Causal Loop Diagram 

PSDM Participatory System Dynamic Model  

LCA Life Cycle Assessment 

EEMRIO Environmentally Extended Multi-Regional Input-Output  
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1 EXECUTIVE SUMMARY 

This deliverable represents the finalisation of D5.1, and specifically, it aims to describe the results of the activities 

mentioned in the BIOTRAILS co-implementation plan (please refer to D5.1) in the four value chains, focusing on 

the lessons learned, barriers encountered during the implementation, and actions implemented to overcome 

those barriers. Concerning phase 1 of the co-implementation plan, i.e. òCo-defining the main challengesó, this 

deliverable aims to assess the effectiveness of the BIOTRAILS analytical methods ð e.g. EEMRIO, Climate 

Projections, Structural Equation Models, Participatory System Dynamic Modelling, etc. ð in supporting the 

definition of the BCS Nexus challenges. Moreover, the activities carried out during the first round of stakeholdersõ 

workshops in the case studies will be described and analysed. Finally, this deliverable discusses the challenges that 

were identified in each of the four value chains, highlighting unexpected findings and focusing on common 

themes across the case studies.  

 

Concerning phase 2 of the Co-implementation plan, i.e. òCo-defining the Set of Solutions for Transformative 

Changesó, this deliverable draws lessons learned concerning the knowledge co-creation process for defining the 

set of feasible solutions. The co-definition of solutions was based on  the implementation of analytical methods ð 

i.e. Leverage points analysis and policy analysis ð and the stakeholdersõ engagement during the second round of 

workshops in the case studies. Specifically, this deliverable provides answers to the following questions: i) What 

were the main takeaways from the stakeholdersõ engagement in defining the solutions for transformative change? 

What were the key challenges and successes in this process? ii) Were there any specific insights regarding the 

collaboration between the stakeholders and the BIOTRAILS consortium for the co-definition of solutions? 

Concerning the first question, the activities carried out in the four value chains emphasised the need to define 

integrated solutions, capable of activating the three spheres of the transformation ð i.e. Personal, Practical and 

Political. On the one hand, the key challenge encountered during the process concerned the actual usability of 

the results of the analytical methods (phase 1) to support  the co-definition of the solutions. Efforts were required 

to synthesise and effectively communicate the results to the stakeholders. On the other hand, the use of 

BIOTRAILSõs tools ð e.g. PSDM, ESG toolkit and the visualisation tool ð facilitated the d ialogue among stakeholders 

and between them and the scientists.       

 

Concerning phase 3, òTesting and Prioritising the BIOTRAILSõs Solutionsó, this deliverable aims at assessing the 

extent to which the BIOTRAILSõs Participatory System Dynamic Modelling was capable of enabling stakeholdersõ 

dialogue to develop policy -intervention scenarios, and if and how the modelling  resultspported the prioritisation 

of the policy interventions. The impacts of the PSDM in enabling the transition from a silo -based policy design 

approach to a Nexus-based perspective are specifically discussed.    

 

Finally, this deliverable assesses the effectiveness of the PSDM in enhancing stakeholders' and policy-makersõ 

understanding of the barriers/enabling factors hampering/facilitating the implementation of the selected 

solutions.      

 

The effectiveness of the co-implementation plan in enabling BIOTRAILS to achieve the expected KPIs is assessed 

and discussed in this deliverable.      
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2 INTRODUCTION 

2.1 MAPPING BIOTRAILS OUTPUTS 

This section presents the BIOTRAILSõ s Grant Agreement (GA) commitments, as extracted from the formal 

deliverable and task description, in respect to their outputs and work to be carried out.  

 

Table 1: Adherence to BIOTRAILSõs GA Deliverable & Task Descriptions 

BIOTRAILS GA 

Component Title 

BIOTRAILS GA Component 

Outline 

Respective 

Document 

Chapter(s) 

Justification 

DELIVERABLE 

D5.2 - Planning and setup handbook, and operational management report (B)  

 

This deliverable refers to task 5.1. The final (B) version presents the BIOTRAILS system validation and results of the four 

selected value chains/case studies. The results generated in each case study will be compared to the reference target KPIs 

to assess the performance of the system during the project implementation, provide feedback for refinements and,  

eventually, final recommendations, which will be fed to Task 5.6. 

TASK(S) 

T5.1 - Setup Scene, 

Benchmarking 

Definition and 

Operational 

Managemen t  

Task 5.1 will lay the foundations for 

the implementation of BIOTRAILS 

solutions in the selected value chains 

by developing the framework in close 

interaction with stakeholders in the 

LAAs communities. The 

implementation  

framework will cover the template for 

the baseline description, the co-

implementation plan, and the co -

evaluation/validation plan, along with 

a roadmap for the process. This task 

will also assemble all value chain-

relevant available information and 

data in a baseline description of each 

product, which also serves as the 

benchmarking reference for 

scenarios and solutions developed 

along with the project. This will 

include a) analysis of the system and 

threshold definition (system objectives 

and challenges), b) review of existing 

pathways, c) group options, 

assessment effectiveness and 

efficiency, and sequence over time 

(develop pathway alternatives), and d) 

prioritisation and ranking to be used  

for choosing the recommend 

pathway(s). There will be a constant 

interplay between the case studies' 

progress and the research 

developments. Preparation of the 

evaluation of the results, including 

Chapters 3, 4, 5 

Parts of the task description 

have already been 

accounted for in D5.1. 

Specifically, the co-

evaluation plan is already 

described in D5.1. The 

roadmap is represented in 

the co-implementation plan 

(D5.1). D5.2. describes the 

results of the 

implementation of the co -

implementation plan in the 

four value chains, and 

specifically: 

 

Chapter 3 describes the 

activities carried out in the 

value chains, accounting for 

the main stages of the Co-

implementation plan.  

Chapter 4 synthesises and 

critically analyses the results 

from the value chains and 

draws the lessons learned. 

Chapter 5 discusses the 

findings from the value 

chains.  

Chapter 6 suggests 

improvements/adaptations  

of the Co-implementation 

plan.  

Chapter 7 provides the final 

recommendation for 
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behavioural indications on the 

baseline conditions, relevant 

assumptions to be considered (if any), 

workflow, checklists and templates, 

reference/target KPIs to be 

met/benchmarked, and key roles and 

interactions within this process. The 

results generated will be compared to 

the reference target KPIs to assess the 

performance of the system, provide 

feedback for refinements and, 

eventually, final recommendations, 

which will be fed to Task 5.6. 

enabling transformative 

changes. 

 

 

2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 

The Co-Implementation Plan itself was originally presented in Deliverable D5.1. Structured in distinct stages, this 

plan simultaneously serves as a strategic roadmap for the project's execution. This phased approach guides 

stakeholders and scientists through the sequential steps required for successful completion, ensuring a clear 

pathway from the challengesõ identification  to the co-definition and co -assessment of solutions for the 

transformative changes. This subsequent deliverable, D5.2, is dedicated to describing the concrete application of 

the plan within the value chains and assessing its overall effectiveness. 

 

The deliverable 5.2 is structured as follows: 

 

o Section 3 introduces the different stages of the BIOTRAILS Co-implementation Plan. These stages are 

designed to guide the structured and progressive implementation of the projectõs activities. While this 

section provides a concise overview, a more detailed description of each phase is available in Deliverable 

D5.1, which serves as a foundational reference for understanding the overall planning and sequencing of 

activities. 

o Section 4 presents a detailed account of the activities carried out within each value chain, aligned with 

the main stages of the BIOTRAILS Co-implementation Plan. The focus is placed on how these activities 

have contributed to achieving the projectõs Key Performance Indicators (KPIs), offering insights into their 

effectiveness and relevance in advancing the projectõs goals. 

o Section 5 reflects on the key lessons learned throughout the implementation process. It highlights both 

the challenges encountered and the strategies adopted to overcome them, providing valuable 

knowledge for future replication and scaling of the BIOTRAILS approach. 

o Section 6 describes the adapted co-implementation plan, accounting for the lessons learned during the 

projectõs implementation in the four value chains. 

o Section 7 provides the Final Recommendations, summarising the critical methodological insights gained 

and offering strategic guidance for the final phases of the project and for enhancing the replicability of  

the BIOTRAILSõs co-implementation plan in other transformative change initiatives.  

o Section 8 provides the conclusion of the deliverable, summarising the projectõs central achievements, the 

value of the integrated methodology, and the replicable foundation laid for future work.  

 

The methodology and findings detailed in this deliverable establish critical linkages with other project outputs: 

the integrated analytical framework is founded upon the  results of WP3, specifically D3.4, D3.6, D3.8 and D3.10. 

Moreover, the analytical methods for detecting Leverage Points were mentioned here, i.e. D2.3 and D2.4. The 

solutions presented here create a link with the policy recommendation work in BIOTRAILS, i.e. D5.3 and D5.4.  
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3 BIOTRAILSõS CO-IMPLEMENTATION PLAN 

The main goal of the BIOTRAILSõs co-implementation plan is to facilitate the implementation of the projectõs 

activities in the case studies to enable and accelerate biodiversity-related transformative changes. To this aim, we 

referred to the IPBES definition of transformative change . The concept of transformative change, as defined by 

IPBES, entails a fundamental, system-wide reorganisation across technological, economic, and social dimensions, 

encompassing shifts in paradigms, goals, and values (Figure 1).  

 

 
Figure 1: IPBES conceptual framework showing the relationship between drivers of change and biodiversity loss 

As shown in Figure 1, the activation of transformative changes requires shifting the focus from the direct drivers 

of changes ð e.g. land-use changes, direct exploitation, climate change impacts, etc. ð towards the indirect drivers 

of changes and, further back, toward the underlying causes, such as a disconnection from nature, concentration 

of power, and prioritisation  of short -term gains. 

 

BIOTRAILS aims to detect and analyse key leverage points, strategic areas within socio-ecological systems where 

targeted interventions can yield disproportionately large effects, serving as entryways for initiating systemic 

change, such as modifying governance structures, altering consumption and production patterns, and reshaping 

knowledge systems. By addressing the underlying causes and indirect drivers, rooted in societal values and 

behaviours, BIOTRAILS aims to enable fundamental change in the system and mitigate the direct drivers that affect  

biodiversity. This is the essence of the "transformative change" concept. 

 

In this framework, the underlying causes are the why , and the indirect drivers are the how . The underlying causes 

set the stage for the indirect drivers to operate. These indirect drivers then amplify the direct drivers of change, 

such as land-use change, pollution, and climate change, immediate physical causes of biodiversity loss. In essence, 

the underlying causes are the deep roots that feed the indirect drivers, which in turn are the large branches that 

create the conditions for the direct drivers to harm biodiversity.  
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Figure 2: BIOTRAILS's Co-implementation plan  
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The BIOTRAILS co-implementation plan  (Figure 2) has been conceived as a multi-stage, multi-year process 

designed to address biodiversity loss by focusing on transformative change. The plan's structure directly aligns 

with the above-cited conceptual framework, moving from problem analysis to solution implementation.  The 

project starts in the first year with Stage 1: Co-defining the main goals and issues. This involves implementing 

analytical methods and holding the first stakeholders' workshop to understand the local context and the "why" ñ

the underlying causes of biodiversity loss. In the second year, the project moves to Stage 2: Co-defining the set 

of solutions for transformative changes. This stage includes a literature review, scientific knowledge synthesis, and 

a second stakeholders' workshop to develop a "set of feasible solutions." These solutions are designed to address 

the "how"ñthe indirect driversñby identifying key leverage points to shift governance and consumption patterns.  

It is worth noting that the co -design of the BIOTRAILSõs solutions is supported by the results of the leverage points 

detection and analysis, and refers to the  main methodological approach for enabling the transformative change, 

as discussed further in the text.  

 

The final year of the project is dedicated to testing and implementing these solutions. Stage 3 and Stage 4 focus 

on developing and using a quantitative model to simulate intervention scenarios and assess the feasibility of 

proposed solutions. This phase directly tests how addressing indirect drivers can mitigate the direct drivers of 

biodiversity loss. Finally, Stage 5 involves capacity building and training to implement the BIOTRAILS solutions, 

turning the project's findings into real -world change.  

