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Abstract

The purpose of DeliverableSlis topresent a revised (improved) version of theginal
stakeholders” careation approach for wateenergyfood-ecosystem (WEFE) nexus governanc
which was developed in 2021 and reported in DIHeapproach was conceptualized to move
stakeholders through a structured process of defining nexus resource management and
governance challenges, developing advanced (st&tiie-art) complexity science and Al tools tg
understand nexus system dynamics anglexe the complexity of the policy solution space, and
RSOSt 2 LIAof-@2@p8&828 Q8 LJ (K¢l &ekus g@eanddairangefediie J
versionof the approachpresented now directly incorporates the lessons learned from the
implementation of the cecreation approach over the-ylears of the project, in6ase studies. This
Ad LINBASYGSR |a | W3mestéd)the Orpl@mendtdtion Ofkhe apprébic T A
thereby facilitating the replication of the approach. Accompanying this are guidelines for
outscaling the approactwhich captures highevel advice on strategic implementation issues.
The target audience of this report is any organisation at alesda the WEFE nexus domains th
would like to initiate a bottorrdzL) & G I 1 S Kr2atidR Brothse fordniproving policy
integration and foster transition towards WEFE nexus governance, with a particular focus on
management organisations suchrager basin organisations, including transboundary ones, w3
and environment ministries and water utilities.

Keywords

Water-EnergyFoodEcosystems (WEFE), nexus governance, stakeholggeation
transdisciplinarity artificial intelligencepolicy optimizationsystem dynamics modelling,
biophysical and socieconomicprojections governance roadmaps, stakeholder agreement
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Part1. Executive Summary

The NEXOGENESIS (NXG) prsierigthened governance across the WakarergyFood

Ecosystems (WEFE) nexus by developing and testing three solutionsdrareAINexus Policy
Assessment Tool (NEPAT), a WEFE Nexus Footprint for sustainability monitoring, andectooss
policy-making framework. Implemented over four years in five river basins across Europe and Africa
(Adige, InkomatUsuthu, Jiu, Lielupe, and Nestos/Mesta), the project applied a structured
stakeholder cecreation approach that integrated scientific and experierkimdwledgeand

complexity science and artificial intelligence todtsdisentangle complex nexus dynamics, explore
optimized policy solutions, and design actionable governance pathways.

This Deliverable presents the revisedCeation Framework for Nexus Governance (CFNG), which
O2yaz2ftARI{iS&a GKS 2NRIAAYIE FAODS G. dzAf RAGeI . £ 201 &
Explore, Cdesign, and GBevelog making the framework more accgble 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 longterm integrated governace. CeExplore focuses on building shared understanding of the
nexus, mapping stakeholders to engage, and identifying governance gapesigm focuses on
developing complexity science tools to analyse nexus dynamics and is the phase in which
stakeholdes actively shape technical content and outputs:[Z#velop involves deliberating on

optimal policy solutions with the assistance of Al and plotting implementation pathways. This
participatory approach ensures that solutions are rigorous, relevant, andreatile.

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. Capacityuilding is central to sustainirgpllaborative governance, equipping

stakeholders with the skills needed for negotiation, facilitation, and evidénfoemed decision

making beyond the project lifecycle. Muttase applications highlight the potential for crdsarning
whilealsoundelf Ay 3 (GKS AYLERNIIFYyOS 2F OFNBTdzdZ O22NRAYL (A
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
decisionmaking for integrated resource management in varied secological contexts. This

deliverable codifies the CFNG, stiepstep, as it was implemeed in NXG. It directly integrates the

lessons learned atthe fine@ NI A Y SR YSGK2R2f 23A0Ff &a0FtS FyR GKS
improved strategic implementation at the broader level. It is presented in a guidebook format aimed

at organizations particularly water management bodies, ministries, and transboundary

authoritiest seeking to initiate stakeholdedriven processes for integrated WEFE nexus governance

and sustainable resource management.

