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Abstract 
The purpose of Deliverable 1.5 is to present a revised (improved) version of the original 
stakeholders´ co-creation approach for water-energy-food-ecosystem (WEFE) nexus governance, 
which was developed in 2021 and reported in D1.1. The approach was conceptualized to move 
stakeholders through a structured process of defining nexus resource management and 
governance challenges, developing advanced (state-of-the-art) complexity science and AI tools to 
understand nexus system dynamics and explore the complexity of the policy solution space, and 
ŘŜǾŜƭƻǇƛƴƎ ΨǿƘƻƭŜ-of-ǎƻŎƛŜǘȅΩ ǇŀǘƘǿŀȅǎ ǘƻǿŀǊŘǎ ƛƳǇǊƻǾŜŘ nexus governance arrangements. The 
version of the approach presented now directly incorporates the lessons learned from the 
implementation of the co-creation approach over the 4-years of the project, in 5-case studies. This 
ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ŀ ΨƎǳƛŘŀƴŎŜΩ ǿƘƛŎƘ ŎƻŘƛŦƛŜǎΣ ǎǘŜǇ-by-step, the implementation of the approach ς 
thereby facilitating the replication of the approach. Accompanying this are guidelines for 
outscaling the approach ς which captures high-level advice on strategic implementation issues. 
The target audience of this report is any organisation at all scales in the WEFE nexus domains that 
would like to initiate a bottom-ǳǇ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation process for improving policy 
integration and foster transition towards WEFE nexus governance, with a particular focus on water 
management organisations such as river basin organisations, including transboundary ones, water 
and environment ministries and water utilities. 

 
Keywords 
Water-Energy-Food-Ecosystems (WEFE), nexus governance, stakeholder co-creation, 
transdisciplinarity, artificial intelligence, policy optimization, system dynamics modelling, 
biophysical and socio-economic projections, governance roadmaps, stakeholder agreement,  
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Part 1. Executive Summary 
 
The NEXOGENESIS (NXG) project strengthened governance across the Water-Energy-Food-

Ecosystems (WEFE) nexus by developing and testing three solutions: an AI-driven Nexus Policy 

Assessment Tool (NEPAT), a WEFE Nexus Footprint for sustainability monitoring, and a cross-sectoral 

policy-making framework. Implemented over four years in five river basins across Europe and Africa 

(Adige, Inkomati-Usuthu, Jiu, Lielupe, and Nestos/Mesta), the project applied a structured 

stakeholder co-creation approach that integrated scientific and experiential knowledge and 

complexity science and artificial intelligence tools, to disentangle complex nexus dynamics, explore 

optimized policy solutions, and design actionable governance pathways. 

 

This Deliverable presents the revised Co-Creation Framework for Nexus Governance (CFNG), which 

ŎƻƴǎƻƭƛŘŀǘŜǎ ǘƘŜ ƻǊƛƎƛƴŀƭ ŦƛǾŜ ά.ǳƛƭŘƛƴƎ .ƭƻŎƪǎέ ƛƴǘƻ ǘƘǊŜŜ ŎƻƘŜǊŜƴǘ ŀƴŘ ǇǊƻƎǊŜǎǎƛǾŜ ǇƘŀǎŜǎτCo-

Explore, Co-Design, and Co-Developτmaking the framework more accessible for practitioners. These 

phases guide understanding of local governance challenges, engagement of stakeholders in shaping 

technical outputs and policy options, and joint development of solutions that promote ownership 

and long-term integrated governance. Co-Explore focuses on building shared understanding of the 

nexus, mapping stakeholders to engage, and identifying governance gaps. Co-Design focuses on 

developing complexity science tools to analyse nexus dynamics and is the phase in which 

stakeholders actively shape technical content and outputs. Co-Develop involves deliberating on 

optimal policy solutions with the assistance of AI and plotting implementation pathways. This 

participatory approach ensures that solutions are rigorous, relevant, and actionable. 

 

Across diverse contexts, the CFNG has proven replicable and adaptable. Successful scaling requires 

transdisciplinary capacity, robust stakeholder engagement, open data practices, and deliberate case-

study design. Capacity-building is central to sustaining collaborative governance, equipping 

stakeholders with the skills needed for negotiation, facilitation, and evidence-informed decision-

making beyond the project lifecycle. Multi-case applications highlight the potential for cross-learning 

while also underliƴƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎŀǊŜŦǳƭ ŎƻƻǊŘƛƴŀǘƛƻƴ ŀƴŘ ǊŜǎƻǳǊŎŜ ǇƭŀƴƴƛƴƎΦ ¢ƘŜ /CbDΩǎ 

modular design, which supports selective adoption of methods to meet local contextual needs and 

priorities, helps to manage these requirements effectively. 

 

Overall, the CFNG is a tested, evolving approach that fosters systemic nexus thinking and inclusive 

decision-making for integrated resource management in varied socio-ecological contexts. This 

deliverable codifies the CFNG, step-by-step, as it was implemented in NXG. It directly integrates the 

lessons learned at the finer-ƎǊŀƛƴŜŘ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǎŎŀƭŜ ŀƴŘ ǘƘŜ ŎƻƴǎƻǊǘƛǳƳΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ 

improved strategic implementation at the broader level. It is presented in a guidebook format aimed 

at organizationsτparticularly water management bodies, ministries, and transboundary 

authoritiesτseeking to initiate stakeholder-driven processes for integrated WEFE nexus governance 

and sustainable resource management. 
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Part 2. Introduction 
 
2.1 Project Summary 
 
Water, energy, food, and ecosystems (WEFE) are interconnected components of a coherent and 
complex system (nexus). Changes in biophysical conditions (e.g. climate, land cover) and socio-
economic drivers (e.g. economic development, agriculture, urban growth) continuously reshape the 
WEFE resource nexus. These shifts influence actor behavior and, in turn, policy decisions on how to 
manage resources. Currently, resource consumption is outpacing ecological limits, leading to 
deepening resource and ecological deficits. Because resources are interdependent, constraints in one 
area can ripple through others and ultimately limit economic and social development. As an example, 
expanding hydropower in a transboundary river basin alters river flows, reduces irrigation water 
availability, drives groundwater overuse and higher energy demand, and degrades wetlands and 
fisheries. The resulting trade-offs affect food security, ecosystem integrity, and cross-border 
relations, and are further amplified by climate variability. 
 
Yet, the prevailing practice of developing sector policies in isolation overlooks these linkages. The 
result is inefficient resource use, uncertainty over future effectiveness, greater risk of 
counterproductive results, and, at times, conflict among stakeholders τ as trade-offs and synergies 
are not adequately addressed in decision-making.  
 
Managing the WEFE nexus is challenging due to both its inherent complexity, limited understanding 
of how policies interact across sectors and the extremely wide policy space that should be explored 
to find the best solutions. Recent advances in complexity science and artificial intelligence tools now 
provide opportunities to better assess multiple policy interactions and impacts and design more 
integrated, intelligent policies across sectors and scales.  
 
The NEXOGENESIS (NXG) project aimed to improve governance across the WEFE nexus by developing 
and testing three key solutions: 
 
¶ Coherent cross-sectoral policy-making framework: An analytical framework for addressing 

climate and socio-economic change, stakeholder behaviour, and transboundary issues 
 

¶ NExus Policy Assessment Tool (NEPAT): An artificial intelligence-driven tool that identifies 
policy combinations to maximize nexus performance  
 

¶ WEFE Nexus Footprint: A composite indicator, accompanying NEPAT, designed to monitor 
the sustainability of resource management. 
 

These solutions were developed and tested over four years across five diverse case studies: Adige 
River basin (Italy), Inkomati-Usuthu River basin (South Africa), Jiu River basin (Romania), Lielupe River 
basin (Latvia & Lithuania), and Nestos/Mesta River basin (Greece & Bulgaria). 
 
The project applied a structured stakeholder co-creation approach in which researchers and case-
study leads worked alongside local stakeholders to address tasks such as understanding nexus 
interlinkages, developing models to describe the nexus, evaluating policy impacts, and exploring 
possible integrated governance mechanisms. The initial stakeholder co-creation framework was 
designed to be revised based on lessons learned from its testing in local contexts and to support the 
out-scaling of methodologies and tools to other settings. Accordingly, this deliverable presents the 
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improved co-creation framework for nexus governance, consolidated with insights from four years of 
implementation across the five case studies. 
 
The purpose of this deliverable is to present the revised Co-Creation Framework for Nexus 
Governance (CFNG), codifying the approach step-by-step and embedding lessons learned from its 
operationalization. The framework is intended as a guideline, adaptable to local contexts, 
consolidating all NXG activities and processes, and providing recommendations for replication and 
outscaling. 
 
This deliverable is organized as follows: 
 
¶ Chapter 1: Introduction ς Overview of the case studies and the original co-creation 

framework for nexus governance, previously presented in Hüesker et al., 2022 (NXG D1.1). 
 

¶ Chapter 2: Conceptual and Analytical Framework ς Outline the approach applied to 
codifying the CFNG and integrating lessons learned;  
 

¶ Chapter 3: Co-Creation Framework for Nexus Governance ς The revised CFNG, codified 
step-by-step with improvements integrated, presented in a guidebook format for 
policymakers, NGOs, practitioners and researchers seeking to initiate and test bottom-up 
stakeholder co-creation processes for integrated WEFE nexus governance.  
 

¶ Chapter 4: Guidelines for Replication and Outscaling the CFNG ς Synthesized strategic 
advice for replication and broader application, with emphasis on water management 
organizations, river basin authorities, transboundary bodies, ministries, and utilities. 

 
Therefore, this deliverable provides practitioners with a tested, adaptable roadmap for implementing 
stakeholder-driven processes to achieve integrated governance across the WEFE nexus. 
 

2.2 Case Studies 
 
The five NXG case-studies are located in different geographical areas (Figure 1) and each of them 
addressed different nexus issues. The case studies have diverse spatial, social, political, cultural, and 
history of development challenges. They also feature strong WEFE nexus relations, with the potential 
for disruption from policy implementation. Accordingly, they allowed for an assessment of how 
WEFE-related policy can be streamlined into the nexus.  
 
Two of the case-ǎǘǳŘƛŜǎΣ bŜǎǘƻǎ ŀƴŘ [ƛŜƭǳǇŜΣ ǿŜǊŜ άŦǊƻƴǘǊǳƴƴŜǊǎΣέ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜȅ ŎƻƴŘǳŎǘŜŘ 
case study activities slightly earlier (ca. 2 months) than the other three case-studies (Adige, Jiu, 
Inkomati-Usuthu). This was to identify potential problems, redundancy or shortcuts in the applied 
methodology so these could then be adjusted accordingly. 
 
Application of coherent approaches throughout the project enabled synthesis and comparison of the 
experiences and lessons learned in the cases. The use of a similar approach in each case-study aimed 
to foster the exchange of ideas and experiences among them, to allow for broader comparative 
conclusions and recommendations.  The piloting of this coherent co-creation framework in the 
diversity of cases has demonstrated suitability for its wider out-scaling to other regions globally. 
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Figure 1 Schematic of the case-
studies of the NEXOGENESIS 
Project 

Schematic of the locations of the 
five diverse case-studies: Adige 
River basin (Italy), Inkomati-Usuthu 
River basin (South Africa), Jiu River 

basin (Romania), Lielupe River basin 
(Latvia & Lithuania) and 

Nestos/Mesta River basin (Greece & 
 Bulgaria). 

 

 
The Nestos/Mesta River Basin comprises the Nestos/Mesta River basin shared between Greece and 
Bulgaria. The Nestos/Mesta River springs from the Rila Mountains (BG) and discharges in the 
Thracian Sea (GR). Its basin area is approximately equal to 5,479 km2 and its length is about 243 km. 
The river forms a significant ecosystem throughout its course and its delta is a unique ecosystem 
protected by the Ramsar Convention and considered as a first priority site under EU Natura 2000. 
Two dams operate in the Greek part of the basin (downstream) which are mainly used for electricity 
production purposes, covering also irrigation needs. The main activities supporting local income are 
agriculture and livestock. More information about the Nestos/Mesta Case-Study 
 
The Lielupe River Basin is in North-Eastern Europe and includes the 17,788 km2 Lielupe river basin 
shared between Latvia and Lithuania and is situated in the lowland part of the countries. Around 12% 
of Latvian population and around 11% of Lithuanian population live in this territory (altogether 
around 800 000 inhabitants). The basin is predominantly used for agriculture (ca. 60%) but also 
includes large areas of forests (ca. 30%) and some urban areas, as well as wetlands and floodplain 
meadows including nature protected areas and nature parks. The relief, climate and high soil fertility 
make suitable conditions for agricultural activities significantly contributing to the economy of the 
region. Other economic activities in Lielupe CS relate to trade and transport services, as well as the 
processing industry and public services. Agriculture has intensified over the past decades at the cost 
of natural grassland habitats. During the last decade the area of croplands has increased while 
meadows and pastures have been reduced. The development prognosis indicate that these trends 
will be maintained and coupled with increased volumes of fertilisers utilised in line with 
intensification of agriculture. More information about the Lielupe River Basin case-study. 
 
The Lower Danube CS is focused on the 16,759 km2 Jiu River Basin in Romania, a sub-basin of the 
Danube River, aiming to explore interconnection and replicability crossborder in Serbia and Bulgaria. 
The Jiu River flows from the Romanian Carpathian Mountains southwards through several counties 
before it discharges into the Danube at Zaval, the Romanian- Bulgarian border near the Bulgarian city 
of Oryahovo. The basin is mainly characterised by arable land (48%), forest (30%) and pastures (9%). 
Population in the upstream mountain areas of the basin rely on the coal mining industry with lignite-

https://nexogenesis.eu/case-study-1-nestos-river-basin/
https://nexogenesis.eu/case-study-2-lielupe-river-basin/
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based electricity and heat generation, while the downstream areas are characterized by agricultural 
activities that depend on water supplies for irrigation and hydropower production. The Lower 
Danube wetland ecosystem, which includes several EU Natura 2000 sites, is highly sensitive and has 
already lost nearly 80% of its surface area in the last century due to river dredging, land reclamation 
and flood control measures. Anthropogenic interventions (e.g. dams) along the Danube stimulated 
erosion and negatively affected the riverbed, while floods and drought events continue to impact the 
region. More information about the Jiu River Basin Case-Study 
 
The Inkomati-Usuthu River Basin comprises the Inkomati-Usuthu Water Management Area, which in 
turn includes several parallel river catchments in South Africa and Swaziland (now known as 
Eswatini), which later converge to form the Inkomati river at the border with (or within) 
Mozambique and later flow into the Indian Ocean. The river basin is located downstream of mining 
activities and contains high potential agricultural land as well as conservation areas, including the 
southern portion of the Kruger Nationŀƭ tŀǊƪΦ ¢ƘǳǎΣ ǘƘŜ ōŀǎƛƴ ƛǎ Ǿƛǘŀƭ ǘƻ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŘŜǾŜƭƻǇƳŜƴǘΣ 
in particular relating to energy security (coal-fired power stations), food security (almost half of the 
ŎƻǳƴǘǊȅΩǎ ƘƛƎƘ ǇƻǘŜƴǘƛŀƭ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘύ ŀƴŘ ǿŀǘŜǊ ǎŜŎǳǊƛǘȅ όƴǳƳŜǊƻǳǎ ŎƻƳǇŜǘƛƴƎ ǿŀǘer users). 
More information about the Inkomati-Usuthu Case-Study 
 
The Adige River Basin ǎǇŀƴǎ ƻǾŜǊ LǘŀƭȅΩǎ ǎŜŎƻƴŘ-longest river: the 409 km long Adige River that 
comprises a river basin area of 12,100 km2. It flows from its source in the Italian Alps through six 
provinces in northern Italy before it reaches the Venetian Lagoon and flows into the Adriatic Sea. 
Within the Adige River basin, economic sectors historically developed on abundant water resources: 
e.g., 61 hydropower stations in the upper part of the basin produce energy exceeding the provincial 
energy demands, while the valleys in the upstream mountain provinces are characterised by the 
intensive apple orchards, which represent more than 15% of European apple production. In addition, 
winter and summer tourism play an important role in the mountain economy, with an annual 
population increase of 5-6 times the number of permanent residents. The lowlands, downstream of 
the province of Verona, are characterized by intensive cultivation, mainly including vineyards and 
cereals irrigated through water withdrawals. The regional park and its wetland ecosystems sustain 
fisheries, aquaculture and provide essential protection against saline intrusion and coastal erosion. 
Moreover, the delta has a high recreation value, being an important touristic destination. More 
information about the Adige Case-Study.  
 
 

2.3 Co-Creation Framework 
 
The Co-Creation Framework for WEFE Nexus Governance (CFNG) supports stakeholders in a certain 
region (e.g. a river basin), or gathered around a commonly acknowledged challenge, to collaborate 
and commit to improved nexus governance. The originally designed CFNG (as presented in NXG D1.1 
- {ǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation approach for WEFE nexus governance) included two steps: 
 

1. Nexus governance problem identification via assessment of the performance of the existing 
governance system to identify barriers, leverages and entry points for governance and policy 
change, and assessment of policy coherence to identify policy gaps related to nexus 
interlinkages; 
 

2. {ǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation of WEFE goals and policies and commitment to implementation 
through a stakeholder agreement -- operationalised in five building blocks: 
 

¶ tǊŜǇŀǊƛƴƎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation process: stakeholder identification and analysis;  
 

https://nexogenesis.eu/case-study-3-jiu-river-basin-lower/
https://nexogenesis.eu/case-study-5-inkomati-usuthu-water-management-area/
https://nexogenesis.eu/case-study-4-adige-river-basin/
https://nexogenesis.eu/case-study-4-adige-river-basin/
https://nexogenesis.eu/wp-content/uploads/2023/10/Nexogenesis-Project-Deliverable-1.1-August-2022-1.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/Nexogenesis-Project-Deliverable-1.1-August-2022-1.pdf
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¶ LƴƛǘƛŀǘƛƴƎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation process: interaction between the stakeholders 
of different sectors, awareness raising, setting the stage and data collection; 

 

¶ CŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation process: stakeholder engagement, 
management and sustainment for trust building and social learning throughout the 
project; 

 

¶ 5ŜǾŜƭƻǇƛƴƎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation content: designing an action plan and 
ensuring coordination with existing policies; 

 

¶ Implementing the stakeholders´ agreement: fostering stakeholders´ ownership of the 
action plan, and monitoring of the planned implementation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

17 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

Part 3. Conceptual & Analytical Co-Creation 
Framework 
 
3.1 Methodology of consolidating the co-creation 
framework for nexus governance 
 
The overarching methodological steps that were used to produce this deliverable align with the 
requirements of Task 1.5 in the NXG Grant Agreement άConsolidation of co-creation framework for 
the nexus governance: guidelines for design and implementation.έ The steps were:  
 

1. Compare the implementation of the initial co-creation framework for nexus governance 
(CFNG) (proposed in D1.1) in the case-studies and extract lessons learned;  
 

2. Compare the implementation of the initial CFNG amongst the NXG work packages and 
extract lessons learned in implementing a transdisciplinary project;  
 

3. Review of the initial CFNG in light of lessons learned that were extracted from step #1 and 
step # 2 above. Revise the initial framework accordingly; 
 

4. Based on the results of step #3 above, deliver a guidance that codifies the revised and 
improved CNFG in detail, so as to be reproducible in other contexts;  
 

5. Extract specific lessons learned for the benefit of water organisations such as river basin 
authorities, ministries of water and environment, transboundary river organizations, water 
utilities ς thereby providing the water sector with an approach to foster a holistic WEFE 
nexus resources management.  

 
To this end, we reviewed an extensive repository of data, listed below in Sub-section 2.2.1 (Data 
Sources) to collect information on step #1, step #2 and step #5 (listed above). In Part 4, we present 
the ǊŜǾƛǎŜŘ ŀƴŘ ƛƳǇǊƻǾŜŘ /CbD ŀǎ ŀ άƎǳƛŘŀƴŎŜέ (responding to step # 3 and step #4 - listed above) 
that can be adopted for implementation in future case-studies (i.e., for replication).  
 
Part 5 responds to step #5 ς providing overarching, synthesized, high-level advice to the target 
audience, derived from cumulative insights, providing strategic guidance intended to inform practice 
broadly.  
 
Part 4 and Part 5 are presented as a ΨƎǳƛŘŀƴŎŜΩ ŦƻǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ /CbD - for any 
organisation at all scales in the WEFE nexus domains that would like to initiate a bottom-up 
ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ŏƻ-creation process for improved integrated management of WEFE resources. The 
target audience is water management organisations such as river basin organisations, including 
transboundary ones, water and environment ministries and water utilities. However, it should be 
noted that the CFNG can be adopted and led by stakeholders in other domains of the WEFE nexus 
(see Part 5 on Guidance for Outscaling).  
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3.2 Steps for the consolidation of the CFNG 
 
3.2.1 Approach 
 
UFZ systematically reviewed deliverables and milestones for each work package (WP) (see 3.2.2 Data 
Sources ς below) and documented:  

¶ Overarching steps and operationalisation of tasks (as specified in the Grant Agreement) 

¶ Challenges in implementing the tasks and learning lessons 
 
Based on this review, UFZ codified the step-by-step process of how tasks were implemented in each 
WP, in a clear manner that allows for replication by an external audience. Learning lessons specific to 
the implementation of a method were integrated directly into the step-by-step instructions. 
Therefore, each chapter in Part 4 of this deliverable captures the overarching workflow and 
methodologies applied within a WP (see table below), that were necessary to realise the CFNG.    
 

Chapter in Section 4 of D1.5  WP Methods and workflow   

Chapter 1: Understanding the stakeholder 
landscape 

WP5: Case study coordination 
WP6: Impact maximisation: communication, 
dissemination and exploitation of project results 

Chapter 2: Understanding the governance 
landscape 

WP1: Co-creation of WEFE nexus governance and 
water policy streamlining 

Chapter 3: Biophysical and Socio-economic 
Future Scenarios 

WP2: Biophysical-human modelling 

Chapter 4: System Dynamics Modelling WP3: Nexus System Thinking and Integration 

Chapter 5: Nexus Policy Assessment & 
Stakeholder Validated Policy Packages 

WP4: Nexus self-learning assessment engine 
development 

Chapter 6: Governance Roadmaps and 
Stakeholder Agreements 

WP1: Co-creation of WEFE nexus governance and 
water policy streamlining 

 
At the final Consortium General Assembly in Latvia in July 2025, a reflection session was hosted by 
WP1 and WP5 on the co-creation process. The topic focused on the quality of the process and how 
this influenced the achievement of outcomes and stated NXG objectives, as per the grant agreement. 
There were 4 World Café tables, with representatives from all WPs, and discussions on:  

¶ Policies identification, assessment and integration complexity science tools and the NEPAT 

¶ Development of SDMs  

¶ Integration of (forecast) data into the SDMs and the NEPAT 

¶ NEPAT and WEFE Footprint development 
 
The following questions structured the discussions:  
¶ What went well? What was missing? What needs to be improved?  
¶ What was achieved? To what degree did you achieve the objectives? What concrete results 

(outputs/outcomes) have you accomplished that support the objectives?  
 
These discussions created a space for domain experts to explain complex concepts underlying their 
work, challenges encountered in implementing methods and the overarching co-creation approach, 
and propose improvements. Feedback specific to each WP was incorporated into the respective 
chapters for this deliverable.  
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Also at the General Assembly, UFZ presented the NXG workflow (Figure 2) to validate the 
interlinkages of knowledge, inputs and outputs across WPs and the adoption of the phases - co-
explore, co-design, co-explore ς for the revised CFNG.  
 
Post-General Assembly, consortium partners in each WP subsequently reviewed the representation 
of their work in their respective chapters, making adjustments as needed and desired. They also 
commented on intersections of their work with those of other WPs, as detailed in other chapters.  
 
Broader lessons and reflections highlighting common, recurring themes from the implementation of 
the CFNG were extracted from selected deliverables, milestones, and other sources (see 3.2.2 Data 
Sources). These overarching, non-domain-specific lessons provide guidance for strategically 
designing and executing the CFNG to maximise impact and are summarized in Part 5 ς Guidelines for 
Outscaling, with feedback from all WPs integrated. 
 

3.2.2 Data Sources 
 
The step-by-step implementation of the CFNG and accompanying lessons learned have been 
documented in project deliverables, project reports, internal consortium meetings and exploitation 
activities. These sources of data are used to construct the revised CFNG and are presented in the 
tables below, which indicate the type of information that was extracted from those sources: 
 

¶ NXG project reports (milestones, deliverables): Tasks and methods implemented in the CFNG 
and consolidate the step-by-step codification (Table 1) 

 

¶ NXG inter- and intra-work package meeting notes: Challenges faced, adaptive management 
strategies implemented and lessons learned (Table 2) 

 

¶ NXG exploitation activities & outputs: Feedback from more science, policy, practice 
communities on CFNG & associated methods & tools (Table 3)  

 

Table 1: NXG project reports reviewed for consolidation of CFNG. These deliverables and 
milestones of the NXG project were directly reviewed by UFZ to consolidate, step-by-step, the 
revised CFNG.*document is not (yet) publicly available  

Document Topic Information & insights gathered 

WP1: Co-creation of WEFE nexus governance and water policy streamlining 

D1.1 
Co-creation framework 
for nexus governance 

Original co-creation framework proposed and 
implemented 

D1.2 
Governance & policy 
assessment in CSs 

Method for conducting the nexus governance 
assessment and policy coherence assessment 

D1.3* Policies for the SLNAE (NEPAT) 
Process for selection of policies to include in 
the SLNAE (NEPAT) 

D1.4* 
Governance roadmap 
& building blocks of a 
river contract in CSs 

Method for creating governance roadmaps 

https://nexogenesis.eu/wp-content/uploads/2023/10/Nexogenesis-Project-Deliverable-1.1-August-2022-1.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D1.2-Governance-and-policy-assessment-in-case-studies.pdf
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WP2: Biophysical-human modelling 

D2.1 

Document information & 
consolidated data available 
according to specific nexus 
dimensions from large repository 
& Inter- Comparison projects 

Explanation of global models and biophysical & 
socio-economic datasets 

D2.2 
Nexus data vector of biophysical 
data for each case study Downscaling methods and data used for case-

studies  
D2.4 Socioeconomic data at grid level 

D2.5 
Future Trends and 
Validation of biophysical data for 
uncertainty assessment 

Method for retrospective analysis & uncertainty 
assessment 

M7* 

Delivery of documentation 
reporting data and information 
available to specific Nexus 
dimension 

Explanation of global models and biophysical & 
socio-economic datasets 

M16* 
Interface of MagnetGrid with G-
RDEM and DEMETRA 

Method for downscaling of simulations  

WP3: Nexus System Thinking and Integration 

D3.1 
Conceptual models completed 
for all the case studies. 

Conceptual model methodology 

D3.2 
Final report on the complexity 
science & integration 
methodologies Explanation of systems dynamic modelling, 

chosen approach for SDMs 

D3.3 
Final report on application of 
biophysical models & stakeholder 
recommendations 

D3.4 

Complexity science models 
implemented for all CSs: 
Prototypes & explanatory 
report/manual for each CS 
methodology 

Method for developing causal loop diagrams 
and stock-and-flow diagrams 

D3.5 
Sensitivity & uncertainty analysis 
methodology 

Methods for uncertainty and sensitivity analysis  

D3.6 
Sensitivity/Uncertainty Analysis 
Report.  

D3.7 
Final report on the WEFE Nexus 
Index methodology & 
visualisation 

Conceptualisation & methodology  

WP4: Nexus self-learning assessment engine development 

https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.2-Nexus-data-vector-of-biophysical-data-for-each-case-study.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/NEXOGENESIS-D3.1-v2-Final.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.2-Final-report-on-the-complexity-science-and-integration-methodologies.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.3-Final-report-on-the-application-of-biophysical-models-and-stakeholder-recommendations.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.5-Sensitivity-and-uncertainty-analysis.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
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D4.1 
Self-learning nexus engine 
specifications & technical design  

¶ Theoretical background on using AI-agents 
for multi-objective problems 

 

¶ Design process for the NEPAT  
 

¶ Functionalities and capabilities of the NExus 
Policy Assessment Tool (NEPAT) 

D4.3 Simulation policy framework 

D4.4 
Core module of self-learning 
nexus engine 

D4.5 
Final version of the self- 
assessment nexus engine with 
corresponding validation (NEPAT) 

WP5: Case study coordination 

M2 *  Roadmap for CS work/activities 

Coordination activities across co-creation steps 
& methods which allow for smooth 
implementation of the framework and 
interaction across the WPs 

M5 * Internal communication strategy Case-study preparations for workshops 

M15, M23 
 

First & second intermediate 
reports on co-creation activities 
across all five CSs 

¶ Lessons learned from the implementation 
of stakeholder engagement strategy in CSs  
 

¶ ά{ǘƻǊƛŜǎ ƻŦ ŎƘŀƴƎŜέ ŦǊƻƳ ŎŀǎŜ-study leads. 

D 5.1 * 
Report on stakeholder 
engagement  

Stakeholder engagement methods and lessons 
learned from application in case-studies  

D 5.7 * 
Recommendations, experience, 
lessons learned from all CSs 

Recommendations for future projects seeking 
to engage stakeholders in co-creation activities  

WP6: Impact maximisation: communication, dissemination and exploitation of project results 

D 6.1 * Communication strategy 
Strategies & tools for supporting stakeholder 
engagement, raising awareness of nexus issues, 
maximizing project impact  

D6.8 
Internal and external exploitation 
workshop (first report). 

Challenges and strategies in improving the 
uptake of project outputs by stakeholders 
during and post-project and therefore, 
amplifying project impact D6.9 

Internal and external exploitation 
workshop (second report). 

https://nexogenesis.eu/wp-content/uploads/2023/10/D4.1.-Self-learning-nexus-engine-specifications-and-technical-design.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D4.3-Simulation-policy-framework.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D4.4-Core-module-of-the-NEPAT.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.5.-Final-version-of-the-self-assessment-nexus-engine-with-the-corresponding-validation_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D6.8-Internal-and-external-exploitation-workshop-first-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D6.9-Internal-and-external-exploitation-workshop-second-report.pdf
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D 6.11 Policy Impact strategy 

¶ Tactics for local policy impact 

¶ Stories of change from case-studies 

¶ Adaptive management of stakeholder 
engagement strategies 

D6.12 
Policy Brief 1: Mainstreaming the 
WEFE Nexus into Policy Making. 

Recommendations on implementation and 
outscaling a (WEFE) nexus-based governance 
approach in the EU policy landscape 

D6.13 * 
Policy Brief 2: Contribution to the 
EU Water Resilience Strategy  

D6.14* 

Policy Brief 3: Lessons from 5 
case studies to scale-up Smart 
WEFE Nexus Policies for a green 
& digital world 

WP7: Project Management and Coordination 

D7.4 * 
First project periodic 
report to the EC + review 
comments 

Internal reflection of accomplishments & 
challenges across different domain expertise 
and evolving recommendations for increasing 
policy impact through the CFNG 
 
External feedback on areas of strengths and 
improvements in methodologies and ideas of 
avenues for increasing policy impact 

D7.5 * 
Second project periodic 
report to the EC + review 
comments 

 
 

Table 2: NXG internal project meeting notes reviewed for consolidation of CFNG. These are internal 
WP and consortium-wide meeting notes which captured challenges faced, adaptive management 
strategies implemented and lessons learned throughout the project.  