 

Integral to this multi -stage approach is the BIOTRAILS Co-evaluation Plan, designed to systematically track and 

assess the project's progress towards enabling transformative changes. This plan has been described in D5,1.  As 

a continuous and iterative process, co-evaluation is integrated across all stages to ensure that the evolving 

understanding of challenges, the co-design of solutions, and their subsequent testing are continually monitored 

against the project's transformative goals. This involves collecting qualitative and quantitative data on stakeholder 

engagement, the relevance and effectiveness of co-designed solutions, and the perceived shifts in capacities and 

awareness. Crucially, the insights gained from this ongoing process allowed for the adaptive revision of the Co-

Implementation Plan, which is detailed and assessed in the current deliverable. The co-evaluation plan ensures 

that the project remains adaptive, allowing for necessary adjustments to strategies and ensuring accountability in 

driving the fundamental system-wide reorganisations envisioned by IPBES.  

 

Referring to the projectõs deliverables and reports, this document describes the activities carried out in all case 

studies and aims at assessing the extent to which the Co-implementation plan, supported by its integrated co -

evaluation framework, succeeded in enabling transformative changes.  
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BIOTRAILS CO-IMPLEMENTATION IN THE VALUE CHAINS 

This section describes the implementation of the different stages of the co-implementation plan in the four value 

chains. The effectiveness of the methods/tools adopted in each phase is described/assessed. Barriers and enabling 

factors influencing the activities of the co -implementation plan. Corrective actions were introduced in each value 

chain. The process for achieving the expected KPI is also analysed.  

3.1 STAGE 1: CO-DEFINING THE MAIN CHALLENGES 

Accounting for the transdisciplinary approach at the basis of BIOTRAILS, a knowledge co-production process was 

enabled, engaging the project scientific consortium, the policy makers, and the stakeholders in the four value 

chains, to co-define the main BCS Nexus challenges. To this aim, it is worth mentioning that addressing challenges 

within this nexus means understanding and managing the synergies and trade-offs among these three domains 

to promote sustainability, resilience, and equity. Addressing BCS Nexus challenges is of utmost importance 

because: i) it allows for accounting for interconnected pressures; ii) it focuses on societal impacts and inequalities; 

iii) it copes with policy and governance fragmentation . The first stage of the co-implementation plan has been 

carried out during the first year of the projectõs implementation.  

 

In BIOTRAILS, the co-definition of the BCS Nexus challenges was composed of three subsequent steps, as 

described in D5.1: 

1. Implementing the BIOTRAILSõs analytical methods: In the initial phase of the BIOTRAILS project, four 

analytical methods were applied to assess the conditions of the value chains: climate projections to 

evaluate climate risks, EEMRIO/LCA to analyse biodiversity impacts, structural equation modelling  to 

understand human drivers of change, and participatory system dynamics to map the Biodiversity-

Climate-Society nexus. These approaches help identify key challenges and inform the development of 

transformative strategies. 

2. First round of the stakeholdersõ workshops in each value chain:; 

a. Cocoa production in Perú: Due to the initial difficulty in recruiting the necessary personnel to 

carry out activities in the cocoa value chain, because of bureaucratic issues, the initial 

participatory activities were postponed. The first stakeholdersõ workshop for this value chain was 

combined with the second one and held in Pucallpa, on the 29th of May 2025. 

b. Fishery and aquaculture in Greece: the first stakeholdersõ workshop was held in Athens, on the 

16th of January 2024; 

c. Gold mining in Ghana: the first stakeholdersõ workshop was held in Kumasi, on the 23rd of 

November 2023.   

3. Synthesising and communicating the analytical findings: To make BIOTRAILSõ scientific findings more 

accessible to local stakeholders, the project organised knowledge exchange workshops. These will bring 

together scientific partners and case study leaders to translate complex analytical results into clear, 

understandable language, fostering awareness and building a shared knowledge base for biodiversity-

related transformative solutions.  

A slightly different approach was taken during the project's implementation. We discovered that adopting a fully 

integrated method for defining the main challenges was difficult due to the differing timing of activities for each 

analytical method. As a result, four parallel processes for identifying challenges were used. Integration was later 

achieved by referring to the PSDM as a transdisciplinary tool. Specifically: 
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1. The implementation of the qualitative PSDM allowed for mapping the connections forming the BCS Nexus 

and identifying the main Nexus challenges (D3.9)    

2. SEM approach was adopted to identify the key elements influencing the human attitude towards the adoption 

of sustainable behaviours (D3.3 and D3.4) 

3. LCA and EEMRIO analysis allowed for the quantification of the pressures on the biodiversity due to 

activities/processes along the value chains (D3.5 and D3.6) 

4. Climate projection analytical methods were adopted to identify and assess the main risks due to the impacts 

of climate change in the four value chains. 

While these independent analyses provided specific insights into qualitative connections, attitudes towards 

sustainable behaviour, biodiversity pressures, and climate risks, the PSDM (Participatory System Dynamics 

Modelling) served as the unifying framework. By mapping the interdependencies identified by each method, the 

PSDM allowed for a comprehensive, holistic understanding of the complex challenges within the system, 

ultimately enabling the project to synthesise the findings from disparate analyses into a cohesive and actionable 

strategy. In essence, the CLD and its more advanced counterpart, the quantitative PSDM, act as the central hub 

where the "why" (underlying causes from stakeholder insights) and the "how" (indirect and direct drivers from 

analytical data) are connected, providing a clear map for intervention and systemic change. The iterative nature 

of applying these methods, followed by stakeholder validation, was crucial in refining the initial hypotheses 

derived from scientific data. 

 

This section describes the implementation of these three sub-stages in the BIOTRAILSõs value chains, the obtained 

results and the main barriers encountered.        

3.1.1 Cocoa produced in Peruõ 

For the Peruvian cocoa value chain, Phase 1 focused on a comprehensive identification of biodiversity and 

climate-related challenges, leveraging a multi-faceted analytical approach. Environmentally Extended Multi-

Regional Input-Output (EEMRIO) and Life Cycle Assessment (LCA) provided insights into the environmental 

footprints and supply chain pressures from cocoa production. Climate Projections assessed the vulnerability of 

cocoa farming to climate change impacts. Additionally, initial stakeholder workshops , likely informing or drawing 

from Participatory System Dynamics Modelling (PSDM), engaged cocoa farmers, cooperatives, local authorities, 

and other value chain actors to co-define challenges and contextualise the scientific findings within local realities.  

 

3.1.1.1 Implementation of the analytical methods  

The SEM analysis highlights that the variables contributing the most to the variation in attitude were related to 

the farmers' perceptions of making a positive environmental impact through their farming and certifications 

safeguarding sustainable choices. Therefore, policy interventions should act on the communityõs awareness of 

environmental degradation. The most influential factors in defining social norms were community discussions 

about sustainable practices, the perception of other farmers' sustainable choices, and the role of research 

institutions. The analysis also showed the importance of making farmers aware of the positive environmental 

impact due to the adoption of sustainable practices. Financial incentives, market demand, and regulatory 

compliance were also considered important.  

 

The implementation of the EEMRIO/LCA analysis allowed BIOTRAILS to highlight the impacts of 

activities/processes related to the cocoa production value chain on biodiversity losses in the Peruvian case study. 

A detailed description of the results can be found in D3.6. It is worth mentioning that the main challenges for 

biodiversity loss are multifaceted, primarily stemming from land use, pollution, and market demand . 

The primary challenge is the destruction of natural habitats through land -use change (LUC) and the subsequent 

land occupation for cocoa farming.  The biodiversity impact is significantly amplified because cocoa cultivation 

often takes place in regions of high ecological importance within Peru, meaning the land used has a greater 
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inherent biodiversity value than the Peruvian average. As Peru has been one of the countries with the fastest 

growth in cocoa production (a 535% increase from 2000-2020), this expansion contributes to biodiversity loss 

through the conversion of high-value land.  

Moreover, the reduction of traditional cocoa production areas in favour of monoculture is having an impact on 

pollution due to agricultural activities and waste management.  Inefficient handling of plantation and processing 

waste contributes to the overall environmental burden. Other critical stressors include global climate impacts and 

local resource depletion. 

 

The implementation of the climate projections methodological framework (see D 3.8) allowed us to identify the 

key challenges for biodiversity losses due to climate change impacts. the cocoa production case study in the 

Ucayali region of Peru faces several significant challenges from climate change, primarily related to rising 

temperatures and changes in precipitation patterns. Specifically, the main hazards that pose a threat to cocoa 

production and the related biodiversity are increased heat stress, higher average temperatures, and potential 

changes in water availability (droughts and heavy rainfall).   

 

3.1.1.2 First round of stakeholde r workshop s 

Due to specific difficulty in recruiting the necessary personnel to carry out activities in the cocoa value chain, , the 

stakeholdersõ engagement activities in this case study started later than in the other case studies. Therefore, the 

initial identification of the main challenges was carried out by referring to the existing literature review (D3.9 and 

D2.3) and to the interaction with the case study leader. The Causal Loop Diagram (CLD) shown in D3.10 was used 

to detect the challenges, as described below: 

 

o Reduction of forested areas: this is the primary challenge to be addressed to reduce the impacts of the 

cocoa production on biodiversity losses. The CLD confirmed that the key driver of the deforestation is 

the land use change due to the increase of agricultural activities and, specifically, the expansion of 

monocult ure cocoa production.  

o Decreasing institutional capacity : The lack of institutional capacity could affect both the implementation 

and the effectiveness of the interventions for reducing the cocoa production impacts on biodiversity.  

o Decreasing local community well -being: the availability of alternative sources of income and the 

conservation of local knowledge play a key role in combating the monoculture approach to cocoa 

production.  

A stakeholdersõ workshop was organised to validate the obtained challenges and the related causal connections, 

as shown in the following figure.  
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Figure 3: Validation of the causal connections affecting the challenges 

3.1.1.3 Synthesising and communicating the analytical findings  

Given the complexity of the obtained analytical findings, efforts were carried out to synthesise and communicate 

those findings. The PSDM was used as the framework for enabling the synthesis and integration of the analytical 

findings. 

 

Communicating the analytical findings required two sequential steps. Firstly, meetings were organised by 

engaging the scientific experts and the case study leaders. In this first step, results were discussed and validated. 

Moreover, the key elements to be shared with the stakeholders were also defined. 

The PSDM served as a powerful platform for synthesising and integrating findings from various BIOTRAILS 

analytical methods. It allowed for the qualitative and quantitative insights from EEMRIO/LCA (identifying 

environmental hotspots and impacts), the Structural Equation Models (SEM) (quantifying behavioural drivers and 

intentions), and climate projections to be translated into a coherent, dynamic system. This integration was crucial 

for building a holistic understanding of the system's complexities and ensu ring that solutions were informed by a 

multifaceted evidence base. 
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Figure 4: EEMRIO/LCA synthesis and integration 

Figure 4 shows how the PSDM enabled the synthesis of the EEMRIO/LCA results by clarifying the impacts of the 

main EEMRIO/LCA challenges on the biodiversity losses. Figure 5 shows the integration of the SEM results in 

the PSDM. 

 

  
Figure 5: Synthesis and integration of the SEM analytical findings 

3.1.2 Fishery and aquaculture products in Greece 

3.1.2.1 Implementation of the analytical  methods  

The Greek case study, which focuses on Fishery and Aquaculture Products Supplied by Greece, faces several key 

challenges for biodiversity loss. These challenges stem from land-based feed production, fishing methods, and 

pollution from farming operations.  

 

The implementation of EEMRIO/LCA highlighted different challenges for the aquaculture and fisheries.  

 

Aquaculture (Fish Farming) Challenges  

The primary driver of biodiversity loss in Greek aquaculture systems is the production of fish feed, particularly 

due to the land use associated with growing plant -based ingredients such as soybean, rapeseed, sunflower, corn, 

and wheat. This impact is indirect, as it occurs outside Greece, in the countries where these crops are cultivated. 

The biodiversity footprint of feed production varies significantly depending on the country of origin of the plant -
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based ingredients. This underscores the importance of sourcing feed ingredients from regions with low-impact 

agricultural practices and high crop yields, to minimize biodiversity degradation.  