@ NEXOGENESIS
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Part2. 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 gnoedhtinuously reshape the
WEFEesourcenexus. These shifts influence actor behavior and, in turn, policy decisions on how to
manage resource€urrently, resource consumption is outpacing ecological limits, leading to
deepening resource and ecologicafidis. Because resources are interdependent, constraints in one
area can ripple through others and ultimately limit economuitl sociatlevelopment.As an example,
expanding hydropower in a transboundary river baaiers river flows, reduces irrigation water
availability, drives groundwater overuse and higher energy demand, and degrades wetlands and
fisheries. The resulting tradeffs affect food security, ecosystem integrity, and crbssder

relations, and are fuher amplified by climate variability.

Yet the prevailing practice of developirsgctorpolicies inisolationoverlooks these linkages. The
result is inefficient resource usancertainty over future effectivenesgreater risk of
counterproductive resultsand, at times, conflict among stakeholdersas tradeoffs and synergies
are not adequately addressed in decisioaking.

Managing the WEFE nexus is challenging due to both its inherent comgiexiigd understanding
of how policies interact across sect@sd theextremelywide policy space that should be explored
to find the best solutionsRecentadvances iromplexity science anattificial intelligence toolsiow
provide opportunities to better assessultiple policyinteractions andmpacts 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:

1 Coherent crossectoral policymaking framework:An analytical framework for addressing
climate and soci@conomic change, stakeholder behaviour, and transboundary issues

1 NExus Policy Assessment Tool (NEPAm)artificial intelligencariven tool that identifies
policy combinationso maximize nexus performance

1  WEFE Nexus Footprir 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), Inkomatlsuthu River basin (South Africa), Jiu River basin (Romania), Lielupe River
basin (Latvia & Lithuania), and Nestos/Mesta Riasirh (Greece & Bulgaria).

The project applied a structured stakeholder@@ation approach in which researchers and ease
studyleads worked alongside local stakeholders to address tasks such as understanding nexus
interlinkages, developing modeis describe the nexysevaluating policy impacts, and exploring
possible integratedjovernance mechanisms. The initial stakeholdecation framework was

designed to be revised based on lessons learned from its testing in local contexts and to support the
out-scaling of methodologies drtools to other settings. Accordingly, this deliverable presents the

¢ NEXOGENESIS
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improved cecreation 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_@ation Framework for Nexus
Governance (CFNG), codifying tmproach stegby-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
outscding.

This deliverable is organized as follows:

1 Chapter 1: Introductiong Overview of the case studies and the originakcceation
framework for nexus governangpreviously presented in Hiesker et al., 2022 (NXG D1.1).

1 Chapter 2: Conceptual anéinalytical Frameworlg Outline the approach applied to
codifying the CFNG and integratilegsons learned

1 Chapter 3: CeCreation Framework for Nexus Governangé he revised CFNG, codified
step-by-step with improvements integrated, presented in a guidebook format for
policymakers, NGOs, practitioneasd researchersegking to initiateand testbottom-up
stakeholder cecreation processes for integrated WEFE nexus governance.

1 Chapter 4: Guidelines for Replication and Outscaling the CEMS@nthesized strategic
advice for replication and broader application, with emphasis on water management
organizations, river basin authorities, transboundary bodies, ministries, and utilities.

Therefore, this deliverablprovides practitioners with a tested, adaptable roadmap for implementing
stakeholderdriven processes to achieve integrated governance across the WEFE nexus.

2.2 Case Studies

The five NXG castudies 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 feattroeng WEFE nexus relations, with the potential

for disruption from policy implementation. Accordingly, they allowed for an assessment of how
WEFFHelated policy can be streamlined into the nexus.

Twoofthecasé& (i dzZRASaX bSaidiz2a FyR [AStdz2ISE 6SNB aFNRYG N
case study activities slightly earlier (ca. 2 months) than the other threestasees (Adige, Jiu,

InkomatiUsuthu). This was to identify potential problepnedundancy 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 approachdasestindy aimed

to foster the exchange of ideas and experiences among them, to allow for broader comparative
conclusions and recommendations. The piloting of this coherewtreation framework in the

diversity of cases has demonstrated suitability for its widgtrgcaling to other regions globally.