Meeting WPs involved Information & insights gathered  

Consortium co-creation meetings 
(55 online meetings) 

All WPs 

Reflections on coordination of workflow, 
interdisciplinary knowledge exchange, adaptive 
management in response to evolving 
challenges, lessons learned 

Coordination workshops 
(3 in-person workshops hosted 
by KWR, UFZ, NTUA) 

WP1 & WP5 

General Assemblies  
(4 in-person meetings hosted by 
BEF, UNT, BDG, BEF) 

All WPs 

https://nexogenesis.eu/wp-content/uploads/2023/10/NEXOGENESIS_D6.11-Policy-Impact-Strategy-20230414_rev.pdf
https://nexogenesis.eu/wp-content/uploads/2025/01/NXG-FC1-WEFE-Nexus_.pdf


D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

23 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

Official Interim Reporting Review 
Meetings with EU Project Officer 

All WPs 

Internal reflection of accomplishments & 
challenges across domain expertise and 
evolving recommendations for increasing policy 
impact through the CFNG 
 
External feedback on areas of strengths and 
improvements in methodologies and ideas of 
avenues for increasing policy impact 

WP5 internal (online) meetings Internal WP5 
Challenges & lessons learned on case-study 
activities 

WP3 internal (online) meetings 
WP3 + WP1, 
WP5 Challenges & lessons learned on method 

development & implementation 
WP4 internal (online) meetings 

WP4 + WP1, 
WP5 

 

Table 3: NXG exploitation activities and outputs informing the consolidation of CFNG. These are 
events, publications and media from which project activities were documented and feedback about 
project work was gathered from an external audience.  

Activity / Output 
WPs 
involved 

Information & insights gathered  

External events: Dresden Nexus 
Conference (2025), Water Europe 
BlueDeal 2025 Conference (2025), 
GoNexus Final Conference (2025) 

All WPs 
Feedback from science, policy, practice 
communities on CFNG and its associated 
methods & tools 

NXG Videos All WPs 
Reflections from consortium on CFNG 
implementation 

Selected publications (scientific 
and grey) 

All WPs Methodologies applied in CFNG 

 
 

3.3 Results & Reflections 
 
Two overarching conclusions emerged from our reflections, regarding the structure of the CFNG: 
 
Conclusion 1: The original conception of the NXG workflow, which is the backbone of the CFNG, was 
methodologically sound. There was coherence in the interdisciplinary interlinkages of the methods, 
inputs and outputs. Because of this, the workflow also delivered on stated objectives. Therefore, no 
ΨǎǘǊǳŎǘǳǊŀƭΩ ŎƘŀƴƎŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘΤ ƻƴƭȅ ǎƻƳŜ ǇǊƻŎŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘǎ for efficiency and impact. 
Accordingly, we have presented the workflow as was originally described in the CFNG of D1.1 (and 
therefore also aligned with the grant agreement).  
 

https://www.youtube.com/@nexogenesis4209/videos
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Conclusion 2: The CFNG was named and communicated in two different ways in WP1 and WP5, 
which led to bouts of miscommunications when planning the next stages of activities. In WP1, the 
CFNG is documented as in D1.1 as άBuilding Blocksέ with a governance focus and in WP5, the CFNG 
is documented in D5.1 as άCo-Creationέ ŀƴŘ ƛǎ ǎǘŀƪŜƘƻƭŘŜǊ ŜƴƎŀƎŜƳŜƴǘ ŦƻŎǳǎŜŘΦ From this, some 
additional observations came to light:  
 

¶ Both approaches structured the implementation of the CFNG in phases 
 

¶ The approaches complemented each other, with the same steps for the implementation of 
the CFNG; however, they partitioned the steps into the implementation phases differently 

 
To try to reconcile the approaches, we conducted an exercise of listing all steps in the Building Blocks 
approach, as documented in D1.1, according to their phase. We then mapped these steps to their 
corresponding in the Co-creation approach as document in D5.1. Table 4 below shows the results of 
the mapping exercise.  
 

Table 4: Mapping of building blocks and co-creation approaches. 

CƛǾŜ ά.ǳƛƭŘƛƴƎ .ƭƻŎƪǎέ ŦǊŀƳŜǿƻǊƪ όƳŜǘƘƻŘǎ ϧ ǘƻƻƭǎύ 
Equivalent phase of  
ά/ƻ-ŎǊŜŀǘƛƻƴέ ŦǊŀƳŜǿƻǊƪ 

1: Preparing the stakeholders´ co-creation process: stakeholder identification and analysis; 

     Stakeholder identification Co-explore 

     Stakeholder analysis Co-explore  

     Stakeholder engagement plan Co-explore  

2: Initiating the stakeholders' co-creation process: awareness raising, setting the stage and data 
collection; 

    Raise awareness of project Co-explore  

    Set stage for collaboration (project team & stakeholders) Co-explore  

    Policy Coherence Assessment Co-explore  

    Policy Inventory  Co-explore  

    Conceptual maps for SDMs Co-design 

    Biophysical & socioeconomic data inventory  Co-explore 

    Nexus Governance Assessment Co-explore  

3: Facilitating the stakeholders´ co-creation process: stakeholder engagement plan, 
management and sustainment for trust building and social learning throughout the project; 

    Stakeholder engagement plan (adaptions) Co-design, Co-develop  

4: Developing the stakeholders´ co-creation content: designing an action plan and ensuring 
coordination with existing policies; 

    Validated policy inventory Co-explore  

    Validated policy coherence assessment Co-explore  

    Validated Nexus Governance Assessment Co-explore  

    tǊŜƭƛƳƛƴŀǊȅ ϧ ǾŀƭƛŘŀǘŜŘ άǇƻƭƛŎȅ ǇŀŎƪŀƎŜǎέ ǘƻ ƛƴǇǳǘ ƛƴǘƻ b9t!¢ Co-design 

    Validated SDM conceptual maps & causal loop diagrams Co-design 

    Validated datasets for SDMs Co-explore 

    Vision of common goals for project & river basin Co-explore, co-design  
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    Governance roadmap (preliminary & validated) Co-develop 

    Stakeholder validated policy packages Co-develop 

   Stakeholder agreement (stakeholder validated policy packages, 
   governance roadmaps, action plan)  

Co-develop 

    Indicators for SDMs & WEFE Footprint (preliminary & validated) Co-explore 

    Customisation of NEPAT user interface  Co-design 

5: Implementing the stakeholders´ agreement: fostering stakeholders´ ownership of the action 
plan, and monitoring of the planned implementation. 

     Stakeholder Agreement (action plan, roadmaps)  Co-develop 

 
From this mapping exercise, the following observations 
 

¶ The Building Blocks frame had a bit of redundancy in steps within the NXG workflow, thereby 
making it difficult to follow and communicate (for an external audience)  

 

¶ The Co-Creation frame had a slightly clearer partitioning of steps within the NXG workflow, 
with some (expected) overlap during transition between the phases. 

 
We decided to ŀǇǇƭȅ ǘƘŜ ΨŎƻ-ŎǊŜŀǘƛƻƴΩ ŀǇǇǊƻŀŎƘ for communicating the revised CFNG for the 
following reasons:  
 

¶ It is divided into only three phases (vs. 5 phases of the building blocks approach) - which 
makes it easier to understand. This reduces potential for confusion in project coordination 
and communication activities. 

 

¶ The terminology (co-explore, co-design, co-develop) aligns with the co-creation theme, 
thereby creating coherency in communication to stakeholders and to the science-policy-
practice community. 

 
Accordingly, Figure 2 below presents the validated NXG workflow and how it is framed within the Co-
Creation phases.  
 



Figure 2: Co-Creation Framework for Nexus Governance  
The workflow of the CFNG, illustrating how the interdisciplinary work and outputs were interlinked to produce stakeholder validated tools for improved nexus 
governance.  [Figure: Sabina J. Khan (Helmholtz Centre for Environmental Research UFZ), Blaine Haupt (Jones & Wagener Consulting) and the NEXOGENESIS 
project team, 2025] 
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Summary guide on how to read the revised CFNG presented in Part 4 of this document:  
 

¶ Ψ.ǳƛƭŘƛƴƎ ōƭƻŎƪǎΩ ǘŜǊƳƛƴƻƭƻƎȅ ƛǎ ƴƻǘ ǳǎŜŘ όŀǎ ƛǘ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ƛƴ 5мΦмύ 
 

¶ Co-creation (co-explore, co-design, co-develop) terminology is now exclusively used 
 

¶ Overarching content and workflow of the initial CFNG (as per D1.1) remains the same, but is 
now partitioned / organised according to the phases of co-explore, co-design, co-develop 

 

¶ The original NXG pipeline workflow of linkages between interdependent methods, inputs 
and outputs (as proposed in the Grant Agreement) remains the same 

 

¶ It provides a condensed version of the steps implemented in the CFNG, with differing levels 
of explanation and detail as required depending on the complexity of the topic.  
 

¶ Methodological aspects of the CFNG which are highly complex and extensive (e.g., 
downscaling of global datasets) are not fully described step-by-step; instead, in certain 
instances, the respective NXG Deliverable is referred 
 

¶ The step-by-step development of the NEPAT and WEFE Footprint Index are not included: 
 

o Such details fall under protection of intellectual property rights; and  
 

o The guidance is developed under the assumption that the use of the CFNG in future 
projects will be accompanied with the use of the NEPAT and the WEFE Footprint 
Index. Therefore, this would not entail building of a new AI engine or nexus index.  

 

¶ Some case-study examples are provided, though not in great detail; the focus is on 
presenting the revised framework. Case-study results are presented in greater detail in all 
previous deliverables. 
 

¶ The ŎƻƴǘŜƴǘ ƛǎ ǿǊƛǘǘŜƴ ƛƴ ǘƘŜ ǎǘȅƭŜ ŀƴŘ ǘƻƴŜ ƻŦ ŀ ΨƎǳƛŘŜōƻƻƪΩ - prioritising clarity, practicality, 
and accessibility for practitioners and policymakers to support real-world application. It 
assumes a target audience ǿƛǘƘ ΨƳŜŘƛǳƳ ƭŜǾŜƭΩ όƴƻǘ ƭŀȅƳŜƴΣ ƴƻǘ ŜȄǇŜǊǘύ ŦŀƳƛƭƛŀǊƛǘȅ ǿƛǘƘ ŜŀŎƘ 
of the topic (data, models, artificial intelligence, policy, communications, stakeholder 
engagement). Part 4 and Part 5 will be used to produce a forthcoming professional 
guidebook for dissemination by case-studies and partners.  
 

¶ The following terms in the NXG grant agreement have been slightly (and in some cases, 
unofficially) modified only for the purposes of improving simplicity and clarity for the target 
audience, based on our learning lessons (Table 5 below).  
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Table 5: Terminology in NEXOGENESIS grant agreement modified in Deliverable 1.5  

Grant 
Agreement  

Term in Part 4 Notes 

SLNAE 
NExus Policy 
Assessment Tool 
(NEPAT) 

This was a change officially approved for the project 
in 2024 and therefore continued use in this 
deliverable.  

River Contracts 
Stakeholder 
Agreements 

This was a change officially approved for the project 
in 2024 and therefore continued use in this 
deliverable. 

User-Validated 
Policy 
Packages 
(UVPP) 

Stakeholder Validated 
Policy Packages (SVPP) 

SVPP aligns more closely with the concept of 
stakeholder co-creation, and thus avoids introducing 
ŀ ƴŜǿ ǘŜǊƳ ǎǳŎƘ ŀǎ άǳǎŜǊΦέ ¢ƘŜ ǘŜǊƳ άǳǎŜǊέ ƛǎ ƳƻǊŜ 
appropriately applied to those who utilize the 
validated policies, regardless of whether they 
participated in the co-creation process partially or 
ŦǳƭƭȅΦ Lƴ ŎƻƴǘǊŀǎǘΣ άǎǘŀƪŜƘƻƭŘŜǊέ ǎǇŜŎƛŦƛŎŀƭƭȅ ǊŜŦŜǊǎ ǘƻ 
the actors who actively participated in the co-
creation process, making it a more precise and 
accurate descriptor. 

Validated 
Policy Package 

Policy Portfolio 

These refer to the comprehensive set of policies that 
are first selected as inputs for NEPAT to conduct the 
policy assessments. Although these policies were 
also validated by stakeholders, it is important to 
distinguish this initial validated set from the SVPP. 
Using similar terminology for both has caused 
confusion, as experienced within our consortium. 
¢ƘŜ ǘŜǊƳ άtƻƭƛŎȅ tƻǊǘŦƻƭƛƻέ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ŀŘƻǇǘŜŘ ǘƻ 
designate this master set, as it aligns well with the 
ŎƻƴŎŜǇǘ ƻŦ ŀ άtƻƭƛŎȅ tŀŎƪŀƎŜΣέ ǿƘŜǊŜ ǎǇŜŎƛŦƛŎ ǇƻƭƛŎȅ 
packages can be drawn from the broader policy 
portfolio. 
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Part 4. Guidance for a consolidated co-creation 
framework for nexus governance  
 
*NB: A reminder that Part 4 is written in the style of a guidebook. It will be extracted as is, and 
slightly modified (improved upon), to be published as a professional guidebook forthcoming in 2025.  
 

4.1 Introduction to the co-creation framework for 
nexus governance 
 
 

Interdisciplinarity & Transdisciplinarity 
 
The CFNG embeds an inter- ŀƴŘ ǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘΣ ŀƭƛƎƴŜŘ ǿƛǘƘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎŎƛŜƴŎŜΩǎ ŎƻǊŜ 
aim to engage beyond traditional scientific boundaries. Transdisciplinary research is understood as 
άŀ ŦŀŎƛƭƛǘŀǘŜŘ ǇǊƻŎŜǎǎ ƻŦ Ƴǳǘǳŀƭ ƭŜŀǊƴƛƴƎ ōŜǘǿŜŜƴ ǎŎƛŜƴŎŜ ŀƴŘ ǎƻŎƛŜǘȅέ (Scholz & Steiner, 2015). It 
links interdisciplinary research with multi-stakeholder dialogue focused on real-world problems, 
through participatory processes.  
 
Following Scholz and Steiner (2015), interdisciplinarity combines knowledge across scientific 
disciplines, while transdisciplinarity goes further by integrating scientific and experiential knowledge. 
In practice, this involves close collaboration with stakŜƘƻƭŘŜǊǎ ǘƻ ŦƻǎǘŜǊ άǾŜǊǘƛŎŀƭ ƭŜŀǊƴƛƴƎέ ōŜǘǿŜŜƴ 
ǊŜǎŜŀǊŎƘŜǊǎ ŀƴŘ ƭƻŎŀƭ ŀŎǘƻǊǎΣ ŀǎ ǿŜƭƭ ŀǎ άƘƻǊƛȊƻƴǘŀƭ ƭŜŀǊƴƛƴƎέ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ƭƻŎŀǘƛƻƴǎ ŀƴŘ ƎǊƻǳǇǎΦ 
Participatory processes range from top-down methodsτsuch as information sharing and 
consultationτto bottom-up collaboration, including deliberation, co-design, co-production, and joint 
decision-making (Reed et al., 2018). 
 

Co-Creation Approach 
 
Transdisciplinary co-production of knowledge is an essential modus operandi for generating rigorous, 
relevant, legitimate and actionable policy solutions. To this end, the CFNG applies a structured co-
creation logic, unfolding across three phases: Co-Exploration, Co-Design, and Co-Development (IAP2 
2018; Bojovic et al. 2021).  
 
1st Phase ς Co-exploration: Building understanding & foundations for collaboration 
 
This phase begins by building mutual understanding across sectoral stakeholder groups. Relevant 
stakeholders are identified, their relationships mapped, and their diverse expectations, needs, and 
capacities related to the WEFE nexus are surfaced. Consultative activities combine context mapping 
with exploratory dialogue to understand the socio-environmental and policy landscape, uncover 
perceived challenges and opportunities, and clarify stakeholder concerns and aspirations regarding 
specific technical or governance issues. 
 
Information- and awareness-ǊŀƛǎƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ŀƭƛƎƴ ƭƻŎŀƭ ǇŜǊǎǇŜŎǘƛǾŜǎ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ǝƻŀƭǎ ŀƴŘ 
create conditions for meaningful cross-sectoral dialogue. Key objectives include introducing 
stakeholders to the project, gathering early insights, and establishing a shared understanding of 
WEFE system dynamics. This phase also involves identifying relevant problems, socio-economic and 
environmental risks, existing policies and governance structures along with their gaps, and collecting 
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critical socio-economic, biophysical, and policy data. The resulting project roadmap and stakeholder 
engagement strategy will guide subsequent activities. 
 
The technical work focuses on collecting and harmonizing nexus data to characterize physical, 
environmental, and socio-economic components under current and future climate scenarios. Data 
will support model design and stakeholder engagement, enabling analysis of biophysical-human 
interactions. Common reference scenarios and standardized data structures facilitate comparability 
across case studies, while spatial and temporal resolution is tailored to local needs. Biophysical data 
is validated and calibrated against retrospective analyses and local statistics to ensure relevance for 
each case study.  
 
2nd Phase ς Co-design: stakeholders shaping the scope & content of co-creation process 
 
This phase shifts toward consultation and active involvement, where stakeholders help shape the 
development of technical contentτsuch as data, models, indicators, and scenariosτby co-framing 
the problem space, validating assumptions, and providing feedback. It emphasises joint learning, 
ensuring stakeholder knowledge, perspectives, and values are reflected in final outputs. Feedback 
loops between technical teams and local actors enhance the relevance and legitimacy of outcomes. 
 
Stakeholder input is tangibly integrated into early project outputs, including indicator frameworks, 
modelling assumptions, and policy packages. Engagement expands to include both grassroots actors 
and institutional decision-makers, ensuring outputs are informed by a broad range of expertise and 
perspectives.  
 
The technical work focuses on developing qualitative and quantitative complexity science models, 
based on expert and stakeholder input and using nexus data characterising current and future 
projections. Models are applied to simulate multiple scenarios, with outputs informing the WEFE 
nexus footprint as a comprehensive methodology for evaluating case study baselines and policy 
interventions. These models also provide essential data for AI-driven assessment tools. 
 
3rd Phase ς Co-Development: Validating Outputs & Implementation Pathways 
 
This phase represents the most intensive stage of stakeholder engagement, focusing on 
collaboration and, where possible, empowerment. It centers on the joint development and 
evaluation of solutionsτsuch as policy packages, institutional pathways, and transformation 
roadmapsτwith the goal of enabling long-term, whole-of-society shifts in WEFE nexus governance.  
 
Stakeholders use the NExus Policy Assessment Tool, an artificial intelligence engine that combines 
agent-based modeling with reinforcement learning to evaluate policies and identify optimal policy 
combinations to meet multiple WEFE goals under different scenarios. Stakeholders participate in 
collaborative decision-making to identify preferred options, co-design innovative approaches, and 
define implementation strategies. In some contexts, this process evolves into stakeholder 
empowerment, where participants assume ownership over decisions and actions, particularly when 
they have both the capacity and legitimacy to do so (Mauser et al., 2013). 
 
This approach supports immediate action while laying the groundwork for institutionalization beyond 
ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘǳǊŀǘƛƻƴΦ /ƭŜŀǊΣ Ǉƻǎǘ-project roadmaps foster continuity, and stakeholders can lead or 
co-lead implementation efforts wherever feasible. Key elements of this phase include collaborative 
decision-making on technical and policy alternatives, stakeholder-led innovation in designing and 
refining solutions, and shared ownership of outputs such as tools and roadmaps. 
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Together, the three stages form a structured pathway for co-creation, allowing stakeholder 
engagement to evolve from awareness and problem understanding, through design and testing, to 
action and transformation. Figures 3 and 4 illustrate how CFNG methods and tools are framed within 
the co-creation process and how interactions between project team members and stakeholders are 
implemented throughout the project. 
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Figure 3. Co-Creation Framework for Nexus Governance 
The workflow of the CFNG, illustrating how the interdisciplinary work and outputs were interlinked to produce stakeholder validated tools for improved nexus governance ς 
within a co-creation approach (co-explore, co-design, co-develop) [Figure: Sabina J. Khan (Helmholtz Centre for Environmental Research UFZ), Blaine Haupt (Jones & 
Wagener Consulting) and the NEXOGENESIS project team, 2025] 



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

33 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

Figure 4: Implementation sequence for co-creation activities. ¢ƘŜ ƻǾŜǊŀǊŎƘƛƴƎ ǎŜǉǳŜƴŎŜ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ǘƻ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ /CbDΦ ΨtǊƻƧŜŎǘ ǘŜŀƳ Ŏƻ-
ŎǊŜŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎΩ ŀǊŜ ǘƘƻǎŜ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŜȄŎƘŀƴƎŜǎ ǊŜǉǳƛǊŜŘ ōŜǘǿŜŜƴ ǘƘŜ domain experts on the team. Stakeholder co-creation activities are 
transdisciplinary exchanges between the project team and stakeholders. [Figure: Sabina J. Khan (Helmholtz Centre for Environmental Research UFZ, 2025)] 
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4.2 Section 1: Co-explore phase 
 
This phase builds mutual understanding between stakeholders and the project team, generates early 
insights, and establishes a shared view of system dynamics while mapping knowledge gaps. It 
explores the socio-environmental and policy landscape, identifies nexus interlinkages, collects critical 
data, and develops a stakeholder engagement strategy to support cross-sectoral dialogue and 
ŎƻƭƭŀōƻǊŀǘƛƻƴΦ Lǘ ŀƭǎƻ ŎƭŀǊƛŦƛŜǎ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎΣ ǘƘŜƛǊ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ǘƻƻƭǎΣ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ǘƻ 
contribute ς and transforms this into a stakeholder engagement plan.  
 

4.2.1 Chapter 1 - Understanding the Stakeholder Landscape  
 
This chapter provides an overview of how to design, implement and evaluate a stakeholder 
engagement (SHE) process for the CFNG as described in detail in D5.1: Report of Stakeholder 
Engagement. The section here is a short summary of how the SHE process was carried out in NXG. 
 

{I9 ƛǎ ƛŘŜŀƭƭȅ ŀƛƳŜŘ ŀǘ ŜƴŀōƭƛƴƎ full systemic empowerment, nurturing the capacities, networks, and 
governance pathways that can carry forward the nexus vision over the long-term. In the NXG 
framework, SHE ǇǊƻŎŜǎǎŜǎ ǎǳǇǇƻǊǘǎ ŎƻπŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ƭŜǾŜǊŀƎƛƴƎ ŎƻƳǇƭŜȄƛǘȅ ǎŎƛŜƴŎŜ ǘƻƻƭǎ ŀƴŘ 
ŀǊǝŬŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ōȅ ǇǊƻƳƻǝƴƎ ƻƴƎƻƛƴƎ ŘƛŀƭƻƎǳŜ ōŜǘǿŜŜƴ ǎǘŀƪŜƘƻƭŘŜǊǎ 
ŀŎǊƻǎǎ ǎŎƛŜƴŎŜΣ ǇƻƭƛŎȅΣ ǇǊŀŎǝŎŜ ŀƴŘ ǎƻŎƛŜǘȅΦ  
 
{ǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ ŘŜŦƛƴŜŘ ƘŜǊŜ ŀǎ άindividuals, groups and organizations who are affected by or can 
affect those parts of the phenomenon (this may include non-human and non-living entities and future 
generations)έ όwŜŜŘ Ŝǘ ŀƭΦ нллфύΦ ¢ƘŜǊŜŦƻǊŜΣ ǿƛǘƘƛƴ ǘƘŜ /CbDΣ ǘƘŜ ƭƻŎŀƭ ǇǊƻƧŜŎǘ όŎŀǎŜ-study) team are 
also considered stakeholders.  
 
The SHE process explores the stakeholder landscape to identify who should be engaged how, when, 
and in which activities. This analysis is consolidated into a SHE plan, which is evaluated at regular 
intervals (i.e., at the transition points between the three co-creation phases: co-exploration, co-
design, co-development) and revised to reflect changes to the engagement aims and strategies due 
to changing realities, contextual challenges and stakeholder expectations. The SHE process is 
iterative and is divided into five cohesive steps, as illustrated in Figure 5 and Table 6.  
 
Stakeholder engagement offers significant added value to the project by addressing multiple key 
aims. It helps cover existing knowledge gaps by incorporating diverse perspectives and local 
expertise. Engagement raises critical issues, particularly regarding synergies and trade-offs in the 
implementation of policies and actions related to nexus sector management and resource allocation. 
It also supports the assessment of current practices and policies to evaluate their effectiveness in 
real-world contexts. Finally, stakeholder input is essential for proposing future policy measures and 
actions that reinforce resilience, especially by factoring in the anticipated impacts of climate change. 
 
The CFNG apply some principles of stakeholder engagement from sustainability science, participatory 
research and international best practices, as follows (Adapted from: de Vente et al., 2016; Reed et al., 
2014; Ψ{ǘŀƪŜƘƻƭŘŜǊ 9ƴƎŀƎŜƳŜƴǘΥ ! DƻƻŘ tǊŀŎǘƛŎŜ IŀƴŘōƻƻƪ ŦƻǊ /ƻƳǇŀƴƛŜǎ 5ƻƛƴƎ .Ω ƴΦŘΦύΥ  
 

¶ Commitment: Demonstrated when the need to understand, engage and identify the 
community is recognised and acted upon early in the process; 
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¶ Integrity: Occurs when engagement is conducted in a manner that fosters mutual respect 
and trust; 

 

¶ Respect: Created when the rights, cultural beliefs, values and interests of stakeholders and 
neighbouring communities are recognised; 

 

¶ Transparency: Demonstrated when community concerns are responded to in a timely, open 
and effective manner; 

 

¶ Inclusiveness: Achieved when broad participation is encouraged and supported by 
appropriate participation opportunities; and 

 

¶ Trust-building: Achieved through open and meaningful dialogue that respects and upholds a 
ŎƻƳƳǳƴƛǘȅΩǎ ōŜƭƛŜŦǎΣ ǾŀƭǳŜǎ ŀƴŘ ƻǇƛƴƛƻƴǎΦ 

 
 
 
 
 

Table 6:  Steps in the stakeholder engagement process. (Avellán et al. 2025 ς NXG D5.1 - Report 
on Stakeholder Engagement ς link available in October 2025) 

Stakeholder engagement 
aims 

Defining expectations and communicating to the stakeholders their 
role in the co-creation process 

Stakeholder analysis Identification of who should be involved when, where and how 

Stakeholder engagement 
plan 

!ǎǎŜǎǎŜǎ ǘƘŜ {IΩǎ ƛƴǘŜǊŜǎǘ ǘƻ ƛŘŜƴǘƛŦȅ incentives and benefits that can 
drive their engagement 

Stakeholder 
management & 
sustainment 

How to maintain this interest and engagement of the SH throughout 
ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ŀƴŘ Ƙƻǿ ǘƻ ǎǳǎǘŀƛƴ ǘƘŜ {IΩǎ ŜƴƎŀƎŜƳŜƴǘ 
beyond the lifetime of the project 

CƛƎǳǊŜ рΥ Steps in the stakeholder 
engagement process. The SHE process 

explores the stakeholder landscape to 
identify who should be engaged how, 
when, and in which activities. The SHE 
process is iterative and is divided into 

five cohesive steps. (Figure: (Avellán et 
al. 2025 - Deliverable 5.1 - Report on 
Stakeholder Engagement ς link 
available in October 2025) 
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STEPS IN THE STAKEHOLDER ENGAGEMENT PROCESS 
 

Step 1: Define stakeholder engagement aims 
 
Clear aims for engagement give a frame and a sense of clarity for the co-creation process (Table 7). 
Before setting aims, it is important to differentiate between the aims and points of views of the 
project (top-down) and the stakeholders (bottom-up). This distinction is important for clear 
communication, as there are two types of messages to be delivered: (a) general message delivered 
ŦǊƻƳ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ όǘƻǇ-down); and (b) case-study specific messages related to the on-
ground realities of stakeholders (bottom-up).  
 

Table 7: Aim of stakeholder engagement per co-creation phase. General aims of stakeholder 
engagement across the co-creation phases. (Source: Avellán et al. 2025 - D5.1 - Report on 
Stakeholder Engagement - link available in October 2025) 

Co-Creation 
Phase 

Aim of stakeholder engagement activities 

Co-explore 

¶ Establish a strong foundation of mutual understanding 

¶ Identify key actors, relationship dynamics and varying stakeholder expectations 
across the nexus 

¶ Initiate trust-building and alignment of local perspectives with project goals 

Co-design 
ω Diversify engagement formats, strengthen communication, expand reach to 

grassroots & institutional actors 
ω Clarify the policy relevance of tools & integrate SH input into technical outputs  

Co-develop 

ω Deepen trust and (social) learning  
ω Empower certain stakeholder groups through tailored outreach and engagement 

formats 
ω Participatory development & improvement of tools and results 

 
Both the project team and the stakeholders must define these aims in line with the three types of 
knowledge (system, target, transformation) (Table 8) that are co-produced within the CFNG. This 
acts as a benchmark for evaluating the effectiveness of SHE in the co-creation process and supports 
adaptative management. Table 9 shows the mapping of the stakeholder engagement aims per type 
of co-created knowledge, that was identified by the case-studies in the NXG project.  
 

Table 8: Types of co-created knowledge (ProClim 1997) 

Stakeholder process 
evaluation 

Evaluating the participatory process and its effects on the project and 
achievement of objectives 
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System 
Knowledge about the current state of the real-world situation (natural and human 
systems) and its context; helps assess causes of change, evaluate the extent of 
problems, and determine the effects of interventions. 

Target 
Knowledge about desirable future states of the real-world situation (i.e., goals, 
visions, etc.); helps guide decision-making by articulating what society wants to 
achieve in terms of sustainability. 

Transformation 
Knowledge about the pathways to get from the current to the desired target state; 
supports implementation of political and socio-economic strategies for change, 
innovation, and decision-making towards target.  

 
 

Table 9. Examples of aims for co-creation per type of co-produced knowledge. These are 
examples of the aims for co-creation per type of co-produced knowledge that were identified by 
the case-study leads and stakeholders in the NEXOGENESIS project; similar or different, and more 
or less aims may be identified for other projects. (Source: Avellán et al. 2025 - D5.1 - Report on 
Stakeholder Engagement ς link available in October 2025) 

S
y
s
te

m
 k

n
o

w
le

d
g

e 

Deepen understanding of WEFE nexus problems (e.g., water scarcity) and identify 
pressures and critical WEFE nexus interlinkages 

Characterise (social, economic, ecological, and institutional) context 

Understand the institutional, organisational and political context and river basin 
management plans (incl. neighbouring countries) 

Identify conflicts/synergies between Stakeholders as well as actions and strategies 

Get data for model development 

T
a

rg
e
t 
kn

o
w

le
d

g
e 

Know about future expectations/perspectives (in general and for assessment tools) 

Determine solutions/systems (and their drivers) that balance sectors 

Diffuse conflicts between sectors (e.g., through the use of a common language) 

Raise awareness of water as a depleting resource 

Gain knowledge on required infrastructural improvements 

T
ra

n
s
fo

rm
a

ti
o

n
 

kn
o

w
le

d
g

e Develop and implement formal agreements and aligned policies for a coordinated river 
basin management 

Design of pathways to enhance awareness of (water) resources management 
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Co-design and co-validate NXG tools and build capacity to use the NXG tools 

Identify relevant WEFE Nexus components and indicators 

Improve communication between stakeholders and break silos 

Determine the requirements to invest in infrastructure 

 
 

Step 2: Conduct a stakeholder analysis  
 
A stakeholder analysis includes three steps (Reed et al. 2009): (1) Stakeholder identification; (2) 
Stakeholder categorisation and differentiation; and (3) Defining stakeholder relationships. Figure 6 
provides an overview of the analysis and its substeps.  
 
Figure 6: Stakeholder analysis sub-steps. Based on Reed et al. (2009), these are the sub-steps to 
conducting a stakeholder analysis, indicating the methods chosen in the NXG project. (Figure: Avellán 
et al. 2025 - D5.1 - Report on Stakeholder Engagement ς link available in October 2025) 
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Stakeholder identification 
 

In this step, ŀ Stakeholder Registers created, in which there is a listing, collecting, and storing basic 
information about people, entities or organisations that are affected by or affect the project. This 
enables identifying the aim and type of connection with the stakeholders, i.e., who should be 
involved when, where and how. 
 