The biodiversity impact also depends on the species of fish being farmed, as feed requirements vary. Notably, 

common sea bream has the highest ecosystem quality impact due to its feed consumption being approximately 

50% higher than that of gilthead sea bream, which has the lowest feed demand among the species studied. 

Although less significant than feed-related impacts, nutrient pollution from aquaculture operations ñparticularly 

nitrogen and phosphorus runoff from fish residuesñcan contribute to marine biodiversity loss through 

eutrophication if not properly managed. Ef fective waste management practices are essential to mitigate these 

risks. 

 

Fishery (Wild Catch)  

In the wild fishing sector, biodiversity loss is primarily driven by fishing practices and the indirect effects of climate 

change on marine ecosystems. 

 

The climate risk assessment highlighted that Greeceõs fisheries and aquaculture sectors face rising risks due to:  

o Warming seas: Increased Sea surface temperatures threaten fish health and biodiversity. 

o Species vulnerability: Narrow thermal tolerance and invasive species reduce ecosystem resilience. 

o Overfishing: Impacts both wild stocks and feed availability for aquaculture. 

o Socioeconomic exposure: Small-scale operations and coastal communities are highly vulnerable. 

o Regional disparities: Some areas may reach high risk levels by 2100, especially under SSP3-7.0. 

 

The implementation of the SEM analytical method emphasised the lack of training, poor infrastructure, weak 

policy coordination, and limited stakeholder trust  as key barriers. Moreover, it suggested that awareness of 

biodiversity impacts can motivate changes towards more sustainable practices.  

3.1.2.2 First round of stakeholdersõ workshop 

The first round of stakeholdersõ workshops was mainly dedicated to gathering information useful for the SEM 

analysis. Therefore, the key challenges according to the stakeholdersõ knowledge were defined, referring to the 

CLD, as described in D3.10.     

 

3.1.2.3 Synthesising and communicating the analytical findings  

Similar to the other case studies, efforts were carried out to synthesise and facilitate the communication of the 

analytical findings to the case study leader and then to the stakeholders.  

The PSDM was also used as a tool to facilitate the synthesis among the different analytical findings , as shown in 

the following figure.  

 
Figure 6: Integration of EEMRIO/LCA and biodiversity impact 
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Figure 7: Integration of the SEM results and the biodiversity impacts 

3.1.3 Gold mined in Ghana  

3.1.3.1 Implementation of the analytical me thods  

For the Ghana gold value chain, Phase 1 focused on identifying the primary biodiversity and climate-related 

challenges, with a particular emphasis on understanding the behavioural drivers within artisanal and small-scale 

mining (ASM). A key analytical method employed was the Structural Equation Model (SEM), based on the Theory 

of Planned Behaviour (TPB). This allowed for the quantitative assessment of factors influencing stakeholders' 

intentions to adopt more sustainable practices. Initial stakeholder workshops engaged a diverse group of 

participants, including miners, government representatives, and community leaders, to co-define challenges and 

inform the development and interpretation of the SEM.  

 

The application of SEM within the BIOTRAILS system proved to be an effective and robust tool for quantitatively 

validating perceived challenges and understanding behavioural intentions in the complex Ghanaian gold sector. 

The analysis highlighted Perceived Behaviour Control (PBC) as the strongest determinant of intention, suggesting 

that a lack of resources, skills, or autonomy, rather than just attitude or social pressure, is a primary barrier to 

adopting sustainable practices. This offers a precise target for BIOTRAILS interventions. The SEM identified that 

Subjective Norms did not significantly influence individual decisions in this context. This finding is critical feedback 

for the BIOTRAILS system's methodological framework, suggesting that while TPB is valuable, the specific 

operationalisation of "Subjective Norms" may need reconsideration or adaptation for highly individualised 

decision-making environments like ASM in Ghana. This could involve exploring other social influence constructs 

or refining how  social pressure is measured in future iterations of the model. Finally, the SEM analysis highlighted  

a lack of confidence in institutional frameworks and the absence of relevant training. This reinforces that systemic 

issues (governance, capacity building) are as critical as direct environmental impacts. Accounting for these results, 

BIOTRAILS interventions and recommendations should heavily prioritise capacity-building programs focused on 

environmental awareness and sustainable mining techniques, alongside initiatives that strengthen local 

governance and foster a sense of community and personal responsibility among miners.  
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The Environmentally Extended Multi-Regional Input-Output (EEMRIO) and Life Cycle Assessment (LCA) provide a 

quantitative, science-based overview of environmental impacts along the supply chain. EEMRIO is used to map 

the extensive supply chain and identify environmental hotspots at an aggregated level. The LCA is then developed 

to offer a more detailed evaluation of emissions and resource consumption, as well as to pinpoint impact reduction 

potentials at a local, operational scale. This combined approach aims to inform system dynamics models and 

supply data for identifying leverage points for transformative change. The analyses of the LCA and EEMRIO confirm 

that the mining phase is the primary contributor to the overall environmental impacts of gold productio n. Land 

use change and landscape degradation are identified as key stressors. The results highlight that the major 

environmental challenges are related to the energy and equipment used in mining, with significant reduction 

potentials achievable through shifting to renewable energy sources and more efficient equipment.  

 

The climate risk assessment was developed based on the conceptual framework of the Intergovernmental Panel 

on Climate Change (IPCC). This involved analysing climate projections for specific hazards (e.g., temperature and 

precipitation changes) and assessing the exposure and vulnerability of the gold value chain. The analysis 

confirmed that key climatic hazards for Ghana include water challenges (droughts, floods), heat-related impacts 

(heat stress, wildfires), and sea-level rise. The methodology successfully modelled how a reduction in precipitation 

could lead to a decrease in river baseflow, which in turn could increase health risks due to a reduction in the 

dilution effects of chemicals used in mining activities. This specific finding highlights the interconnectedne ss of 

climate, water, and human health within the nexus framework. 

 

3.1.3.2 First round of stakeholder workshop s 

The identification of the main challenges was also supported by the engagement of stakeholders. A dedicated 

workshop was organised in the case study to collect and structure stakeholdersõ understanding of the BCS Nexus. 

The workshop was held in Kumasi, on the 23rd of November 2023.  As described in the deliverables D3.9 and 

D3.10, CLDs were developed by mapping the stakeholdersõ perceptions of the connections among the different 

elements influencing the interactions among Biodiversity, Climate and Society. The implementation of the Graph 

Theory measures allowed us to identify the key Nexus challenges, i.e. òLandscape degradationó, òBiodiversity 

conservationó, òWater qualityó and òLocal community well-beingó. The challenges have been, then, discussed and 

validated with the stakeholders. 

 

It is worth mentioning that the climate -related issues were not considered by the stakeholders. This is mainly 

because stakeholders perceived the climate-related issues as external drivers, influencing the whole system, but 

hardly affected by community -based actions. This is a rather important element to be accounted for while defining 

the BIOTRAILS solutions. Efforts are needed to raise stakeholdersõ awareness about the  need to adopt and 

implement climate change adaptation measures. 

 

3.1.3.3 Synthesising and communicating the analytical findings   

This phase has been carried out in two sub -activities. On the one hand, meetings have been organised to transfer 

the results of the analytical methods to the case study leader and, then, to the local stakeholders. On the other 

hand, the PSDM has been used as a tool to synthesise and structure BIOTRAILSõs knowledge concerning the 

connections among the underlying causes, indirect and direct drivers of changes. 

 

Concerning the use of the PSDM as a tool to synthesise BIOTRAILSõs knowledge for the Gold Mining in Ghana, 

efforts were carried out to integrate the results of the analytical methods and the stakeholdersõ knowledge about 

the BCS Nexus. To this aim, BIOTRAILS refers to the potentialities of  the CLD as a tool for synthesising diverse 

information and knowledge , as it visually represents the cause-and-effect relationships within a complex system.  

CLD proved to be particularly useful for integrating analytical results with the qualitative insights and local 
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knowledge from stakeholders.  

 

The SEM analysis highlighted the crucial role of Perceived Behavioural Control in influencing the adoption of 

sustainable mining practices. Consequently, a potentially effective measure involves allocating resources for 

training miners. However, the developed CLD revealed that one of the main factors affecting the BCS nexus is the 

high number of illegal ASM in the study area. Engaging illegal miners in training activities is quite challenging. 

Therefore, implementing the training policy may prove to be inef ficient. The following figure shows how the SEM 

results were integrated into the stakeholders-based CLD. 

 
 

 
Figure 8: CLD integrating the stakeholders' knowledge (a) and the results of the SEM analysis - the PBC 

 

As shown in Figure 8, the synthesis of the stakeholdersõ knowledge and the SEM analysis required including new 

variables in the CLD ð i.e. sustainable mining practices, training activities and miners willing to be trained.    
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Additionally, the relatively low importance assigned to social norms and the limited trust in institutions were 

identified as key factors influencing the dynamic evolution of the BCS challenges. Specifically, these elements 

seem to increase the landscape degradation rate by affecting the restoration processes. The Ghanaian national 

regulation introduces the obligation for the ASM to restore the landscape after the mining activities. The lack of 

institutional trust negatively affects the implementation of th is policy and, consequently, contributes to the 

degradation process.    

 

 
Figure 9: CLD integrating the stakeholders' knowledge (a) and the results of the SEM analysis - the role of the SN 
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Similarly, the results of the EEMRIO/LCA analysis were integrated in the CLD. Specifically, they were integrated as 

explanations of the main impacts on biodiversity due to  activities and processes in the value chains. The 

integration of the EEMRIO/LCA analysis in the SDM ð both qualitative and quantitative ð allowed us to 

communicate to stakeholders how the impacts of activities/processes in the value chains propagate within the 

system. Furthermore, the integration of th ese elements in the SDM allowed to identify the elements of the system 

that need to be changed in order to reduce th e expected impacts.  

 
Figure 10: Integration of the EEMRIO/LCA in the SDM 

Figure 10 shows that the excavation activities (EEMRIO/LCA) could lead to an increase of the landscape 

degradation (impact). Moreover, the analysis of the causal connections showed that the reduction of the 

excavationsõ impacts requires reducing the amount of gold produced by ASM and to support the adoption of 

sustainable behaviour. As discussed further in the text, the results of this integrated analysis facilitated the 

dialogue with the stakeholders and supported the definition of policy interventions.  

3.1.4 Forest-based cultural products created in the Brazilian Amazon  

3.1.4.1 Implementation of the analytical me thods  

The implementation of the BIOTRAILSõs analytical methods enabled us to identify the main challenges to minimise 

impacts on forest conservation and biodiversity loss. It is important to highlight the unique aspects of this value 

chain compared to others. The Brazilian value chain focused on Handicrafts produced by Indigenous Populations 

is unique because its sustainability benefit does not come from reducing its own environmental footprint, but 

from avoiding the much larger impacts of other sectors that se ek to exploit the same land, such as pasture and 

animal farming, wood extraction and mining.  

This uniqueness also affected the results of the analytical methods, as described further in the text. E.g. the key 

points of the EEMRIO/LCA analysis focus on the main interventions to be adopted, such as: 

o The primary way to prevent deforestation is through the ratification of Indigenous Land territories. This 

has been shown to reduce deforestation and protect the land.  

o Teaching sustainable cultivation methods of natural resources used in handicrafts is essential to maintain 

a balance and healthy ecosystem in these regions, so as not to  induce environmental stressors due to 

the cultivation of handicraft materials.  

o Protecting this culture and land will , in turn , reduce the potential environmental impacts that may be 

induced due to other livelihoods being pursued.  
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o Expanding IL into areas with very high RR in the state of Rondonia can further protect against biodiversity 

loss   

 

The following table shows the results of the SEM: 

 

Table 2: Results of the SEM analysis in the Peruvian case study 

Determinant  Key factor  

Perceived Behavioural Control  
Training and education, certifications, indigenous participation, environmental 

impact 

Attitude  

 
Resource reduction, illegal logging/mining, social conflicts  

Subjective norms  Community displacement, food scarcity, agricultural expansion 

 

The implementation of the climate projection methodology indicates that indigenous communities producing 

handicrafts in Rondônia are increasingly likely to face severe challenges due to climate change, particularly in 

areas with high exposure to land-use change and high dependency on natural resources. 