¢ NEXOGENESIS
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JIU

LOWER DANUBE
INKOMATI-

NESTOS USUTHU

Figurel Schematic of the case
ADIGE studies of the NEXOGENESIS
Project
Schematic of the locations of the
five diverse casstudies: Adige
River basin (ltaly), Inkomatisuthu
River basin (South Africa), Jiu River
basin (Romania), Lielupe River basin
(Latvia & Lithuania) and
Nestos/Mesta River basin (Greece &
Bulgaria).

The Nestos/Mesta River Bastomprises the NestoMesta Rivebasin shared between Greece and
Bulgaria. The Nestaoslesta Rivesprings 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 uniqueteosys
protected by the Ramsar Convention and considered as a first priority site under EU Natura 2000.
Two dams operate in the Greglart 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 livestockviore information about the Nestos/Mesta Casstudy

The Lielupe River Basia in NorthEastern 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 thisarijaltogether

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 rtare 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 andpmat 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 habeen reduced. The development prognosis indicate that these trends

will be maintained and coupled with increased volumes of fertilisers utilised in line with

intensification of agricultureMore information about the Lielupe River Basin caseidy.

The Lower Danube CS is focused on the 16,75%kmRiver Basim Romania, a subasin of the
Danube Riveraiming to explore interconnection and replicability crossborder in Serbia and Bulgaria.
The Jiu Rivdtows from the Romanian Carpathian Mountains southwards through several counties
before it discharges into the Danube at Zaval, the Romaratgarian border near the Bulgarian city
of Oryahovo. The basin is mainly characterised by arable land (48&s}, f8d%) and pastures (9%).
Population in tke upstream mountain areas of the basin rely on the coal mining industry with lgnite

¢ NEXOGENESIS
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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 Naturas@80is 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 negatig affected the riverbed, while floods and drought events continue to impact the
region.More information about the Jiu River Basin CaSaudy

Thelnkomati-Usuthu River Basioomprises the InkomaiUsuthu 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)

Mozambiqueand 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 Nationf  t I N] ® ¢ Kdzax GKS ol airy Aa QAGL
in particular relating to energy security (cdakd power stations), food security (almost half of the

O2dzy i NEQa KAIK LRGSYGAFf | 3INRKROdzZ G dzNIerusérd).y RO | YR
More information about the Inkomatisuthu Cas&tudy

TheAdige River Basiai LJ- Y & 2 @S NJdndest fivérQhe 409 BnOi@dige Rivethat

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 Rivebasin, 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, kile 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, withranual

population increase of-b 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. Theimtal 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 destinatios.

information about the Adige Cas&tudy.

2.3 CoeCreation Framework

TheCaoCreation Frameworkor WEFENexus GovernancfCFNG) supports stakeholders in a certain
region (e.g. a river basinyr gathered around a commonly acknowledged challetmeollaborate
and commit toimproved nexus governanc&he originally designed CFNG (as present&diéD1.1
-{ 41 1 SK2-trdatoinapiroacdiér WEFE nexus governahaecluded twasteps:

1. Nexus governance problem identificatiovia 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. { G 1 SK 2 fcreaBoNhaf WERER)oals and policiesd commitment to implementation
through a stakeholder agreementoperationalised itfive building blocks

f t NBLJI NRYy3 { K S-créatioh jragdésstaker®INd identification and analysis;
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f LYAGAF GAY3 (O KcbeatdriproteSsiaterackos bekveen the stakeholders
of different sectors, awareness raising, setting the stage and data collection;

T CFEOAtAGlI GAyYy3 icre&iondpindedsSakehdlider@myhgiment 2
management and sustainment for trust building and social learning throughout the
project;

f 5S@St 2LIAyYy3 (K Screation congeit 2dsighBdNan actiod glan and
ensuring coordination with existing policies;

1 Implementing the stakeholders” agreementostering stakeholders” ownership of the
action plan, and monitoring of the planned implementation.
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Part3. Conceptual & Analytical CGreation

Framework

3.1 Methodology of consolidating the ca@reation
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 Agreem€onsolidation of careation framework for
the nexus governance: guidelines for design and implementafldme steps were:

1. Compare the implementation of the initial eweation framework for nexus governance
(CFNG) (proposed in D1.1) in the casalies and extract lessons learned;

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

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

4. Based on the results of step #3 above, deliver a guidance that codifies the revised and
improvedCNFGn 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 ¢ thereby providing the water sector with an approach to fosadrolistic WEFE
nexus resources management

To this end, we reviewed an extensive repository of data, listed below ws&atlon 2.2.1 (Data
Sources) to collect information on step #1, step #2 and step #5 (listed abofRa\tlh we present
theNEOAASR I YR A YLINE @ Sriespandiny D stepd 3 and step diditdd lahdo @ ¢
that can be adopted for implementation in future castidies (i.e., for replication).