Stakeholder mapping usually entails applying the following criteria: position, importance and reach 
across the governance landscape, influence and impact on the project outcomes, legitimacy across 
different constituencies and stakeholder groups, priority for engagement and interest in project 
work. A ŘŜǎƪ ŀǎǎŜǎǎƳŜƴǘ όŦǊƻƳ ǇǳōƭƛŎ ǎƻǳǊŎŜǎύ Ŏŀƴ ǇǊƻǾƛŘŜ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ƭƛǎǘ ōŀǎŜŘ ƻŦ ΨƻōǾƛƻǳǎΩ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ōŀǎŜŘ ƻƴ the subjective perception of the project team, their ŎŀǘŜƎƻǊƛȊŀǝƻƴ 
ǊŜƭŀǝƻƴǎƘƛǇǎ όǎŜŜ ǎǘŜǇ н ōŜƭƻǿύΦ CǊƻƳ ǘƘŜǊŜΣ using a snowball sampling technique, the identified 
stakeholders would be asked to suggest new stakeholders who could or should be involved. CƛŜƭŘ 
ǿƻǊƪ ŀƭƭƻǿǎ ƛŘŜƴǝŦȅƛƴƎ ƭŜǎǎ ƻōǾƛƻǳǎ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ǘƘŜƛǊ ǊŜƭŀǝƻƴǎƘƛǇ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘ όŜΦƎΦΣ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ǿƛǘƘ ŜȄǇŜǊǝǎŜ ƛƴ ƳƻŘŜƭƭƛƴƎΣ Řŀǘŀ, ǇƻƭƛŎȅΣ ŜǘŎΦύΦ A final SH register and categorisation is 
compiled by comparing and combining the results of the three techniques. The register should be 
regularly revised and updated to include changes in the number and categorisation of Stakeholders. 
This revision process could coincide with scheduled reviews of the SHE plans. Appendix 1 provides 
some stakeholder categorisation.  
 
There can be an interdependent relation between defining the aim of stakeholder engagement and 
identifying relevant stakeholders: as stakeholders are identified according to the aim, they also help 
(re-)define the aim. Hence, the importance of a regular update of the register for this iterative 
process. Strong iteration is possible at the beginning of an initiative, but the aim should be set at the 
earliest stage possible with as little few changes throughout the duration of the work. Nonetheless, if 
changes to the aim changes need to occur, because the context has shifted or new needs arise, this 
needs to be accounted for and made transparent.    
 
Consent to be placed included in the SH register should be actively sought. A Privacy Policy Consent 
Form should be created to explicitly record consent and stakeholders should receive the contact of a 
person in the project who is responsible for data management, should they wish to see, change or 
retract the information collected.  
 
Stakeholder categorisation and differentiation 
 
The categorisation and differentiation of stakeholders help characterising the stakeholder landscape 
to prioritise which stakeholders will be engaged in the engagement phases and how they will be 
engaged.  
 

a. Stakeholders are categorized in tiers (also recorded in the register), which specifies the type of 
engagement to be applied.  

 
Tier 1:  Stakeholders who are relevant to steering and managing the nexus issues at hand, and 

therefore, should be directly engaged in the development of the project outputs (e.g. 
models, analysis and validation of policy packages, etc.). There should be 
representation of all WEFE domains for a robust nexus approach.  

 
Tier 2:  A wider constellation of stakeholders with an interest or influence in the application of 

project results and products.  
 
Tier 3:  A wide group of stakeholders with a general interest in the project.  



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

42 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

 
¢ƘŜȅ Ŏŀƴ ōŜ ŦǳǊǘƘŜǊ ŎŀǘŜƎƻǊƛǎŜŘ ǘƻ ƘŜƭǇ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳ ΨǘƘƛƴƪ ƻǳǘǎƛŘŜ ǘƘŜ ōƻȄΩ ƻǊ ōŜȅƻƴŘ ǘƘŜ Ψǳǎǳŀƭ 
ǎǳǎǇŜŎǘǎΩΣ ǘƘŜǊŜōȅ ŜȄǇŀƴŘƛƴƎ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ƭƛǎǘ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛŘŜƴǘƛŦƛŜŘΦ CƻǊ ŀƴ ƛƴƛǘƛŀƭ ǎǘŀƪŜƘƻƭŘŜǊ 
identification, the focus can be on Stakeholders in Tier 1, with some hints on stakeholders in Tier 2 
and Tier 3, but in principle, stakeholders across all Tiers are identified. Appendix 1 presents 
categories that may be used, a brief description of each, and examples. Other categories may be 
added to the list as determined by the project team. 
 

b. Relate the tiers to different levels of engagement: information, consultation, involvement, 
collaboration, empowerment. See Figure 7 below.  
 
Figure 7. Relation of stakeholder tiers to engagement levels to knowledge co-produced. 
(Figure: adapted from Avellán et al. 2025 ς NXG D 5.1 - Report on Stakeholder Engagement ς 
link available in October 2025) 

 

 
c. Create a power ς interest map (also known as influence ς interest map) (Reed et al. 2009) to 

help prioritise stakeholders for engagement. Power is understood as the ability of the 
ǎǘŀƪŜƘƻƭŘŜǊ ǘƻ ŎƘŀƴƎŜ ƻǊ ǎǘƻǇ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀƛƳΦ Interest is the amount of 
involvement the stakeholder has in the project, namely the size of the overlap between the 
ǎǘŀƪŜƘƻƭŘŜǊΩǎ ŀƴŘ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ Lƴ ŀ ǇƻǿŜǊ-interest map, stakeholders are classified 
into four categories (Figure 8):  
ω Low interest ς High power 
ω Low interest ς Low power 
ω High interest ς High power 
ω High interest ς Low power 

 
To develop a power ς interest map, the following steps should be taken:  
 
ω The project lead provides their own (preliminary) assessment of the level of interest and power 

of each stakeholder on a scale from 0 to +10 based on their own perception (with 0 representing 
low and +10 high power or interest) 

 
ω Stakeholders themselves are asked to place themselves in a category when completing their 

Privacy Policy Consent form.  
 
The exercise identifies key players (e.g., High interest ς High power) that may play a leading role in 
delivering the anticipated outcomes of the project. It also informs the development of tailored 
communication and engagement strategies, targeting efforts where most impactful.  
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Stakeholder relationships (actor-linkage matrix) 
 
A practical method to identify relationships among Stakeholders is an actor-linkage matrix (Reed et 
al., 2009). Here, the categorisation of relationships revolves around the capacity of stakeholders to 
develop or achieve aligned policies and agreements ς which is one of the aims of co-producing 
transformation knowledge. 
 
The actor-linkage matrix requires identifying the relationships between pairs of stakeholders. For the 
exercise, Table 10 should be used to guide the characterization of the types of relationships  
 

¶ Create a matrix in an Excel document in which stakeholders which consented to participation in 
the project are listed in the first column of a table. Configure the table so that it generates 
additional columns automatically. 

 

¶ {ǘŀǊǘƛƴƎ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ Ǌƻǿ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƻƭǳƳƴΣ ƛƴŘƛŎŀǘŜ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ ŎƻƭƭŜŎǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴǎ 
ƻŦ ŀ ǇŀƛǊ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΣ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ŀƭƛƎƴŜŘ ǇƻƭƛŎƛŜǎ ŀƴŘ 
agreements. The relationships are: conflict (CF), complementarity (CM), or cooperation (CP), or 
even non-existing (NE). See Table 10. 
 

¶ There is no directionality is considered in the relationships. This means that the relationship from 
Stakeholder 1 with Stakeholder 2 is assumed to be the same as the relationship from Stakeholder 
2 with Stakeholder 1. Accordingly, it is only necessary to complete only the bottom-right half of 
the matrix.  

 
The results help identify a focus for the SHE plan. As an example, a focus may be on creating 
connections if there was a majority of non-existing (NE) relationships, reducing conflicts (CF) by 
building or increasing trust, or enhancing cooperation (CP) by connecting stakeholders with each 
other.  
 

Figure 8. Stakeholder Power-Interest 
Map. This is also known as a also 

known as influence ς interest map, 
which helps to prioritise stakeholders 
for engagement. Power is the ability of 
the stakeholder to change or stop the 
ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀƛƳΦ 
Interest is the amount of involvement 
the stakeholder has in the project, 

namely the size of the overlap 
between the staƪŜƘƻƭŘŜǊΩǎ ŀƴŘ ǘƘŜ 
needs of the project. (Reed et al. 2009) 
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¢ŀōƭŜ млΥ ¢ȅǇŜ ƻŦ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ŀŎǘƻǊπƭƛƴƪŀƎŜ ƳŀǘǊƛȄΦ ¢ƘŜ ŎŀǘŜƎƻǊƛǎŀǘƛƻƴ ƻŦ 
ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǊŜǾƻƭǾŜǎ ŀǊƻǳƴŘ ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŘŜǾŜƭƻǇ ƻǊ ŀŎƘƛŜǾŜ ŀƭƛƎƴŜŘ 
ǇƻƭƛŎƛŜǎ ŀƴŘ ŀƎǊŜŜƳŜƴǘǎ ς ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŀƛƳǎ ƻŦ ŎƻπǇǊƻŘǳŎƛƴƎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 
ƪƴƻǿƭŜŘƎŜΦ όwŜŜŘ Ŝǘ ŀƭΦΣ нллфύ 

wŜƭŀǘƛƻƴǎƘƛǇ Description LƭƭǳǎǘǊŀǘƛǾŜ ŜȄŀƳǇƭŜ 

/ƻƴŦƭƛŎǘ 
ό/Ŧύ 

¢ƘŜǊŜ ƛǎ ŀ ǘǊŀŘŜπƻŦŦ ƛƴ ǘƘŜ 
ŦǳƭŦƛƭƳŜƴǘ ƻŦ ǘƘŜ ƛƴǘŜǊŜǎǘǎκŀƛƳǎ 
ƻŦ ǘƘŜǎŜ ǎǘŀƪŜƘƻƭŘŜǊǎΦ 

LƴǘŜǊŜǎǘ ƻŦ ŜƴŜǊƎȅ ŀǳǘƘƻǊƛǘȅ ƻƴ ǿŀǘŜǊ 
ŀƭƭƻŎŀǘƛƻƴ ƛǎ ƛƴ ŎƻƴŦƭƛŎǘ ǿƛǘƘ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀǳǘƘƻǊƛǘȅ π 
ƘŀƳǇŜǊƛƴƎ ŀƴ ŀƎǊŜŜƳŜƴǘΦ 

/ƻƳǇƭŜƳŜƴǘ
ŀǊȅ 
ό/Ƴύ 

¢ƘŜ ŦǳƭŦƛƭƳŜƴǘ ƻŦ ƻƴŜ {Iϥǎ 
ƛƴǘŜǊŜǎǘǎκŀƛƳǎ ŜƴŀōƭŜǎ ƻǊ 
ŜƴƘŀƴŎŜǎ ǘƘŜ ŦǳƭŦƛƭƳŜƴǘ ƻŦ ǘƘŜ 
ǎŜŎƻƴŘ ǎǘŀƪŜƘƻƭŘŜǊΩǎ 
ƛƴǘŜǊŜǎǘǎκŀƛƳǎΦ 

!ƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ŎƻƳǇŀƴȅ 
ǊŜǉǳƛǊŜǎ ǘƘŀǘ ǘƘŜ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ 
ŀǳǘƘƻǊƛǘȅ ŎƻƴǎƛŘŜǊǎ ǘƘŜƛǊ ǿŀǘŜǊ ǎǳǇǇƭȅ 
ƴŜŜŘǎ ƛƴ ǘƘŜ ǿŀǘŜǊ ŀƭƭƻŎŀǘƛƻƴ ǇƭŀƴǎΦ ²ƘƛƭŜ 
ƛǘ ƛǎ ǘƘŜ ŀƛƳ ƻŦ ǘƘŜ ŀǳǘƘƻǊƛǘȅ ǘƻ ƳŀǇ ŀƭƭ 
ǘƘŜ ƴŜŜŘǎΦ 

/ƻƻǇŜǊŀǘƛƻƴ 
ό/Ǉύ 

¢ƘŜǎŜ {ǘŀƪŜƘƻƭŘŜǊǎ ǿƻǊƪ 
ǘƻƎŜǘƘŜǊ ŦƻǊ ǘƘŜ ŦǳƭŦƛƭƳŜƴǘ ƻŦ 
ŎƻƳƳƻƴ ƛƴǘŜǊŜǎǘǎκŀƛƳǎΦ 

! ŎƛǾƛƭ ǎƻŎƛŜǘȅ ƻǊƎŀƴƛǎŀǘƛƻƴ ǿƻǊƪǎ ǿƛǘƘ ǘƘŜ 
ǊƛǾŜǊ ōŀǎƛƴ ŀǳǘƘƻǊƛǘȅ ƛƴ ƎŀǘƘŜǊƛƴƎ ǿŀǘŜǊ 
ǉǳŀƭƛǘȅ ŘŀǘŀΦ 

bƻƴπŜȄƛǎǘŜƴǘ 
όb9ύ 

¢ƘŜǎŜ {ǘŀƪŜƘƻƭŘŜǊǎ ƘŀǾŜ ƴƻ 
ǊŜƭŀǘƛƻƴǎƘƛǇΦ 

! ŎƛǾƛƭ ǎƻŎƛŜǘȅ ƻǊƎŀƴƛǎŀǘƛƻƴ ǘƘŀǘ ōŜƭƻƴƎǎ 
ǘƻ ƻƴŜ ŎƻǳƴǘǊȅ όŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŀǊŜŀύ ŀƴŘ 
ǿƘƻǎŜ ǿƻǊƪκƛƴǘŜǊŜǎǘǎκŀƛƳǎ Řƻ ƴƻǘ 
ŎƻƴƴŜŎǘκǊŜƭŀǘŜ ǘƻ ŀ ǎǘŀƪŜƘƻƭŘŜǊ ƛƴ 
ŀƴƻǘƘŜǊ ŎƻǳƴǘǊȅΦ 

 
 

Step 3: Develop a stakeholder engagement plan 
 
The SHE plan outlines activities and outputs that help achieve the desired outcomes and impact of 
the project. It sets the strategies for which stakeholders to involve in which activities, and why, with 
the aim of maintaining inclusiveness, enhancing commitment, while also not overburdening 
stakeholders. Key objectives: 
 

¶ Map and profile relevant stakeholders (science, policy, practice, societal impact) and gather 
key information about them. 
 

¶ Establish a strategic and reliable engagement process that enables stakeholders to shape 
outputs, policy outcomes, and overall impact. 
 

¶ Maintain regular, transparent, and inclusive consultation and co-decision with stakeholders. 
 

¶ Implement a targeted communication strategy that uses appropriate tools to support 
awareness and behaviour change. 
 

¶ Clarify roles and responsibilities for stakeholder engagement within the project team. 
 

¶ Set up systems for monitoring, reporting, evaluation, and adaptive management of 
stakeholder engagement activities. 
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Based on the stakeholder analysis, activities of engagement are developed. An overview table of who 
should be involved in which phase of the engagement process, to foster what type of engagement, 
and how, should be developed (see Table 11 below). These activities are reviewed and refined 
regularly based on the insights gained from the stakeholder engagement process evaluation (see 
step 5 below). The plan is adapted to the needs, aims and co-creation mode of the project. 
 
Engagement Activities 
 
In the CFNG, a (progressive) series of workshops are the anchoring co-creation moments with 
stakeholders, moving the project team and stakeholders through the pipeline workflow and co-
explore, co-design and co-develop phases.  
 
An overarching workshop schedule and workshop aims should be developed early in the project to 
set milestones. However, these should be adjusted to respond to evolving contextual developments; 
therefore, closer to the timing of a (cluster of) workshops, define the purpose based on the needs of 
the co-creation process (e.g., inform, consult, co-create, validate, etc.). The workshops are 
complemented with focus groups and one-to-one meetings including interviews, which can serve the 
same purposes, but provide άŘŜŜǇ ŜƴƎŀƎŜƳŜƴǘέ ƛƴǘŜǊŀŎǘƛƻƴΦ 
 
Three workshop modalities can be applied: in-person, online, hybrid. For broad outreach or 
information-sharing purposes, online or hybrid workshops engage larger and diverse group of 
stakeholders. For workshops focused on co-designing and co-developing outputs, in-person or hybrid 
settings are usually more suitable. Appendix 2 provides an overview of the three workshop 
modalities and considerations regarding their advantages and limitations.  
 
Within the workshops, focus groups and one-to-one meetings, stakeholders can be engaged in: 
 

¶ Surveys: to capture views on governance, WEFE linkages, policy priorities 
 

¶ Semi-Structured Interviews: to explore governance settings, power dynamics, barriers to 
coherence, capacities 
 

¶ Real-time interaction with tools: Interactive interpretation of conceptual models, system 
dynamics structure and outputs, modelling results, policy assessment evaluations from the 
NEPAT and WEFE Nexus Footprint 
 

¶ Facilitated groupwork and negotiations: Collaborative and participatory processes to design 
of integrated policy mixes, governance roadmaps (implementation pathways), drawing on 
multiple knowledge systems, trade-off discussions, design of stakeholder agreements.  
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Table 11: Example of main components in the stakeholder engagement process. Overview table 
of who should be involved in which phase of the engagement process, to foster what type of 
engagement, and how. (Source: Avellán et al. 2025 ς NXG D 5.1 - Report on Stakeholder 
Engagement ς link available in October 2025) 

 

Co-
exploration 

Co-design Co-development 

Information Consultation Involvement Collaboration Empowerment 

Who? 
 

All SH 
categories 
should be 
properly 
informed  

E.g., civil 
society, public 
initiatives, 
businesses, 
authorities, 
media 

E.g., civil 
society, 
public 
initiatives, 
authorities 

E.g., authorities, 
policymakers, 
businesses 

E.g., authorities, 
civil society, 
small 
enterprises 

Why? 
 

E.g., Low 
power-
interest 

E.g., Low to 
medium power-
interest 

E.g., 
Medium 
power-
interest 

E.g., Medium to 
high power-
interest 

E.g., High 
power-interest 
and medium to 
low power with 
high interest 

What? 
 

E.g., Inform 
about results 
from 
meetings and 
workshops  

E.g., Consult 
about 
perception of 
trust context 

E.g., Involve 
in framing 
nexus 
problems 

E.g., Engage in 
framing and 
finding solution 
pathways 
together 

E.g., Engage in 
framing and 
finding solution 
pathways by 
themselves 

How? 

E.g., emails, 
newsletter, 
website, 
workshops  
 

E.g., surveys, 
workshops 

E.g., surveys, 
focus 
groups, 
interviews 

E.g., focus groups, 
interviews, 
workshops, 
signing 
commitment 
documents 

E.g., focus 
groups, 
workshops, 
training/capacit
y building 

 
 

Step 4: Stakeholder management and sustainment 
 
Stakeholder management  
 
Management pursues the main purpose of reducing the risk of stakeholder fatigue and maximising 
the gains of SHE for the project outcomes. It relies strongly on making use of the understanding of 
ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŜǎǘǎ ŀƴŘ ǘƘŜƛǊ ǇŜǊŎŜƛǾŜŘ ƴŜŜŘ ǘƻ ōŜ Ŝƴgaged. Two sources of information 
support this work:  

¶ On the privacy and consent form, stakeholders are asked to provide their expectations of the 
project; 

¶ The Power-Interest analysis gives an indication of which key stakeholders to take particular 
care of.  

 
In this stage, SHE activities suggested and executed in the previous year are compared against those 
suggested in current year or in the next year. This gives insight into the changes in stakeholder 
management strategies or activities that are due (or required) because of, for example:  
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¶ Changes in context (e.g., geo-political events changing policy directions or extreme events 
bringing select WEFE issues to the agenda or disrupting engagement activities);  

¶ Aspects of stakeholder engagement that arose over time (e.g., participation of new 
stakeholders with high power-interest, e.g., high-level policy-makers).  

 
At this stage, there is usually a diversification of engagement and communications formats, visible 
integration of stakeholder input into technical outputs and personalised communication to certain 
stakeholders showing increasing interest in adopting project outputs in their initiatives. The 
communication plan is revised to support the newly planned / adjusted management and 
sustainment activities. Table 12 provides an overview of common challenges in the stakeholder 
engagement process and possible solutions.  
 
Stakeholder Sustainment 
 
Throughout the course of a particularly long and intensive co-creation initiative, and towards its 
concluding phase, stakeholder interactions and collaborative actions may wither. Often this is 
because it is unclear to stakeholders how future engagement with either the project team or with 
stakeholders might be possible. Sustainment strategies should be proactively and continually 
reflected upon throughout the co-creation process (rather than only towards the last phase). This 
includes also, directly asking stakeholders to provide ideas for moving forward together and then 
nurturing these seeds through deliberate efforts and opportunities. Some strategies include:  
 

¶ Finding existing platforms and networks which could benefit from nexus thinking 
 

¶ Identifying ongoing or upcoming policy processes that could make use of the co-creation 
outputs and results  

 

¶ Inviting stakeholders to be part of further development of scientific outputs (e.g., as co-
authors of scientific articles for which they contributed knowledge) 
 

¶ Continuing the development of the governance roadmaps (see Section 3, Chapter 6) to 
uncover new opportunities and pursuing opportunities  
 

¶ Expanding the stakeholder agreements (see Section 3, Chapter 6) to include new actors 
interested in being part of the committed local action  

 

¶ Continuing the refinement of the usability of the project outputs: datasets (Section 1, 
Chapter 3) and system dynamic models (Section 2, Chapter 4) ς which may be used for other 
initiatives beyond the CFNG project 
 

¶ Identifying and pursuing opportunities for innovations (in outputs) to be taken up for 
commercialisation (e.g., by external companies) 

 

Step 5: Stakeholder engagement process evaluation 
 
The SHE plan includes mechanisms for continuous feedback between the project team and 
stakeholders, enabling activities to be adapted to the evolving needs and capacities of stakeholders 
while maximising co-creation of knowledge. Although evaluating SHE can be complex and 
cumbersome, it provides insight into stakeholder perceptions of the quality of knowledge co-
production and the ŜũŜŎǘǎ ƻŦ ŎŀǊǊȅƛƴƎ ƻǳǘ ŀ ǇŀǊǝŎƛǇŀǘƻǊȅ ŀǇǇǊƻŀŎƘ. ¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǿƻǊƪƛƴƎ ƛƴ ŀ 
ǇŀǊǝŎƛǇŀǘƻǊȅ ƳŀƴƴŜǊ Ŏŀƴ ōŜ ŜǾŀƭǳŀǘŜŘ ǘƘǊƻǳƎƘ ǊŜƎǳƭŀǊ ǎǳǊǾŜȅǎ ǘƻ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΦ 
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An effective way to evaluate stakeholder engagement is to combine targeted survey questions with 
interactive workshop activities that elicit deeper insights. Surveys may focus on stakeholders 
perceived degree of co-creation and the knowledge gained from each workshop, enabling 
assessment of both process quality and output quality (see Appendix 3). Complex topics, such as 
preferred approaches to co-creation, can be explored through facilitated plenary or breakout 
discussions during key workshops, with results compared to ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ experiences to 
identify alignment or divergence in expectations. This should be complemented by ongoing feedback 
loops, including structured interviews, multi-day reflection workshops, and annual assemblies, to 
capture evolving priorities and adapt engagement strategies accordinglyτensuring alignment 
between stakeholder needs and project outputs over time. 
 
In NXG, a survey was ŘŜǎƛƎƴŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊƻƧŜŎǘ 
implementation of: (1) The quality of the stakeholder engagement process (phases of engagement; 
expectations); and (2) The quality of the outcomes of the stakeholder engagement process (for 
knowledge generation ς see Appendix 3).  
 
A workshop activity can also be designed focused on the approaches to co-creation, which make up a 
central component of the Chambers et al. (2021) framework. This framework assesses 66 dimensions 
of co-creationτcovering how processes are approached, designed, implemented, supported, 
pursued, and what they produceτscored on a 1ς7 Likert scale. In NXG, the framework was 
operationalised in a simplified manner using a reduced number of dimensions. Central to the 
framework are eight approaches to co-creation, which determine ǎƛȄ άǘȅǇƛŎŀƭέ ƳƻŘŜǎΥ ǊŜǎŜŀǊŎƘƛƴƎ 
solutions, empowering voices, brokering power, reframing power, navigating differences, and 
reframing agency. These modes reflect different balances of purpose, power, politics, and 
pathways in co-creation, and provide a structured way to interpret and compare engagement 
strategies - especially across diverse case studies. (for more information on this methodology, see 
Avellán et al. 2025 ς NXG D 5.1 - Report on Stakeholder Engagement ς link available in October 
2025).  
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Table 12: Common challenges and possible solutions in the stakeholder engagement process. These challenges were all faced within the NXG 
project and some of solutions were proactively and reactively implemented. Other solutions are those that the NXG team have reflected upon as 
recommendations to consider for future projects. The nuance of the challenges and the suitability of the solutions should be evaluated against the 
backdrop of the local project context and stakeholder landscape.  (Source: Avellán et al. 2025 ς NXG D 5.1 - Report on Stakeholder Engagement ς 
link available in October 2025) 

Common Challenges Possible Solutions 

Managing diverse stakeholder 
expectations and their preferred and 
evolving roles in the co-creation process: 
co-producing solutions, observing, 
influencing, etc. 
  

Flexibility in engagement formats (e.g., technical workshops vs. deliberative sessions)  
 
Ensure the project team has the capacity, visibility and authority/mandate to lead and shape multi-
actor processes  
 
Clear communication on project limits helps prevent unrealistic SH expectations. 

Balancing depth vs. breadth of 
engagement: Deep engagement with local 
and marginalized stakeholders (to build 
trust & empowerment) coupled with broad 
engagement targeting decision-makers (to 
ensure policy relevance) 

Clarify and address stakeholder expectations from the onset  
 
5ƻ ƴƻǘ ǳǎŜ ŀ ΨƻƴŜ-size-fits-ŀƭƭΩ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǎƛƎƴƛƴƎ ŜƴƎŀƎŜƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎΣ Ǉƭŀƴ ŦƻǊ ŜƴƎŀƎŜƳŜƴǘ 
formats that are suited for different needs and purposes 

Building trust: for participation, dialogue 
and sustained collaboration towards policy 
impact 

Regularly share co-produced knowledge after engagement activities and show how input was/will be 
used  
 
Use external (neutral) facilitators for workshops and focus groups who are credible and legitimate 
within the local context  
 
Ensure language needs are met (e.g., verbal and written translation services for workshops, 
documents, etc.)  
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For Indigenous Peoples and Local Communities (IPLCs), use methodologies that apply the Free, Prior 
and Informed Consent (FPIC) principles and the highest standards when working with Local and 
Indigenous Knowledge Systems (LINKS). (UNESCO 2018) 
 
Clearer framing of project goals and co-creation process for transparency  
 
Surface and discuss myths or fears, especially on contentious issues  
 
Brief but meaningful in-person dialogue with stakeholders requiring more attention, e.g., in 
mastering scientific content 
 
Document dissent, synthesize perspectives, and clarify trade-offs 
 
Facilitate conflict resolution and consensus-building 
 
Cultural norms, internal community conflicts, and power dynamics may hinder participation; local 
liaison officers can help navigate these nuances 
 

Recruitment & Representation 
unbalanced representation, difficulty 
engaging highly influential stakeholders  

Partner with other initiatives for expanded outreach 
 
Enter nexus conversations through energy, agriculture and ecosystem platforms rather than only 
water (also, platforms on spatial planning, development planning, finance, etc.) 
 
Consider how engagement formats limit or facilitate participation across gender, age, interest groups 

Stakeholder fatigue  
 
Repeated requests (consultation overload) 
without tangible outcomes leads to 
disillusionment 

Dovetail engagement activities with other similarly-themed initiatives  
 
Tailor communications: concise updates and value-focused feedback loops 
 
Regularly and explicitly acknowledge and integrate stakeholder feedback into outputs 

https://unesdoc.unesco.org/ark:/48223/pf0000262748
https://unesdoc.unesco.org/ark:/48223/pf0000262748
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Methodological and practical difficulties:  
 
Limited workshop time & uneven survey 
responses 
 
Dwindling attendance at events due to 
stakeholder fatigue 
 
Measuring effectiveness of engagement 
activities  
 
Managing contradictory inputs from diverse 
stakeholders 

Combine participatory formats with qualitative reflection to yield valuable insights 
 
Offer a variety of engagement formats to accommodate stakeholder needs, demonstrating 
commitment to meaningful engagement  
 
Extensive pre-workshop briefings in which technical content is thoroughly reviewed by the domain 
specialists on the project team to pick up areas of improvement in science communication 
 
Bring together domain specialists with stakeholders to co-interpret complex data  
 
Prioritize engagement activities based on project leverage 
 
Seek external funding or collaborators 
 
Capacity-building workshops help tackle both fatigue and expertise gaps, and can enhance trust by 
showing respect for stakeholder needs. 

Ensuring sustainability during and after the 
initiative 

Dovetail with other projects to continue relationships with stakeholders engaged on those platforms 
 
Find institutions within which the initiative could be anchored (and funded) within, preferably also 
with a mandate, over a longer term 
 
Foster exchange about post-project engagement early in the project phase 
 
Continue to develop the governance roadmaps to uncover existing or develop new local actions that 
can continue project work  
 
Start early in connecting project outputs with policy processes, including through tailored policy 
briefs, modelling demonstrations, etc.   
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COMMUNICATION & EXPLOITATION STRATEGY 
 
A communication and exploitation strategy should complement the implementation of the SHE 
plans. It should outline how the communication tools and channels will be creatively applied to reach 
important stakeholders, nudge behaviour changes and ensure that a project creates lasting impact 
well beyond its formal completion. 
 
Communication plays a vital role in raising awareness, fostering stakeholder engagement, and 
facilitating the transfer of knowledge across diverse audiences - including policymakers, researchers, 
ǇǊŀŎǘƛǘƛƻƴŜǊǎΣ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎΦ Lǘ ŜƴǎǳǊŜǎ ǘƘŀǘ ŀ ǇǊƻƧŜŎǘΩǎ ƛƴƴƻǾŀǘions and insights are widely 
understood and accessible. 
 
Exploitation ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ŀ ǇǊƻƧŜŎǘΩǎ ǊŜǎǳƭǘǎ ŀǊŜ ƴƻǘ ƻƴƭȅ ŘƛǎǎŜƳƛƴŀǘŜŘ ōǳǘ ŀƭǎƻ ŀŎǘƛǾŜƭȅ 
used. This includes transforming technical outputs - such as tools, methodologies, and policy 
recommendations - into real-world applications that inform decision-making, influence policy 
processes, and support education and capacity building.  
 
Before launching the project, it would be useful to create a unified visual identity across materials, 
while still with flexibility for local adaptations (if it is a project with multiple case-studies). This 
ΨōǊŀƴŘΩ ǇǊŜǎŜƴŎŜ ǿƛƭƭ ƳŀƪŜ ƛǘ ŜŀǎƛŜǊ ŦƻǊ ǎǘŀƪŜƘƻlders to identify and remember the project work and 
project team.  
 
The communication and exploitation approach for a project should be purpose-driven ς every 
communication activity and output / product should be thoughtfully crafted to achieve the aims of 
the co-creation process, towards long-term policy impact aims.  
 
This begins by understanding the stakeholder engagement aims (e.g., raise awareness, enable 
knowledge exchange, uptake of project results) for the stakeholder groups identified (Tier 1, Tier 2, 
Tier 3), assessing stakeholdersΩ ƛƴǘŜǊŜǎǘǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǇǊƻƧŜŎǘΩǎ ŀƛƳ ŀƴŘ ƛŘŜƴǝŦȅƛƴƎ ƛƴŎŜƴǝǾŜǎ ŀƴŘ 
ōŜƴŜŬǘǎ ǘƘŀǘ ŘǊƛǾŜ ŜƴƎŀƎŜƳŜƴǘΦ CǊƻƳ ǘƘƛǎ ōŀǎŜΣ communication touchpoints, outreach channels and 
customised content can be designed and decided upon.  
 
To reach broad and varied audiences, multiple communication channels can be considered: 

¶ A project website with regularly updated news, resources, and tools 

¶ Active social media engagement across platforms like LinkedIn and YouTube 

¶ A project newsletter to provide concise, periodic updates 

¶ Scientific articles and policy briefs to target academic and institutional readers 

¶ Factsheets, videos, infographics, and storytelling formats to convey complex information in 
accessible ways 

¶ Radio spots, podcasts and opinion letters in newspapers (letters to the editor) for deep-dives 
into complex issues  

¶ Press releases to announce achievement of particularly important milestones  

¶ Conferences which target the science, policy, practice and private sector stakeholders  
 
In addition to general dissemination, ad hoc tailored communication materials should be developed 
to meet the specific needs. For example, for workshops, materials may be needed in the local 
languages and be polished in wording to be sensitive to the political or cultural context.  
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Exploitation activities run in parallel to communications. They ensure that project outcomes are not 
only shared but also adopted by stakeholders and the wider science-policy-society arenas for long-
term use. This requires the definition of Key Exploitable Results (KERs). Examples include:  

¶ Training materials and curricula that can be adopted by universities, NGOs, or development 
agencies 

¶ An open-access, high-resolution land-use dataset ς useful for local governments, NGOs, or 
impact modelers. 