3.1.4.2 First round of stakeholdersõ workshop 

The knowledge collection process for the identification of the main challenges was completed, adding the 

stakeholdersõ knowledge. To this aim, a stakeholdersõ workshop was organised, as described in D3.10.  

 

Table 3: BCS Nexus challenges for the Amazon handicraft value chain 

BCS Nexus Challenge Biodiversity  Climate  Society  

Deforestation process  Impacts on flora and fauna 

Impacts on 

climate 

change 

Impacts on 

the local 

community's 

livelihood  

Loss of indigenous knowledge  
Impacts on the deforestation 

process 

Through the 

deforestation 

Handicraft 

activities 

Climate change impacts and drought risks  Deforestation process Drought risk 

Availability 

of raw 

materials for 

handicraft 

activities 

Institutiona l capacity  Forested areas protection policy 

Flood and 

drought risk 

mitigation  

Indigenous 

community 

well-being 

   

 A stakeholdersõ validation phase was then carried out, whose main scope was to improve the causal connections 

influencing the dynamic evolution of the main challenges.  
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Figure 11: CLD validation for the Nexus challenges 

A minor revision has been implemented in the Challenges section about the Brazilian case. Specifically, the scope 

has been adjusted to include environmental degradation. This modification was undertaken to improve the 

analytical utility from a policy design perspective, ensuring the identified challenges are maximally actionable and 

directly correlated with prospective policy solutions.   

 

3.1.4.3 Synthesising and communicating the analytical findings  

To ensure the BIOTRAILS analytical findings were communicated effectively and tailored to the audience, a 

deliberate two-stage process was implemented: 

o Scoping and Vetting : Meetings were organised involving the case study leader to collaboratively define 

and prioritise the specific analytical information that would be most relevant and communicable to the 

stakeholders. 

o Dissemination : The resulting synthesis was then prepared as a PowerPoint presentation and delivered 

at the stakeholders' workshop, serving as the official presentation of the findings.  

The synthesis of the extensive analytical findings was executed using the PSDM framework. This methodology 

was crucial for moving beyond mere data presentation to ensure that the findings were collaboratively validated, 

contextualised, and translated into a form actionable for policy stakeholders. 

3.1.5 Stage 1: KPI assessment 

The KPI achieved during this phase are mentioned in Table 4.  

 

Table 4: KPIs achieved after the completion of stage 1 

Specific Objective  KPI foreseen  KPI achieved  

O2 

Increased coverage of environmental 

extensions through combined EEMRIO 

and LCA methods 

The results of the EEMRIO/LCA analysis and 

their integration in the PSDM allowed us to 

achieve this KPI 

Improved understanding of producersõ 

behaviour patterns 

The PSDM showed how different 

actions/decisions (SEM analysis) lead to 

different impacts on biodiversity.  

Improved understanding of consumersõ 

behaviour patterns 

The demand variable in the model represents 

the consumersõ behaviour.  

O3 
Active participation of stakeholders in 

shaping the SDM and defining scenarios 

PSDM-based stakeholdersõ workshops were 

organised in the case studies.  
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3.2 STAGE 2: CO-DEFINING THE SET OF SOLUTIONS FOR 

TRANSFORMATIVE CHANGES 

As described in D5.1, this phase of the projectõs co-implementation plan focused on engaging stakeholders in co -

defining solutions to enable and accelerate transformative changes. Initially, Stage 2 of the BIOTRAILS co-

implementation plan envisaged a direct co -definition of transformative scenarios with stakeholders, building on 

the challenges identified in Stage 1. This approach aimed to collaboratively create comprehensive future visions 

for each value chain.  

 

However, during the practical implementation of stakeholder workshops and engagement activities, a 

methodological adjustment was made to enhance relevance and actionable outcomes. Instead of directly moving 

to abstract "transformative scenarios," the focus shifted to co -defining specific solutions directly linked to the 

main challenges identified in Phase 1. This adaptation allowed for a more grounded and incremental approach to 

problem-solving. This adjustment was needed for several reasons. Firstly, to facilitate interaction with the 

stakeholders, it became necessary to move from òabstractó toward òtangibleó: it became evident that while 

stakeholders could articulate desired futures, directly formulating complex "transformative scenarios" often felt 

too abstract or distant. Participants, especially those directly involved in day-to-day operations (e.g., farmers, 

miners, local artisans), expressed a stronger immediate need and capacity to engage with concrete problems and 

specific remedies. There was a clear preference for addressing tangible challenges with clear, direct solutions that 

could be envisioned and implemented in their operational context.  

 

Secondly, shifting the focus to co -defining specific solutions directly linked to the main challenges identified in 

Phase 1 allowed for a more grounded, incremental, and accessible approach to problem-solving. This adaptation 

fostered greater stakeholder buy-in and a stronger sense of ownership over the proposed interventions. It made 

the process less about conceptualising distant futures and more about collaboratively developing practical next 

steps. 

 

Finally, this strategy effectively created "foundational blocks" of solutions, which, while specific, could later be 

integrated and iterated upon to construct broader transformative scenarios in subsequent phases or future project 

iterations. It allowed the project  to develop a robust portfolio of actionable interventions before attempting to 

weave them into complex systemic narratives. 

 

The revised activities for Phase 2, therefore, involved: 

1. Targeted Solution Brainstorming : Facilitated discussions with stakeholders to brainstorm and identify 

concrete, actionable solutions for each of the previously defined biodiversity and climate -related challenges. 

For example, if "deforestation for new cocoa plantations" was a challenge, solutions might include "promoting 

agroforestry," "improving access to credit for sustainable intensification," or "strengthening land tenure 

security." 

2. Consortium Brainstorming : Internal project consortium discussions complemented stakeholder input with 

scientific and technical expertise, ensuring a wide range of potential solutions were considered, including 

those with innovative technological or policy dimensions.  

3. Solution Elaboration : Detailing the identified solutions in terms of their objectives, potential mechanisms, 

and initial feasibility, providing a concrete basis for the subsequent testing phase (Phase 3). 

While Phase 2 of the BIOTRAILS co-implementation plan adapted its initial focus from abstract "transformative 

scenarios" to more concrete "solutions" for immediate challenges, the main aim of the project remains to foster 

deep, systemic changes. The co-definition of these solutions was rigorously supported by the analytical methods 
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developed, specifically the Leverage Points (LP) framework (detailed in Deliverables D2.3 and D2.4) and the 

Participatory System Dynamics Modelling (PSDM). The BIOTRAILS project developed and applied an integrated 

methodology for co -designing solutions, strategically combining the Three Spheres of Transformation (Practical, 

Political, and Personal) with a refined Leverage Points (LP) framework. This LP framework, based on the work of 

Meadows and adapted by Chan et al. (2020) for biodiversity conservation, was central to identifying where 

interventions could yield disproportionately large and lasting effects across socio -ecological systems. The final 

results of the impact assessment and policy recommendations derived from these solutions are presented in 

Deliverable D5.3. The BIOTRAILS project developed and applied an integrated methodology for co-designing 

solutions, strategically combining the Three Spheres of Transformation (Practical, Political, and Personal) with a 

refined Leverage Points (LP) framework. This LP framework, based on the work of Meadows and adapted by Chan 

et al. (2020) for biodiversity conservation, was central to identifying where interventions could yield 

disproportionately large and lasting effects across socio-ecological systems. 

This methodology was iterative and participatory, unfolded through the following key stages:  

 

Step 1: Initial Leverage Point Identification . Preliminary leverage points were identified by applying the eight  

categories of LPs for pathways to sustainability defined by Chan et al. (2020). These LPs were used as strategic 

areas for intervention, moving the focus from shallow (easy to change, minor impact) to deep (difficult to change, 

transformational impact) systemic parameters. The eight categories of LPs used were: Visions of a good life; Total 

consumption and waste; Latent values of responsibility; Inequalities; Justice and inclusion in conservation; 

Externalities from trade and other telecouplings; Responsible technology, innovation and investment; and 

Education and knowledge generation. 

 

Step 2: Co-defining Solutions Across Three Spheres . Instead of defining abstract scenarios, the co-design 

process focused on developing concrete solutions directly linked to the identified challenges. This allowed for 

initial engagement primarily within the Practical Sphere (Behaviours & Technical Responses), which resonated 

strongly with stakeholders. 

In a later stage, a deliberate expansion across spheres took place. Crucially, solutions were then consciously 

expanded and refined to cover all three spheres: 

 

Practical Sphere Solutions:  Directly address observable behaviours and technical shortcomings (e.g., adoption 

of sustainable farming techniques). These generally target lower to mid-level leverage points related to 

parameters, feedback loops, and stock-and-flow structures. 

Political Sphere Solutions:  Aim at modifying "Systems & Structures" (e.g., strengthening regulatory frameworks, 

establishing clear land tenure). These target mid to higher-level leverage points, such as the rules of the system, 

power structures, and information flows. 

Personal Sphere Solutions:  Focus on shifting "Beliefs, Values, Worldviews & Paradigms" (e.g., capacity building, 

revitalising traditional ecological knowledge). These often target the highest -level leverage points related to the 

goals of the system and the paradigms from which the system arises, directly corresponding to LPs like Visions 

of a good life and Latent values of responsibility . 

 

Throughout this stage, the Participatory System Dynamics Modelling (PSDM) conceptually served to illustrate 

how solutions in one sphere (e.g., a practical technological adoption) could influence another (e.g., a political 

regulation or a personal shift in attitude), thereby creating a more holistic understanding of intervention 

pathways. 

 

Step 3: Identifying and Prioritising  Cross-Sphere Leverage Points for Integrated Strategies . Mapping Cross-

Sphere Connections through PSDM: This stage moved beyond simply defining solutions within each sphere to 

actively identifying and analysing the cross-sphere causal connections using the PSDM (transforming CLDs into 

quantitative Stock-and-Flow models). The PSDM explicitly modelled how a solution targeting a high-level LP (like 

a shift in the Visions of a good life in the Personal Sphere) could unlock multiple reinforcing practical and pol itical 

changes.  

The combination of the Three Spheres and PSDM enabled the project to move beyond superficial interventions 
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and strategically target higher-order leverage points for maximum impact. The PSDM was used explicitly to force 

stakeholders to combine different solutions from across the spheres. This process highlighted that effective 

transformative change rarely comes from isolated interventions but from an integrated portfolio of solutions that 

mutually reinforce each other by acting on multiple, synergistic LPs simultaneously. The ranking and prioritisation 

of solutions then considered not just their individual impact , but their synergistic potential within these integrated 

strategies. 

 

By applying this integrated methodology, BIOTRAILS aimed to co-design a portfolio of solutions that are not only 

feasible and stakeholder-relevant but also strategically positioned to activate the most impactful leverage points 

across all three spheres of transformation, thereby enabling and accelerating genuine system-wide change 

towards biodiversity sustainability.  

The following sections describe the solutionsõ co-definition for the different value chains.  

 

3.2.1 Cocoa produced in Peruõ 

For the Cocoa production  value chain, the co-definition of solutions, while addressing all three spheres of 

transformation (Practical, Political, Personal), was developed in an explicitly integrated way, critically informed by 

the causal connections mapped within the Participatory System Dynamics Models (PSDM). This integration 

ensures that proposed interventions are not isolated actions but strategically leverage feedback loops and causal 

pathways to drive systemic change. 

The PSDM served as a crucial tool for understanding how interventions in one sphere would ripple through the 

system, affecting others. 

 

Practical Sphere Solutions ( Behaviours  & Technical Responses).  

These solutions focus on tangible, on-the-ground changes in farming practices and resource management to 

mitigate environmental impacts and adapt to climate change.  

Promoting Sustainable Farming Techniques: Widespread adoption of agroforestry systems for cocoa cultivation 

to reduce deforestation, enhance biodiversity, improve soil health, and provide ecosystem services. 

Improving Soil Management: Implementation of practices that reduce soil degradation and erosion, such as cover 

cropping, composting, and reduced tillage.  

 

Climate-Resilient Cocoa Varieties: Introduction and propagation of cocoa varieties that are more resistant to 

changing rainfall patterns, higher temperatures, and associated pests/diseases. 

Efficient Water Management: Adoption of water -saving irrigation techniques and practices to cope with periods 

of drought or erratic rainfall.  