Part 5responds to step #§ providingoverarching, synthesizetligh-level adviceto the target
audience, derived from cumulative insights, providing strategic guidance intended to inform practice
broadly.

Part 4andPart Sarepresented as &3 dzA R y OSQ F2NJ A YLAEGHSYy Gl GA2y 27F
organisation at all scales in the WEFE nexus domains that would like to initiate a hgitom

aidl 1 SK2-tréatohfraRessf@ improved integrated management of WEFE resodies.

target audience isvater management organisations such as river basin organisations, including
transboundary ones, water and environment ministries and water utilittesyever, it should be

noted that the CFNG can laelopted anded by $akeholders 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 deliverabdesl milestonedor each work packag@VP)(see 3.2.2 Data
Sourceg; below)and documented

9 Overarching steps and operationalisation of tagks specified ithe Grant Agreement

1 Challenges in implementing the tasks and learning lessons

Based on this review, UEdAdified thestep-by-step proces®f howtasks were implementedh each
WP, in a cleamanner that allowdor replication byan external audiencd_earning lessons specific to
the implementation of a method were integrated directly into the stepstepinstructions

Therefore, each chapter in Part 4 of this deliverable captures the overarching wogdilbw
methodologesapplied withina WP (see table below)hat were necessary to realise the CENG

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

WP5: Case study coordination

WP6: Impact maximisation: communication,
dissemination and exploitation of project results
Chapter 2Understanding the governance = WPL1: Cecreation of WEFE nexus governance a
landscape water policy streamlining

Chapter 3: Biophysical and Seeiconomic
Future Scenarios

Chapter 1: Understanding the stakeholder
landscape

WP2: Biophysicdiuman modelling

Chapter 4: System Dynamics Modelling WP3: Nexus System Thinking dntkgration

Chapter 5: Nexus Policy Assessment & WP4: Nexus seléarning assessment engine
Stakeholder Validated Policy Packages development

Chapter 6: Governance Roadmaps and WPL1: Cecreation of WEFE nexus governance a
Stakeholder Agreements water policy streamlining

At the finalConsortiumGeneral Assembly in LatiiaJuly 2025a reflection sessionvas hosted by
WP1 and WPBnN the cocreation process. The topic focusedtbe quality of the process and how
this influenced theachievement obutcomes andstated NXGobjectives as per the grant agreement
There wered World Café tableswith representatives from all WPanddiscussions on:

91 Policies identification, assessment and integrattomplexity science tools and the NEPAT

1 Development of SDMs

1 Integration of (forecast) ata into the SDMs and the NEPAT

1 NEPAT and WEFE Footprint development

The following questions structured tliscussions
1 What went well? What was missing? What needs to be improved?
1 What was achieved? To what degree did you achieve the objectives? What concrete results
(outputs/outcomes) have you accomplished that support the objectives?

These discussiortseated a space for domain experts to explaimplex concepts underlying their
work, challenges encountereith implementing methods and theverarchingco-creation approach
andproposeimprovements Feedback specific to eadiPwas incorporatednto the respective
chaptersfor this deliverable.

¢KAA LINRB2SOG KIFa NBOSAGSR FTdzyRAYy3I FNRY
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Also at theGeneral AssembJJFZ presented the NXG workflokiqure 3 to validate the
interlinkages of knowledgénputs and outputs acros4/Ps andhe adoption of the phasesco-
explore, cedesign, ceexplorec for the revised CFNG.

PostGeneral Assembly, consortiunaginers in each WBubsequently reviewed the representation
of their workin their respective chaptergnaking adjustments as needadd 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, rbomainspecific lessons pride guidance for strategically

designing and executing the CFNG to maximise impact and are summarized iig BaitBlines for
Outscaling, with feedback from all WPs integrated.