 
Each KER is supported with a distinct strategy to enhance its long-term usability and impact. To 
develop such a strategy, co-ŎǊŜŀǘƛƻƴ ǿƻǊƪǎƘƻǇǎ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎ Ŏŀƴ ŜȄǇƭƻǊŜ ǇǊŀŎǘƛŎŀƭ ΨǳǎŜ ŎŀǎŜǎΩ 
for these KERs. These sessions can include scenario role-playing, hands-on demonstrations, and 
structured feedback exercises. The aim is for stakeholders to share their needs and constraints and 
ǘƘŜƴ ǳǎŜ ǘƘƛǎ ŦŜŜŘōŀŎƪ ǘƻ ŎƻƴǎƛŘŜǊ ǊŜŦƛƴŜƳŜƴǘǎ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘƻƻƭǎ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƻ ŀŘŘ ǾŀƭǳŜ 
by removing pain points and creating value.   
 
Finally, to support future uptake, exploitation plans for the different KERs can be developed. Some 
exploitation options include:   

¶ Open access publication and sharing of tools and methods developed 

¶ Commercialisation pathways for high-value tools, including licensing models 

¶ Continued availability of user-friendly interfaces and instructional content 
 
A calendar should be established to manage and track the communication and exploitation activities. 
This is because the activities have a layered approach: multiple activities will run in parallel, or must 
be regularly implemented (e.g., bi-weekly social media posts), or must be timed sequentially (e.g., 
policy briefs which progressively inform development of new EU strategies), or must support 
particular project activities (e.g., factsheets for conference booths). In addition, the strategy and 
calendar should be flexible to respond to windows of opportunities that may arise to engage 
particularly influential stakeholders or raise attention to a WEFE nexus issue. For example, during a 
period of drought, communication messages and touchpoints could be briefly increased and 
reoriented to raising attention to policy solutions.  
 
A well-designed and executed communication and exploitation strategy should ideally move beyond 
awareness-raising to supporting meaningful and lasting behaviour change and policy impact. Table 
13 provides an overview of some challenges that may be faced in this quest and possible solutions. 
By adopting a co-creation approach that is sensitive to the needs of stakeholders (user-centered), 
implementation challenges can be turned into opportunities for improvement and innovation. 
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Table 13: Challenges and possible solutions in designing and executing a communication and 
exploitation strategy. Sample of challenges and solutions for designing and executing a 
communication and exploitation strategy. Some of these were encountered and deployed in the 
NXG project; similar or different, or more or less, challenges and solutions may arise with other 
projects. (Source: Lisa Pourcher & Nina Oliver, GAC Consulting Group, NEXOGENESIS Project, 
2025).  

Common Challenges Possible Solutions 

Raising awareness and 
building understanding of the 
WEFE nexus concept among 
non-specialist stakeholders 

Develop clear, visually engaging, and storytelling-style 
communication materials (e.g., factsheets, infographics, animated 
videos) to demystify technical content and convey complex 
concepts in relatable ways. 

5ƛǾŜǊǎƛǘȅ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΩ 
communication needs 
(particularly in projects with 
multiple case-studies) 

Create adaptable templates and customize content for specific 
workshops and community engagement events (e.g., translation 
to local languages, modifying the level of technical content, 
visuals that relate to the local context). 

Readiness level of tools to be 
exploited post-project 
(addressing issues of long-
term maintenance, data 
availability, integration into 
decision-making workflows) 

Host stakeholder co-ŎǊŜŀǘƛƻƴ ǎŜǎǎƛƻƴǎ ǘƻ ŜȄǇƭƻǊŜ ŘƛŦŦŜǊŜƴǘ ΨǳǎŜ 
ŎŀǎŜǎΩ ƻŦ ǘƘŜ Y9wǎ ŀƴŘ Ƙƻǿ ǘƘŜǎŜ ŎƻǳƭŘ ōŜ ǊŜŦƛƴŜŘΣ ŀŘƻǇǘŜŘΣ 
financed and supported post-project 
 
Develop value proposition canvases and business model canvases 
for each KER to properly articulate the direction needed to meet 
a particular readiness level 
 
wŜŘǳŎŜ ΨōŀǊǊƛŜǊǎ ǘƻ ŜƴǘǊȅΩ ōȅ ŘŜǾŜƭƻǇƛƴƎ ǘǊŀƛƴƛƴƎ ƳŀǘŜǊƛŀƭǎΣ ŘŜƳƻ 
videos, and user-friendly interfaces (e.g., thoughtful 
customization of the NEPAT user interface to meet language 
needs, etc.)  

Sustaining interest & 
engagement beyond the 
ǇǊƻƧŜŎǘΩǎ duration 

Encourage partnering institutions on the project to develop 
individual exploitation plans using their institutions 
communication channels & resources  
 
CƻǎǘŜǊ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ǿƛǘƘ ΨǎƛǎǘŜǊ ǇǊƻƧŜŎǘǎΩ ŀƴŘ ōǊƻŀŘŜǊ όƭƻƴƎ-
term) international initiatives which can amplify project results 
through their network  
 

 
 

Concluding remarks on stakeholder engagement  
 
The NXG experience indicates that stakeholders hold diverse, and at times conflicting expectations, 
for their involvement in a co-creation project. These expectations are not static; they evolve over 
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time. Managing this pluralism deliberately is critical to maintaining relevance and trust throughout 
the engagement process. Such management and sustainment of stakeholder engagement rely on 
having a solid understanding of the stakeholder landscape, the motivations of their participation and 
their preferred modes of co-creation.  
 
Ultimately, the most enduring impact of a stakeholder engagement process may lie not in the 
technical tools developed, but in the capacities, relationships, and mutual understandings built along 
the way. This underscores the need for adaptability, clarity, and sustained relationship-building in 
multi-stakeholder co-creation projects. A flexible and context-sensitive approach, responsive to 
evolving contextual developments, stakeholder needs, power dynamics, helps ensure that 
stakeholder processes are meaningful and impactful, both strategically and relationally. 
 

4.2.2 Chapter 2 - Understanding the Governance Landscape 
 

INTRODUCTION 
 

This stage focuses on identifying key governance challenges, uncovering cross-sectoral 
interdependencies, and prioritizing issues that influence resource management across the WEFE 
nexus. The Nexus Governance Assessment Tool (NXGAT) and the Policy Coherence Assessment (PCA) 
ŀǊŜ ǳǎŜŘ ǎŜǉǳŜƴǘƛŀƭƭȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ²9C9 ƎƻǾŜǊƴŀƴŎŜ ǎȅǎǘŜƳ ŀƴŘ ŜƭƛŎƛǘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǇƻƭƛŎȅ 
preferences for exploring pathways toward improved integration. 
 
The NXGAT evaluates how the current governance system supports or restricts a nexus-oriented 
approach to resource management -- identifying enablers, barriers, and entry points for change. This 
builds a shared understanding of nexus issues and governance challenges, forming the basis for 
setting case-study goals to include in NEPAT assessment. 
 
Using this shared understanding, relevant policy documents are selected for analysis with the Policy 
Coherence Assessment Tool, which identifies cross-sectoral policy gaps and key instruments to 
address them. Stakeholder validation then selects a subset of these policy instruments for further 
investigation in NEPAT regarding their impacts on the nexus. An understanding of governance 
structures and stakeholder dynamics guides the design of stakeholder dialogues, determining who to 
involve and which nexus challenges to focus on. 
 

Nexus Governance Assessment Tool (NXGAT) 
 
The NXGAT helps stakeholders understand the governance system surrounding the WEFE nexus 
interlinkages and identify entry points for change towards more WEFE nexus governance [Huesker et 
al. 2022; La Jeunesse et al (under review)]. It is a systematic diagnostic method developed to: 
 

¶ Assess the extent to which the current governance system in a given case study supports or 
restricts a nexus-oriented approach to resource management; 

 

¶ Identify the enablers, barriers, and entry points for transforming the governance system 
toward a more nexus-oriented approach to resource management. 

 
The NXGAT does so by identifying key factors contributing to the supportiveness or restrictiveness 
towards WEFE nexus governance. The tool assesses five governance dimensions: levels and scales, 
actors and networks, problem perspectives and goal ambitions, strategies and instruments, and 
resources and responsibilities. These five dimensions are in turn assessed based on 5 quality criteria: 
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comprehensiveness, coherence, flexibility, intensity of action and fit. The assessment is based on in-
depth interviews with relevant stakeholders across the different WEFE nexus sectors. See Appendix 
4. 
 
Methodological Foundation 
 
The NXGAT is based on the Governance Assessment Tool (GAT) which was developed to assess 
governance systems in the context of water management (Bressers et al. 2015). The GAT, and 
therefore NXGAT in its extension, is based on Contextual Interaction Theory (CIT) (Bressers & Kuks, 
2004; Bressers, 2009), which views policy implementation not as a linear, top-down process but as 
the outcome of dynamic multi-actor interactions. The theory is grounded in a conceptual framework 
ǘƘŀǘ ŜȄŀƳƛƴŜǎ Ƙƻǿ ŀŎǘƻǊǎΩ ƳƻǘƛǾŀǘƛƻƴs, knowledge, and resources interact with their specific 
institutional and societal contexts. This framework is used to assess how effectively governance 
instruments and structures enable the implementation of policies and the achievement of intended 
outcomes (La Jeunesse et al., 2023). 
 
The GAT was developed to assess the governance systems of a single sector. Therefore, the GAT has 
been expanded and adapted to assess the complexities and challenges of governance across the 
Water-Energy-Food-Ecosystems (WEFE) nexus (See Mooren et al. 2025b on WEFE nexus governance 
challenges). Based on an extensive literature review (see Huesker et al. 2022, La Jeunesse et al. 
under review), the NXGAT methodological matrix was developed (La Jeunesse et al., 2023) - see 
Appendix 4. 
 
Based on data gathered from interviews with stakeholders, each cell in the NXGAT matrix is scored 
using a four-level scale: Very Low, Low, High, Very High. Every score is accompanied by a brief, one-
sentence justification summarizing the rationale behind the assessment. Once the matrix is fully 
completed, an overall evaluation is carried out to determine the extent to which the governance 
system is supportive or restrictive towards WEFE nexus governance. This evaluation is done based on 
the distribution of scores across the five governance quality criteria:  

¶ If three or more criteria are scored as Low or Very Low, the governance system is considered 
restrictive toward WEFE nexus governance. 

¶ If three or more criteria are scored as High or Very High, the system is considered supportive 
of WEFE nexus governance. 

 
The assessment is conducted by a multi-disciplinary team of social science experts with the support 
of CS leaders and is complemented by a stakeholder self-assessment, which provides insight into 
how local actors perceive the nexus orientation of the current governance system. At the end of the 
interview stakeholders are asked to indicate how many of the four (WEFE) sectors do they think have 
integrated decision-making and to identify them (no integration; 2 sectors are integrated; 3 sectors 
are integrated; all 4 sectors are integrated). 
 
The final evaluation includes a summary of key barriers and leverage points to move the system 
towards improved nexus governance, each supported by a clear justification. This also provides the 
data needed to inform the governance roadmaps (see Section 3, Chapter 6) 
 

Implementation Steps [based on Huesker et al. 2022, La Jeunesse et al. 2023, La Jeunesse et al. 
(under review)] 
 

Step 1: Assemble team and prepare for in-person interviews  
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Begin preparations at least two months before the planned field visit to allow sufficient time for 
coordination and planning. Assemble a multidisciplinary team of 3 to 6 members that includes 
governance and policy experts, supported by one or two local experts familiar with the specific case 
study context. Governance and policy experts should lead the overall planning and analysis, while 
local experts provide essential support by identifying relevant interviewees, offering contextual 
insights, assisting with translation, and contributing to reflections on preliminary results. 
 
Hold preparatory meetings between governance and local experts to clarify objectives and draft a 
preliminary agenda. During these meetings, select stakeholders for interviews and collaboratively 
ŘŜǾŜƭƻǇ ŀƴ ƛƴǘŜǊǾƛŜǿ ƎǳƛŘŜ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅΩǎ ǎǇŜŎƛficities, ensuring comprehensive 
coverage of each NXGAT dimension and governance quality criterion. For example, questions under 
the άExtentέ dimension of actors and networks might explore stakeholder involvement in resource 
decision-making, identification of key and excluded stakeholders, and the role organizations play in 
cross-sectoral management. Make arrangements to conduct interviews in local languages, leveraging 
translators or bilingual colleagues when possible. 
 
Aim to interview 15ς20 stakeholders per country involved in the case study, with flexibility to 
conduct additional interviews later to address data gaps. Use purposive sampling from a stakeholder 
register combined with snowball sampling to identify participants. Ensure representation from each 
WEFE domainτwater, energy, food/agriculture, and ecosystemsτacross local, regional, and national 
levels. Include stakeholders from public, private, and NGO sectors, while also maintaining gender 
balance and actively involving marginalized groups to capture diverse perspectives. 
 
Care should be paid to managing stakeholder relationships during the process. For example, this may 
entail:  

¶ Sensitive delivery of interview questions (e.g., avoid placing interviewees in uncomfortable 

conversations) 

¶ Consideration for the limited time availability of interviewees (e.g., accommodation to their 

schedules, well-designed interview questions which are relevant rather than perfectly 
comprehensive, etc.) 

¶ Respecting social traditions in interactions (e.g., introductory communications via 
professional connections versus cold calls) 

 
Step 2: Conduct the Interviews 
 
Interviews should be conducted individually or in small groups, depending on stakeholder availability 
and the nature of their relationships. This flexible approach helps accommodate different contexts 
and encourages open, comfortable discussions.  
 
At the start of each interview, introduce the project and the governance assessment team to 
establish rapport and transparency. Clearly frame the interview as a discussion focused on cross-
sectoral collaboration and integration within the WEFE nexus. It is also important to ensure that 
stakeholders understand the data collection and results validation process so they could contribute 
effectively. Adequate time for explaining the process should be built into the interview time slots. 
Plan for a minimum interview duration of 1.5 hours. Allow additional time if language translation is 
needed to ensure clear communication. 
 
Transparency regarding data collection, storage, and usage for research purposes is mandatory to 
maintain ethical standards. Stakeholders must be fully informed about these issues and about their 
rights regarding participation in this research activity and must provide free, voluntary consent. 
Therefore, it is essential to request that the interviewee signs an informed consent form.  
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Use a structured, context-specific interview guide designed to cover the 25 main questions of the 
NXGAT Matrix. While the guide ensures coverage of key topics, adapt the discussion dynamically 
ōŀǎŜŘ ƻƴ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ǊƻƭŜ ŀƴŘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎƛǊŎǳƳǎǘŀƴŎŜǎ of the case study. Interviewers should 
remain flexible, adjusting questions in real time as the conversation evolves to capture relevant 
insights. 
 
Towards the end of the interview, ask stakeholders to assess the level of integrated decision-making 
across the four WEFE sectors. Request that they specify which of the following best describes the 
current situation: no integration (each sector operates in silo), two sectors integrated, three sectors 
ƛƴǘŜƎǊŀǘŜŘΣ ƻǊ ŀƭƭ ŦƻǳǊ ǎŜŎǘƻǊǎ ƛƴǘŜƎǊŀǘŜŘΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǇƻǎŜ ǘƘŜ ǉǳŜǎǘƛƻƴΥ άLŦ ȅƻǳ ǿŜǊŜ ǘƻ ǎŎƻǊŜ ŎǊƻǎǎ-
sectoral management in the river basin concerning the problems we discussed, which score would 
you give between 0 and 3, where 0 indicates no cross-sectoral management and 3 represents good 
cross-ǎŜŎǘƻǊŀƭ ƳŀƴŀƎŜƳŜƴǘ ŀŎǊƻǎǎ ŀƭƭ ŦƻǳǊ ǎŜŎǘƻǊǎΚέ 
 
Step 3: Analyze and Interpret Findings 
 
After each interview, hold team debrief sessions to reflect on preliminary insights and develop a 
shared understanding of findings. Compare notes and transcribe interviews if recordings are 

available to capture detailed information accurately. Involve local experts in the analysis process to 
benefit from their contextual knowledge. Desktop research may be needed to further contextualize 
the interview data within the socio-economic, environmental, institutional, and political framework. 
There will be a need to strike a balance between time, resources, and comprehensive data collection 
(e.g., data saturation). In some cases, the local knowledge of project team members can compensate 
for the absence of certain local perspectives by stakeholders, if there are insufficient participants for 
interviews. Review, organize, and interpret interview data using the NXGAT matrix as the analytical 
framework. Score each governance dimension against the five quality criteria following the 
methodological guidance in Appendix 4, providing one-sentence justifications for each matrix cell. 
Based on these individual scores, assign an overall score for each quality criterion to summarize the 
governance assessment. 
 
Step 4: Evaluate nexus governance supportiveness 
 
Based on the overall score per quality criteria, combined with the stakeholder self-assessment, 
evaluate the supportiveness of the governance system towards nexus governance by combining the 
overall scores assigned to each quality criterion with stakeholder self-assessments. This evaluation 
should be accompanied by a clear identification of key enablers, barriers, and entry points that can 
facilitate the transformation of the governance system toward a more nexus-oriented approach to 
resource management. Each aspect of this assessment must be supported by clear justification to 
ensure transparency and validity. 
 
Step 5: Validation of assessment results 
 
A workshop is organised to validate the results. Main barriers and drivers toward WEFE nexus 
governance are shared with stakeholders in a factsheet prior to the workshop. At the workshop, they 
are discussed extensively and a voting exercise is conducted to validate. Box 1 gives a summary of 
the results of the NXGAT from the Nestos-Mesta case study in the NXG project. 
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The NXGAT analysis reveals how supportive or restrictive the current governance system is toward 
WEFE nexus integration. It fosters reflection on cross-sectoral interdependencies and helps 
stakeholders understand their impact on other sectors. It establishes a shared definition of nexus 
issues, guiding the selection of relevant policies for the Policy Coherence Assessment. 
 

Policy Inventory and Policy Coherence Assessment Tool 
 
In contexts where multiple sectors influence and depend on shared natural resources, coherent 
policy-making is essential for reducing conflicts and maximizing synergies. Policy coherence arises 
from integration and coordination processes that align policy goals and instruments, minimizing 
negative impacts while enhancing positive interactions across sectors (Mooren et al., 2025b). The 
Policy Coherence Assessment Tool (PCAT) evaluates the coherence of policies across the WEFE nexus 
to identify cross-sectoral gaps. It examines how sectoral policies and their instruments interact, 
highlighting conflicts, gaps, and opportunities for alignment. Based on these results and the nexus 
issues identified from the NXGAT, stakeholders select relevant policy instruments to be further 
investigated in the NEPAT. 
 
Methodological Foundation 
 
The PCAT is adapted from Munaretto & Witmer 2017), which is a simplified version of the approach 
by Papadopoulou et al. (2020), originally developed by Nilsson et al. (2017). It scores policy 
documents on a 4-point scale (see Table 14ύΥ άƴƻ ŎƻƘŜǊŜƴŎŜΣέ άǿŜŀƪ ŎƻƘŜǊŜƴŎŜΣέ άǎǘǊƻƴƎ 
ŎƻƘŜǊŜƴŎŜΣέ ŀƴŘ άƴƻǘ ŀǇǇƭƛŎŀōƭŜΣέ ōŀǎŜŘ ƻƴ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǇƻƭƛŎȅ ŘƻŎǳƳŜƴǘǎ ŀŎŎƻǳƴǘ ŦƻǊ 
expected cross-sectoral interactions. 

Box 1: Results of Nexus Governance Assessment of Nestos-Mesta case study of NXG case-study 
In the Nestos-Mesta case study, the governance system was found to be generally restrictive 

toward WEFE nexus integration. However, the assessment revealed several potential drivers and 
strategies to shift toward a more nexus-oriented approach. One key finding was the importance 
of raising awareness and understanding interdependencies among sectors. On the Greek side of 
the river basin, the local fishery sector recognizes that declining water quality reduces fish 
populations, directly threatening its economic viability. Consequently, the sector has been 
actively advocating for stronger environmental protection measures. This lobbying effort 

emerged as a concrete strategy through the NXGAT analysis and could potentially be replicated in 
other contexts. This example illustrates how NXGAT can generate actionable recommendations 
to support governance transitions toward the WEFE nexus. 
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Step 1: Identify Relevant Policies 
Led by policy experts, this step involves identifying key policies and legal documents relevant to the 
WEFE nexus issues across multiple governance levels, including international, national, regional, and 
local. The selection of relevant nexus issues is guided by the NXGAT assessment. Both binding and 
non-binding instruments, such as laws, strategies, action plans, and white papers, should be 
included. Ideally, these nexus challenges and related policy documents are defined collaboratively 
with local stakeholders during a dedicated workshop to ensure contextual relevance. 
 
Three interconnected issues with trade-offs need to be addressed at this stage: 

¶ Consider policies beyond WEFE domain with strong WEFE impactsτfor example, land use 

policies were highly relevant in the Lielupe case study of the NXG project.  

¶ Keep the policy list manageable. The inventory will become very long and overstretch 
resources in later analytical stages. Define clear criteria to focus only on the policies most 
relevant for the nexus issues under discussion. 

¶ Be aware of stakeholder influence. The policies identified depend on which stakeholders are 
engaged. This can introduce bias, so aim for balanced and inclusive participation. 

 
Step 2: Build the Policy Inventory 
Using the structured Policy Inventory Excel worksheet, policy meta data is systematically recorded to 
create a comprehensive inventory. Each policy document undergoes a two-phase review: a quick 
scan to understand its structure, followed by a deep read to extract detailed data. Extracted 
information includes country, policy area, title, issuing organization, release date, policy goals, 
instruments, binding status, governance scale, time horizon, and expected revision date, providing a 
solid foundation for subsequent analysis.  See La Jeunesse et al. 2023 ς NXG D1.2 Governance and 
policy assessment in case studies. 

Table 14: Policy coherence assessment scoring table (adapted from Munaretto & Witmer in 
Mooren et al., 2024 & La Jeunesse et al. 2023; Mooren et al., 2025b) 

 Not applicable No coherence Weak coherence Strong coherence 

D
E

F
IN

IT
IO

N The policy 
document is not 
expected to refer 
to other sectors or 
ǎŜŎǘƻǊǎΩ ǇƻƭƛŎƛŜǎΦ 

The policy 
document does not 
refer to other 
ǎŜŎǘƻǊǎ ƻǊ ǎŜŎǘƻǊǎΩ 
policies although 
impacts and/or 
potential synergies 
exist. 

The policy document 
only mentions/ 
acknowledges possible 
impacts/ synergies with 
other sectors or 
ǎŜŎǘƻǊǎΩ ǇƻƭƛŎƛŜǎ ōǳǘ 
there are no 
mandatory measures. 

The policy 
document 
prescribes specific 
measures to 
ensure that 
impacts on other 
sectors are 
managed and/or 
synergies 
exploited.  

https://nexogenesis.eu/wp-content/uploads/2025/03/D1.2-Governance-and-policy-assessment-in-case-studies.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D1.2-Governance-and-policy-assessment-in-case-studies.pdf
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Step 3: Conducting the Policy Coherence Assessment 
 
The project team evaluates each policy document for its recognition of trade-offs and synergies with 
other WEFE sectors, scoring them on a 4-point scale for each nexus sector (see Table 14 - above). At 
least two policy experts independently assign scores supported by textual evidence from the 
documents. The project team then cross-verifies these scores, asking clarifying questions and 
referencing the evidence base to agree on final scores. A focus group including at least one expert 
per WEFE domain reviews and validates the results, discussing any disagreements and adjusting 
scores as necessary to ensure robust and consensual assessment outcomes. The discussion teases 
out issues such as where the coherence (or lack thereof) was found in the policy document in terms 
of prescriptions to mitigate negative impacts on other sectors or exploit potential synergies with 
other sectors (i.e. no prescriptions even if impacts/synergies exists; only mentioning 
impacts/synergies but no mandatory actions; mandatory actions to mitigate impacts/exploit 
synergies). 
 
To minimize bias, use triangulation by gathering results from three sources: (1) at least two project 
team members independently conduct in-depth reading and initial scoring; (2) other team members 
review and discuss the scoring; (3) local stakeholders validate the results. 
 
Figure 9 (below) shows the results from the PCA for Greece of the Nestos-Mestos case-study in the 
NXG project. The overall coherence is low (31 interactions showing no coherence, 22 weak 
coherence and 27 strong coherence) (Mooren et al., 2025b). Policies in the land/soil and ecosystem 
sectors show the least alignment with energy sector policies. Water sector policies appear poorly 
integrated with others via policy gaps, even though energy, food, and biodiversity policies consider 
water. The food and agriculture sector mainly aligns with the water sector. Moreover, policies from 
the European Union Water Framework Directive are not (fully) implemented in the Mesta-Nestos 
River basin. From these results, stakeholders and case-study leads selected several policy 
instruments to be included in the Policy Portfolio (see below) to be evaluated in the NEPAT, since 
water quantity was identified as the main issue by all WEFE sectors (e.g., for agricultural irrigation, 
ecological base flow, hydropower production).  
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Figure 9. Policy coherence assessment results in Nestos (Greece) (La Jeunesse et al., 2023) 

 
The results of a PCA help stakeholders better understand the local policy system, including which 
sectoral policies complement each other and which potentially contradict each other, leading to 
trade-offs that need to be managed. Through stakeholder validation, insights are gained into how the 
policy coherence plays out in practice. The practical barriers are also to be used to inform the 
governance roadmaps which map outcomes and actions in the governance landscape that should be 
changed to enable improved nexus governance (see Section 3, Chapter 6).  
 

 

Defining the Policy Portfolio 
 

The policy portfolio is ǘƘŜ ΨƳŀǎǘŜǊ ǎŜǘΩ ƻŦ ǇƻƭƛŎȅ ƛƴǎǘǊǳƳŜƴǘǎ ǘƘŀǘ ǿƛƭƭ ōŜ included within the NEPAT to 
be evaluated for interactions and impact on the WEFE nexus, and from which it will recommend 
optimal combinations to reduce trade-offs, enhance synergies, and achieve multiple policy targets. 
 
These policies are co-selected by stakeholders and case-study experts of the project team as 
expected to have a substantial positive or negative impact on one or multiple WEFE sectors in the 

case study region. Based on the governance challenges elicited through the NXGAT and policy 

tensions identified in the PCAT, stakeholders select the policy instruments they consider (based on 
expert and local knowledge) most relevant for addressing nexus issues. Importantly, stakeholders 
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may also propose instruments that do not yet exist in the current policy landscape. In such cases, 
there is an opportunity to test how a hypothetical new policy instrument could impact the nexus. The 
selection process takes the following steps:  
 

The step-wise process for selecting the policies:  
 

1. Identify key cross-sectoral issues: Define the most critical WEFE interactions in the region 
(e.g., hydropower and water use, agricultural water demand, or water pollution from 
farming). This draws on: local and expert knowledge via discussions with stakeholders and 
initial work with the draft conceptual maps (an activity that takes place in parallel to these 

governance assessments ς see Section 2, Chapter 4).  
 

2. Map existing instruments and goals: Using the policy inventory and PCA, identify policy 
instruments (and their associated goals, targets and indicators ς as specified in the 
respective policy documents) which address key nexus issues.  

 

3. Spot policy gaps: Identify which selected cross-sectoral interactions are not addressed in 
current policies and propose new or adapted policy instruments to strengthen nexus 
governance. The process also includes reviewing data requirements, model assumptions, and 

the variables affected by each policy instrument to assess their feasibility for integration into 
the system dynamics models (SDMs) (see Section 2, Chapter 4). For policies that cannot be 
modeled, this should be clearly communicated to stakeholders with an exploration of finding 
feasible alternatives.  
 

4. Define the Policy Portfolio: Based on step #2 and step #3, select the master set of policies to 
include in the NEPAT. The number of policies to be considered is not fixed. However, 
additional work is required for them to be integrated into the SDMs and translated into 
parameters to be operational within the NEPAT. Therefore, start with a manageable number 
per nexus sector (ca. 3-5) to first gauge the workload, and expand the set as desired by 
stakeholders. However, ambition is also possible, since the NEPAT is designed for handled 
demanding combinatorial analysis and there is an opportunity to evaluate the complexity of 
interactions of a comprehensive set of policies within the nexus.  

 
5. Specify policy data to operationalise into the NEPAT 

 
The data in Table 15 below is required to be translated and operationalised into the NEPAT 
to assesses the achievement of multiple policy objectives.  

 

Table 15: Policy data required for the NExus Policy Assessment Tool. The policy instruments in the Policy 

Portfolio must be defined with the following information to be translated and operationalised within the 

NExus Policy Assessment Tool.  

Policy 

Instrument 

Element  

Definition & Notes 
Example from Inkomati Case 

Study of the NXG project 

Policy Goal 

¶ Defines a strategic objective for a particular policy 

¶ Related only to one nexus sector 

¶ Found in official policy documents 

Increase local food security 

via subsistence farming 

production  
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Policy 

Target*  

¶ Make policy goals measurable by quantifying them 

¶ Serves as a reference point to measure achievement 

a certain ambition 

¶ May be aligned with or more ambitious than official 

policies*  

Increase subsistence farming 

production by 50% of 2015 

baseline, by 2050 

Policy Goal 

Indicator 

¶ Asses achievement of policy target using a metric  

¶ Calculated using outputs of the SDMs 
Rainfed Subsistence Area  

 * Some existing policy instrument may not have quantified targets in policy documents. It is 

 possible to use expert opinion and literature to set a target (e.g., a target may be aligned 
 with an international policy ambition or another national policy imperative).  
 
 

4.2.3 Chapter 3 - Biophysical & Socio-economic Future 
Scenarios 
 

INTRODUCTION 
 
Systems dynamics modelling depends on structured data inputs that reflect the underlying state of 
the WEFE system and its potential future drivers. Therefore, data are the backbone of both 
qualitative and quantitative analyses and form the foundation for developing SDMs that are 
scientifically robust and decision-relevant.  
 
This chapter provides an overview of how data, models, scenarios, and projections are used to 
support the complexity science modelling tools used in the CFNG. The focus is on the integration of 
climate, biophysical and socio-economic data to create structured and harmonized usable inputs for 
SDMs to represent interlinkages across WEFE domains and assess how trends from alternative 
plausible global scenarios (i.e., Shared Socioeconomic Pathways) impact a specific region.  
 
CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǎŜ ŘŀǘŀǎŜǘǎ ŘŜŦƛƴŜ ǘƘŜ ΨǎǘŀǊǘƛƴƎ ǇƻƛƴǘΩ ŦƻǊ ǎǘŀƪŜƘƻƭŘŜǊ ŜƴƎŀƎŜƳŜƴǘ ƛƴ ŘŜǎƛƎƴƛƴƎ 
context-specific WEFE policies and scenarios. Engaging stakeholders helps guide the selection and 
interpretation of data, ensuring the models reflect local priorities and conditions. 
 
Creating a ΨƪƴƻǿƭŜŘƎŜ ǊŜǇƻǎƛǘƻǊȅΩ helps to:  
 

¶ Capture long-term trends in climatic, hydrological, environmental, and socio-economic 
systems using IPCC-aligned scenarios, to support integrated and future-oriented policy 
analysis  

 

¶ Characterise relevant nexus interlinkages and case-specific nexus dynamics to structure 
understanding of cross-sectoral interactions. 