Sustainable Waste Management: Implementation of methods for managing organic waste from cocoa processing 

to reduce pollution and create valuable by -products (e.g., compost). 

 

Political Sphere Solutions (Systems & Structures) . 

These solutions directly draw upon the policy recommendations identified in BIOTRAILS (referencing D5.4 for full 

detail) and aim to create an enabling policy and structural environment that supports sustainable cocoa 

production and disincentivises environmentally damaging practices. 

 

o Strengthening Policy Enforcement: Enhancing the capacity and will for effective enforcement of existing 

environmental regulations, particularly those related to deforestation and protected areas. This includes 

improving monitoring systems and ensuring accountability for non -compliance. 

o Promoting Community Engagement in Policy Design: Developing mechanisms for active participation of 

local communities, indigenous groups, and smallholder farmers in the co-design and implementation of 

land-use policies, conservation strategies, and cocoa sector development plans. This ensures policies are 

contextually relevant and gain local buy-in. 
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o Improving Market Access and Fair-Trade Policies: Implementing policies that facilitate access to 

sustainable markets for certified biodiversity-friendly cocoa and ensure fair prices for producers. This 

includes supporting direct trade relationships and promoting transparent supply chains.  

o Sustainable Financing Mechanisms: Establishing or strengthening financial instruments (e.g., green credit 

lines, subsidies for sustainable practices, payment for ecosystem services schemes) that incentivize 

sustainable cocoa production and disincentivize deforestation. 

o Integrated Land-Use Planning and Zoning: Policies that support comprehensive, participatory land-use 

planning at regional and municipal levels, balancing agricultural expansion with forest conservation and 

the protection of critical biodiversity habitats.  

o Securing Land Tenure and Property Rights: Policies aimed at clarifying and formalizing land tenure for 

smallholder farmers and indigenous communities, providing the long -term security needed for 

investment in sustainable agroforestry and conservation practices. 

 

Personal Sphere Solutions (Beliefs, Values, Worldviews & Paradigms) . 

These solutions target shifts in knowledge, attitudes, values, and community dynamics to foster a deeper 

commitment to sustainability among cocoa farmers and communities.  

Capacity Building and Technical Assistance: Providing extensive training and extension services on sustainable 

cocoa farming, agroforestry, and climate change adaptation, directly enhancing farmers' Perceived Behaviour 

Control. 

Environmental Awareness Campaigns: Educational initiatives to raise awareness among farmers and communities 

about the biodiversity value of forests, the long -term impacts of deforestation, and the benefits of sustainable 

practices. 

Fostering Community Collaboration: Encouraging farmer-to-farmer learning, cooperative strengthening, and 

collective decision-making for resource management, building Community Responsibility and social capital. 

Promoting Value for Ecosystem Services: Education and awareness to connect farmers' livelihoods directly to 

healthy ecosystems, fostering a deeper appreciation for nature beyond its immediate commodity value. 

 

The PSDM developed for the Peruvian cocoa value chain served as a crucial analytical tool, providing empirical 

quantification of the intricate cross -sphere connections between the Practical, Political, and Personal dimensions 

of transformative change. By simulating the dynamic interplay between these spheres, the PSDM explicitly 

demonstrated how interventions in one area propagate throughout the system, leading to reinforcing or 

balancing feedback loops essential for understanding sustainability pathways. 

 

The PSDM's structure, derived from participatory processes and quantified into Stock-and-Flow models, allowed 

for a detailed analysis of how variables and solutions within each sphere influence the others 

 

Practical -to -Personal Sphere Connections  

The model quantifies how tangible changes in environmental conditions and practical land -use activities (Practical 

Sphere) directly impact the attitudes, awareness, and well-being of local communities (Personal Sphere). 

Environmental Degradation and Awareness: The PSDM reveals a direct causal link where increasing environmental 

degradation contributes to  raising environmental awareness in both the local community and institutions. This 

signifies that observable, practical environmental decline catalyses heightened community and institutional 

awareness (Personal). 

Practical Degradation Affecting Attitude: Critical links within the `Sustainable behaviour` module show how the 

extent of environmental degradation due to illegal activities ð i.e. wood extraction and mining activities ð 

influences the attitude towards the adoption of sustainable behaviour.  This quantifies how direct experience with 

or observation of environmental harm from unsustainable practical activities  (practical sphere) shapes individual 

and collective attitudes towards sustainable behaviour (Personal). 

Sustainable Practices Enhancing Well-being: The model explicitly shows that contributions from sustainable 
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practices ð i.e. traditional cocoa production  areas ð positively feed into the local communityõs well-being. This 

connection demonstrates how improvements in livelihoods and ecosystem services derived from sustainable 

practical solutions directly enhance community well-being (Personal). 

 

Practical -to -Political Sphere Connections  

The PSDM illustrates how real-world practical activities, and their environmental consequences influence the 

demand for and effectiveness of political interventions and institutional responses.  

Environmental Degradation Driving Institutional Awareness: The model suggests that escalating environmental 

issues due to unsustainable practices (Practical) raise awareness within governing institutions. This heightened 

awareness can then feed into the increasing institutional capacity, initiating a feedback loop that pushes for 

greater institutional and policy responsiveness (Political). 

 

 
 

Figure 12: Practical to Political cross-sphere connections 

Political -to -Practical Sphere Connections . This is a critical pathway where governance and institutional 

structures (Political Sphere) directly enable, constrain, or incentivize the adoption of sustainable practices 

(Practical Sphere). 

Institutional Capacity and Policy Enforcement: The model demonstrates how the institutional capacity and the 

effectiveness of the policy enforcement directly influences rate of both legal and illegal wood extraction, thereby 

mitigating deforestation (Practical). 

Policy Incentives for Sustainable Agriculture: The implementation of policy interventions to support the adoption 

of agroforestry practices and ecological production (Political) are crucial for driving the adoption of sustainable 

agroforestry and reducing monoculture expansion (Practical). 

Curbing Illegal Activities: The model illustrates how stronger governance (institutional capacity and policy 

enforcement) directly curbs unsustainable practical activities like illegal mining and illicit crop expansion. 
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Figure 13: Political and practical cross-sphere connections 

Political -to -Personal Sphere Connections  

The SDM highlights how institutional actions, governance effectiveness, and policy implementation (Political 

Sphere) impact community engagement, trust, and perceived capacities (Personal Sphere). 

Political Engagement Fostering Community Engagement: The model demonstrates how deliberate political efforts 

to engage local communities (Political) directly build participation and social capital (Personal) that could affect 

the adoption of sustainable behaviour . 

Trust and Stability: The model suggests a feedback loop where effective political engagement builds community 

trust in institutions  (Personal). Conversely, political instability can undermines institutional effectiveness and 

indirectly impacts community confidence.  

 

 
 

Figure 14: Political and Personal cross-sphere connections 
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Personal-to -Practical Sphere Connections . 

The model quantifies how shifts in community awareness, knowledge, and engagement (Personal Sphere) directly 

drive the adoption and maintenance of sustainable practices (Practical Sphere). 

Awareness and Behavioural Control: Local community awareness is directly connected to the Perceived 

Behavioural Control variable. This is a critical link, demonstrating that as community environmental awareness 

(Personal) increases, so does their perceived ability to adopt and implement sustainable behaviours 

Community Engagement Reducing Harmful Practices: The capability of local community to be engaged in 

Alternative Income Generating Activities (AIGA) (Personal) reduces the expansion of illegal activities and the 

tendency towards environmental impactful activities ð e.g. cocoa monoculture. This illustrates a direct Personal-

to-Practical pathway where active community participation in sustainable livelihoods reduces environmentally 

damaging practices. 

Traditional Knowledge Mitigating Deforestation:  The preservation of the traditional knowledge (Personal) has a 

twofold impacts on the environmental degradation through the practical sphere. On the one hand, it increases 

the portion of traditional cocoa production areas (Practical), reducing the monocult ure impacts. On the other 

hand, it contributes to more sustainable timber harvesting practices (Practical).  

 

 
 

Figure 15 Personal to Practical cross-sphere connections 

In conclusion, the SDM provides robust quantitative evidence for the necessity of integrated strategies in Peru's 

cocoa value chain. It not only reinforces the theoretical understanding of cross-sphere connections but also offers 

a dynamic platform for sim ulating how interventions strategically targeting multiple leverage points across the 

Practical, Political, and Personal Spheres can achieve synergistic impacts for transformative biodiversity-related 

change. 

3.2.2 Fishery and aquaculture products in Greece 

The transformation of Greeceõs fisheries and aquaculture value chain requires coordinated action across three 

interlinked spheres of change: Personal, Practical, and Political. These spheres reflect the depth and breadth of 

systemic transformation, from individual values and behaviours to institutional structures and policy frameworks. 

 

Practical Sphere Solutions ( Behaviours  & Technical Responses)  
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The practical sphere encompasses tangible interventions, technologies, and practices that enable sustainable 

lifestyles and production systems. In Greeceõs fisheries and aquaculture sector, key solutions include: 

o Circular Economy and Waste Reduction: Repurposing fish waste into fertilisers and removing packaging 

throughout the value chain reduces environmental impact and generates new revenue streams. 

o Renewable Energy Adoption: Supporting solar and wind energy in aquaculture operations lowers 

greenhouse gas emissions and operational costs. 

o Alternative Fish Feed: Investing in insect-based and locally sourced feed decreases dependence on 

imported fishmeal and supports local economies. 

o Shared Infrastructure: Providing shared facilities for small-scale fish farming firms encourages equity and 

competitiveness. 

o Traceability Systems: Implementing strong monitoring and certification schemes ensures transparency, 

builds consumer trust, and facilitates fair trade. 

o Spatial Planning and Offshore Farming: Moving fish farms to open sea areas reduces habitat degradation 

and spatial conflicts, aligning production with conservation aims.  

 

These practical measures show how innovation and teamwork can enhance ecological resilience and economic 

sustainability. 

Political Sphere Solutions (Systems & Structures)  

The political sphere addresses structural change through governance, regulation, and institutional reform. In 

Greece, transformative political solutions include: 

1. Science-Based Quotas and Regulation Enforcement: Establishing and enforcing sustainable fishing quotas 

ensures long-term viability of fish stocks and marine ecosystems. 

o Inclusive Governance: Engaging local communities, small-scale fishers, women, and youth in decision-

making processes fosters equity and legitimacy in conservation and resource management. 

o Financial Incentives and Support Mechanisms: Subsidies, tax breaks, and low-interest loans help small 

producers adopt sustainable technologies and practices. 

o Policy Alignment with Global Frameworks: Integrating biodiversity goals into national strategies, such as 

the Kunming-Montreal Global Biodiversity Framework and revised NBSAPs, strengthens Greeceõs 

commitment to sustainability.  

2. Multi -Stakeholder Platforms: Initiatives like BIOTRAILS Learning and Action Alliances facilitate co-design, 

knowledge exchange, and coordinated action across sectors. 

 

These political interventions create enabling conditions for systemic change, ensuring that sustainability is 

embedded in institutional structures and policy agendas. 

 

Personal Sphere Solutions  (Beliefs, Values, Worldviews & Paradigms)  

The personal sphere focuses on the transformation of individual and collective values, beliefs, and behaviours. In 

Greece, this involves: 

3. Raising Consumer Awareness: Public campaigns and school-based education initiatives aim to reshape 

societal perceptions of aquaculture, highlighting its sustainability benefits and cultural relevance. These 

efforts foster a vision of a ògood lifeó that includes environmental stewardship and informed consumption.  

o Promoting Transparency and Dialogue: Open discussions about fish diseases and aquaculture practices 

build trust and accountability, encouraging responsible consumer and producer behaviour.  

o Fostering Environmental Responsibility: Community-driven education and awareness programmes instil 

values of care for marine ecosystems, encouraging citizens to support biodiversity-friendly practices and 

products. 

 

These interventions help cultivate a culture of sustainability, where individuals are empowered to make choices 

aligned with ecological and social well-being. 
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The PSDM developed for the Greek aquaculture case study allows us to identify several cross-sphere 

connectionsñinteractions between the Personal, Practical, and Political spheres of transformation. These 

connections illustrate how changes in one sphere influence and reinforce changes in the others, creating feedback 

loops essential for systemic sustainability. 