3.2.2 Data Sources

The stepby-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:

1 NXG project reports (milestones, deliverables): Taskkmethods implemented in the CFNG
and consolidate the stepy-step codification (Tabl#)

1 NXG interand intrawork package meeting notes: Challenges faced, adaptive management
strategies implemented and lessons learned (T&ple

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

Tablel: NXG project reportseviewed for consolidation of CFNGhese deliverables and
milestones of the NXG project were directly reviewed by UFZ to consolidatehgispp, the
revised CEN@&locumentis not (yet) publicly available

Document Topic Information & insights gathered

WP1: Cecreation of WEFE nexus governance and water policy streamlining

D1.1 Cocreation framework Originalco-creation framework proposed and
- for nexus governance implemented

D1.2 Governance & policy Method for conducting the nexus governance
— assessment in CSs assessment and policy coherence assessmel

Process foselection of policies to include in

. .
D1.3 Policies for the SLNAEEPAT) the SLNAENEPAT)

Governance roadmap
D1.4* & building blocks of a Method for creating governance roadmaps
river contract in CSs

CKAa LINP2S5SO0G KFa NBOSAGSR FdzyRAY3I FNRY [qg
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WP2:Biophysicalhuman modelling

Document information &
consolidated data available
according to specific nexus

dimensions from large repositon

& Inter- Comparison projects

data for each case study

Future Trends and

uncertainty assessment

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

Interface of MagnetGrid with G

M16* RDEM and DEMETRA

WP3: Nexus System Thinking and Integration

Conceptual models completed

b3.1 for all the case studies.

Final report on the complexity
science & integration
methodologies

Final report on application of

recommendations

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

methodology

Report.

Final report on the WEFE Nexus

D3.7 Index methodology &

visualisation

Nexus data vector of biophysica

Socioeconomic data at grid leve

Validation of biophysical data fo

biophysical models & stakehold:

Sensitivity & uncertainty analysi:

Sensitivity/Uncertainty Analysis

D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Explanation of global models and biophysical
sociceconomic datasets

Downscaling methods and data used for case
studies

Method for retrospective analysis & uncertain
assessment

Explanation of global models and biophysical
sociceconomic datasets

Method for downscaling of simulations

Conceptual model methodology

Explanation of systems dynamic modelling,
chosen approach for SDMs

Method for developing causal loop diagrams
and stockand-flow diagrams

Methods for uncertainty and sensitivity analys

Conceptualisation & methodology

WP4: Nexus selflearning assessment engine development
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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

D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Selflearning nexus engine

bal specifications & technical desigr

_ _ _ 1 Theoretical background on using#dents
D4.3 Simulation policy framework for multi-objective problems
044 Core module of selearning 1 Design process for the NEPAT

nexus engine o o
1 Functionalities and capabilities of the NE»

Policy Assessment Tool (NEPAT)
Final version of the self

D4.5 assessment nexus engine with
corresponding validation (NEPA

WP5: Case study coordination

Coordination activities across-ooeation steps
& methods which allow for smooth

. o

M2 Roadmap for CS work/activities implementation of the framework and
interaction across the WPs

M5 * Internal communication strategy Casestudy preparations for workshops

First & second intermediate 9 Lessons learned from the implementation

M15, M23 . o of stakeholder engagement strategy in C¢
reports on cecreation activities
across alfive CSs Lo . . A )
T a{UZ2NASaAa 27T oKdyleas ¢
D 5.1 * Report on stakeholder Stakeholder engagement methods and lessoil
' engagement learned from application in cassudies
D 5.7 * Recommendations, experience, Recommendations for future projects seeking

lessons learned from all CSs to engage stakeholders in -@veation activities

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

Strategies & tools fosupporting stakeholder
D6.1* Communication strategy engagementraising awareness of nexus issu
maximizing project impact

Internal and external exploitatior

D6.8 workshop (first report) Challenges and strategies in improving the
' uptake of project outputs by stakeholders
... during and posfproject and therefore,
D6.9 Internal and external exploitatior amplifying project impact

workshop (second report).
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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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Tactics for local policy impact

Stories of change from castudies
Adaptive management of stakeholder
engagement strategies