 

¶ Enriching and refining representation of system dynamics with local insight by incorporating 
stakeholder knowledge and local data sources  

 

¶ Translate macro trends and projections into thematic system components across the WEFE 
nexus, ensuring modelled projected dynamics are aligned and falls along empirical 
perspectives 
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¶ Create a harmonised and accessible data repository which provides foundation input for 
SDMs 
 

¶ Identify WEFE footprint indicators to assess policy impacts on the nexus  
 

The Basics of Climate & Biophysical Projections  
 
Biophysical scenarios describe the dynamic interactions between climate systems, environmental 
processes, and anthropogenic drivers of change. These drivers include socio-economic, technological, 

demographic, and environmental developments, such as land use change, population growth, and 
ŀǘƳƻǎǇƘŜǊƛŎ /hі ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǘrajectories. 
 
Within the WEFE nexus, systems exhibit high sensitivity to climate variability and long-term change, 

which significantly influence key biophysical parameters including hydrological regimes, agricultural 
productivity, and ecosystem integrity. These variables are explicitly integrated and interlinked 

through System Dynamic Models (SDMs) to assess interdependencies and feedbacks. 
 
General Circulation Models (GCMs) are physically-based numerical models used to simulate the 

ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ǎȅǎǘŜƳ ǳƴŘŜǊ ǾŀǊȅƛƴƎ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜȅ ƛƴǘŜƎǊŀǘŜ ŎƻƳǇƭŜȄ 
interactions among the atmosphere, ocean, land surface, and cryosphere, employing a three-
dimensional grid structure with horizontal resolutions typically ranging from 70 to 300 km, and 
multiple vertical layers to resolve atmospheric and oceanic processes. Due to their computational 

intensity, GCMs produce coarse-resolution projections suitable for large-scale climate impact 
assessments. 
 
Future climate conditions are simulated using Representative Concentration Pathways (RCPs) (Table 
15) in line with specific Shared Socioeconomic Pathways (SSPs) (Table 16), developed under the 
auspices of the Intergovernmental Panel on Climate Change (IPCC). RCPs represent distinct 

trajectories of radiative forcing by 2100, associated with varying levels of greenhouse gas emissions 
and land-use patterns driven by human activity. Each RCP scenario reflects a specific socio-economic 
development pathway influencing emissions, including changes in energy systems, agriculture, and 
industrial practices. RCPs serve as input drivers for climate and ecosystem impact models, enabling 
assessments of potential WEFE system responses under the forcing of alternative GHG levels. 
Projected shifts in temperature, precipitation patterns, evapotranspiration, and extreme events 

inform analyses of water demand, crop yields, ecosystem services, and resource trade-offs within the 
nexus framework. It also helps with understanding uncertainty in the system to evaluate which 
policies are robust across a range of climate scenarios.  
 
A global effort to compare and refine models is coordinated through the Coupled Model 
Intercomparison Project (CMIP). CMIP organizes climate modelling into simulation rounds that align 

with the timeline of the IPCC reports. For example: CMIP5 supported the 5th Assessment Report, 
CMIP6 informed the 6th Assessment Report, etc. These coordinated efforts improve the reliability 
and comparability of climate projections, to ensure that climate science evolves alongside decision-
making needs. 
 
The Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) provides a framework for 
assessing the impacts of climate change across multiple sectors. It does so by linking the climate 

projections from the CMIP with impact models across domains such as water, agriculture, forests, 

biomes, and biodiversity, to assess climate change impacts. ISIMIP is also organized into simulation 
rounds (i.e. 2b, 3b) that align with the CMIP runs (i.e., CMIP5, CMIP6). Each round is guided by a 
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detailed simulation protocol, which defines which input data (climate scenarios, socio-economic 
drivers) and methodological approaches to use. The outcome is a harmonized modelling framework 
that supports cross-sectoral comparison of climate impacts. Each simulation round covers specific 
sectors, namely: global and regional water, energy supply and demand, regional forests, global 

biomes, and agriculture, agro-economic modelling, terrestrial biodiversity, permafrost, coastal 
systems, health, lakes, and fire. This alignment between CMIP and ISIMIP strengthens the scientific 
basis for integrated assessments and climate change mitigation and adaptation planning.  
 

Table 16. Representative Concentration Pathways (RCPs) used in NEXOGENESIS. w/tǎ ǊŜǇǊŜǎŜƴǘ 
ŘƛǎǝƴŎǘ ǘǊŀƧŜŎǘƻǊƛŜǎ ƻŦ ǊŀŘƛŀǝǾŜ ŦƻǊŎƛƴƎ ōȅ нмллΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾŀǊȅƛƴƎ ƭŜǾŜƭǎ ƻŦ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 
ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƭŀƴŘπǳǎŜ ǇŀǧŜǊƴǎ ŘǊƛǾŜƴ ōȅ ƘǳƳŀƴ ŀŎǝǾƛǘȅΦ 9ŀŎƘ ǎŎŜƴŀǊƛƻ ǊŜƅŜŎǘǎ ŀ ǎǇŜŎƛŬŎ ǎƻŎƛƻπ
ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ǇŀǘƘǿŀȅ ƛƴƅǳŜƴŎƛƴƎ ŜƳƛǎǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŎƘŀƴƎŜǎ ƛƴ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎΣ 
ŀƎǊƛŎǳƭǘǳǊŜΣ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊŀŎǝŎŜǎΦ w/tǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ 
/ƭƛƳŀǘŜ /ƘŀƴƎŜ όLt//ύΦ ό!ŘŀǇǘŜŘ ŦǊƻƳ aƻǎǎ Ŝǘ ŀƭΦ нллуύ 

RCP 2.6 (Low emissions scenario)  
ά{ǘǊƛƴƎŜƴǘ Mitigation 

RCP8.5 (High emissions scenario) 
ά.ǳǎƛƴŜǎǎ-As-¦ǎǳŀƭέ 

The scenario is characterized by declining CO2 

emissions to reach net zero after 2050, followed 
by varying levels of net negative CO2 emissions. 
Under this potential best scenario, global 
CO2 emissions are cut severely with strong 
mitigation effort to keep radiative forcing to 2.6 
W/m2 and raising temperatures below 2 °C by the 
end of the century, in accordance with Paris 
Agreement goals. 

It is a scenario with prolonged and high fossil 
fuel development, and consequently strong 
increases in CO2 emissions, throughout the 
21st century. It is considered a potential worst-
case outcome, with current CO2 emission 
levels roughly doubling by 2050 and continuing 
afterward, with radiative forcing reaching 8.5 
W/m2 and average global temperature rising 
4ς5 °C above preindustrial levels by 2100. 

 
 

¢ƘŜ .ŀǎƛŎǎ ƻŦ {ƻŎƛƻπ9ŎƻƴƻƳƛŎ tǊƻƧŜŎǝƻƴǎ  
 
{ƻŎƛƻπŜŎƻƴƻƳƛŎ ǇǊƻƧŜŎǝƻƴǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ /ƻƳǇǳǘŀōƭŜ DŜƴŜǊŀƭ 9ǉǳƛƭƛōǊƛǳƳ ό/D9ύ ƳƻŘŜƭǎΣ 
which simulate how an entire economy works and reacts to changes. ere, the economy is a system 
where different parts - such as households, businesses, government, and markets - interact with 
each other. The models use real economic data and mathematical equations to simulate how 
resources like labor, capital, and goods are allocated across sectors (e.g., agriculture, industry, and 
services) and how changes in policies, markets, technology, or other economic events have 
economy-wide impacts (e.g., in production, consumption, trade, incomes). Because CGE models 
ǇǊƻǾƛŘŜ ŀ ΨƎŜƴŜǊŀƭ ŜǉǳƛƭƛōǊƛǳƳΩ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ όƛΦŜΦΣ ǘƘŜȅ ŎƻƴǎƛŘŜǊ ƛƴǘŜǊŀŎǘƛƻƴǎ 
simultaneously), they are useful for studying policy impacts and long-term structural change. These 
models are based on national accounts and are capable of producing many variables of interest for 
any case-study: physical gross industry output, industry output in real value terms, industrial value 
added, total salaries, household real consumption, exports/imports, anthropogenic GHG emissions, 
land use, energy consumption, real Gross Domestic Product, Purchasing Power Parity and 
population.  
 
!ǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǿƘŀǘ ŀ /D9 ƳƻŘŜƭ ŎƻǳƭŘ ǎƛƳǳƭŀǘŜΥ ƛƴ ŀ ƘȅǇƻǘƘŜǝŎŀƭ ŎŀǎŜπǎǘǳŘȅ ƛƴ ǿƘƛŎƘ ŀ ǇƻƭƛŎȅ ǘƻ 
Ǉǳǘ ŀ ǇǊƛŎŜ ƻƴ ǿŀǘŜǊ ƛǎ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ǘƻ ǳǎŜ ǿŀǘŜǊ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅΣ 
ŀ /D9 ƳƻŘŜƭ ŎƻǳƭŘ ƎƛǾŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴΥ   

¶ How higher water costs changes food production levels (e.g., farmers reduce water-intensive 
crops or invest in water-saving technology) 

https://www.gtap.agecon.purdue.edu/models/cge_gtap_n.asp
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¶ A shift in energy demand and costs if farmers adopt energy-intensive irrigation methods to 
reduce water use 

¶ Ecosystem service valuations from improved ecological flow and biodiversity if less water is 
extracted 

¶ How food prices and availability affect household consumption and income and national 
trade 

 
WEFE nexus systems are highly sensitive to large-scale socioeconomic changes. To simulate plausible 
socioeconomic futures, Shared Socioeconomic Pathways (SSPs) developed by the IPCC framework 
are widely used. SSPs are global scenario narratives that describe alternative trajectories of societal 
development up to the year 2100. Each pathway outlines a different combination of factors such as 
population growth, economic development, education levels, and urbanization trends, providing 
both qualitative storylines and quantitative datasets. These quantitative components include 
projections of national population by age and gender, urbanization rates, Gross Domestic Product 
(GDP), and educational attainment, among others. In the context of system dynamic modelling, SSPs 
offer consistent, long-term boundary conditions for simulating how social, economic, and 
demographic trends might influence (the variables of) WEFE systems. Table 16 provides an abridged 
description of the SSPs used in NXG. 
 

Table 17: Shared Socioeconomic Pathways (SSPs) used in NEXOGENESIS. SSPs are global 
scenario narratives that describe alternative trajectories of societal development up to the year 
2100. Each pathway outlines a different combination of factors such as population growth, 
economic development, education levels, and urbanization trends. SSPs are developed ǳƴŘŜǊ ǘƘŜ 
ŀǳǎǇƛŎŜǎ ƻŦ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όLt//ύΦ ό!ŘŀǇǘŜŘ ŦǊƻƳ Lt// нлноύΦ 

SSP2 (Middle of the road) SSP4 (Inequality - A Road Divided) 

The world follows a path in which social, 
economic, and technological trends do not shift 
markedly from historical patterns. Development 
and income growth proceed unevenly, with some 
countries making relatively good progress while 
others fall short of expectations. Global and 
national institutions work toward but make slow 
progress in achieving sustainable development 
goals. Environmental systems experience 
degradation, although there are some 
improvements and overall, the intensity of 
resource and energy use declines. Global 
population growth is moderate and levels off in 
the second half of the century. Income inequality 
persists or improves only slowly, and challenges 
to reducing vulnerability to societal and 
environmental changes remain. 

Highly unequal investments in human capital, 
combined with increasing disparities in 
economic opportunity and political power, 
lead to increasing inequalities and 
stratification both across and within 
countries. Over time, a gap widens between 
an internationally connected society that 
contributes to knowledge- and capital-
intensive sectors of the global economy, and 
a fragmented collection of lower-income, 
poorly educated societies that work in a 
labor-intensive, low-tech economy. Social 
cohesion degrades, and conflict and unrest 
become increasingly common. Technology 
development is high in the high-tech 
economy and sectors. The globally connected 
energy sector diversifies, with investments in 
both carbon-intensive fuels like coal and 
unconventional oil, but also low-carbon 
energy sources. Environmental policies focus 
on local issues around middle- and high-
income areas. 
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To operationalize the SSPs, CGE models are used to translate the narrative scenarios into regionally 
disaggregated economic indicators. These indicators are then used to populate the SDMs, to reflect, 
for example, projected changes in demand, land use, or investment patterns over time. In NXG, the 
GTAP-based Recursive Dynamic Extended Model (G-RDEM) model was used to provide long-term 
socioeconomic projections covering a 40-year time horizon. G-RDEM is a recursive dynamic 
extension of the Global Trade Analysis Project (GTAP) model, G-RDEM simulates economic 
equilibrium across multiple interconnected markets, capturing the interactions between supply, 
demand, and sectoral production over time.  
 
The underlying quantitative economic data on which the simulations of the model are based is 
derived from the Řŀǘŀ ǊŜǇƻǎƛǘƻǊȅ maintained by the Global Trade Analysis Project (GTAP) (which is 
made available through institutions like the International Institute for Applied Systems Analysis). 
Specifically, the Global Social Accounting Matrix (SAM) is used. These datasets are based on national 
accounts and therefore, the outputs of the models are expressed as national-level aggregates.  
 
To make the CGE outputs suitable for more precise analysis and modeling of interactions at the sub-
national levels (river basins, municipalities), they must be spatially disaggregated (broken down into 
finer geographic units) by combining with local or regional data sources. In Europe, this can be done 
using Eurostat, which provides sub-national statistics at various administrative levels. In other parts 
of the world, different sources would be needed.  
 
G-RDEM can be employed to assess several WEFE-related socio-economic indicators under different 
global scenarios on climatic and demographic changes. There are >100 activities distinguished in G-
RDEM. There are two issues to be considered with G-RDEM results:  
 

¶ wŜǎǳƭǘǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŀǘ ΨŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭΩ ƛƴ ǘƘŜ 9ǳǊƻǇŜ ¦ƴƛƻƴ ŀƴŘ ŀǘ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭ ŦƻǊ 
non-European countries. Therefore, there are spatial mismatches between the results from 
G-RDEM and data and analysis requirements for case-studies scoped at sub-national scales.  

 

¶ wŜǎǳƭǘǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŀǎ ΨǇŜǊŎŜƴǘŀƎŜ ƻŦ ŎƘŀƴƎŜ ƻǾŜǊ ǘƛƳŜΩ όŜΦƎΦΣ ǿŀǘŜǊ extraction increases 
ōȅ мл҈ύΦ tŜǊŎŜƴǘŀƎŜ ŎƘŀƴƎŜ ǊŜŦƭŜŎǘǎ ΨŀǾŜǊŀƎŜǎΩ ŀǘ ōǊƻŀŘŜǊ ǎŎŀƭŜǎΣ ǎƻ ŀǇǇƭȅƛƴƎ ǘƘŜƳ ǘƻ ǎƳŀƭƭŜǊ 
areas does not capture important local variations. Therefore, local baseline data is needed to 
convert these percentages into absolute amounts (e.g., water extraction will increase to 
1,100 litres).  

 
On one hand, G-RDEM results give more flexibility for assessing the range of complementary local 
socio-economic data that can be employed in a case-study. On the other hand, it provides little or no 
integration with indicators that contain high spatial variability (e.g. land use, land productivity, water 
use). Therefore, downscaling methods are necessary to get meaningful, spatially detailed projections 
for decision-making purposes. Downscaling of national indicators have implications for the 
development of the SDMs (e.g., introducing uncertainty into the results) and this particularly the 
case for land use indicators. 
 
For downscaling purposes, MagnetGrid was employed to downscale G-RDEM national projections on 
land use. MagnetGrid is a framework based on MAGNET CGE model (which is used for scenario 
analysis, in the context of agriculture, food security, and climate policy - see Diogo et al. 2020). 
MagnetGrid simulates spatial patterns of agricultural land use resulting from economic decisions on 
the use of the land (i.e., allocation based on land economic optimization). In the NXG project, it 
generated spatially explicit land-use-related input data (indicators) at the river basin scale, for the 
SDMs.  
 

https://www.gtap.agecon.purdue.edu/
https://iiasa.ac.at/
https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=1645
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://ec.europa.eu/eurostat&ved=2ahUKEwjky5fEtNKOAxWbBNsEHTcwHToQFnoECCgQAQ&usg=AOvVaw1zs7HBeTkuipaT0fGx5mcX
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://ec.europa.eu/eurostat/web/nuts&ved=2ahUKEwjCxabYtNKOAxWIQvEDHb2jN3UQFnoECBkQAQ&usg=AOvVaw1upaiJ9RI7blHctEbWi-zk
https://research.wur.nl/en/publications/magnetgrid-model-description-and-user-guide
https://www.magnet-model.eu/
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MagnetGrid works by combining future scenario-based projections on the supply, demand, prices, 
and production costs of various agricultural commodities (which are simulated by CGE models) with 
spatially explicit projections of the biophysical suitability of the land for agricultural production 
(which may be simulated, e.g., from gridded crop growth models such as LPJmL- Lund-Potsdam-Jena 
managed Land model). Hence, MagnetGrid projects and visualises future agricultural land-use 
change patterns that emerge from climatic and socio-economic developments specified in scenarios 
(i.e., RCPs/SSPs).  
 
MagnetGrid downscales aggregated land-use projections into high-resolution land-use maps. While 
the input data reflect broad-scale totals (e.g., hectares of cropland needed in a region), the model 
allocates these totals to smaller land units (e.g., grid cells) based on probabilistic rules and 
information about local land suitability and constraints. It applies a probabilistic allocation algorithm, 
according to which each unit of land (e.g., a grid cell) within a region is allocated to a percentage for 
each simulated land-use type (i.e., the share of total area of the grid cell used by that land-use type), 
so that the scenario projections for total aggregated land claims in a region (as projected by 
MAGNET) are simultaneously fulfilled for all simulated land-use types. This enables a consistent 
translation of macroeconomic projections into spatially detailed land-use patterns. The spatial 
resolution of results should match the specific scope of the case study. For example, in 
transboundary river basins with multiple administrative regions, economic values (e.g., income, land 
use) can be estimated by calculating weighted averages of model outputs from the respective 
jurisdictions. This translation from macroeconomic projections to spatially detailed land-use patterns 
provide critical insights for territorial planning, environmental regulation, and climate adaptation 
strategies.  
 
Furthermore, and what is particularly interesting and relevant to modelling the WEFE nexus, 
MagnetGrid can account for discontinuities. This is non-linear behaviour typical in complex systems, 
such as the emergence of new land-use types (e.g., second generation biofuel crops), the effects of 
policies affecting the economic performance of production systems (e.g., subsidy schemes, tax 
reductions/exemptions, removal of trade barriers), and the economic decisions leading to the 
adoption of innovative agricultural practices. These are the types of factors that are important to 
consider in understanding inherent uncertainty often observed in WEFE nexus systems.  
 
The configuration of the model is based on flexible templates, which allows for different scenario 
alternatives and configurations to be seamlessly and efficiently accommodated (e.g., grouping crops 
into broader sectors, aggregating countries into custom simulation regions). 
 
Models can produce different results depending on their structure, the input and parameterization 
they use, climate forcing, or internal variability (natural randomness in complex systems). As a result, 
their outputs are inherently uncertain due to several compounding factors, including divergence 
between climate drivers and structural or parametric biases in impact models (e.g., imperfect or 
simplified representations of complex biophysical processes). For example, models that rely on 
precipitation as a primary driver (e.g. hydrological models) tend to show greater uncertainty, given 
the variability of future precipitation trends. In contrast, models more sensitive to temperature (e.g. 
biomass or crop models) generally present lower (though still significant) uncertainty. Downscaling 
methods also introduce uncertainty, as they are typically limited to specific regions. Differences in 
model behaviour across regions may result from heterogeneity of local conditions, the spatial extent 
of the study area, and biases in the selection of grid cells. These uncertainties propagate through 
the entire modelling chain upon which all WEFE sector models are driven. 
 

Uncertainty is assessed by comparing outputs from multiple models run under common input 
scenarios - an approach known as multi-model ensemble analysis. Therefore, uncertainty analysis 
shows the range of possible outcomes in the simulation results. ISIMIP and CMIP outputs are 

https://www.pik-potsdam.de/en/institute/departments/activities/biosphere-water-modelling/lpjml
https://www.pik-potsdam.de/en/institute/departments/activities/biosphere-water-modelling/lpjml
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typically analysed using ensemble approaches, which visualise the range and distribution of potential 
outcomes, showing: 

¶ Multi-model means: Central estimates derived from averaging multiple model outputs 

¶ Uncertainty ranges: Expressed through standard deviations and quantile ranges  

¶ Outlier detection: Extreme or inconsistent projections, prompting further technical review or 
stakeholder discussion, and subsequently eventual subsetting of modelling results 

 
Overall, this shows where projections converge (suggesting greater confidence) and where they 
diverge (indicating higher uncertainty). Defining and describing uncertainty ranges facilitate a 
preliminary understanding of both conservative and outlying projections for preliminary validation 
and screening.  
 
In many cases, uncertainty ranges are widened by one or two outlier models that project significantly 
different results from the ensemble mean. A model ensemble with a high number of members 
ensures broader coverage of model uncertainty and allows for robust statistical analysis, such as 
quantile-based evaluation. This approach was applied in NXG, where both RCP2.6 and RCP8.5 
scenarios were used to capture a wide range of temperature-driven responses (Portman et al., 2013), 
ensuring that the ensemble reflected a broad response space relevant to the policy context. 
 
Uncertainty analysis supports the screening and validation of model results, increasing confidence in 
the data used for SDMs. It also helps stakeholders better understand and interpret uncertainty, 
which is often underappreciated in risk management processes. These insights are crucial for 
decision-makers seeking to design robust, flexible strategies that can perform well under a range of 
plausible future scenarios. 
 
For more details on how multi-model ensemble analysis was performed in the NXG project, see 
Trabucco et al. (2024) - NXG D2.5 - Future Trends and Validation of biophysical data for uncertainty 
assessment and {ǳǑƴƛƪ ŀǘ ŀƭΦ όнлнпύ ς NXG D3.6 Sensitivity/Uncertainty Analysis Report. 
 

Step 1: Identify the target variables across WEFE domains  
 
Begin by identifying which biophysical and socio-economic variables are required to represent the 
WEFE system dynamics. This selection should be aligned with the conceptual framing of the WEFE 
nexus in the context and based on input from case study leaders and model developers. The goal is 
to determine which variables are essential to characterize the WEFE nexus and usable in the SDMs. 
Common variables applicable for WEFE nexus systems are monthly and annual values for 
precipitation, irrigation demand, surface runoff, crop yields, biomass growth, soil carbon, land use 
changes, population trends, GDP changes of different sectors, resources demand, amongst many 
others. In the NXG project, ca. 150 variables were included (identified through various consultation 
rounds with stakeholders and modelers, as the SDMs matured). 

For more information on the variables and global datasets that were used in NXG, see Trabucco et al. 
2022b NXG D2.1 - Document information and consolidated data available according to specific Nexus 
dimensions from Modelling, Repository and Inter-Comparison projects.  

Step 2: Screen harmonised, high-quality data sources 
 
Once variables are identified, scope and select harmonised (and preferably open-access) global 
datasets that could provide the necessary information. In NXG, five key modelling data sources were 
used: ISIMIP, CORDEX, SIMETAW-GIS, C3S (Copernicus), and GLOBIO. These platforms are well-
recognised, cover key sectors, and offer scenario-based outputs that are compatible with system 

https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
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dynamics modelling. Table 17 provides an overview of each data platform for biophysical variables 
and their relevance to WEFE domains. 
 

 
Step 3: Choose future scenarios for uncertainty assessment 
 
Select the RCP/SSPs to simulate the effects of climate change on the WEFE nexus system. Any suite 
of scenarios can be applied based on the analytical and decision-making objectives. The climate 
trajectories of different emission scenarios (e.g., between RCP2.6, RCP6.0 and RCP8.5) do not 
substantially diverge before the middle of the 21st century, therefore it is advisable that the most 
remarkable and expected differences for assessments are inferred for scenarios on the low-high end. 
Accordingly, in NXG, the contrasting RCP2.6 (strong mitigation) and RCP8.5 (high emissions) were 
used to span a plausible range of future outcomes.  
 

Step 4: Downscale global data for regional relevance 
 
Data from the global models is too coarse for case study needs at regional, national or sub-national 
levels. Statistical or dynamical downscaling methods should be used to create spatial alignment with 

Table 18: Sample of data platforms with global datasets for developing future biophysical & 
climate projections. Key global data platforms with accompanying global datasets that were 
used in the NXG project to develop future biophysical & climate scenarios. More or less datasets 
may be used for other projects depending on the data modelling needs. (Source: Trabucco et al. 
2022 ς NXG D 2.1 - Document information and consolidated data available according to specific 
Nexus dimensions from Modelling, Repository and Inter-Comparison projects) 

tƭŀǘŦƻǊƳ What it offers for modelling WEFE nexus systems 

LƴǘŜǊπ{ŜŎǘƻǊŀƭ LƳǇŀŎǘ 
aƻŘŜƭ LƴǘŜǊŎƻƳǇŀǊƛǎƻƴ 
tǊƻƧŜŎǘ ISIMIP 

¶ Harmonized simulations from climate impact models using 
common input scenarios, providing data on climate, water, 
agriculture and ecosystem domains (terrestrial biodiversity, 
biomes) 

¶ Cross-sectoral consistency & supports for uncertainty analysis 

/hƻǊŘƛƴŀǘŜŘ wŜƎƛƻƴŀƭ 
ŎƭƛƳŀǘŜ 5ƻǿƴǎŎŀƭƛƴƎ 
9·ǇŜǊƛƳŜƴǘ CORDEX 

¶ Improves regional downscaling of global climate projections 
enabling more accurate spatial resolution for application at sub-
national levels 

SIMETAW-GIS 

¶ Tailored agricultural projections for large number of crop types 
with high regional relevance 

¶ Estimates crop water requirements & irrigation needs based on 
soil, crop type & climate projections.  

C3S (Copernicus) 

¶ Hydrology-related climate impact indicators at regional level 
(e.g., daily mean river discharge, climate impact indicators) of 
water quantity & quality (phosphorus and nitrogen 
concentration). ) derived from hydrological impact modelling. 

GLOBIO 

¶ Indexes of biodiversity (mean species abundance and average 
population/level across species) - as a function of stressors land 
use, road disturbance, habitat fragmentation, nitrogen 
deposition and climate change 

¶ Data at global level; further analyses possible with regional data. 

https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/D2.1-WP2_NXG.pdf
https://www.isimip.org/
https://www.isimip.org/
https://www.isimip.org/
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://cordex.org/&ved=2ahUKEwjXmObBq9KOAxVT6QIHHRGlLx4QFnoECAoQAQ&usg=AOvVaw1VHXrCJxrVHMxiPwycV3DY
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://cordex.org/&ved=2ahUKEwjXmObBq9KOAxVT6QIHHRGlLx4QFnoECAoQAQ&usg=AOvVaw1VHXrCJxrVHMxiPwycV3DY
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://cordex.org/&ved=2ahUKEwjXmObBq9KOAxVT6QIHHRGlLx4QFnoECAoQAQ&usg=AOvVaw1VHXrCJxrVHMxiPwycV3DY
https://www.sciencedirect.com/science/article/abs/pii/S0378377421002705#:~:text=In%20this%20work%2C%20the%20Simulation%20of%20Evapotranspiration,and%20future%20climate%20conditions%20(2036%E2%80%932065)%2C%20under%20RCP4.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://climate.copernicus.eu/&ved=2ahUKEwjag_KYrNKOAxV-0gIHHXCZPbQQFnoECBgQAQ&usg=AOvVaw1iwaKLHlEfC42xo3ptvmh9
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.globio.info/&ved=2ahUKEwi6qpOlrNKOAxUCxQIHHThLN7MQFnoECAoQAQ&usg=AOvVaw2hwUQT4ma36gvkEYF0Tnvy
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the scale of the SDMs and support more credible regional analysis. CORDEX data often provide 
already-downscaled climate projections, but local station data and correction methods may be 
needed to improve accuracy. In Europe, regional statistics provided by Eurostat or land use data with 
high granularity by COPERNICUS or ESA, may facilitate disaggregation of some data to the (NUTS) 2/3 
regional level or even at higher resolution. Figure 10 provides an example of biophysical data trends 
at a downscaled river-basin level for the NXG project. 
 
Figure 10: Example of biophysical data trends according to climate drivers, model impact or 
emission scenario. Trends of yearly crop irrigation requirements for Jiu Case Study of NXG, according 
to Lpjml, HADGEM-ES GCM climate projections and RCP2.6 scenario. (Trabucco et al. 2023 ς NXG 
D2.2. Nexus data vector of biophysical data for each case study). 

 
For socio-economic data, the basic workflow for the downscaling framework is illustrated in Figure 
11. In Figure 12, sample grid-level results are shown from downscaling of G-RDEM results using 
MagnetGrid. A technical step-by-step description of how the downscaling can be accomplished (e.g., 
the mathematical equations to be applied) is available in Rossi Cervi et al. (2023) -  D 2.4 - 
Downscaling land use projections from the socio-economic, on the NXG website. 
 
 

Figure 11: Workflow of 
model integrations for 
generating downscaled land 
use simulations. The yellow 
blocks show the established 
process of integration of 
MagnetGrid and G-RDEM. 
The red blocks show the 
processes that are yet to be 
enable jointly with the case 
studies. (Rossi Cervi et al. 
(2023) ς NXG D 2.4 - 
Socioeconomic data at grid 
level).  
 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D2.2-Nexus-data-vector-of-biophysical-data-for-each-case-study.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.2-Nexus-data-vector-of-biophysical-data-for-each-case-study.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
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Figure 12: MagnetGrid downscaling of G-RDEM land-use results for Italy. Example of the spatio-
temporal distribution of the demand driven land use types which are endogenously modelled and 
downscaled from G-RDEM Projections using MagnetGrid. (Rossi Cervi et al. (2023) ς NXG D2.4 - 
Socioeconomic data at grid level). 
 

 
 

Accomplishing the final results of the downscaling will require a data harmonization process to 
reduce mismatches across the different spatial datasets; this can be data-intensive and time 
consuming. Local stakeholder input is valuable in streamlining this process, by offering local 
knowledge (e.g., land uses of locally-grown crops) for validation of results. Therefore, in the co-
creation process, preliminary results are validated with the stakeholders and specific requests for 
indicators are discussed. From this, common agreements can be established on what input can still 
be provided upon and incorporated in the modelling framework. For example, in the NXG project, 
after stakeholder and expert feedback, crop models were later extended in specific case studies to 
include regionally important crops: in the Adige basin, grape and apple production were added and 
in the Inkomati-Usuthu basin, macadamia and citrus production was included. 
 

Step 5: Harmonise and format datasets for SDM integration 
 
Causal loop diagrams of the nexus (see Section 2, Chapter 4 on SDMs) should be refined based on 
data availability and stakeholder input. To support integration into SDMs, variables need to be 
standardised so that the datasets can be compared and reused across different case study contexts. 
Standardise the datasets by aligning all units (e.g., mm of rainfall, tonnes/ha), time steps (monthly, 
yearly), spatial resolution, uniform driving climate projections and modeling protocols. Special care 
should be taken to maintain consistency in the historical baseline period (1971ς2005) and the future 
projection period (2006ς2070). Compile the datasets into structured data frames, which should also 

https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.4-Grid-level-socio-economic-data-set.pdf
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include metadata such as variable names, variable units, the RCP scenario applied, the description 
and intended use of the variables, and source references. This structured formatting facilitates 
usability and transparency across modelling teams and replication in other case-study contexts. 
 

Step 6: Validate data with Retrospective Analysis 
 

Retrospective analysis is used to evaluate how well the biophysical models simulate observed past 
ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ ǎǘŜǇ ǎǘǊŜƴƎǘƘŜƴǎ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜ ƳƻŘŜƭǎΩ ŀōƛƭƛǘȅ ǘƻ ǊŜŦƭŜŎǘ ǊŜŀƭ-world processes 
before they are used to inform long-term projections. It involves comparing historical simulations of 
key biophysical variables (e.g., river flow, evapotranspiration, crop yields, etc.) against observational 
datasets over a past period (e.g., 1980ς2015). Key aspects of model performance assessed: 

¶ Temporal accuracy: Do the models capture long-term trends or interannual variability? 

¶ Spatial consistency: Are geographic distributions and patterns realistic? 

¶ Biases: How much do the models over- or under-estimate key values? 
 