 

Political -to -Practical Spheres Connections  

The PSDM shows that the Institutional Capacity (Political) directly influences: Environmental Monitoring , 

Infrastructure Development, Training and Capacity Building, Research and Innovation Support. 

These institutional mechanisms enable practical interventions such as waste recycling, sustainable fish feed 

adoption, and renewable energy use. For example, higher institutional capacity increases the effectiveness of 

regulation , such as labelling, which increases the attitude towards the adoption of sustainable practices. 

 
 

Figure 16: Political-to-Practical connections 

Political -to -Personal Connections.  

These connections show how policy interventions could contribute to shaping behavioural intentions.  

Regulation Effectiveness, Participatory Planning, and Locally Based Policies (Political) feed into the Sustainable 

Behaviour module. They influence Perceived Behavioural Control, Attitudes, and Subjective Norms (Personal). 

These, in turn, determine the Intention to adopt sustainable behaviour. 

This shows how governance structures and policy design shape individual and collective values, enabling a shift 

in mindset toward sustainability.  
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Figure 17: Political-to-Personal connections 

 

Personal to Practical Connections  

Sustainable Behaviour Intention (Personal) affects: Waste Recycling, Human Cleaning Efforts, Reduction in Organic 

and Plastic Pollution 

These behavioural changes reduce environmental degradation and improve water quality, demonstrating how 

personal choices translate into tangible ecological benefits. 

 

A full feedback loop can be traced as follows: 

Education Campaigns (Political) Ÿ increase Awareness (Personal) Ÿ improve Sustainable Behaviour Intention Ÿ 

enhance Waste Recycling and Water Quality (Practical) Ÿ strengthen Institutional Capacity (Political) Ÿ further 

support for education and infrastructure.  

 

This loop exemplifies how integrated interventions across spheres can reinforce each other and accelerate 

transformative change. 

3.2.3 Gold mined in Ghana  

Practical Sphere Solutions ( Behaviours  & Technical Responses)  

In the Ghana case, those solutions were mainly related to the adoption of less impactful mining activities. 

Therefore, the EEMRIO/LCA results were used to achieve this aim. Solutions in this sphere include promoting 

mercury-free gold processing technologies, adopting more efficient mining equipment, increasing waste recycling 

actions, minimising run-off in water, and implementing reforestation or land reclamation techniques at mining 

sites.  

The PSDM visually mapped the causal links showing how traditional, inefficient mining practices directly lead to 

biodiversity loss (e.g., through deforestation, water pollution from mercury , and landscape degradation due to 

excavation and waste disposal). Therefore, practical solutions like new technologies were selected because the 

PSDM clearly demonstrated their direct causal impact on reducing these environmental pressures. 

Moreover, the PSDM showed cross-sphere connection. The adoption of t hese practical changes requires changes 

in personal attitude towards sustainable behaviours (personal sphere), and demands for supportive policies (e.g. 

environmental monitoring, fighting corruption, etc.)  (Political Sphere). 



D5.2 ñ Planning and setup handbook and operational management report ( B) 36 

 

 

 

Political Sphere Solutions (Systems & Structures)  

Several policy recommendations were identified in BIOTRAILS, ranging from community engagement to 

strengthening  policy enforcement. For a detailed description of the policy recommendation, please refer to the 

deliverable D5.4. These measures aim to create enabling conditions for sustainable development and resilience 

within gold value chains. The recommendations outlined below provide a concrete roadmap for policymakers, 

practitioners, and stakeholders to support transformative change in the sector.    

The PSDM highlighted how weaknesses in these institutional and regulatory structures (Political Sphere) directly 

sustain unsustainable practices in the Practical Sphere. For example, the model demonstrated how a lack of formal 

support for the institutional  framework or limited access to sustainable funding could result in increased informal 

mining, worsening environmental degradation and hindering the adoption of better techniques. These solutions 

were thus designed to address these structural weaknesses, aiming to create an enabling environment for practical 

change. 

 

The PSDM highlights cross-sphere connections. The improved availability of sustainable funding , or enabling 

legislation, has a direct impact on enhancing Perceived Behaviour Control (PBC) in the Personal Sphere (as 

identified by the SEM). If miners perceive that sustainable practices are supported by a clear and fair institutional 

framework and economic incentives, they are significantly more likely to adopt them.  Moreover, the availability of 

reliable environmental information (environmental monitoring) co uld affect the communityõs awareness of 

landscape degradation and, in turn, increase the attitude towards the adoption of sustainable behaviour.  
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Figure 18: Cross-sphere connection in the PSDM for the Ghana case study 

Personal Sphere Solutions (Beliefs, Values, Worldviews & Paradigms)  

Solutions in this sphere include targeted training and capacity -building programs on environmental impacts and 

sustainable mining practices, fostering community responsibility  for environmental stewardship, and promoting 

shared values of long-term sustainability over short-term gains. The PSDM helped visualize how prevailing 

mindsets and a lack of awareness (Personal Sphere) could reinforce unsustainable loops. For instance, if miners 

are unaware of the long-term health and environmental impacts of mercury, they are less likely to seek 

alternatives. The model showed how increasing knowledge could break these negative cycles. Moreover, the 

PSDM showed that the lack of policies to reduce illegal mining activities could negatively affect the effectiveness 

of training and capacity building exercises.  
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Figure 19: Cross-sphere connections affecting the training effectiveness 

The integration of solutions was not arbitrary. The PSDM served as the central canvas where the causal effects of 

an intervention in one sphere on another were rigorously mapped. A Political solution (e.g., support for the 

institutional framework, availabi lity of sustainable funding) was linked in the PSDM to increased miner security 

and capacity, which then enabled Practical solutions (e.g., investment in long-term sustainable mining 

infrastructure, adoption of mercury -free technologies) and fostered a sense of ownership and responsibility 

(Personal). A Personal solution (e.g., environmental training increasing awareness) was linked in the PSDM to a 

greater willingness to adopt Practical mercury-free technologies, and potentially to a greater demand for Political 

accountability and traceability. 

 

By understanding these causal connections through the PSDM, BIOTRAILS ensured that the defined solutions for 

Ghana's gold value chain form a coherent and mutually reinforcing portfolio, designed to catalyse transformative 

change across all three interconnected spheres. 

3.2.4 Forest-based cultural products created in the Brazilian Amazon  

For the Brazilian Amazon's forest-based cultural products value chain, the co-definition of solutions, while 

addressing all three spheres of transformation (Practical, Political, Personal), was developed in an explicitly 

integrated way, critically informed  by the causal connections mapped within the PSDM. This integration ensures 

that proposed interventions are not isolated actions but strategically leverage feedback loops and causal 

pathways to drive systemic change, protecting both biodiversity and tradit ional livelihoods. 

The PSDM served as a crucial tool for understanding how interventions in one sphere would ripple through the 

system, affecting others. 

 

Practical Sphere Solutions (Behaviours & Technical Responses)  

This value chain is rather peculiar within BIOTRAILS, because it does not affect biodiversity conservation, but it is 

affected by the loss of biodiversity due to other activities, such as land conversion practices for cattle ranches, 

wood extraction, etc. Therefore, solutions in this sphere include promoting sustainable harvesting techniques for 

non-timber forest products (NTFPs) (e.g., açai, Brazil nuts, medicinal plants), implementing traditional agroforestry 

systems. The PSDM visually mapped how unsustainable harvesting or land conversion practices (e.g., for cattle 

ranching or illegal logging) directly lead to biodiversity degradation and erosion of cultural heritage. Practical 

solutions focused on enhancing sustainable resource use were selected because the PSDM demonstrated their 

direct causal impact on maintaining forest health and ecosystem services. The PSDM showed the cross-sphere 

connections, i.e. the adoption of sustainable practices strengthens traditional ecological knowledge (Personal 

Sphere) and creates a basis for advocating for recognition and support from political structures (Political Sphere). 

 

Political Sphere Solutions (Systems & Structures)  

Most of the solutions identified for this value chain concerned the political spher e, i.e. land rights and tenure 

security for traditional and indigenous communities, improving enforcement against illegal logging and mining, 

developing policies that incentivise sustainable forest management, and establishing fair trade and market access 

mechanisms for forest-based cultural products. Moreover, policy interventions were co-defined to ensure the 

intergenerational knowledge transfer. The PSDM highlighted how weak governance, unclear land rights, and 

inadequate policy support (Political Sphere) directly undermine sustainable practices in the Practical Sphere. For 

instance, the model showed that insecure land tenure could deter communities from long -term investments in 

sustainable forest management. Solutions were thus defined to address these structural weaknesses, aiming to 

create an enabling environment for traditional communities to thrive sustainably.  On the other hand, Structural 

changes, such as secure land tenure or fair market access, directly enhance Perceived Behaviour Control (PBC) in 

the Personal Sphere, empowering communities to make long-term sustainable choices and invest in their 

territories. 

 

Personal Sphere Solutions (Beliefs, Values, Worldviews & Paradigms)  

The implementation of political solutions is expected to have an impact on the personal sphere as well. I.e. 

revitalising traditional ecological knowledge and intergenerational transfer of skills, fostering pride in cultural 
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heritage and forest stewardship, promoting collective decision -making and community governance, and 

enhancing awareness of the intrinsic and economic value of standing forests. The PSDM helped visualise how 

shifts in cultural values or erosion of traditional knowledge (Personal Sphere) could weaken community resilience 

and lead to increased reliance on unsustainable external economic pressures. The model showed how 

strengthening traditional knowledge sys tems could reinforce positive feedback loops for fores t conservation. 

BIOTRAILSõs results suggest that a strong sense of cultural identity, community cohesion, and belief in the efficacy 

of traditional practices are key drivers for maintaining biodiversity -positive behaviours. Therefore, Personal 

Sphere solutions were designed to reinforce these intrinsic values. Capacity-building and cultural exchange 

directly enhance knowledge and confidence (related to PBC), fostering a deeper commitment to sustainable living 

and empowering communities to advocate for their rights (Political).  

 

For the Brazilian Amazon, particularly concerning forest-based cultural products, the PSDM played a crucial role 

in elucidating and visualizing the cross-sphere connections between the Practical, Political, and Personal 

dimensions of transformative change, as described following in the text. 

 

Practical -to -Personal Sphere Connections . The PSDM visually mapped how the adoption of sustainable 

practices (Practical Sphere) directly reinforces and revitalises cultural values, knowledge, and well-being (Personal 

Sphere). 

 

Sustainable Resource Use Reinforcing Traditional Knowledge and Identity: The model demonstrated how 

promoting sustainable harvesting techniques and implementing traditional agroforestry systems (Practical 

solutions) directly strengthens traditional ecological knowledge  and intergenerational transfer of skills (Personal 

Sphere). By actively engaging in these practices, communities solidify their cultural identity and pride in forest 

stewardship, creating a positive feedback loop where sustainable action reinforces personal values and 

knowledge. 

 

Biodiversity Health Affecting Awareness and Values: The PSDM illustrated that maintaining forest health and 

ecosystem services (a result of Practical solutions) can enhance awareness of the intrinsic and economic value of 

standing forests (Personal Sphere), deepening the connection between the community's immediate environment 

and its long-term well-being and cultural heritage. 

 

Practical -to -Political Sphere Connections  

The PSDM highlighted how successful implementation of sustainable practices (Practical Sphere) can create the 

imperative and justification for supportive political structures and policies.  

Sustainable Practices Creating Advocacy Basis: The model showed that the successful adoption of sustainable 

practices (Practical) within forest-based cultural product value chains creates a concrete basis for advocating for 

recognition and support from pol itical structures (Political Sphere). When communities demonstrate viable, 

biodiversity-positive livelihood models, it provides evidence and legitimacy for demanding policies like secure 

land tenure or fair-trade mechanisms. 

Demonstrating Value for Policy Prioritization: By quantifying the benefits of sustainable forest management 

(Practical) in terms of economic returns and ecosystem services, the PSDM implicitly demonstrated the value that 

could drive developing policies that incentivise sustainable forest management (Political). 

 

Political -to -Practical Sphere Connections  

This is a critical pathway where robust governance and institutional frameworks (Political Sphere) are essential for 

enabling and scaling sustainable resource management practices (Practical Sphere). 