D6.11 Policy Impact strategy

=A =4 =4

Policy Brief 1: Mainstreaming th

D6.12 WEFE Nexus into Policy Making
D6.13 * Policy Brief 2: Contribution to th: Recommendations on implementation and
' EU Water Resilience Strategy  outscaling a (WEFE) nexpased governance
Policy Brief 3: Lessons from 5 approach in the EU policy landscape
D6.14* case studies to scal@ Smart

WEFE Nexus Policies for a gree
& digital world

WP7: Project Management and Coordination

First projeciperiodic Internal reflection of accomplishments &
D7.4* report to the EC + review challenges across different domain expertise
comments and evolving recommendations for increasing

policy impact through the CFNG

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

External feedback on areas of strengths and
improvements in methodologies and ideas of
avenues for increasing policy impact

Table2: NXGinternal projectmeeting notes reviewedor consolidation of CFNG hese are interna
WP and consortiurvide meeting notes which capturettallenges faced, adaptive management
strategies implemented and lessons learned throughout the project.

Meeting WPs involved Information & insights gathered

Consor_tlum cecreation meetings All WPs

(55 online meetings)

Coordination workshops Reflections on coordination of workflow,

(3 inperson workshops hosted WP1 & WP5 interdisciplinary knowledge exchange, adapti
by KWR, UFZ, NTUA) management in response to evolving

challenges, lessons learned

General Assemblies
(4 inperson meetings hosted by All WPs
BEF, UNT, BDG, BEF)
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Internal reflection of accomplishments &

challenges across domain expertise and

evolving recommendations for increasing poli
Official Interim Reporting Reviey All WPS impact through the CFNG
Meetings with EU Project Office

External feedback on areas of strengths and

improvements in methodologies and ideas of

avenues for increasing policy impact

Challenges & lessons learned on cagely

WPS5 internal (online) meetings  Internal WP5 o
activities

WP3 internal (online) meetings wgg +WPL
Challenges & lessons learned on method
development & implementation

WP4 internalonline) meetings wgg +WPL

Table3: NXG exploitation activitiesind outputs informing the consolidation of CFNG hese are
events, publications and media from whigtojectactivities were documented and feedback abou
project work was gathered from an external audience.

WPs

Activity / Output involved

External events: Dresden Nexus
Conference (2025), Water Europ All WPS
BlueDeal 202&onference (2025)
GoNexus Final Conference (202!

NXG Videos All WPs

Selected publications (scientific

and grey) All WPs

3.3 Results & Reflections

Information & insights gathered

Feedback from science, policy, practice
communities on CFN@ndits associated
methods& tools

Reflections from consortium on CFNG
implementation

Methodologies applied in CFNG

Two overarching conclusions emerged from our reflectiomgardingthe structure of the CFNG:

Conclusion 1Theoriginalconception of theNXG workflow which is thebackbone of theCFNGwas
methodologically soundThee was coherence in thmterdisciplinaryinterlinkages of the methods,
inputs and outputsBecause of this, the workflow also delivered on stated objectives. Therefore,

WA G NHzOG dzNI £ Q@ OKIFy3Sa

I NB NXB | dokeiifdRdy ardl jfpazt 42 Y S

Accordingly, we have presented the workflow as was originally described in the CFNG of D1.1 (and

therefore also aligned with the grant agreement).
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Conclusion 2The 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 esD1.1 asiBuilding Blocké with a governance focus and WP5, the CFNG

is documentedn D5.1 agd-Qeationé YR Aa adl 1 SK2ft F®NIhi§ yome 3SYSy
additional observations came to light:

1 Both approaches structured the implementation of the CFNG in phases

i The approaches complemented each othaith the same steps for the implementation of
the CFNGhowever,they partitioned the steps into the implementation phases differently

To try to reconcile the approachesewonducted 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 Goreation approach as document in D5.1. Tabbelow shows the results of

the mapping exercise.