In the NXG project, outputs from global biophysical models that participate in the large-scale 
intercomparison international initiatives ς ISIMIP CMIP6, and the Copernicus Climate Change Service 
(C3S) were used, and relevant variables validated with local observations available at case study.  
 
For more details on how retrospective analysis was performed in the NXG project, see Trabucco et al. 
(2024) - NXG D2.5 - Future Trends and Validation of biophysical data for uncertainty assessment and 
{ǳǑƴƛƪ ŀǘ ŀƭΦ όнлнпύ ς NXG D3.6 Sensitivity/Uncertainty Analysis Report 

 

Step 7: Validate data with Uncertainty Analysis  
 
Conduct a multi-model ensemble analysis - comparing outputs from multiple models run under 
common input scenarios. The project team should draw on literature describing uncertainty of 
ƳƻŘŜƭƭƛƴƎ ƻǳǘǇǳǘǎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŜȄǇŜǊǘ knowledge, to understand the uncertainty 
presented in the results and thereafter validate the use and reliability of model outputs.  
 
If models show good agreement amongst each other, it can be assumed they can be used 
interchangeably within the SDMs, with no significant difference in the outcome (simulation results). 
The choice should be based on the specific region and scenario studied. As a general rule, in the 
absence of a reference observational dataset, the preferred model should be the one with the 
highest correlation with the inter-model mean (Trabucco et al. 2024).  
 
Trade-offs must be made when interrogating the results. For example, there may be a situation in 
which there is a large spread of results across the models, therefore it is not possible to determine 
the most reliable impact projections. A project team might take a conservative approach that 
reduces the chances of error maximization, however, at the trade-off that it may not ensure accuracy 
of results (Trabucco et al. 2024). 
 
For more details on how uncertainty analysis was performed in the NXG project, see Trabucco et al. 
(2024) - NXG D2.5 - Future Trends and Validation of biophysical data for uncertainty assessment and 
{ǳǑƴƛƪ ŀǘ ŀƭΦ όнлнпύ ς NXG D3.6 Sensitivity/Uncertainty Analysis Report 
 

Step 8: Populate the SDMs and run scenario simulations 
 
This step translates the qualitative causal loop diagrams into quantitative simulations. The insights 
from retrospective analysis and uncertainty analysis are used to select and prepare biophysical data 
inputs for the SDMs. Work closely with modelers to make sure the data vectors (RCP & SSP specific 

https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
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trends for each variable) feed directly into SDM parameters. Ensure that each SDM is labelled 
according to its RCP & SSP scenario set input, so that the SDM outputs can be compared. This means 
that there will be an SDM for every RCP-SSP scenario set. For example, for NXG, two RCPs were used, 
therefore, there are two versions of each SDM corresponding to each RCP. If a project has multiple 
case-studies and cross-case comparison is desired, RCP scenarios should be applied uniformly across 
all models to maintain consistency within the modelling framework. 

 

Step 9: Validate SDMs with stakeholders and update datasets as necessary 
 
The first set of simulations should be validated with stakeholders and domain experts on the project 
ǘŜŀƳ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ǊŜǎǳƭǘǎ ΨƳŀƪŜǎ ǎŜƴǎŜΩ ƎƛǾŜƴ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƭƻŎŀƭ 
knowledge of the nexus system dynamics. From there, the data can be adapted as additional 
modelling needs emerge. The validation process (updates to the data repository-SDM simulations-
validation) iterates until the project team and stakeholders agree that the simulations are sufficiently 
credible for decision-making purposes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Final remarks on biophysical & socio-economic future scenarios 
 
The overarching method presented here is designed to help other project teams replicate and tailor 
this approach to their own regional or thematic focus. To allow for cross-case comparability and 
ensure scientific rigour, data should be sourced from open-access, peer-reviewed platforms that are 
widely recognised within the research community. aǳƭǝǇƭŜ ǎƻǳǊŎŜǎ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ 
ƳƻŘŜƭƛƴƎ ǳƴŎŜǊǘŀƛƴǝŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ŘƛũŜǊŜƴǘ ƛƳǇŀŎǘ ƳƻŘŜƭǎ ŀƴŘ ŘǊƛǾƛƴƎ ŎƭƛƳŀǘŜ ǇǊƻƧŜŎǝƻƴǎΦ 
Furthermore, data should be generated ǳƴŘŜǊ ŀ ǎǘǊǳŎǘǳǊŜŘΣ ŎƻƘŜǊŜƴǘΣ ŀƴŘ ǳƴƛŦƻǊƳ ƳŜǘƘƻŘƻƭƻƎȅ 
ŀƴŘ modelling framework. Key criteria for selecting suitable data sources include: 
¶ Consistency across sectors (climate, water, agriculture, ecosystems) 
¶ Availability of both historical and projected datasets 
¶ Coverage of relevant variables at monthly or annual time steps; 
¶ Capacity to simulate multiple future climate scenarios (e.g., RCPs) 
¶ Compatibility with the structure and data needs of the SDMs. 

 
Datasets should be refined over time through stakeholder engagement. Engaging stakeholders 
helps guide the selection and interpretation of data, ensuring the models reflect local priorities and 
conditions. As stakeholders help validate the most relevant nexus interlinkages and policy questions, 
modelers and data experts can iteratively improve the knowledge repository. This cycle continues 

.ƻȄ нΦ ¢ǿƻπǎǘŀƎŜ ƳƻŘŜƭƭƛƴƎ ǎǘǊŀǘŜƎȅ ŦƻǊ ŦǳǘǳǊŜ ǇǊƻƧŜŎǝƻƴǎΦ 9ȄŀƳǇƭŜ ƻŦ ǘƘŜ ǘǿƻπǎǘŀƎŜ ƳƻŘŜƭƭƛƴƎ 
ǎǘǊŀǘŜƎȅ ǘƘŀǘ ǿŀǎ ŀǇǇƭƛŜŘ ƛƴ b9·hD9b9{L{ ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ ΨŘŀǘŀππƳƻŘŜƭ ǊŜǎǳƭǘǎππǎǘŀƪŜƘƻƭŘŜǊ ƛƴǇǳǘΩ 
ǾŀƭƛŘŀǝƻƴ ŎȅŎƭŜΦ ό¢ǊŀōǳŎŎƻ Ŝǘ ŀƭΦ нлннŀύΦ ! ǇǊƻǇƻǎŜŘ ƳƻŘŜƭƭƛƴƎ ǎǘǊŀǘŜƎȅ ƛǎ ŀ ǇǊƻƎǊŜǎǎƛǾŜ 
ǊŜŬƴŜƳŜƴǘ ƻŦ ŀƎƎǊŜƎŀǘŜŘ ǎŎŜƴŀǊƛƻǎΦ Lƴ b·DΣ ǿŜ ǿŜǊŜ ŎƻƴŎŜǊƴŜŘ ƻƴ ƻƴŜ ƘŀƴŘΣ ŀōƻǳǘ ǘƘŜ ŎƻǊǊŜŎǘ 
ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ǾŀǊƛŀōƭŜǎ ōȅ ǎǘŀƪŜƘƻƭŘŜǊǎΣ ŀƴŘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀōƻǳǘ ǘƘŜ ǇƻǎǎƛōƭŜ ŘŜƭŀȅ 
ǿƘƛŎƘ ŎƻǳƭŘ ƻŎŎǳǊ ǿƘŜƴ ǎǘŀƪŜƘƻƭŘŜǊǎ ƴŜŜŘŜŘ ǘƻ ǿŀƛǘ ŦƻǊ ǘƘŜ ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ Řŀǘŀ 
ŘŜŬƴƛƴƎ ǘƘŜ ǊŜƭŜǾŀƴǘ ǎŎŜƴŀǊƛƻ ŦǊŀƳŜǿƻǊƪΦ ²Ŝ ŘŜŎƛŘŜŘ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ ǘǿƻπǎǘŀƎŜ ǎǘǊŀǘŜƎȅ ǘƻ 
ōǊƛŘƎŜ ǘƘŜ ŘŜƭŀȅΦ ¢ƻ ǎǘŀǊǘΣ ǿŜ ǇǊƻǾƛŘŜŘ ŀ άƳƛƴƛƳǳƳ ŘŜƳƻƴǎǘǊŀǝƻƴ Řŀǘŀ ǎŜǘέ ǿƘƛŎƘΣ ŦƻǊ ǘƘŜ 
ŜŎƻƴƻƳƛŎ ǇŀǊǘΣ Ŏƻƴǎƛǎǘǎ ƻŦ ŜǎǝƳŀǘŜǎ ƻŦ D5t ǇŜǊ ŎŀǇƛǘŀΣ ǊŜŦŜǊǊƛƴƎ ǘƻ {{tп ŀƴŘ ǘƘŜ ȅŜŀǊ нлрлΣ ŦƻǊ 
ŀƭƭ ŎŀǎŜ ǎǘǳŘƛŜǎΦ {ŜŎƻƴŘƭȅΣ ǿŜ ŘŜƭƛǾŜǊŜŘ ŀ ƴƻƴπŜȄƘŀǳǎǝǾŜ άƳŜƴǳέ ƻŦ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎΣ ǿƘƛŎƘ ŎƻǳƭŘ 
ōŜ Ǉƻǎǎƛōƭȅ ƎŜƴŜǊŀǘŜŘΦ ²Ŝ ǘƘŜƴ ǳƴŘŜǊǘƻƻƪ ŀƴ ƛƴǘŜǊŀŎǝǾŜ ŘƛŀƭƻƎǳŜ ōŜǘǿŜŜƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ŀƴŘ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ŘŜŬƴŜΣ ƻǾŜǊ ǝƳŜΣ ǘƘŜ Ƴƻǎǘ ǳǎŜŦǳƭ ƛƴŦƻǊƳŀǝƻƴ ǎŜǘ ŦƻǊ ǘƘŜ 
ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŦǳǘǳǊŜ ǎŎŜƴŀǊƛƻǎΣ ƛƴ ǘƘŜ ŘƛũŜǊŜƴǘ ŎƻƴǘŜȄǘǎΦ 



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

76 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

until the results are considered credible, relevant, and usable for decision-making τ within the 
practical constraints of time and resources. 
 
¢ƘŜ ŘŀǘŀǎŜǘǎ ǎƘƻǳƭŘ ōŜ ƛǘŜǊŀǝǾŜƭȅ ƳƻŘƛŬŜŘ ŀƴŘ ƛƳǇǊƻǾŜŘ ǘƻ ŀŎŎƻƳƳƻŘŀǘŜ ŜǾŜƴǘǳŀƭ ŦǳǊǘƘŜǊ Řŀǘŀ 
ƴŜŜŘǎΣ ŀǎ ǎǘŀƪŜƘƻƭŘŜǊ ǾŀƭƛŘŀǝƻƴ ƻŦ ƴŜȄǳǎ ǊŜǎƻǳǊŎŜ ŀƴŘ ǇƻƭƛŎȅ ƛƴǘŜǊƭƛƴƪŀƎŜǎ ŀǊŜ ǊŜŬƴŜŘ ƛƴ ǘƘŜ Ŏƻπ
ŎǊŜŀǝƻƴ ǇǊƻŎŜǎǎΦ ¢ƘŜ ƛǘŜǊŀǝǾŜ ǾŀƭƛŘŀǝƻƴ ǊƻǳƴŘǎ Ŏŀƴ ŎƻƴǝƴǳŜ ǳƴǝƭ ǘƘŜ Řŀǘŀ ŜȄǇŜǊǘǎΣ ƳƻŘŜƭŜǊǎ ŀƴŘ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŦŜŜƭ ǘƘŜȅ ƘŀǾŜ ŀŘŜǉǳŀǘŜƭȅ ŎŀǇǘǳǊŜŘ ǘƘŜ ƴŜȄǳǎ ŘȅƴŀƳƛŎǎ ŎǊŜŘƛōƭȅ ŀƴŘ ǿƛǘƘ ǊŜƭŜǾŀƴŎŜ ŦƻǊ 
ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǇǳǊǇƻǎŜǎΣ ǿƛǘƘƛƴ ǝƳŜ ŀƴŘ ǊŜǎƻǳǊŎŜ ƭƛƳƛǘǎΦ  
 

4.3 Section 2: Co-design phase 
 
The co-design phase revolves around enabling stakeholders to actively shape technical content and 
outputs such as system dynamics models, WEFE Nexus indicators, and policy packages. This stage 
emphasises continued co-framing of the problem space, further clarifying priorities and validating 
assumptions and outputs. Therefore, it involves establishing numerous feedback loops between 
technical teams and stakeholders to enhance legitimacy of outputs. Engagement is also broadened 
to include grassroots and institutional actors.  
 

4.3.1 Chapter 4 - System Dynamics Modelling 
INTRODUCTION 

System Dynamics (SD) is a modelling methodology used to gain insights into the structure and 
behaviour of dynamic, complex systems. In the context of the Water-Energy-Food-Ecosystems 
(WEFE) nexus, it helps understand how system structures (such as the connections between WEFE 
resources), policies (the actions taken by decision-makers), and system response patterns (how 
resources behave in response to those policies) continuously interact to shape the development and 
stability of socio-ecological systems (Drew, 1995). A central concept in SD is feedback - the way 
information generated by a system provides perspectives for future decision-making. These feedback 
loops are important for understanding how actions affect outcomes and how the system evolves 
over time. 
 
System dynamics models (SDMs) simulate real-world systems, under a set of assumptions, to 
improve our understanding of dynamic complexity. Dynamic complexity is the outcome of the 
interplay of system parts over time (i.e., the behaviour that emerges from the system over time as a 
result of feedbacks between structure-action-response). SD is a simulation tool that can be used to 
support decision makers in analysing the implications of their decisions, in order to construct better 
policies (Forrester, 1992). 
 
As an example of the relevance of SDM simulations for real-world scenarios: introducing water-
saving irrigation techniques in agriculture may reduce water withdrawals, which improves river 
ecosystem health, but could also reduce groundwater recharge if return flows diminish. Similarly, 
expanding bioenergy production can increase energy security and rural income, yet may intensify 
competition for land and water, potentially reducing food crop yields and altering nutrient flows into 
aquatic ecosystems. For policy-making purposes, SDMs enable the systematic testing of how policy 
interventions affect the system and help anticipate trade-offs in policy decisions. 
 
SDMs are an optimally suitable technique for tackling nexus issues because they:  

¶ Flexible to incorporate various types of data and multiple interacting variables within feedback 
loops into a single model (Forrester, 1992, 2009). 

¶ Capable of representing policies and information flows within the system. 
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¶ Holistic in nature, emphasizing the input/output dynamics characteristic of real-life systems. 

¶ Are efficient, relying on dependable aspects of system understanding, while correcting for less 
certain aspects; 

¶ /ŀƴ ƳŀƪŜ ǳǎŜ ƻŦ ŀƎƎǊŜƎŀǘŜŘ ŘƻǿƴǎŎŀƭŜŘ ŘŀǘŀǎŜǘǎ ƻŦ ǎǇŜŎƛŀƭƛǎŜŘ ΨǘƘŜƳŜŘ ƳƻŘŜƭǎΩ όŜΦƎΦΣ ŎǊƻǇ 
models, hydrological models) 

¶ LƴŎƻǊǇƻǊŀǘŜ ƳŜǘƘƻŘǎ ǘƘŀǘ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ άǎƻŦǘ ǾŀǊƛŀōƭŜǎέ ǘƘŀǘ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ 
quantify  

¶ Has a graphical interface that makes information understandable to a wide cross-section of 
stakeholders, thereby facilitating stakeholder engagement in co-creation modelling exercises.  

¶ Can be immediately translated from the Stella Architect environment (a dedicated SDM 
modelling software) to Python programming code, which is required for its use in the NEPAT 

 
Understanding how complex systems behave is aided greatly by the concept of modelling them as 
continuously changing over time and by focusing on broader categories rather than fine details 
(Forrester, 1997). To this end, SDMs are created using two complementary tools - conceptual maps 
and causal loop diagrams ς which visualise how information, materials, or resources move through 
the system, and how related elements can be grouped for analysis. These diagrams are ultimately 
translated into a modelling framework (stock-and-flow diagram) that quantifies the current state of 
the system and the potential system responses to introduced changes (i.e., the potential 
implementation of policies).  
 
STEPS IN DEVELOPING SYSTEM DYNAMIC MODELS 
 

Step 1: Developing conceptual maps of the WEFE nexus 
 
Defining the core structure of the conceptual maps 
 
A conceptual map is an abstract representation of a system, that is used to understand and visualise 
the system under study (e.g. Helmig, 1997; Sterman, 2000; Dullea et al., 2003; Sokolowski and Banks, 
2010). They are used for: 

¶ Framing the core nexus issues, giving structure to the different nexuses being considered; 

¶ 9ƭǳŎƛŘŀǘƛƴƎ Ƙƻǿ ǇƻƭƛŎƛŜǎ ΨŜƴǘŜǊΩ ǘƘŜ ƴŜȄǳǎ ŀƴŘ ǘƘŜ ǿƛŘŜǊ ǎȅǎǘŜƳƛŎ ƛƳǇŀŎǘ ƻŦ ǇƻǘŜƴǘƛŀƭ ǇƻƭƛŎȅ 
implementation; 

¶ Elucidating interconnections and interactions within and between the nexus sectors. 
 
Conceptual maps capture the linkages within and between the WEFE domains. The aim is to identify 
and visualise the major components (or sectors) and interlinkages between them using scientific 
literature, stakeholder knowledge and expert judgement.  
 
Two levels of conceptual maps can be produced: First, a high-level map on the major connections 
ōŜǘǿŜŜƴ ƴŜȄǳǎ ŘƻƳŀƛƴǎ ŀǘ ǘƘŜ ǎȅǎǘŜƳƛŎ ƭŜǾŜƭΦ CƻƭƭƻǿƛƴƎ ŦǊƻƳ ǘƘƛǎΣ ΨŜȄǘŜƴŘŜŘΩ ǎŜŎǘƻǊŀƭ ƳŀǇǎ Ǝƻ ƛƴǘƻ 
detail about the processes within each nexus domain, and how they relate to the other domains.  
 
Developing maps is a creative and open-ended process that starts with a group discussion between 
modelling experts and stakeholders to develop a common understanding of the system. A series of 
workshops is necessary to elicit and record the collective perception and knowledge of stakeholders 
regarding what are the WEFE nexus sub-systems that play a crucial role in the WEFE resources 
management. Conversations should explore: 

¶ System boundaries (i.e., the scope of the case-study, e.g., river-basin boundaries) 

¶ Focal issues of concern (i.e., what the stakeholders think as relevant and important in the 
nexus domains) 

https://www.iseesystems.com/


D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

78 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

¶ Structure of the (sub)-systems (i.e., resource sectors of the nexus) 

¶ Nature of sector connections (within and outside of the system boundaries) 

¶ What are the drivers of change in each nexus domain and across the domains 

¶ What are the stresses and impacts on WEFE resources and the potential responses of the 
system to those impacts 

 
Each domain within the nexus has its own conceptual map, describing connections within the 
domain and with other domains. The analysis is then extended by describing each of the nexus 
elements separately, per jurisdiction, providing greater detail as needed to describe the socio-
ecological interlinkages in the WEFE nexus. For transboundary cases (at any scale) an overarching 
high-level conceptual map is made which captures the transboundary element of the interconnecting 
effect that, for example, upstream activities have to downstream communities to account for 
differences in connections between two countries (if desired/needed) (see Figure 13).  
 
Figure 13: High-level conceptual map depicting nexus interlinkages for Nestos/Mesta River basin. 
¢ƘŜ ǘǊŀƴǎōƻǳƴŘŀǊȅ ŜƭŜƳŜƴǘ ƛǎ ŎŀǇǘǳǊŜŘ ƛƴ ǘƘŜ ΨǿŀǘŜǊΩ ŘƻƳŀƛƴΣ ǎƘƻǿƛƴƎ the interconnecting effect 
that upstream activities have to downstream communities. (Laspidou et al. 2023 ς NXG D3.1 - 
Conceptual models completed for all the case studies).  

 
 
Refining the conceptual maps with data-mapping exercises 
 
The conceptual maps offer an entry point for the discussion (and managing expectations) of what can 
or cannot be modelled based on data requirements and data availability. The eventual SDMs are 
quantified using data from biophysical and socio-economic trends generated by global simulations 
based on specific models and scenario drivers (see Section 1, Chapter 3) and from local datasets. 
While data from global models offer insights into overarching structuring biophysical and socio-
economic trends, it is limited in accounting for the specific nexus dynamics that are evident sub-
national scale. Therefore, local data are essential for building out and validating the SDMs to account 
for such granular nexus interactions. In addition, in international transboundary cases, local data in 
each country needs to be accounted separately, with relevance to, for example, the river basin scale. 
In addition to filling data gaps, local data is used to validate trends simulated from the global models 

https://nexogenesis.eu/wp-content/uploads/2023/10/NEXOGENESIS-D3.1-v2-Final.pdf
https://nexogenesis.eu/wp-content/uploads/2023/10/NEXOGENESIS-D3.1-v2-Final.pdf
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(e.g., changes in water availability), serve as a baseline for constructing socio-economic scenarios 
(e.g., food consumption) and for conducting uncertainty analysis.  
 
Each conceptual map is reviewed to identify which sources have the data for transitioning from 
qualitative mapping to quantitative modelling. Mapping the variables against available data helps 
assess how well existing datasets meet the modelling needs. A data mapping matrix spreadsheet can 
support this process. It should list all SDM variables and cross-reference them with outputs from the 
global models. The aim is to identify which variables can be directly sourced from these datasets and 
which require supplementary local data, particularly for region-specific issues not captured in global 
models. For instance, in the Inkomati-Usuthu case study within NXG, mining is a major concern, yet 
mining-specific data are absent from global datasets and must be locally sourced. Figure 14 
illustrates how the data mapping exercise progresses.  
 
Figure 14 Data-mapping exercise for system dynamic models. High-level summary of the data 
mapping that is required for developing system dynamic models ς as was implemented in the 
NEXOGENESIS Project. (Source: Adapted from Laspidou, C. et al. 2023 ς NXG D3.3 - Final report on the 
application of biophysical models and stakeholder recommendations). 
 

 
Based on the results of this data mapping, the SDM can be refined to better reflect the available data 
- by addressing unfillable gaps, removing redundant variables, and introducing new ones where 
needed (see Table 15). As policy objectives are incorporated into the model, further modifications 
may be required, including adjustments to data requirements. This may necessitate the collection of 
additional data and corresponding changes to the SDM structure.  
 
To guide this process, stakeholders should be engaged to identify the most pressing nexus issues in 
the case-study. This ensures that the most relevant WEFE issues are prioritised in their reflection in 
the conceptual maps and in the sourcing of data. Ideally, this exercise should take place in a 
workshop setting, although it can also be conducted through focus groups. It can also be conducted 
via remote online exercises. This was done in the Lielupe case-study in the NXG project, in which 
stakeholders were asked to score the importance of nexus interlinkages on a Google form, which 
they could complete on their own time.  

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.3-Final-report-on-the-application-of-biophysical-models-and-stakeholder-recommendations.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.3-Final-report-on-the-application-of-biophysical-models-and-stakeholder-recommendations.pdf
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Chapter 3 provides an overview of the global and regional datasets that were used in NXG project. 
Typical local datasets that can be used are:  

¶ International repositories from government agencies, civil society organisations, 
international development agencies (e.g., UN agencies) 

¶ Local repositories from government agencies, civil society organisations, research 
organisations (e.g., national statistics agency) 

¶ Results of other models (e.g., local hydrological models) 

¶ Scientific and grey literature  
 

Table 19: Data availability and the construction of conceptual maps. Overview of how to 
construct conceptual maps, as the first step towards constructing system dynamics models, based 
on various data availability scenarios. (Source: Adapted from Laspidou, C. et al. 2023 ς NXG D3.2 - 
Final report on the complexity science and integration methodologies). 

Data availability scenario Strategy for constructing conceptual map 

Connection or variable which can be 
quantitatively represented because data are 
available 

Keep connection or variable in map 

Connection or variable in which data gaps 
cannot be filled with either globally 
downscaled, national or sub-national data 

Remove Connection or variable from map 

Connection or variable which has no precisely 
defined data 

Explore how connection or variable can be 
credibly represented with proxy data and if this 
is possible, keep them in the map 

Connection or variable can be sourced from 
multiple global and local datasets 

Keep connection or variable in the conceptual 
maps. Case-study lead, data experts and 
modellers discuss the best course of action on 
which dataset should be primary used in the 
eventual SDM.  

Connection or variable which has only local 
datasets available 

Keep connection or variable in map 

 
 
The data mapping matrix could be validated with stakeholders, either at the end of the data mapping 
exercise, or in parallel steps during the exercise. This helps to identify additional sources of credible 
datasets that may have been missed by the project team and verifies the scientific credibility and 
legitimacy of the methodology applied, therefore facilitating greater confidence in the final 
modelling results. As the stakeholders continually offer feedback, the conceptual maps are 
continually refined. Because the conceptual maps and the data have both been validated separately 
and iteratively with stakeholders, it can be expected that no large structural changes would be 
needed to the conceptual maps, and therefore also the causal loop diagrams and the eventual SDMs.  
 
This integrated approach - ŎƻƳōƛƴƛƴƎ ŎŜƴǘǊŀƭƛǎŜŘ όƎƭƻōŀƭύ ƳƻŘŜƭ ƻǳǘǇǳǘǎΣ ƭƻŎŀƭ ŘŀǘŀΣ ŜȄǇŜǊǘǎΩ 
knowledge, literature review and stakeholder insights - ensures that each SDM reflects the specific 
context of the case study area and is well-suited to support modelling the impacts of policies on the 
WEFE nexus. 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.2-Final-report-on-the-complexity-science-and-integration-methodologies.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.2-Final-report-on-the-complexity-science-and-integration-methodologies.pdf
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/ƻƴŎŜǇǘǳŀƭ ƳŀǇǎ ŀǎ άōƻǳƴŘŀǊȅ ǘƻƻƭǎέ ŦƻǊ ŎǊƻǎǎ-sector discussions 
 
It is important that considerable effort is put into this stage of involving a wide range of stakeholder 
groups. By engaging stakeholders in co-designing the diagrams, they adopt a systems-thinking 
approach to resource management and policy design, as they are required to go beyond the 
traditional sectoral siloes and become more aware of the wider cross-sectoral impacts. Now, inter-
sectoral discussions can be promoted. Furthermore, when they are involved in the co-design process, 
the intention is that the results and recommendations from the SDMs and the NEPAT will have more 
practical relevance for these stakeholder groups, promoting uptake in formal decision-making 
processes. 
 

Step 2: Developing causal loop diagrams of the WEFE nexus  
 
Defining the core structure of the causal loop diagrams 
 
Causal loop diagrams (CLDs) are a qualitative approach applied in the process towards developing 
the quantitative SDMs (Ford, 2009). Like the conceptual maps, they translate mental models of a 
complex system into a more tangible visual representation to be shared and discussed amongst 
stakeholders. Therefore, they help expert and non-expert stakeholders develop greater 
understanding of the interconnections in systems which may otherwise not have been apparent or 
which may even be counterintuitive. This draws a greater appreciation of how the whole system 
behaves and responds to imposed changes. 
 
CLDs are essentially extensions of the previously developed conceptual maps. However, CLDs are 
simplified - removing non-essential details, and indicating the main causal relationships in the nexus. 
¢ƘŜǊŜŦƻǊŜΣ /[5ǎ ǿƛƭƭ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƘŀǾŜ ŀǎ Ƴŀƴȅ ΨŎƻƳǇƻƴŜƴǘǎΩ ŀǎ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ƳŀǇǎΦ CƻǊ 
example: energy demand may be broken down by energy type and economic sector (i.e., who is 
using what type of energy). In a CLD, a simplified causal relationship between, for example, 
population and energy demand per-capita, would suffice to capture the relevant causal information 
ς any further detailed breakdown is unnecessary. The level of detail necessary is determined by the 
expert judgement of the modeler.  
 
CLDs give explicit detail about system dynamics behaviour. This is represented in CLDs as feedback 
loops. Feedback loops illustrate how changes in one part of the system ripple through other variables 
and eventually influence the original change. A positive feedback loop indicates reinforcing 
behaviour (amplifying a trend) and a negative feedback loop represents regulating or stabilising 
behaviour (counteracting a change), and together they help explain how complex behaviour such as 
system growth (e.g., agricultural expansion via irrigation and energy development), system collapse 
(e.g., overextraction of groundwater for agriculture), or system oscillation (e.g., reservoir operations 
balancing energy and irrigation demands) emerge over time. Having these qualitative insights is a 
necessary bridge to support the policy evaluation processes. Furthermore, they open the possibility 
for stakeholders to discuss potential policies that that could leverage feedback loops for improved 
nexus governance. Figure 15 illustrates a CLD for the Lielupe case-study of the NXG project. 
 
Each conceptual map is translated into a causal loop diagram and this takes the approach of a simple 
one-to-ƻƴŜ ǘǊŀƴǎƭŀǘƛƻƴΦ  Lƴ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ƛǘ ǿƛƭƭ ōŜŎƻƳŜ ŀǇǇŀǊŜƴǘ ǘƘŜ Ψǎǳō-ǎŜŎǘƻǊǎΩ ǘƘŀǘ 
need to be defined across the nexus domains, within the {5aǎΦ ¢ƘŜǎŜ ŀǊŜ άƳƛƴƛ-ƳƻŘŜƭǎέ ƴŜǎǘŜŘ 
within the CLD, which group related logic, making them easier to manage, understand, and reuse 
within the larger SDM. Examples of sub-sectors:  

¶ Water Demand: Calculates total water demand based on population, agriculture, and industry 
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¶ Energy Production: Energy generation linked to water use, or linked to land-use (for solar and 
wind technologies ς as was demonstrated in the Lielupe case-study of the NXG project) 

¶ Agricultural Yield: Calculates food production as a function of water availability, land use, and 
fertilizer inputs 

¶ Pollution Transport: Tracks nutrient or chemical loads through water bodies and estimates 
ecosystem impacts 

 
 
Two types of sub-sectors will become apparent as the CLDs are being developed:  

¶ Sub-sectors reflected to inputs from the central bio-physical and socio-economic global datasets;  

¶ Sub-sectors addressing important factors that should be considered at the river basin scale (e.g., 
local hydrological or infrastructure models) and reflected to inputs from local data sources.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

83 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

Figure 15. Causal loop diagram for Lielupe case-study in the NEXOGENESIS project. The causal loop 
diagram represents an effort to extensively map the interlinkages among the variables of the nexus 
system in the basin - to be shared and discussed amongst stakeholders. The variables are clustered 
into six nexus sectors: Water, energy, food, ecosystems, land and climate. (Laspidou et al. 2023 ς NXG 
D3.4 - Complexity science models implemented for all the Case Studies: Prototypes and explanatory 
report/manual for each case-study methodology).  
 
 

Step 3: Integration of policy interactions within the SDMs 
 
In parallel to Step 1 and Step 2, assessments of policy instruments (Nexus Governance Assessment 
and Policy Coherence Assessment) are carried out with stakeholders to identify policy interventions 
that may be important to consider in the local nexus context (see Section 1, Chapter 2). The 
assessment culminates in a list of policies (Policy Portfolio - see Section 1, Chapter 2). which have to 
be translated into the SDMs as policy entry points that interact with the nexus and which might have 
potentially wider implication beyond the sectoral policy ambitions. The results from this work 
determine which WEFE variables may be affected by policies and in what way they are affected. The 
integration of these policy interactions within the SDMs also depends on data availability, therefore, 
a subsequent round of data-mapping needs to be done.  
 
At this point, it is important to start thinking about relevant nexus-wide output indicators or metrics 
(tied to the major nexus issues of importance in the case-study) are needed or desired to be able to 
assess impact to the system and the state of the system. These must be understandable and intuitive 
to the final users of the data for decision-making. Related to this exercise is another round of 
mapping which data and other information might be needed in order to arrive at the desired 
index/metric/number/assessment, and which stakeholder input might be necessary. 
 

Step 4: Developing Stock-and-Flow Diagrams (System Dynamic Models)  
 
The qualitative CLDs are now ultimately translated into SDMs, which are represented as Stock-and-
Flow Diagrams (SFD). SFDs are the systems dynamics state-of-the-art approach to model complex 
problems in a quantitative way (Ford, 2010; Sterman, 2000).  
 