Policy Support for Sustainable Resource Use: The PSDM clearly highlighted how weak governance, unclear land 

rights, and inadequate policy support (Political Sphere) directly undermine sustainable practices in the Practical 

Sphere. Conversely, the model showed how strengthening land rights and tenure security or improving 

enforcement against illegal logging and mining (Political solutions) creates the necessary enabling environment 
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for communities to make long -term investments in sustainable forest management and adopt traditional 

agroforestry systems (Practical solutions). 

 
 

Figure 20: Political to Practical cross-sphere connections 

Market Mechanisms Driving Sustainable Production: The establishment of fair trade and market access 

mechanisms (Political solutions) was shown by the PSDM to incentivise producers to adopt and adhere to 

sustainable harvesting techniques and improve value-addition processes for cultural products (Practical 

solutions), as these policies make such practices economically viable. 

 

Political -to -Personal Sphere Connections  

 

The PSDM illustrated how structural changes and governance improvements (Political Sphere) have a profound 

impact on community empowerment, knowledge, and intrinsic values (Personal Sphere). 

Secure Tenure Enhancing Perceived Behaviour Control: The model explicitly showed that structural changes, such 

as secure land tenure or fair market access (Political solutions), directly enhance Perceived Behaviour Control (PBC) 

in the Personal Sphere. This empowerment allows communities to make long-term sustainable choices and invest 

in their territories, fostering a greater sense of agency and efficacy. 

Policy Support for Knowledge Transfer: Policy interventions co-defined to ensure intergenerational knowledge 

transfer (Political solutions) were modelled to directly support revitalising traditional ecological knowledge 

(Personal Sphere), preventing the erosion of cultural values due to external pressures. 
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Figure 21: Political to Personal cross-sphere connections 

Personal-to -Practical Sphere Connections  

 

The PSDM revealed how shifts in community beliefs, knowledge, and governance models (Personal Sphere) 

directly drive the adoption and maintenance of sustainable resource management practices (Practical Sphere). 

Traditional Knowledge and Community Governance Driving Sustainable Use: The model showed how 

strengthening traditional knowledge systems  (Personal sphere) could contribute to the adoption of sustainable 

practices (Practical sphere). A strong sense of cultural identity and belief in traditional practices directly translates 

into biodiversity -positive behaviours. 

 

In summary, for the Brazilian Amazon's forest-based cultural products, the PSDM provided critical insights into 

how interventions must be integrated across all three spheres. It demonstrated that political support is 

foundational for practical sustainabili ty, while empowered communities with strong personal values and 

traditional knowledge are the ultimate drivers of effective, on -the-ground action. The dynamic modelling process 

underscored the synergistic potential of holistic strategies that leverage these cross-sphere connections for 

transformative change. 

3.2.5 Stage 2: KPI assessment 

The KPI achieved in this stage of the Co-implementation plan are described in Table 5. 

 

Table 5: KPIs achieved after the completion of phase 2 

Specific Objective  KPI foreseen  KPI achieved  
O4 At least 4 workshops (Ô1 per case 

study/examined value chain) organised 

together with the involved  stakeholders 

to evaluate their level of satisfaction 

This KPI has been achieved. 3 workshops per 

case study were organised. Policy interventions 

were co-designed in each case study. 

Ô20 alternative transformative pathways 

to be considered in total  

The PSDM interface allowed for the simulation 

of several policy intervention scenarios, 

assessing their impact on the dynamic 

evolution of the key challenges.  
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3.3 STAGE 3: TESTING AND PRIORITISING THE BIOTRAILSõS 

SOLUTIONS 

This phase was carried out using the quantitative SDM as a tool for simulating what-if scenarios, i.e. what would 

happen to the system if a combination of solutions were implemented.  Crucially, beyond its function as a 

simulation tool, the PSDM has been explicitly utilised to force stakeholders to combine different solutions and 

raise their awareness of the critical need to adopt integrated approaches to deal with complex issues. The iterative 

process of building and testing these models actively demonstrates to stakeholders how: 

 

Solutions are Interconnected:  The PSDM visually and quantitatively illustrates that no single solution operates 

in isolation. An intervention targeting a "Practical" behaviour might have unforeseen consequences or 

dependencies on "Political" structures or "Personal" values. This direct visualisation helps stakeholders move 

beyond siloed thinking.  

 

Leverage Points Exist at Multiple Spheres:  By exploring the causal connections and feedback loops, 

stakeholders gain a deeper understanding that effective change often requires interventions across multiple 

points in the system, and indeed, across the Practical, Political, and Personal Spheres of Transformation. They are 

actively guided to see how a technical fix (Practical) might be ineffective without supportive policies (Political) or 

shifts in underlying beliefs (Personal). 

 

The Power of Synergies:  The "what-if" scenarios allow stakeholders to witness how combining solutions can lead 

to synergistic effects, achieving far greater impact than individual interventions alone. This hands-on experience 

cultivates an appreciation for integrated strategies. 

 

Building a Systemic Mindset:  The PSDM process itself acts as a powerful learning tool, enhancing stakeholders' 

"systemic mindset." This experience fosters a more sophisticated understanding of complex socio-ecological 

systems, empowering them to collaboratively design and advocate for holistic solutions that address root causes 

rather than just symptoms. 

 

Through this advanced modelling and integrated scenario exploration, the BIOTRAILS project ensures that the 

prioritisation  of solutions is not only data -driven but also deeply rooted in a shared, systemic understanding of 

the value chain's dynamics, preparing stakeholders for the complex realities of transformative change. 

 

To enhance the usability of the PSDM to foster the stakeholdersõ debate and enable collective learning processes, 

a friendly user interface was developed. To this aim, the features of the Stella © software were used.  
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Figure 22: User interface for the Brasilian case study 

Figure 22 shows the key part of the PSDM interface, that is, the Policy control panel. As shown in Figure 22, the 

interface has been translated into the local languages to facilitate its use during the third stakeholdersõ workshops. 

The final goal of this exercise is to co-define an integrated strategy to deal with the already defined challenges. 

As shown in Figure 22, each policy intervention is represented by a slider bar ranging from 0 to 1, indicating the 

degree of implementation. That is, 0 means no implementation, and 1 signifies full implementation. The 

intermediate values depict the level of resource allocation for implementing the policy.  Stakeholders have an 

overall budget of 30 points to compose their strategy. The traffic -light indicator iteratively indicates the overall 

cost of the budget. While explaining this rule to the stakeholders, we need to explain that the cost for each policy 

intervention has been calculated accounting for the social, economic and institutional costs. 
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Figure 23: Comparing the BAU and the policy intervention scenario 

The graphs shown in Figure 23 represent the expected dynamic evolution of the previously defined challenges. 

It is worth mentioning that the graphs are meant to enable the comparison of the dynamic evolution of the 

challenges in the BAU scenario ð i.e. with no policy implemented ð and in the policy intervention scenario.  

As discussed further in the text, the PSDM interface was used to facilitate the co -definition of the policy 

interventions for  enabling transformative changes.  

 

3.3.1 Cocoa produced in Peruõ 

The PSDM developed for the Cocoa production value chain in the Ucayali region was used to carry out the 

activities of this phase. Compared to the model described in D3.10, the Stock-and-Flow Diagram (SFD) was 

developed starting from the CLD. To this aim, the procedure described in D3.10 was adopted. Describing the 

steps for the development of the SFD is out of the scope of this deliverable. However, it is worth spending some 

words to describe this PSDM. 

 
Figure 24: The main sub-modules of the Perú PSDM 
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Four main sub-modules were identified: 

1. Institution and governance: This module describes the nonlinear connections affecting the effectiveness of 

the institutional framework in dealing with biodiversity -related issues. The core of this sub-module is the 

stock òinstitutional capacityó, as represented in the following figure. 

 

Figure 25: Institutional capacity stock in the sub-module "Institution and governance"  

2. The local community sub-module describes the connections influencing the dynamic evolution of the 

variables connected with the local community. Specifically, the local community's well-being and local 

community -traditional knowledge. 

 
Figure 26: A portion of the sub -module "Local community"  

3. The sub-module òEnvironmental degradation contains the elements and connections influencing the impact 

on the environmental resources and biodiversity loss. Specifically, the impacts of the activities connected 

with the cocoa production value chain are included in this sub-module. 
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Figure 27: Portion of the sub-module showing the connections between the cocoa production and the deforestation 

process 

4. Finally, the sub-module òSustainable behaviouró contains all the elements influencing the intentions of cocoa 

producers to adopt environmentally friendly practices. The results of the SEM analysis were used to achieve 

this aim.   

To use the PSDM to support the phase of testing and prioritising the BIOTRAILSõs solutions, the defined solutions 

(see the previous sections) were integrated into  the model. The following figure shows the impact of the policy 

òIncentives for the agricultural diversificationó on the state of the stock òMonoculture production areasó.  
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Figure 28: Integrating the BIOTRAILS's solution into the PSDM 

The PSDM was used to facilitate the debate among stakeholders during the workshop dedicated to testing and 

prioritising the solutions. The stakeholdersõ workshop was organised on the 9th of October  2024. 

 
Figure 29: Third stakeholders' workshop in the Peruvian case study 

 

The following interface was developed to facilitate the dialogue. 
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Figure 30: Graphical user interface of the PSDM 

3.3.2 Fishery and aquaculture products in Greece 

The CLD described in D3.10 was used as the basis for the development of the SFD, to be used during the third 

stakeholdersõ workshop, to enable the discussion about the co-definition of policy interventions.  

 

 
Figure 31: Overall SFD structure for the Greek case study 

The SFD is composed of four main sub-modules: 

1. Fish farming: This sub-module describes the processes and activities carried out in this value chain, 

influencing the dynamic evolution of the fish population .   

o Biodiversity degradation: This sub-module describes the impacts of the activities/processes on 

biodiversity. 
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Figure 32: Packaging impact on the marine plastic pollution in the SFD. 

o Institutional and policy: it describes the elements influencing the institutional capacity and its 

effectiveness in designing and enforcing policies to reduce the impacts on the environment and 

biodiversity. 

o Sustainable behaviour: It models the results of the SEM analysis. 

 
Figure 33: Elements affecting the adoption of sustainable behaviours according to the SEM analysis 

A PSDM graphical user interface was developed to facilitate the use of the model during the stakeholdersõ 

workshop. 
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Figure 34: PSDM graphical user interface used during the stakeholders' workshop in the Greek case study 

 
Figure 35: Stakeholders using the PSDM during the workshop 

Feedback was collected at the end of the exercise concerning the usability of the PSDM interface. 

 

Pros: 

o Potential usefulness for aquaculture farms: The tool could be beneficial for aquaculture operators, 

especially if tailored to their needs. 

o Interest from stakeholders: Participants from ministries, NGOs (WWF), research institutes (HCMR), and 

industry showed engagement, indicating relevance across sectors. 

o Recognition of academic value: The toolkit is seen as a solid academic product, suggesting a strong 

foundation for further development.   

Cons: 

Interface & Usability 

o Variables and their meanings are unclear. 
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o Current state of variables is not self-explanatory (e.g., why some start at 0). 

Data & Model Transparency 

o Unclear what data is behind the results. 

o Interdependencies between variables are not clearly modelled or explained. 

Visualisation & Output  

o Graphs are hard to interpret without guidance.  

o Suggestion to include tables with numerical values for clarity. 

Policy Integration 

o Suggestion to include pre-configured variable sets aligned with policies. 

Target Audience & Accessibility 

o Tool feels more academic than practical for decision-making. 

o Fishers would require training to use it effectively. 

 

Based on feedback from the 3rd BIOTRIALS Workshop in Greece, the following actions will be taken to enhance 

the PSDM interface: 

 

o Clarify Variables and Data: Add tooltips and an info button to explain variables and data sources. 

o Simplify Layout and Outputs: Improve graph readability, and include tables with numerical results. 

o Integrate Policy Scenarios: Introduce pre-set variable combinations aligned with policies and show how 

policies are used in the model. 

o Support Users: Tailor the interface for aquaculture users and develop training materials for broader 

stakeholder engagement. 

 

These improvements aim to make the PSDM toolkit more transparent, intuitive, and practical for diverse users, 

ensuring it evolves into a reliable decision-support tool.  