Table4: Mapping ofbuilding blocks and cereation approaches.
Equivalent phase of

G/-@NBF A2y ¢
1: Preparing the stakeholders” etreation process: stakeholder identification and analysis;

CA@GS a.dzAt RAy3 . f2014¢ FNI YS¢

Stakeholder identification Coexplore
Stakeholder analysis Coexplore
Stakeholder engagement plan Coexplore
2: Initiating the stakeholders' ca&reation process: awareness raising, setting the stage and d:
collection;
Raise awareness of project Coexplore
Set stage for collaboration (project team & stakeholders) Coexplore
Policy Coherence Assessment Coexplore
Policy Inventory Coexplore
Conceptual maps for SDMs Codesign
Biophysical & socioeconomic data inventory Coexplore
Nexus Governance Assessment Coexplore

3: Facilitating the stakeholders” eoreation process: stakeholder engagement plan,
management and sustainment for trust building and social learning throughout the project;

Stakeholder engagement plan (adaptions) Codesign, Calevelop

4: Developing the stakeholders” exreation content: designing an action plan and ensuring
coordination with existing policies;

Validated policy inventory Coexplore
Validated policy coherence assessment Coexplore
Validated Nexus Governance Assessment Coexplore
t NEBEAYAYFINE 9 @FfARFGSR &L Codesign
Validated SDM conceptual maps & causal loop diagrams Codesign
Validated datasets for SDMs Coexplore
Vision of common goals for project & river basin Coexplore codesign
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Governance roadmap (preliminary & validated) Codevelop
Stakeholder validated policy packages Codevelop

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

Indicators for SDMs & WEFE Footprint (preliminary & validate« Coexplore
Customisation of NEPAT user interface Codesign

5: Implementing the stakeholders” agreement: fostering stakeholders” ownership of the actic
plan, and monitoring of the planned implementation.
Stakeholder Agreement (action plan, roadmaps) Codevelop

Codevelop

From ths mapping exercisehe followingobservations

1 TheBuildingBlocksframe hada bit ofredundancyin stepswithin the NXG workflowthereby
making it difficult to follonand communicatgfor an external audience)

1 TheCo-Creationframehada slightly clearepartitioning of stepswithin the NXG workflow
with some (expected) overlap during transition between the phases

We decided td LILJ & -QGINGSI (WO2y fr chndiLincBtingdi¢evised CFNG for the
following reasons:

9 Itis divided into only three phases (vs. 5 phases of the building blocks appredubh
makes it easier to understan@hisreduces potential for confusion in project coordination
and communication activities

1 The terminology (ce&xplore, cedesign, cedevelop) aligns with the coreation theme,
thereby creating coherency in communication to stakeholders and to the scigultsr
practice community

AccordinglyFigure 2below presents the validated NXG workflow and how it is framed within the Co

Creation phases.

innovation programme under gramigreement No 101003881
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Figure2: CaoCreation Framework for Nexus Governance
The workflow of theCFNGillustrating how the interdisciplinary work and outputs were interlinked to prodtatesholder validated tools for improved nexus
governance. [Figure: Sabina J. Khan (Helmholtz Centre for Environmental Research UFZ), Blaine Haupt (Jones & Wagenen@dhsMEXOGENESIS

project team, 202b
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Summary guide on how to read the revised CFNG presentddart 4 of this document
T W.dzZAft RAY3 06t201aQ GSN¥YAy2t23e& A& y2i dzaSR ol &
1 Cocreation €o-explore, cadesign, cedevelop) terminology is now exclusively used

9 Overarching content and workflow of the initial CF¥& per D1.1)emains the same, but is
now partitioned/ organisedaccording to the phases of @xplore, cedesign, cedevelop

1 The originaNXG pipeline workflowof linkages between interdependent methods, inputs
and outputs (as proposed in the Grant Agreement) remains the same

9 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.

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

1 The stepby-step development of the NEPAT and WEFE Footprint Index are not included
0 Such details fall under protection of intellectual property rights; and

o0 The guidances developedinder 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 Al engine or nexus index.

1 Some casstudy examples are provided, though not in great detail; the focus is on
presenting the revised framework. Castidy results are presented greater detail in all
previous deliverables.