Transitioning from a CLD to SFD is a complex process in itself (Freebairn et al., 2019). It is a more 
operative approach, providing a formal structure that defines how system elements interact 
mathematically over time. Therefore, it requires quantifiable variables and defining more clearly a 
problem to be studied. This modelling effort aims to narrow down the system structure as identified 
in the CLDs. That is, to reach a level in which quantification is not only possible but it is also policy 
relevant. 
 
In NXG, the SFD were developed using Stella software. The operationalisation of the nexus domains 
ƛǎ ŜǾƛŘŜƴǘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ƴŜǘǿƻǊƪ ƻŦ ǎǘƻŎƪǎΣ Ŧƭƻǿǎ ŀƴŘ ǾŀǊƛŀōƭŜǎ ŀƛƳƛƴƎ ǘƻ ŎŀǇǘǳǊŜ ŀ ǊƛǾŜǊ ōŀǎƛƴΩǎ 
ǎǘǊǳŎǘǳǊŀƭ ƛǎǎǳŜǎ ŦǊƻƳ ŀ ƴŜȄǳǎ ǇŜǊǎǇŜŎǘƛǾŜΦ ά{ǘƻŎƪǎέ ǊŜǇǊesent accumulations of material or non-
material quantities (e.g., water stored in a reservoir, population in a region), which change over time 
ǘƘǊƻǳƎƘ ƛƴŦƭƻǿǎ ŀƴŘ ƻǳǘŦƭƻǿǎΦ άCƭƻǿǎέ ŎŀǇǘǳǊŜ ǘƘŜ ǊŀǘŜǎ ƻŦ ŎƘŀƴƎŜ ƻŦ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭ ƻǊ ƴƻƴ-material 
quantities (e.g., water use, birth rates). Together, they enable simulation of dynamic patterns over 
time. This structured format makes it possible to run scenarios, test policy interventions, and explore 
the long-term consequences of decisions within complex systems.  
 
Creating thematic models for the SDMs 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
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Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǾŜǊȅ ǎǇŜŎƛŦƛŎ άǘƘŜƳŀǘƛŎ ƳƻŘŜƭǎέ Ŏŀƴ ƻǊ Ƴŀȅ ƴŜŜŘ ǘƻ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
SDMs to represent aspects of the WEFE nexus that require a very high level of detail for decision-
making by stakeholders. These thematic models are developed with other modelling tools to deal 
with site-specific issues and challenges and are complemented with locally-relevant statistical 
datasets to capture the specific variables not dealt with in the global datasets. The development of 
the thematic models requires the following collaborative work in this approximate order:  

1. Stakeholders and modellers identify if such thematic models are necessary 
2. Modellers define the additional modelling tools to develop the thematic models 
3. Data experts and modelers reconcile and vet the use of global-to-local datasets  
4. Stakeholders validate the thematic model and data experts and modelers refine based on 

feedback 
5. Modelers define how the thematic models will be integrated into the SDMs 

 
In NXG, this approach was taken for the Adige and Nestos-Mesta case studies, which used external 
thematic modelling outputs to augment the SDMs. For the Adige case-study, the ARIES - ARtificial 
Intelligence for Environment & Sustainability tool was used to create a specific thematic model of 
ecosystem service supply, demand and flow for the ecosystem domain of the WEFE nexus (see 
Laspidou et al. 2023 ς NXG D3.3 - Final report on the application of biophysical models and 
stakeholder recommendations). 

https://aries.integratedmodelling.org/
https://aries.integratedmodelling.org/
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.3-Final-report-on-the-application-of-biophysical-models-and-stakeholder-recommendations.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.3-Final-report-on-the-application-of-biophysical-models-and-stakeholder-recommendations.pdf
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Figure 16: Causal Loop Diagram of WEFE sectors for Adige River Basin case-study. The diagram was 
developed by integrating ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƳƛƴƎ ŦǊƻƳ ŜȄǇŜǊǘǎΩ ƪƴƻǿƭŜŘƎŜΣ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ŀƴŘ ƻǇƛƴƛƻƴǎ ƻŦ 

different stakeholders. Its corresponding stock-and-flow diagram is presented in Figure X below.  (Laspidou 
et al. 2023 ς NXG Deliverable 3.4 - Complexity science models implemented for all the Case Studies: 
Prototypes and explanatory report/manual for each CS methodology). 

 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
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The core modelling elements in STELLA SDMs, 

comprising stocks (square box), flows (large arrow 
ǿƛǘƘ ǘƘŜ ΨǾŀƭǾŜΩ ŀƴd ΨŎƭƻǳŘΩ ƳŀǊƪŜŘ άCƭƻǿ мέύ ŀƴŘ 

converters (small circle). Connectors (pink arrow) 
transmit information between model elements; b) 
ǘƘŜ {¢9[[! ΨǊƻǳƴŘŜŘ ōƻȄΩ within which nexus 
sector (e.g. water, energy) modules are contained, 
or within which parts of nexus sectors (e.g. water 
supply, electricity consumption) are contained. 
({ǳǑƴƛƪ et al. 2021) 

 

 
 

Figure 17: Stock-and-flow diagram prototype for WEFE sectors for Adige River Basin. The prototype for the system 
dynamics model for the Adige River Basin case-study in the NEXOGENESIS Project. This is the stock-and-flow diagram 
developed in Stella Architect. For some of the selected sectors, dedicated physically-based models have been  

applied to represent complex conditions of water availability and sectorial water demand. Its corresponding causal 
loop diagram is in Figure 15 above.  (Laspidou et al. 2023 ς NXG Deliverable 3.4 - Complexity science models 
implemented for all the Case Studies: Prototypes and explanatory report/manual for each CS methodology). 

 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.4-Complexity-science-models-implemented-for-all-the-Case-studies-Prototypes-and-explanatory-report-manual-for.pdf
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Step 5: Populating the SDMs with data  
 
To quantify the connections and variables in the SFDs, the process of data mapping that was 
conducted in Step 1 is now repeated ŀƎŀƛƴΦ ¢ƘŜ ŜȄŜǊŎƛǎŜ ƛǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ΨŘŀǘŀ ƳŀǇǇƛƴƎ 
ƳŀǘǊƛȄΩ ƛƴ ǇǊŜǾƛƻǳǎ ǎǘŜǇǎΦ CƛƎǳǊŜ · ǎƘƻǿǎ ǘƘŜ ƳŀǇǇƛƴƎ ƻǳǘ ƻŦ {5a ǾŀǊƛŀōƭŜǎ ŦƻǊ ŜŀŎƘ ǇƻƭƛŎȅ 
instrument and determining what data (indicator) is available to model reference scenario and policy 
impacts. 
 
Figure 18: Quantification of system dynamic variables for policy instruments. The figure shows the 
variables considered and included in system dynamic models for Policy 3 of the Inkomati-Usuthu case-
study of the NEXOGENESIS project. The brainstorming process is highlight with the note for the 
ΨŜƳƛǎǎƛƻƴǎΩ ǾŀǊƛŀōƭŜΣ ƛƴ ǿƘƛŎƘ ǘƘŜ b·D ǘŜŀƳ ƛǎ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘŀǘ Ŏŀƴ ƻǊ Ŏŀƴƴƻǘ ōŜ ƳŜŀǎǳǊŜŘ ŀƴŘ 
included in the SDM. (Figure: Jones & Wagener, 2024) 
 
 

 

 
 



D1.5 Consolidated nexus governance framework and guidance for co-creation of nexus governance 

 

   

 

88 ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ 
innovation programme under grant agreement No 101003881 

Step 6: Simulation and model validation  
 
Once the SDMs have been built, test simulations must be run to evaluate how the model behaves 
under different scenarios. Results are validated by comparing the simulated results (generated from 
the global and local datasets with observed data). The modelling team, data team and stakeholders 
should be collectively involved in the process of vetting whether the simulation outputs make sense, 
cross-referencing their expert and local knowledge, also against scientific literature. If there is gross 
unalignment, the following measures can be conducted:  

¶ Connections between the variables in the models are rechecked (missing connections, inaccurate 
connections) 

¶ Variables are rechecked (missing variables, inaccurate variables) 

¶ Dataset is rechecked (missing data, incorrect data) 
 
 

Step 7: Uncertainty, Sensitivity & What-If Analysis  
 
Decision-making in the policy realm is not straightforward because there are unpredictable factors 
that can affect the certainty of any particular outcomes. For example, a new technology may affect 
how resources are used. Unpredictable elements introduce variability in the response of nexus 
systems to policy actions, making it challenging to make decisions with confidence. This is where 
uncertainty and sensitivity analysis become important; it helps policy-makers understand the range 
of possible outcomes rather than just one fixed result. 
 
Sensitivity analysis helps to explore how changes in input parameters of the SDMs influence the 
outputs of the SDMs. Uncertainty analysis quantifies the likelihood of different outcomes and its 
impact on system behaviour. These analyses are ongoing processes carried out to assess the system 
response to likely changes (e.g. climate, socio-economic futures) and hypothetical changes (i.e., 
elements that can change randomly, e.g., economic factors or public behaviour). Therefore, it helps 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŜȄǇƭƻǊŜ άǿƘŀǘ ƛŦέ ǎŎŜƴŀǊƛƻǎ ǘƻ ǎŜŜ Ƙƻǿ ŀ ǇƻƭƛŎȅ ƳƛƎƘǘ ǇŜǊŦƻǊƳ ǳƴŘŜǊ ŘƛŦŦŜǊŜƴǘ 
conditions.  
 
LŦ ŀ ǎƛƴƎǳƭŀǊ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ǇǊƻƧŜŎǘƛƻƴ ǿŀǎ ǳǎŜŘ ŀǎ ŦƻǊ ǇƻƭƛŎȅ ŀƴŘ ǇƭŀƴƴƛƴƎΣ ǘƘŜ ΨōŀƴŘǿƛŘǘƘΩ ƻŦ ǇƻǘŜƴǘƛŀƭ 
uncertainty in the future unfolding of the world would be missed, with only the single future being 
considered. This means that circumstances might be missed, for example higher or lower water 
availability, higher or lower crop water demands. By seeing and considering the range of uncertainty, 
the full range can be taken into account when planning for different futures. This means that policy, 
development, and strategies are likely to be more flexible and adaptive to a wider range of 
conditions that may be faced. 
 
In policy-making, uncertainty analysis is particularly crucial for: 

¶ Risk Assessment: Evaluating policy performance under best -and worst-case scenarios and 
devising contingency plans. 

¶ Strategic Planning: Devising policies that are resilient and robust even if future conditions 
change unpredictably. 

¶ Communications: Competent and responsible communication of risks and trade-offs to 
stakeholders and the public. 

 
 
Sensitivity Testing 
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Sensitivity testing explores how changing one parameter in the SDM (e.g., changes of +/-20% from 
ǘƘŜ ƻǊƛƎƛƴŀƭΣ ōŀǎŜƭƛƴŜ ǾŀƭǳŜύ ŀǘ ŀ ǘƛƳŜ ŀƴŘ ƛƳǇŀŎǘǎ ǘƘŜ ƳƻŘŜƭΩǎ ƻǳǘǇǳǘǎΦ aƻŘŜƭ ƻǳǘǇǳǘǎ ǘƘŀǘ ŀǊŜ ƳƻǊŜ 
sensitive will display a greater level of variability to these changes in the input parameter, and vice 
versa. If output variable changes are relatively large for a given input change, this is referred to as a 
sensitive parameter. Likewise, if large input changes reveal little change in output parameters, then 
this is an unsensitive situation. Identifying sensitive parameters in a model is important because:  
 

¶ Checking model accuracy: If outputs are seen to be highly sensitive to the value of specific input 
parameters, then it is critical to ensure that those input parameters are as accurate as possible. 
Small changes in those inputs (e.g., due to inaccuracies in data collection) could lead to large 
responses in model output variables, with outputs potentially no longer being representative or 
reasonable for a given variable. As such, it can be seen where to focus effort in ensuring that 
model inputs are as accurate as possible. 

 

¶ Identifying policy levers: Identifying the most sensitive output variables in response to changes in 
inputs can help in highlighting which potential policy changes may lead to the greatest impacts on 
the WEFE system, and can also indicate if there may be significant unintended consequences on 
other WEFE domains that were not anticipated. The nature of that impact can also be assessed ς 
is the impact on the system desired (a positive impact) or not (a negative impact)?  

 
Sensitivity analysis can be conducted as:  
 

¶ One-Factor-at-a-Time (OAT) Sensitivity Analysis: To identify which parameter most influences 
ǘƘŜ {5aΩǎ ƻǳǘǇǳǘΣ ōȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ƻƴŜ ǳƴŎŜǊǘŀƛƴ ǇŀǊŀƳŜǘŜǊ ŀƴŘ ƻōǎŜǊǾƛƴƎ Ƙƻǿ ǘƘŜ 
model output changes, while all other parameters are kept at their nominal values or their 
mean 
 

¶ Multi -Factor Sensitivity Analysis: To understand the joint effects of multiple uncertain 
parameters, by running simulations with combinations of simultaneous parameter variation 

 
What-if Testing  
 
What-if analyses are subtly different to sensitivity and scenario analyses. They are concerned with 
ŀǎƪƛƴƎ ǉǳŜǎǘƛƻƴǎ ƻŦ άǿƘŀǘ ƛŦ ǎǳŎƘ ŀƴ ŜǾŜƴǘ ǿŜǊŜ ƘȅǇƻǘƘŜǘƛŎŀƭƭȅ ǘƻ ƻŎŎǳǊΚ ²Ƙŀǘ ǿƻǳƭŘ ōŜ ǘƘŜ ǎȅǎǘŜƳ 
ǊŜǎǇƻƴǎŜΚέ {ƻΣ ǿƘŀǘ-if analyses do not necessarily need to reflect reasonable futures scenarios, but 
can be used to stress test systems to see for example where collapse points lie ς is there a threshold 
beyond which system behaviour qualitatively changes or beyond which a certain system parameter 
(e.g., water availability) collapses (e.g., water is no longer available). Such analyses can be at least 
instructive, and can start to demonstrate where such thresholds may lie. As such, real-world 
variables can be monitored, and warnings can be sounded if they start to approach a critical or 
threshold value that should not be approached or crossed because it would lead to undesirable 
system behaviour or undesirable system state that is irreversible. As evident, what-if analysis in 
simulation models allows safe and efficient testing of an unrealistic or dangerous situation that 
would be unsafe, expensive or unethical to reconstruct in the real-world. Such analyses can be 
instructive for real-world decision making. What-if tests can be carried out within the SDMs, for 
example on individual policies, or on extreme climate scenarios, etc. 
 
Uncertainty Testing 
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This testing allows for the variability and unknown knowledge in data to be characterised and 
quantified, including its impact on SDM outputs. Two main sources of uncertainty should be tested: 
parametric uncertainty and scenario uncertainty.  
 
Parametric uncertainty deals with exploring the uncertainty associated with the values of the SDM 
parameters and assessing its overall impact to SDM results. It acknowledges that these parameter 
values might not be precisely known or that there is variability in the true values of these parameters 
and therefore, this uncertainty influences the model's projections. For example, crop yield data given 
by different global datasets (produced by different external models), often have a range of values for 
the same variable (e.g. irrigated maize yield per hectare). As a result, it is worth exploring the entire 
ensemble of the range of values coming in from the various global datasets and assessing the impact 
of this on the SDM outputs. Figure 19 (below) illustrates how this this range of model uncertainty can 
be explored. 
 

 Figure 19: Concept behind model 
parametric uncertainty in the System 
Dynamics Models. A variable, X, is given by 
multiple external models. These models give 
a range of values for this variable over time. 
At each time point, the range in model values 
gives a minimum and a maximum. Between 
the min and max values, one can assume, in 
the absence of better information, a uniform 
statistical distribution of values. All values 
between min and max have equal probability 
of occurrence. Outside this range, the 
probability is zero. (Source: {ǳǑƴƛƪΣ WΦΣ Ŝǘ ŀƭΦ 

2024 ς NXG D3.6, Sensitivity/Uncertainty Analysis Report). 

 
 
The figure above shows that a variable, X, is given by multiple external models.  These models give a 
range of values for this variable over time. At each time point, the range in model values gives a 
minimum and a maximum. Between the minimum and maximum values, one can assume, in the 
absence of better information, a uniform statistical distribution of values, illustrated by the inset in 
the figure. In this concept, all values between minimum and maximum have equal probability of 
occurrence. Outside this range, the probability is zero. Stochastic Monte-Carlo sampling of a uniform 
distribution between minimum and maximum for this parameter is propagated through the SDMs, 
with all affected variables being impacted by the value selected on each Monte-Carlo simulation. In 
this way, by performing a sufficient number of sample runs (e.g. 100), the uncertainty associated 
with a given parameter, as well as its impact across the entire SDM output, can be assessed. Figure 
20 below gives a tangible example of applying parametric uncertainty testing to streamflow 
dynamics. Ioannou and Laspidou (2022) also present how parametric sensitivity analysis was 
performed in the Nestos (Greece) case-study of the NXG project to identify which parameter the 
SDMs were most sensitive to. This was then used to quantify the extent to which policies supported 
the resilience of the WEFE nexus system.   
 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
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Figure 20: Schematic of parametric uncertainty testing. Example using streamflow: under a 
deterministic set of results, policies would be designed considering only one streamflow value in the 
future. With a bandwidth of possible streamflow values in the future (via parametric uncertainty 
testing), a policy can be designed more flexibly to account for average streamflow with a lower 
probability of extreme events such as floods and droughts (red circles). (Source: {ǳǑƴƛƪΣ WΦΣ Ŝǘ ŀƭΦ нлнп 
ς NXG D3.6, Sensitivity/Uncertainty Analysis Report) 
 
Scenario uncertainty acknowledges that the future is uncertain and deals with assessing future 
ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ŀ ǎȅǎǘŜƳΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ŀƴŘ ǎƻŎƛƻ-economic development 
scenarios, which are not known a-priori. For example, different SSPs give rise to a variety of 
estimations around population trends, the level of demand for certain products, the supply and 
availability of different materials, and so on. Likewise, different RCPs give rise to differences in, for 
example, precipitation patterns, temperature patterns, crop yields, and crop water requirements. 
There is also some relationship between the RCPs and the SSPs. The differences between SSPs and 
RCPs represent scenario uncertainty, which can be captured by testing different scenario 
combinations: RCP26-SSP2; RCP26-SSP4; RCP85-SSP2; RCP85-SSP4. Figure 21 illustrates the concept 
of uncertainty associated with different scenario sets. 
 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
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Figure 21. Concept of uncertainty associated with different scenario sets. System Dynamics Model 
outputs can be derived from different combinations of Representative Concentration Pathways and 
{ƘŀǊŜŘ {ƻŎƛƻŜŎƻƴƻƳƛŎ tŀǘƘǿŀȅǎΦ ¢ƘŜ ΨōŀǎŜƭƛƴŜΩ όǎƻƭƛŘ ōƭŀŎƪ ƭƛƴŜύΣ ΨǊŜŦŜǊŜƴŎŜ ǎŎŜƴŀǊƛƻǎΩ όŘŀǎƘŜŘ ōƭŀŎƪ 
ƭƛƴŜǎύΣ ŀƴŘ ΨǇƻƭƛŎȅ ǎŎŜƴŀǊƛƻǎΩ όǊŜŘ and green lines) concepts are shown. The given impact for any 
ǎǇŜŎƛŦƛŎ ǇƻƭƛŎȅ όtƻƭƛŎȅ Ψ!Ω ƻǊ Ψ.Ωύ Ŏŀƴ ŎƘŀƴƎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǊŜŦŜǊŜƴŎŜ ǎŎŜƴŀǊƛƻ όΨмΩ ƻǊ ΨнΩύ 
on which it is imposed όŘŜƴƻǘŜŘ Ψ!мΩΣ Ψ!нΩΣ Ψ.мΩΣ Ψ.нΩΦύΦ ό{ƻǳǊŎŜΥ {ǳǑƴƛƪΣ WΦ нлннύ 
 
 
More information about and the detailed workflow for conducting uncertainty assessment, scenario 
analysis, and sensitivity tests are available in the {ǳǑƴƛƪ Ŝǘ ŀƭΦ нлнп ς NXG D3.5 - Sensitivity and 
uncertainty analysis and {ǳǑƴƛƪ Ŝǘ ŀƭΦ нлнп ς NXG D3.6 - Sensitivity and uncertainty analysis report.  
 
Step 8: Translating the SDMs from Stella Architect to Python into the NEPAT 
 
{5aǎ ōŜŎƻƳŜ ǘƘŜ ΨǎƛƳǳƭŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘΩ ƻǊ ǘƘŜ ΨŦƻǳƴŘŀǘƛƻƴ ƳƻŘŜƭǎΩ ǘƘŀǘ ŦŜŜŘ ƛƴǘƻ ǘƘŜ b9t!¢ ǘƻ 
assess the impacts of multiple policy implementations against multiple (competing) objectives. The 
SDM data files (Stella Architect format) are automatically translated into Python code, for use within 
NEPAT via its SDM Translator.  
 
Step 9: Summary of policy data for the NEPAT 
 
For NEPAT to conduct its multi-objective analysis, the following data must be systematically collated 
and organised. These data would have already been decided upon throughout the previous steps: 
policy goals, policy targets, policy instruments, entry point of the policy in the nexus, assumptions for 
the models, and variables/ parameters to include policies into the models. For examples of the type 
of data needed, see Echeverria et al. (2024) ς NXG Deliverable 4.3 Simulation policy framework 
 

WEFE FOOTPRINT INDEX 
 
The WEFE Footprint Index shows the status of water, energy, food, and ecosystems in a given case 
study, at a particular point in time, for a particular modelling scenario. It was designed as:  

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.5-Sensitivity-and-uncertainty-analysis.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.5-Sensitivity-and-uncertainty-analysis.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.6-Sensitivity-and-uncertainty-analysis-report.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D4.3-Simulation-policy-framework.pdf
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ω A tool to communicate the status of each resource sector and their synthesized contribution 
to sustainability and resource security;  

ω A means to communicate the integration/aggregation of sectors and any trade-offs, impacts, 
or conflicts that may exist; and  

ω A tool to demonstrate how governance and policies can facilitate sustainability. 
 
The WEFE Footprint is built using a composite indicator methodology developed by the Joint 
wŜǎŜŀǊŎƘ /ŜƴǘǊŜΩǎ /ƻƳǇŜǘŜƴŎŜ /ŜƴǘǊŜ ƻƴ Composite Indicators and Scoreboards (JRC-COIN). An 
indicator is a quantified representation of a specific system attribute. It can take the form of 
numbers, symbols, graphics, or colours and is always interpreted relative to a baseline or reference 
value. A composite indicator combines multiple socio-economic and biophysical variables into a 
single, aggregated measure (or score). For more detailed information on the development of the 
WEFE Footprint, see Haupt et al. (2024) - NXG D3.7 - Final report on the WEFE Nexus Index 
methodology and visualisation. Figure 25 also provides an overview of the major steps of the 
ǇǊƻŎŜǎǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǎǘŜǇǎ ƻŦ ǘƘŜ Wƻƛƴǘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜΩǎ /ƻƳǇŜǘŜƴŎŜ 
Centre on Composite Indicators and Scoreboards. 
 
The footprint compares the status of the WEFE system under a Reference Scenario (based on 
combinations of SSPs and RCPs - without policy interventions) with the status of the system if one or 
more policy interventions were introduced to a given reference scenario, aiming to meet specific 
goals.  
 
The WEFE nexus indices represents the interconnectedness of water, energy, food, and ecosystems 
across scenarios, spanning a 35-year period (2015ς2049). The calculation is based on the input and 
output data from the SDMs. For example, in NXG, sample of these were: water-related parameters 
(water withdrawals, surface water resources, etc.), energy-related parameters (CO2 emissions), food 
related parameters (crop per drop), and ecosystems-related parameters (total protected area, total 
nitrogen load, species richness, forest area). Each indicator is also linked to specific Sustainable 
Development Goals (SDGs).  
 
Indicators are organised into pillars (Water, Energy, Food, Ecosystems), sub-pillars, and individual 
indicators (see Figure 22 and Figure 23). The indicator selection process has to be a rigorous and 
participatory process amongst the data experts, modelling experts and stakeholder ς to ensure both 
scientific credibility and stakeholder relevance.  
 

https://composite-indicators.jrc.ec.europa.eu/
https://composite-indicators.jrc.ec.europa.eu/
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
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Figure 22: Schematic 1 of the concept of the WEFE Footprint Index. Pillars (central circle), sub-pillars 
(middle circle) and indicators (outer circle) of the Water-Energy-Food-Ecosystem (WEFE) Footprint 
Index, developed in the NXG project. Linkages to the UN SDGs are also highlighted. (Source: Jones & 
Wagener Consultants, 2024) 
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Figure 23: Schematic 2 of the concept of the WEFE Footprint Index. Pillars, sub-pillars and indicators 
of the Water-Energy-Food-Ecosystem (WEFE) Footprint Index, developed in the NXG project. (Source: 
Jones & Wagener Consultants, 2024) 
 

 
 
Figure 24 (below) represents the final WEFE footprint at a pillar level. This provides an indication of 
the status of the Nexus and the four sectors for a given case study, reference or policy future 
scenario, at a point in time with an overall index score of 15.68 for the Nexus. When looking at the 
circle one can see a score of -100 towards the centre of the footprint and a score of 100 toward the 
outside of the footprint. In between there is a value of zero. The value of zero in this case indicates 
that the pillar value has not changed from the value at the initial timestep. A value between 0-100 
means a move in a positive direction and a value between 0 and -100 represents a move in a 
negative direction from the initial value. This image represents the footprint at a sub-pillar level, one 
can see that for Water, Food and Ecosystems all sub-pillars appear to have moved in a positive 
direction; however energy quantity has moved in a negative positive direction however as this is the 
Inkomati case study where coal is the most prolific source of energy the emissions sub-pillar moves 
in a negative direction.  
 
For more detailed information on the development of the WEFE Footprint, see Haupt et al. (2024) - 
NXG D3.7 - Final report on the WEFE Nexus Index methodology and visualisation. 
 
 
 
 
 
 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
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Figure 24: Sample radar plot of WEFE Footprint Index. Sub-pillars (left) and corresponding indicators 
(right) of the Water-Energy-Food-Ecosystem (WEFE) Footprint Index ς as is visualised in the NExus 
Policy Assessment Tool ς NEPAT. The radar plot show contributions from each indicator, sub-pillar, 
and pillar to a composite index score (centre). (Source: Figure produced by Jones & Wagener 
Consulting, as visualised in the NExus Policy Assessment Tool ς NEPAT, Eurecat 2025) 
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Figure 25: Overarching steps in creating the WEFE Footprint Index. Overview of the major steps 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǎǘŜǇǎ ƻŦ ǘƘŜ Wƻƛƴǘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜΩǎ /ƻƳǇŜǘŜƴŎŜ /ŜƴǘǊŜ ƻƴ 
Composite Indicators and Scoreboards. For more detailed information on the development of the 
WEFE Footprint, see Haupt et al. (2024) - NXG D3.7 - Final report on the WEFE Nexus Index 
methodology and visualisation. 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
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FINAL REMARKS 
 
Complexity science modelling requires adopting a systems-thinking attitude, and by engaging in 
dialogue with other resource sectors, potential trade-offs and bottlenecks can be more easily 
identified and mapped, and solutions discussed. Likewise, synergies (where policies support each 
ƻǘƘŜǊΩǎΩ ŀƳōƛǘƛƻƴǎύ Ŏŀƴ ŀƭǎƻ ōŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ƭŜǾŜǊŀƎŜŘΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƳŜŀƴǎ ǘƘŀǘ ŀƭǊŜŀŘȅΣ through 
dialogue alone, significant progress in integrative actions can be made without recourse to 
quantitative modelling. As stakeholders are already invested at this stage, and have offered input 
and advice, future model and NEPAT results are more likely to be engaged with and proposed 
solutions considered for real-world implementation. 
 
 

4.3.2 Chapter 5 - Nexus Policy Assessment & Stakeholder 
Validated Policy Packages 

 
NEXUS POLICY ASSESSMENT USING ARTIFICIAL INTELLIGENCE  
 
Integrative policy-making is essential for achieving the UN Sustainable Development Goals (SDGs), 
but achieving this requires analyzing numerous policy combinations to understand how they produce 
trade-offs and synergies amongst the SDGs. ¢ƘŜ ǎƘŜŜǊ ƴǳƳōŜǊ ƻŦ ŎƻƳōƛƴŀǘƻǊƛŀƭ ǇƻǎǎƛōƛƭƛǝŜǎ ǘƘŀǘ 
ŎƻǳƭŘ ōŜ ǾŜǧŜŘ όŀƴŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ ǎǘŀƪŜǎΣ ǎƘƻǳƭŘ ōŜ ǾŜǧŜŘύ exceeds the capabilities of current 
manual modeling toolsΦ ¢Ƙƛǎ ƛǎ ǿƘŜǊŜ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŎƻƳŜǎ ƛƴΦ  
 
The NExus Policy Assessment Tool (NEPAT)1 is an interactive online platform that facilitates the 
analysis of these complex and numerous interactions and offers policy-makers the possibility of 
evaluating the outcomes of decisions before policy implementation. It uses systems dynamics 
models and multi-objective reinforcement learning to assess policy performance against multiple 
policy objectives, handling billions of combinatorial policy configurations, within seconds2. 
Specifically, NEPAT analyses the interactions between the WEFE resources and associated policies 
across different coupled climate and socio-economic scenarios. It provides stakeholders with the 
following functionalities to support policy design:  
 

1. Policy Impact Evaluation: Assesses the effects of policies on WEFE sectors under future 
scenarios that integrate long-term climate change projections and structural societal change 
projections;  

 
2. Artificial Intelligence Tool for Policy Recommendations: Delivers customized policy 

suggestions to efficiently achieve nexus-related goals; and 
 

3. Facilitates Collaboration: Encourages informed dialogue and cooperative decision-making on 
WEFE challenges. 

 
1 ¦ǎŜ άƎǳŜǎǘ ƭƻƎƛƴέ ǘƻ ŜȄǇƭƻǊŜ b9t!¢Φ ¦ǎŜ ǘƘŜ ǳǎŜǊ ƎǳƛŘŜΥ ƘǧǇǎΥκκƴŜȄƻƎŜƴŜǎƛǎΦŜǳκǿǇπŎƻƴǘŜƴǘκǳǇƭƻŀŘǎκнлнрκлпκb9t!¢π¦ǎŜǊπ
DǳƛŘŜΦǇŘŦ 

 
2 Lƴ ǘƘŜ b·D ǇǊƻƧŜŎǘΣ ǘƘŜ LƴƪƻƳŀǝπ¦ǎǳǘƘǳ ǊƛǾŜǊ ōŀǎƛƴ ŎŀǎŜπǎǘǳŘȅ ƘŀŘ ǘƘŜ ƭŀǊƎŜǎǘ ŀƳƻǳƴǘ ƻŦ ǇƻƭƛŎȅ ǎŎŜƴŀǊƛƻǎ ǘƘŀǘ ǿŜǊŜ 
ŜǾŀƭǳŀǘŜŘΣ ǿƘƛŎƘ ƛǎ умлΦ b9t!¢ Ŏŀƴ ŎƻƴŘǳŎǘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŜŀŎƘ ǇƻƭƛŎȅ ǎŎŜƴŀǊƛƻ ǿƛǘƘƛƴ ǎŜŎƻƴŘǎΦ  

https://nepat-dev.nexogenesis.eu/
https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
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NEPAT integrates the outputs that are developed in the Co-Explore (Section 1) and Co-Design 
(Section 2) phases of the co-creation process.  
 