 

3.3.3 Gold mined in Ghana  

The stakeholdersõ workshop for the co-definition of policy intervention was held on the 22 nd of October  in Kumasi. 

Two main activities were carried out to co-define the solutions. The results of the Policy analysis and 

recommendation (D5.4) were presented to the stakeholders. Moreover, the PSDM interface was used to facilitate 

the debate among the stakeholders (Figure 36 and Figure 37). 
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Figure 36: PSDM interface for the Gold mining value chain 

 
Figure 37: Stakeholders using the PSDM interface during the workshop 

The available policy interventions (see D5.4 for a detailed description) were clustered in three main groups:  

o The interventions affecting the policy sphere : these interventions aim at enabling changes in the 

institutional framework . These interventions are listed in the left column in the interface.  

2. The interventions affecting the personal sphere: These interventions aim at provoking changes in values, 

beliefs and behaviour. These interventions are listed in the central column. 

o The interventions affecting the practical sphere: these interventions aim at introducing innovative. More 

sustainable practices in the mining sector. These interventions are listed in the right column in the 

interface.  

Participants were divided into four groups. The main scope of the exercise was to foster debate among the 

different stakeholders concerning the most effective combination of the different kinds of interventions  to address 

the BCS nexus challenges. To this aim, the group were composed of different kinds of stakeholders, i.e. policy 

makers, NGOs members of the local communities, and actors in the value chains.  

Interestingly, different approaches were adopted by the participants. Some groups preferred to focus the overall 

budget on a few but significant policy interventions. Others decided to activate all the interventions, keeping the 

efforts for each one at a low level. 
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At the end of the workshop, feedback from the stakeholders was selected concerning the effectiveness of the 

PSDM (Figure 38) 

  

 
Figure 38: Stakeholders' feedback on the effectiveness of the PSDM 

3.3.4 Forest-based cultural products created in the Brazilian Amazon  

The stakeholdersõ workshop to co-define the policy intervention was held in Brasilia on the 12th of September of 

2025.  
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Figure 39: Stakeholders' workshop for the definition of the policy interventions  

To facilitate the discussion, participants in the third workshop were divided into two small groups. Figure 40 

shows the results of the discussion in the two groups. 
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Figure 40: PSDM interface for the combination of the policy interventions  

Stakeholders in the Brazil case study were able to identify integrated strategies that successfully generate deep, 

systemic, and multi-sectoral transformations across all critical socio-ecological indicators, moving the system out 

of the detrimental Business as Usual path. The primary learning point is the distinction between policy design and 

policy implementation . While the designed strategies are effective (based on the graphs), they still face severe 

structural barriers. Specifically, the challenges of trust in institutions and environmental monitoring remain high -

level barriers, indicating that the system's capacity for coordinated, horizontal governance is the main bottleneck  

to fully realising the positive outcomes. The policies designed were highly effective in mitigating Social Conflict 

and overcoming the inherent Policy Limitations, suggesting the co-design process resulted in strategies that are 

equitable, accepted, and structurally robust. 
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Figure 41: Barriers hampering the implementation of the policy interventions  

 
Figure 42: Dynamic evolution of the key challenges in different policy intervention scenarios 

 

3.3.5 Stage 3: KPI assessment 

The KPIs achieved during stage 3 are described in Table 6 
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Table 6: KPIs achieved after the completion of stage 3 

Specific Objective  KPI foreseen  KPI achieved  

O3 

Sufficient representation of possible 

futures through multiple scenario 

analysis. 

The PSDM interface allowed to simulate 

different policy intervention scenarios.  

O4 

At least 4 workshops (Ô1 per case 

study/examined value chain) organised 

together with the involved stakeholders 

to evaluate their level of satisfaction 

One policy intervention scenario workshop was 

organised in each case study. Feedback was 

collected.  

Ô20 alternative transformative pathways 

to be considered in total  

The combination between the policy 

recommendations (D5.4) and the use of the 

PSDM interface allowed us to achieve this KPI. 

 

3.4 STAGES 4 AND 5: ASSESSING THE FEASIBILITY OF THE 

PROPOSED SOLUTIONS & DEVELOPING THE 

IMPLEMENTATION PLAN FOR THE BIOTRAILSõS SOLUTIONS 

This phase aims at detecting potential barriers hampering the implementation of the selected policy interventions 

and/or reducing th eir effectiveness. To this aim, the capabilities of the PSDM to map the connections among 

different elements in the system were used. Starting from the list of solutions in the three spheres of 

transformation  for each value chain, the PSDM allowed us to detect variables in the system that need to be 

addressed through the analysis of the causal connections. As an example, letõs consider the PSDM developed for 

the Ghana case study. Figure 43 shows how the public trust in institutions could act as a barrier hampering the 

implementation of the policy intervention òCommunity engagementó.  

 

 
 

Figure 43: Detection of barriers using the PSDM map of connections 

Specifically, a lack of public trust is expected to affect institutional capacity. This, in turn, influences the institutionsõ 

capabilities to engage members of the community in participatory processes. Finally, the lack of engagement 
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could have a negative impact on effective implementation of community -based recovery initiatives.   

To this aim, a òbarriersó page has been added at the PSDM interface. As discussed further in the text, this page 

aims to provide  stakeholders with information concerning  the barriers negatively affecting the effectiveness of 

the selected policy interventions and, thus, supporting them in adding further actions.     

3.4.1 Cocoa production produced in Peruõ 

The PSDM allowed us to detect the main barrier hampering the implementation of the BIOTRAILSõs solutions 

and/or reducing their effectiveness.  

Environmental awareness: The lack of environmental awareness hinders the implementation of forest protection 

policies and limits the adoption of sustainable agricultural practices. Without education and awareness, efforts to 

conserve ecosystems lose effectiveness. 

Political instability: It weakens institutional capacity to effectively implement biodiversity protection policies. 

The lack of continuity and coordination reduces the impact of conservation efforts and slows sustainable progress. 

Traditional knowledge: The loss of traditional knowledge reduces the ability to promote sustainable agricultural 

practices, favouring monoculture models with high environmental impact. Recovering local wisdom is key to 

achieving a more balanced and resilient agriculture. 

Alternative economic sources: The absence of sustainable economic alternatives forces many communities to 

adopt practices that harm the environment, affecting their long -term well-being. Promoting responsible options 

is key to balanced development. 

Stakeholdersõ engagement: The lack of participation from local communities hinders the effective 

implementation of environmental policies and reduces ecological awareness. Including the population is essential 

to achieve sustainable and lasting change. 

 

The results of this analysis were used to develop part of the graphical user interface of the PSDM to support the 

debate during the stakeholdersõ workshop, as shown in Figure 44. 

 

 
Figure 44: PSDM interface showing the main barriers for the Peruvian case study 

This part of the interface was used during the third and final stakeholdersõ meeting to raise stakeholdersõ 

awareness concerning the main barriers that need to be addressed to enable the effective implementation of the 

selected solutions.  
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1.1.1 Fishery and aquaculture products in Greece 

The barriers hampering the implementation of policy interventions in the Greek Fisheries and Aquaculture case 

study fall into a main category: Systemic and Governance Barriers (the core challenges policies must overcome): 

o Exclusion from Decision-Making (Justice and Inclusion): A major political barrier is the lack of participation of 

small-scale fisheries (SSF) in decision-making processes. This lack of inclusion, coupled with inadequate data 

and information about SSF operations, hinders the formulation of effective and equitable policies.  

o Economic Inequalities (Inequalities): Policy adoption is undermined by the uneven distribution of profits 

across the value chain.  

o Operational Conflict and Management Failures (Externalities): Practical interventions are hampered by poor 

fisheries management and direct competition over marine space (spatial conflict) between the fishing and 

aquaculture sectors. 

o Consumer Misconceptions (Visions of a Good Life): Efforts to promote sustainable solutions are limited by 

barriers in the personal sphere, specifically consumer misconceptions regarding the quality or environmental 

impact of farmed fish, which restricts market demand and reduces incentives for change. 

3.4.2 Gold mined in Ghana  

The main barriers to the implementation of the different solutions in the Ghana case studies are  described in the 

following.  

Institutional capacity:  a low level of this variable could affect several BIOTRAILSõs solutions. Firstly, it affects the 

effectiveness of the minersõ training initiatives and, consequently, the adoption of less impactful mining practices 

(figure 13). 

 

Figure 45: Institutional capacity impacting the miners' training effectiveness. 

Secondly, the institutional capacity affects the public trust towards institutions and, consequently, the 

effectiveness of the engagement initiatives. Finally, the institutional capacity  affects the effectiveness of the 

interventions aiming at enhancing policy enforcemen t, which, in turn, could lead to an ever-increasing landscape 

degradation, forested areas reduction and biodiversity loss.    

Availability of environmental monitoring: The limited availability of reliable monitoring information is 

expected to have several negative impacts on the implementation of BIOTRAILSõs solutions. Firstly, it negatively 

affects the awareness of the landscape and environmental degradation, which is one of the key elements 

influencing the intention to adopt sustainable mining practices (figure 14).  
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Figure 46: Monitoring system affects the awareness raising process 

Secondly, the lack of a monitoring system is expected to reduce the capacity of the institutions to ensure a 

proper level of policy enforcement.  

Lack of alternative livelihoods:  the ASM, and specifically the illegal ASM, represent a key activity for sustaining 

the local communityõs livelihoods. This is mainly because LSM activities use foreign labour forces. Therefore, the 

lack of alternative livelihoods could hamper the implementation of policy interventions aiming at reducing the 

number of illegal ASM. This, in turn, reduces the effectiveness of the interventions aiming at int roducing 

sustainable mining practices.  

Lack of environmental awareness : The limited awareness of the landscape and ecosystem degradation has 

several negative impacts. On the one hand, it affects the attitude towards the adoption of sustainable behaviour. 

On the other hand, it affects the effectiveness of both community engagement initiatives and community -based 

restoration.     

 

The defined barriers were, then, incorporated in the user interface, as shown in Figure 47.  
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Figure 47: Barriers analysis in the PSDM interface 

This page of the PSDM interface provides stakeholders with information  to revise the initial combination of 

solutions. Figure 47shows that all barriers are acting to reduce the effectiveness of the policy interventions. 

Therefore, further actions must be implemented  to reduce the impacts of these barriers.  

3.4.3 Forest-based cultural products created in the Brazilian Amazon  

The analysis of the PSDM connections allowed us to detect the key barriers hampering the implementation of 

the BIOTRAILSõs solutions and/or reduce their effectiveness.  

Lack of people õs trust in institutions: As already discussed for the Ghana case study, the limited trust in 

institutions affects the implementation of policies related  to the communityõs engagement, which, in turn, could 

negatively affect the social cohesion and the conservation of the indigenous knowledge. This, finally, could lead 

to a depopulation process and, thus, to a reduction of forested areas protection efforts. Moreover, the lack of 

trust in institutions negatively affects the enforcement   

Lack of awareness: the lack of awareness related to the degradation of the forest ecosystem could act as a 

barrier, hampering the implementation of the policy interventions related to the engagement activities. As 

discussed in previous sections, protecting the indigenous knowledge and keeping the community alive is one of 

the key goals for this case study. Therefore, implementing the communityõs engagement initiative is of utmost 

importance. 

High level of social conflicts:  A high level of social conflict could lead to social disruption in the indigenous 

community and, consequently, to a limited availability of resources for the handicraft activities.  

Lack of environmental monitoring:  The unavailability of a reliable and effective monitoring system could have 

an impact on the effectiveness of the enforcement of the land management policies.  

Lack of policy e nforcement: The limited capability of the institutions to enforce existing laws and regulations 

for the protection of the forested areas  is provoking an ever-increasing ecosystem degradation. This barrier could 

hamper the implement ation of other policy interventions.  
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Figure 48: Interface used during the stakeholders' workshop to discuss the barriers to the implementation of the solutions.  

This part of the PSDM interface was used during the stakeholdersõ workshop to raise participantsõ awareness 

concerning the importance of  addressing the main barriers.  

3.4.4 Stage 4/5: KPI assessment  

The implementation of this phase allowed us to achieve the KPI described in Table 6. 

 

  


