¶ Policy Portfolio: Policy goals and policy instruments to be assessed for interactive impacts 
across the WEFE domains (synergies, trade-offs) 

¶ System Dynamic Models: Complexity science tool which provides the foundation models 
(simulation environment) against which the NEPAT impact analysis is run 

¶ WEFE Nexus Footprint Index: An index linked to the SDMs that is based on a (WEFE)-domain 
specific indicators describing the degree to which the reference and policy instruments affect 
these indicators  

 
A use caseςdriven methodology guided the design of NEPAT, enabling the systematic evaluation of 
diverse user scenarios to determine the required and feasible system functionalities. Initial proposals 
were then informed by feedback from the NXG project team and stakeholders during interactive, 
hands-on training, demonstration and validation sessions, focus groups and workshops with the 
project team and with stakeholders. 
 
This chapter provides a high-level overview of the artificial intelligence approach deployed in NEPAT, 
the functionalities offered to support handling the complexity of nexus decision-making challenges 
ŀƴŘ b9t!¢Ωǎ ǊƻƭŜ ǿƛǘƘƛƴ ǘƘŜ b·D Ŏƻ-creation process. Specifically, to the latter point, in this co-
design phase, stakeholders use NEPAT to explore the performance of policy packages (achievement 
of nexus policy goals) and impact on the nexus resources within decision-making scenarios and make 
joint decisions on acceptable results to move forward with elaborating policy design and 
implementation.  
 
A step-by-step manual (Eurecat 2025) for using NEPAT is available on the NXG website here.  
 

WHY USE NEPAT?  
 
NEPAT was developed to address the inherent complexity of WEFE nexus systems, which are 
characterized by non-linear dynamics (i.e., system responses are not proportional to inputs, and 
interactions can produce feedback loops or threshold effects) and systemic uncertainty (arising from 
variability in natural processes, incomplete data, and unpredictable human responses). In such 
systems, stakeholder interventionsτexpressed as policy combinationsτrepresent a wide array of 
possible responses to system behaviour.  
 
Further complexity arises from scenario constraints (e.g., institutional feasibility, etc.), a high number 
of temporal decision points (i.e., moments when interventions can be implemented), and the 
interconnected, path-dependent nature of response of WEFE systems to policy interventions. When 
a lack of knowledge and inherent variability are considered, the problem becomes non-deterministic; 
even with a complete model structure, future outcomes cannot be precisely predicted. This 
significantly increases the difficulty of identifying robust policy solutions capable of performing well 
across a range of possible futures. 
 
The number of these combinations increases exponentially with the number of policy levers and 
objectives. Nexus governance is inherently multi-objective, involving trade-offs across WEFE 
domains. Furthermore, identifying effective interventions among all combinations of policy 
instruments constitutes a combinatorial optimization problem. Traditional optimization approaches 
are insufficient for exploring this vast solution space, as evaluating each policy combination 

https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
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individually would incur prohibitively high computational costs and would not be feasible within the 
timeframes relevant for policy-making. 
 
NEPAT was designed to provide support in such extremely complex and challenging policy decision-
making scenarios, reducing cognitive overload in navigating these combinatorial considerations. 
Specifically, NEPAT enables quick iterative (stakeholder) testing and optimizing policies before 
implementation, saving time and reducing the risk of policy failure and maladaptive outcomes. It 
facilitates credible policy decisions by increasing understanding of policy impacts and providing a seed 
to kick-start discussions on the cross-sectoral coordination required for problem-solving. This leads to 
greater acceptance and participation in co-creation processes and uptake of outputs into decision-
making.  
 

HOW DOES NEPAT WORK? 
 
NEPAT is a web-based decision-support tool designed to assist policymakers by simulating climate 
and socioeconomic scenarios, providing analytical capabilities, and streamlining the decision-making 
process.  
 
The Simulation Policy Framework (SPF) is a key module of NEPAT, responsible for integrating 
complexity science models (i.e., the SDMs), WEFE nexus policies, and nexus goals of a case-study, 
along with the Nexus Footprint Index. This integration results in a module that can be used to 
simulate the impact of a policy or a policy package across the WEFE nexus at different spatial and 
temporal scales.  
 
The SPF runs simulations based on user-defined requests, which specify the case study, reference 
scenario (i.e., an SSPςRCP combination), and the policy package to be applied. It then generates 
outputs for all nexus variables within the SDMs, quantifying the impact of the selected policy 
package on the nexus and assessing its performance against policy goals. 
 
Decision Support System  
 
hƴŜ ƻŦ b9t!¢Ωǎ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ŦŜŀǘǳǊŜǎ ƛǎ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ǎǳƎƎŜǎǘ ŜŦŦŜŎǘƛǾŜ ǇƻƭƛŎȅ ŎƻƳōƛƴŀǘƛƻƴǎ ǘƻ 
achieve predefined goals and policy targets within the WEFE nexus. Therefore, it can perform the 
analysis using this logic: Given a set of nexus policies, identify which are the best policy combinations 
that achieve a set of nexus targets while satisfying a set of restrictions (e.g., policy incompatibilities). 
 
To do this, NEPAT employs AI and Machine Learning (ML) algorithms to analyse nexus interlinkages 
and provide policy advice across projected biophysical and socio-economic scenarios. Reinforcement 
Learning (RL) is the technique used to solve the task of recommending policy packages for achieving 
different policy goals or improving footprint indicators. 
 
Reinforcement learning techniques are based on the definition and self-training of a set of AI-
ǇƻǿŜǊŜŘ ŀƎŜƴǘǎΦ Ϧ!ƎŜƴǘǎέ ŀǊŜ ǾƛǊǘǳŀƭ ΨŘŜŎƛǎƛƻƴ-ƳŀƪŜǊǎΩ ŘŜǎƛƎƴŜŘ ǘƻ ƳƛƳƛŎ ǘƘŜ ƭƻƎƛŎ ƻŦ Ƙƻǿ ŘŜŎƛǎƛƻƴǎ 
may be made in the real-world (by decision-makers), according to certain assumptions. Agents 
ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ΨǎƛƳǳƭŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘΩ ς which are the foundational system dynamic models (see 
Section 2, Chapter 4).  
 
An agent and the environment interact in an iterative cycle: the agent selects an action, the 
environment responds with a reward (feedback on the quality of the action) and a new situation, and 
the agent adapts its strategy accordingly. Over time, through repeated interaction, agents learn to 
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choose actions that maximise rewards. Figure 26 provides a schematic of this mechanism. This is 
ŎŀƭƭŜŘ ǘƘŜ άǘǊŀƛƴƛƴƎέ ǎǘŀƎŜΦ  
 

Figure 26. Schematic of the 
agent-environment-reward 
mechanism used in the NExus 
Policy Assessment Tool.  
Schematic of the training 
stage of the artificial 
intelligence agent. This is 
operationalised before the 
agent is deployed to be used 
in the decision support system 
of the NExus Policy 
Assessment Tool (NEPAT). 
(Adapted from Echeverria et 
al. 2024 ς NXG D4.4 - Core 
module of the self-learning 
nexus engine) 

 
Because nexus challenges are inherently multi-objective, the DSS is designed applying multi-
objective reinforcement learning (MORL). Unlike standard RL, which optimises a single numeric 
reward, MORL assigns a separate reward to each objective. By using this technique, agents are able 
to manage tradeoffs and synergies, ultimately producing a set of optimal solutions representing the 
most efficient trade-offs. This feature is particularly useful for identifying the most impactful policy 
measures, optimizing resource management, and adapting policies to different future conditions. 
Each SDM represents a distinct problem in which an agent is trained until its convergence. This 
trained agent is ǘƘŜƴ ǳǎŜŘ ǘƻ ǇǊƻǾƛŘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛƴ ǘƘŜ b9t!¢Ωǎ 5{{Φ 
 
To enable all the simulation functionalities, several main tasks must be completed: 
 
Translation of SDMs into Python: The SDMs describe how nexus variables change over time based 
on their interactions and are built using Stella (Richmond, 1985), a visual modeling tool. In Stella, 
users construct models graphically using stocks, flows, converters, and connectors, which implicitly 
define the mathematical equations governing system behavior. To run simulations within NEPAT, 
which requires a programmable environment for policy testing and optimization, these models must 
be translated into Python, where all relationships and dynamics are explicitly coded using functions, 
equations, and numerical methods. This translation preserves the structure and logic of the original 
Stella models while enabling step-by-step simulation of system behavior over time. The process 
produces two Python versions: a deterministic version, used by default in NEPAT, and an uncertainty 
version, which allows advanced simulations incorporating variability and stochastic scenarios. The 
SDMs must have the policies, goal indicators and footprint variables (see Section 1, Chapter 2 and 
Section 2, Chapter 4) included and to run with no errors. When the translation is complete, it is 
validated by comparing the results of the executions of Stella and the Python translation with and 
without the application of the policy instruments. b9t!¢Ωǎ {tC ŎƻƴŘǳŎǘǎ ǘƘƛǎ ǘǊŀƴǎƭŀǘƛƻƴ ǇǊƻŎŜǎǎ 
automatically (more details in Echeverria et al. (2024) - NXG D4.3 Simulation policy framework).   
 
Integration of policy instruments and policy goals: As components of the NEPAT Simulation View, 
metadata for policy instruments (including name and description) and policy goals (including name, 
ŘŜǎŎǊƛǇǘƛƻƴΣ ƛƴŘƛŎŀǘƻǊΣ ǘŀǊƎŜǘΣ ŀƴŘ ǘŀǊƎŜǘ ȅŜŀǊύ ŀǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ b9t!¢Ωǎ ōŀŎƪŜƴŘΦ ¢ƘŜ 5ŀǘŀ 
Manager handles the loading and management of this metadata within the platform. 
 

https://nexogenesis.eu/wp-content/uploads/2025/08/D4.4.-Core-module-of-the-self-learning-nexus-engine_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.4.-Core-module-of-the-self-learning-nexus-engine_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.4.-Core-module-of-the-self-learning-nexus-engine_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.4.-Core-module-of-the-self-learning-nexus-engine_r.pdf
/Users/khans/Desktop/Guidebook/Semi-Final%20(Aug%2014)%20/.%20https:/nexogenesis.eu/wp-content/uploads/2025/03/D4.3-Simulation-policy-framework.pdf
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Calculation of the WEFE Footprint: The WEFE Footprint calculation within the NEPAT incorporates 
the normalization function detailed in Haupt et al. (2024) ς NXG D3.7 - Final report on the WEFE 
Nexus Index methodology and visualisation. This function requires minimum and maximum values 
for each WEFE Footprint Indicator, which is computed by the NEPAT Core Service (see Nievas et al. 
2024 - NXG D4.5 Final version of the self-assessment nexus engine with the corresponding validation). 
 
Training and integration of DSS AI agents: Developing and integrating AI agents that provide tailored 
recommendations. 
 
The inputs used for these tasks (SDMs, policies, goals, nexus footprint) are under constant validation. 
This means that as stakeholders deliberate on the NEPAT results, they may choose to add new 
policies to the Policy Portfolio (see Section 1, Chapter 2), which subsequently requires the collection 
and integration of new data and re-configuration of the SDMs, meaning all the tasks must be 
repeated. Similarly, as new global and local data sets are released, the SDMs need to updated, 
triggering a repetition of these processes. 
 

MAIN FEATURES OF NEPAT 
 
User Experiences for Decision-Making Support 
 
NEPAT has two distinct user experiences, each with its own level of detail and way of visualizing data. 
The views are interlinked; therefore, stakeholders can switch from one view to the other within the 
same simulation exercise. 
 
Technical Experience: For users with some level of knowledge and expectation of an extensive and 
detailed study. It enables in-depth analysis of policy impacts, allowing users to work with detailed 
simulations, customizable settings, and advanced modelling techniques. It provides insights into 
numerical evaluations, cause-effect relations, and statistics for scientific reasoning. Examples of 
technical users are scientists and academics.  
 
Strategic Experience: For users who require easily interpretable information, synthesized and 
presented in a succinct and clear way, to support high-level policy-making. It presents simplified yet 
insightful visualizations of policy impacts without requiring in-depth technical expertise. It offers 
visualization elements (graphs, diagrams) for quick comprehension, easily understandable 
comparisons of policy effects across different scenarios, summarized simulation results (e.g., 
indicator evaluations). Examples of strategic users are policymakers, authorities, associations, and 
general users.  
 
In both experiences, stakeholders have an opportunity to interrogate the results of the analysis 
ǘƘǊƻǳƎƘ ǘƘŜ ά5ŜǘŀƛƭŜŘ ±ƛŜǿΦέ Figure 27 shows how two policy packages perform in achieving policy 
goals. Figure 28 shows how the Řŀǘŀ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ΨŘŜǘŀƛƭŜŘ ǾƛŜǿΩΣ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘƘŜ ŜǾƻƭǳǘƛƻƴ 
of the impact of the two policy packages ƻƴ ŎŜǊǘŀƛƴ ²9C9 ƛƴŘƛŎŀǘƻǊǎ ƻǾŜǊ ǘƛƳŜΦ IŜǊŜΣ άōŀǎŜƭƛƴŜέ 
ƛƴŘƛŎŀǘŜǎ ǘƘŜ άǊŜŦŜǊŜƴŎŜ ǎŎŜƴŀǊƛƻέ ƛƴ ǿƘƛŎƘ ƴƻ ǇƻƭƛŎȅ ǇŀŎƪŀƎŜ Ƙŀǎ ōŜŜƴ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ŀƴŘ 
therefore, it allows stakeholders to see how an indicator changed in its response to the application of 
a policy package. Stakeholders can also More information about the full features of NEPAT and how 
to interpret these visualized results are available in the NEPAT user guide here.   

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.5.-Final-version-of-the-self-assessment-nexus-engine-with-the-corresponding-validation_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.5.-Final-version-of-the-self-assessment-nexus-engine-with-the-corresponding-validation_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
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Figure 27: Achievement of policy goals per policy package in the NExus Policy Assessment Tool. Evolution of the impact of a policy or policy package on the 
achievement of WEFE goals. The data can be viewed scaled or normalized. (Figure visualised in the NExus Policy Assessment Tool ς NEPAT, Eurecat 2025) 
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Figure 28: Impact of policy packages on nexus system indicators of system dynamics models. Evolution of the impact of policy packages on indicators of a 
system dynamics model. Comparisons can be made between the reference scenario (no policy package applied) and policy scenario (policy package applied). 
(Source: Visualised in the NExus Policy Assessment Tool ς NEPAT, Eurecat 2025) 
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WEFE Footprint Index 
 
¢ƘŜ ²9C9 CƻƻǘǇǊƛƴǘ ǇǊƻǾƛŘŜǎ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ²9C9 ǎȅǎǘŜƳΩǎ ǎǘŀǘǳǎΣ ŀǘ ŀ ǇŀǊǘƛŎǳƭŀǊ Ǉƻƛƴǘ ƛƴ 
time, for a particular modelling scenario. It visualizes this assessment in a way that is accessible for 
policymakers, researchers, and decision-makers in identifying key issues on the impact of policies on 
the WEFE resources.  
 
The visualization includes a breakdown of the index through pillars (water, energy, food, 
ecosystems), sub-pillars, and indicators (measurable variables of the pillars and sub-pillars), with the 
aggregated WEFE Footprint Index displayed at the center of the diagram (Figure 29). The index value 
will vary between -100 (centre of the circle) and 100 (outside of the circle), where 0 represents the 
index and associated indicator value at the start of modelling. When modelling is executed, the 
results may be:  

¶ Positive Values (0 to 100): Indicate beneficial impacts or an improvement of the WEFE system 
status  

¶ Negative Values (-100 to 0): Indicate detrimental impacts or deterioration of the WEFE system 
status 

¶ Neutral Value (0): Indicating no impact on the WEFE system status 
 
The particular impacts of policy packages on the WEFE Footprint, pillars, sub-pillars and indicator 
ƛƴŘŜȄ ǾŀƭǳŜǎ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ άbŜȄǳǎ CƻƻǘǇǊƛƴǘ 5ŜǘŀƛƭŜŘ ±ƛŜǿέ ƻŦ b9t!¢Φ ¢ƘŜ ǾƛŜǿ ŎƻƳǇŀǊŜǎ 
reference scenario and policy future scenarios over time (see Figure 31 below).  
 
For information on the data treatment, normalisation, weighting, direction and aggregation behind 
the WEFE Footprint Index, see Haupt at al. 2024 - NXG D3.7 - Final report on the WEFE Nexus Index 
methodology and visualisation. 
 

 

https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
https://nexogenesis.eu/wp-content/uploads/2025/03/D3.7-Final-report-on-the-WEFE-Nexus-Index-methodology-and-visualisation.pdf
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Figure 29 Visualisation of the 
WEFE Footprint Index in the 
NExus Policy Assessment Tool. A 
breakdown of the WEFE Footprint 
Index through pillars [water (blue), 
energy (red), food (yellow), 
ecosystems (green)], sub-pillars, 
and indicators. The aggregated 
WEFE Footprint Index is displayed 
at the center of the diagram. The 
index value will vary between -100 
and 100, where 0 represents the 
index and associated indicator 
value at t0 in the reference 
scenario. Positive values Indicate 
beneficial impacts and negative 
values indicate detrimental 
impacts on the WEFE system 
status. In this exampleΣ Ϧ/hі 
emissions" shrink toward the 
centre over time, thereby 
reflecting increased emissions. 
Conversely "local food availability" 
expands outward, indicating 

improvement. [Figure produced by Jones & Wagener Consulting, as visualised in the NExus Policy 
Assessment Tool (NEPAT) - Eurecat 2025] 
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Figure 30: Impact of policy packages on the WEFE Footprint Index. The ΨbŜȄǳǎ CƻƻǘǇǊƛƴǘ 5ŜǘŀƛƭŜŘ ±ƛŜǿΩ ǿƛǘƘƛƴ ǘƘŜ b9Ȅǳǎ tƻƭƛŎȅ !ǎǎŜǎǎƳŜƴǘ ¢ƻƻƭ όb9t!¢ύ 
compares the policy package impact on the Water-Energy-Food-Ecosystem (WEFE) Index (i.e., WEFE system status) against the reference scenario (system 
status at year 2015, without application of policy package), in timesteps. In this example, the WEFE index is improving over time for both scenarios but the 
applied policy package (solid line) is showing a higher improvement than the reference scenario (dashed line). (Figure produced in the NExus Policy 
Assessment Tool ς NEPAT, Eurecat 2025). 
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Figure 31. Detailed analysis of impact of policy packages on the WEFE Nexus Footprint. Lƴ ǘƘŜ Ψ5ŜǘŀƛƭŜŘ ±ƛŜǿΩ of the NExus Policy Assessment Tool (NEPAT), 
compares the policy package impact on the WEFE Footprint Index (i.e., nexus system status) against the reference scenario (system status at year 2015, 
without application of policy package), in timesteps. In this example, the comparison is showing the impact of a policy package on various WEFE Footprint 
indicators. It can be seen that for some indicators the policy future scenario (solid line) improves and for other indicators the indicator deteriorates. (Figure 
produced in the NExus Policy Assessment Tool ς NEPAT, Eurecat 2025). 
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Uncertainty Analysis 
 
Decision-making in the policy realm is not straightforward because there are unpredictable factors 
that can affect the certainty of any particular outcome. For example, what if a new technology 
affects how resources are used? Unpredictable elements introduce variability in the response of 
nexus systems to policy actions, making it challenging to make decisions with confidence. This is 
where uncertainty analysis becomes important; it helps policy-makers understand the range of 
possible outcomes rather than jǳǎǘ ƻƴŜ ŦƛȄŜŘ ǊŜǎǳƭǘΦ  Lǘ ƘŜƭǇǎ ǎǘŀƪŜƘƻƭŘŜǊǎ ŜȄǇƭƻǊŜ άǿƘŀǘ ƛŦέ ǎŎŜƴŀǊƛƻǎ 
to see how a policy might perform under different conditions. 
 
NEPAT can simulate policy scenarios with elements of uncertainty accounted for and visually 
represented. Uncertainty is first incorporated and operationalised within the SDMs (see Section 2, 
Chapter 4). Only then can uncertainty be represented within the analysis that NEPAT produces. 
 
To conduct the uncertainty analysis, NEPAT runs multiple executions of a simulation, each execution 
ǿƛǘƘ ŀ ŘƛŦŦŜǊŜƴǘ ǎŜǘ ƻŦ ǊŀƴŘƻƳ ƛƴǇǳǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ȅƻǳΩǊŜ testing a policy to increase renewable 
energy use, NEPAT would run the simulation several times, each time with the stochastic SDMs. 
These simulations will give a distribution of results, showing how much the outcome could vary 
depending on these unpredictable factors. In the simulation results, NEPAT uses quartiles to show 
how the values of key variables (e.g., greenhouse gas emissions) vary over time and are distributed 
across all of the simulation runs. Quartiles divide the range of results into sections (Figure 32): 
ω Q1 (First Quartile): The value where 25% of the results fall below. 
ω Q2 (Median): The middle value, where 50% of the results fall below and 50% above. 
ω Q3 (Third Quartile): The value where 75% of the results fall below. 

 
This gives a clearer picture of the spread of potential outcomes. For example, you might see that in 
most simulations, a policy results in a moderate reduction of greenhouse gas emissions, but in some 
cases, it could be much higher or lower depending on external factors. NEPAT also shows a 
deterministic baseline - the result of the simulation without uncertainty factored in. It acts a 
reference point for comparing how much uncertainty affects the overall predicted policy outcomes 
 
Uncertainty analysis is an optional advanced functionality that can be accessed in NEPAT. To run a 
simulation in NEPAT with uncertainty ŎƻƴǎƛŘŜǊŜŘΣ ǎƛƳǇƭȅ ŀŎŎŜǎǎ ǘƘŜ άŀŘǾŀƴŎŜŘ ƳƻŘŜέ ŀƴŘ ŘŜŦƛƴŜ 
how many executions of the simulation should take place (see NEPAT User Guide here). 
 
 
 
 

https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
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Figure 32: Uncertainty Analysis in the NExus Policy Assessment Tool (NEPAT).  The results of uncertainty analysis in the NExus Policy Assessment Tool - 
NEPAT is visualised into quartiles. The range of potential outcomes enables the design of more robust policies, for example, policies which may perform well 
under a broader breadth of system responses (Figure produced in the NExus Policy Assessment Tool ς NEPAT, Eurecat 2025).  
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STAKEHOLDER VALIDATED POLICY PACKAGES  
 
NEPAT has a valuable role as a collaborative platform that facilitates discussions between science, 
policy, practice and societal actors for the co-creation process. NEPAT supports:  
 

¶ Informed policy dialogue: Exploring different policy options and their potential 
consequences, using a credible scientific base which also incorporates other knowledge 
systems 
 

¶ Cooperative decision-making: Encouraging stakeholders to work together to develop 
strategies that benefit multiple domains, stakes and interests 
 

In the NXG project, NEPAT was used as an entry point for discussions with stakeholders (often 
technical staff of ministries, river basin authorities, civil society organisations, research entities) on 
the above points. Thereby, NEPAT enhanced learning about policy analysis, sustainable resource 
management and water diplomacy. 
 
The steps that follow outline how NEPAT is configured with the system dynamic models and used in 
stakeholder discussions on the co-design of policy solutions.  
 

Step 1: Preparation of NEPAT for Policy Evaluation 
 
Translating the SDMs into NEPAT: The SDMs are automatically translated from Stella format into 
Python code. This translation process generates two Python translations: the deterministic version of 
the Stella model and the uncertainty version of the Stella model. The former version is the default 
ǘƘŀǘ ƛǎ ǳǎŜŘ ŦƻǊ b9t!¢Ωǎ ǎƛƳǳƭŀǘƛƻƴǎ όǿƛǘƘ ǘƘŜ ǳƴŎŜǊǘŀƛƴǘȅ ŀŘǾŀƴŎŜŘ ƳƻŘŜ ƻŦŦύΦ ¢ƘŜ {5aǎ Ƴǳǎǘ ƘŀǾŜ 
the policies, goal indicators and footprint variables included and to run with no errors. When the 
translation is complete, it is validated by comparing the results of the executions of Stella and the 
Python translation with and without the application of the policy instruments. 
 
Test Simulations: Modelers, data experts and case-study team run various test simulations within 
NEPAT to validate the policy analysis results. This involves checking the results for gross 
inconsistencies with the scientific understanding of the behaviour of WEFE nexus systems, which 
may indicate an incorrect configuration of the SDMs. If errors are found, the modelers, data experts 
and NEPAT team (Eurecat) work together to identify the source of the error and rectify accordingly. 
In some cases, the case-study team may invite selected local experts to also validate the results, as 
their local knowledge is instrumental to deciphering errors vs. nuanced nexus system behaviour. 
Some exercises to test the simulations for error:  
 

¶ Running simulations for different reference scenarios. These results should be reviewed in 
the Results View, Footprint Index View, and Goals View to understand the baseline 
performance. 

 

¶ Select different policy scenarios that are expected to lead to noticeable changes. Run the 
simulations again and compare the outputs in the same views (Results, Footprint, Goals) to 
assess whether the expected changes occur. If they do not, it may indicate that something is 
misconfigured or not functioning properly. This process should be repeated using multiple 
policy and reference scenarios to ensure consistent behavior across different configurations. 
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¶ Request recommendations from the DSS (AI-based agent) and evaluate whether the 
suggested policy packages align with expectations. Then, run simulations using these 
recommendations and verify in the Results View, Footprint Index View, and Goals View 
whether the outcomes align with the stated objectives. 

 

Step 2: Preparation for stakeholder discussions 
 

Understanding system dynamics: Modelers, data experts and policy experts in the project team run 
simulations focusing on exploring some policy goals and policy instruments that have been identified 
in previous workshops as priority topics. The group explores the results in various views offered in 
NEPAT (e.g., Results, Footprint, Goals) to understand the nexus systems dynamics.  
 
Workshop plan: A plan must be made on how to explore and discuss results with stakeholders. 

¶ Workshops should be designed so that stakeholders have ample time to (a) learn to use the 
functionalities of the tool; and (b) explore policy options and deliberate on results.   

¶ An interdisciplinary team (modelers, data experts, AI experts, policy experts) should be at all 
workshops in which policy packages are discussed. A wide range of domain expertise is 
needed to skillfully cope with the technical inquiries regarding inputs, outputs and the 
NEPAT.  

¶ A workshop handout should be created which gives summarized information about the 
policy goals and indicators, so that stakeholders can easily refer to it when exploring policy 
packages.  

¶ The NEPAT user guide should be printed, several copies, and be available for quick reference. 
 

Step 3: Co-designing policy packages with stakeholders 
 
Stakeholder introduction to the co-creation process: The process of selecting policies to model in 
NEPAT should be briefly explained, including information on the development of the SDMs and WEFE 
Footprint Index. Being transparent about the scientific content from the onset builds trust in the 
NEPAT results and helps the discussions run smoother.  
 
Stakeholder exploration of NEPAT: The workshop should have sufficient time allocated for 
stakeholders to learn about the functionalities of NEPAT. The facilitator can use the NEPAT user guide 
to walk participants through the features, using the key policy topics, goals or instruments as 
demonstrations. Figure 33 shows a scenario exercise that can be used to orient stakeholders to the 
various features of NEPAT.  
 
 
 
 
 
 
 

https://nexogenesis.eu/wp-content/uploads/2025/04/NEPAT-User-Guide.pdf
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Figure 33: Example of scenario exercise to orient stakeholders to NEPAT. This is an exercise that can be used as a first orientation to stakeholders of the  
policy evaluation functionalities of the NEPAT. It starts with simple analysis and prepares stakeholders for understanding how to use NEPAT for exploring 
more complex policy scenarios. (Source: Eurecat, 2024)
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Stakeholder exploration of optimised policy options: In groups, stakeholders discuss with each 
other nexus issues and policy options to explore and evaluate for implementation. NEPAT allows 
stakeholders to assess the impact of one or a combination of policies among those in the Policy 
Portfolio and will display the effect of these policies in terms of progress towards the policy targets. 

When using the DSS (AI system of the NEPAT), based on the assessment, the DSS can will recommend 
an optimal combination of policies that would improve all WEFE nexus sectors and minimize trade-
offs. Some exercises that can be used to explore policy combinations in NEPAT (with the basic or 
Decision Support System modes): 

¶ Maximize one WEFE domain 

¶ Achieve a group of nexus targets (e.g., maximise goals or minimise footprint variables) while 
minimizing the number of policies in the policy package 

¶ Achieve a group of nexus targets while optimising a given sector 

¶ Compare reference scenario (no policies applied) with policy scenario (effects of policy 
package) 

¶ Build policy recommendations on top of an existing policy package 

¶ Limit the number of recommended policy instruments  

¶ Restrict policy recommendations to specific sectors 

¶ Prioritise policy recommendations according to specific goals or specific footprint variables 

¶ Apply policy with different start-end parameters (time range)3 

¶ Compare results of DSS recommendation vs. user-defined policy packages 
 

{ǘŀƪŜƘƻƭŘŜǊǎ ŎƻƴŘǳŎǘ ǎŜǾŜǊŀƭ ǊƻǳƴŘǎ ƻŦ ŜȄǇƭƻǊƛƴƎ ŘƛŦŦŜǊŜƴǘ ǇƻƭƛŎȅ ǇŀŎƪŀƎŜǎΣ ŜǾŀƭǳŀǘƛƴƎ b9t!¢Ωǎ 
analysis of how well the various packages achieve multiple policy goals and the associated trade-offs 
in WEFE footprint indicators. This deliberation process may take several rounds of intensive 
workshops and focus groups, depending on how complex (and contentious) are the nexus issues, 
how many policies have been considered, how large is the stakeholder participation, how many 
sectors are participating in the discussion, etc. In some cases, one-to-one complementary sessions 
with certain stakeholders may be necessary.  
 
Figure 34 is a schematic of how this iterative policy package exploration and evaluation process 
works with stakeholders.  
 
Figure 35 shows sample policy package recommendations using b9t!¢Ωǎ 5ŜŎƛǎƛƻƴ {ǳǇǇƻǊǘ {ȅǎǘŜƳ ς 
as visualised within NEPAT. In this instance, stakeholders first prioritised Goals #1, 6, 8, 10, 12 and 16 
as being more important to be achieved and asked the DSS to provide policy packages 
recommendations. NEPAT provided the top 10 policy package recommendations and their 
corresponding overall achievement levels. Each policy package can be interrogated ς which goals are 
achieved to which level, which tradeoffs in footprint variables, etc. More information on the various 
policy package exploration functionalities of NEPAT can be found in Nievas et al. 2024 ς NXG D4.5 
Final version of the self-assessment nexus engine with the corresponding validation.  
 
 

 
3 !ŘƧǳǎǝƴƎ ǘƘŜ ǎǘŀǊǘπŜƴŘ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ǝƳŜ ǊŀƴƎŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ LƴƪƻƳŀǝπ¦ǎǳǘƘǳ ŎŀǎŜπ
ǎǘǳŘȅ ƻŦ ǘƘŜ b9·hD9b9{L{ ǇǊƻƧŜŎǘΦ Lƴ ŦǳǘǳǊŜ ǇǊƻƧŜŎǘǎΣ ƛǘ ǿƻǳƭŘ ōŜ ǇƻǎǎƛōƭŜ ǘƻ ƘŀǾŜ ǘƘƛǎ ŦǳƴŎǝƻƴŀƭƛǘȅ ŀǎ ǿŜƭƭΦ  

https://nexogenesis.eu/wp-content/uploads/2025/08/D4.5.-Final-version-of-the-self-assessment-nexus-engine-with-the-corresponding-validation_r.pdf
https://nexogenesis.eu/wp-content/uploads/2025/08/D4.5.-Final-version-of-the-self-assessment-nexus-engine-with-the-corresponding-validation_r.pdf
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Figure 34. Schematic of the iterative policy package exploration with stakeholders. (Figure: Sabina J. Khan, Helmholtz Centre for Environmental Research 
UFZ, NEXOGENESIS project, 2025).  
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Figure 35. {ŀƳǇƭŜ ǇƻƭƛŎȅ ǇŀŎƪŀƎŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦǊƻƳ b9t!¢Ωǎ 5ŜŎƛǎƛƻƴ {ǳǇǇƻǊǘ {ȅǎǘŜƳΦ Packages of policy instruments that are recommended to best 
achieve the prioritise Policy Goals #1, 6, 8, 10, 12 and 16. (as visualised in the NExus Policy Assessment Tool, Eurecat 2025).  
 
 
 

 
 
 
 
 






























