T TheO2y iSyld A& oNRGOUSY Ay ( K@iorifising dabty, practiRality,2 y S 2 F
and accessibility for practitioners and policymakers to supportweald application. It
assumes garget audienceg A 1 K WY SRAdzY € S@StQ oy2iG tlF@adYSysz
of the topic (data, models, artificial intelligence, policy, communications, stakeholder
engagement)Part4 and Part 5will be used to produce a forthcoming professional
guidebook for dissemination by cas&udies and partners.

1 The following terms in th&iXGgrant agreement have been slightly (aindsome cases,
unofficially) modified only for the purposes of improving simplicity and clarity for the target
audience, based on our learning less@¢hable5 below).
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Table5: Terminologyin NEXOGENESIS grant agreement modified in Deliverable 1.5

Grant
Agreement

SLNAE

River Contracts

UserValidated
Policy
Packages
(UVPP)

Validated
Policy Package

NEXOGENESIS

STREAMLINING WATER RELATED POLICIES

Term in Part4

NExus Policy
Assessment Tool
(NEPAT)

Stakeholder
Agreements

Stakeholder Validated
Policy Packages (SVP

Policy Portfolio

Notes

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

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

SVPP aligns more closely with the concept of
stakeholder cecreation, and thus avoids introducin:
I yS¢ GSN¥Y &adzOK | & adz!
appropriately applied to those who utilize the
validated policies, regardless of whether they
participatedin the cocreation process partially or
Fdzft ted LYy O2yiNradz aal
the actors who actively participated in the-co
creation process, making it a more precise and
accurate descriptor.

These refer to the comprehensive set of policies tf
are first selected as inputs for NEPAT to conduct t
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.
¢KS GSNXY at2ftA0e t 2NIT:
deggnate this master set, as it aligns well with the
O2yOSLJi 2F | at2fAde t|
packages can be drawn from the broader policy
portfolio.
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Part4. Guidance foa consolidated cecreation

framework for nexusgovernance

*NB: Areminder that Part 4 is written in the style of a guidebdokill beextracted as is, and
slightly modifiel (improved upon)to be published aa professional guidebook forthcoming in 2025.

4.1 Introduction to the cecreation framework for
nexus governance

Interdisciplinarity & Transdisciplinarity

The CFNG embeds anintery R N} yaRAAOALX Ayl NE | LILINRIF OKXZ |t A3
aim to engage beyond traditional scientific boundaries. Transdisciplinary research is understood as

Gl FFHOAEAGFGSR LINRPOSaa 27F Ydzi(8ehdiz &StBiheNJOASY B 06 S 6SS
links interdisciplinary research with mutttakeholder dialogue focused on reabrld 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 §a 2 f RSN&E (2 F2a0SNJ adSNIAO
NE&SINOKSNAR FyR €20t FOG2NRZ & 6Stf a aK2NRIT 2
Participatory processes range from tdpwn methods such as information sharing and

consultatiort to bottom-up collaboration, including deliberation, @esign, ceproduction, and joint
decisionmaking (Reed et al., 2018).

CoCreation Approach

Transdisciplinary eproduction of knowledge is an essential modus operandi for generating rigorous,
relevant, legitimate and actionable policy solutions. To this end, the CFNG applies a stractured
creationlogic, unfolding across three phases:-Exploration, Cdesign, and Gbevelopment (IAP2
2018; Bojovic et al. 2021).

1st Phase; Co-exploration: Buildingunderstanding & foundations for collaboration

This phase begins by buildingutual 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 cw@ppiig

with exploratory dialogue to understand the so@avironmental and policy landscape, uncover
perceived challenges and opportunities, and clarify stakeholder concerns and aspirations regarding
specific technical or governance issues.

Information-and awarenes®N> A Ay 3 | OGABAGASa Tt ATy 20Ff LISNEHL
create conditions for meaningful crosgectoral dialogue. Key objectives include introducing

stakeholders to the project, gathering early insights, andldi&hing a shared understanding of

WEFE system dynamics. This phase also involves identifying relevant problemegcenoimic and

environmental risks, existing policies and governance structures along with their gaps, and collecting
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critical socieeconomic, 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 socieconomic components under current and future climate scenarios. Data

will support model design and stakeholder engagement, enabling sisaly biophysicahuman
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 calibratealgainst retrospective analyses and local statistics to ensure relevance for
each case study

2nd Phase; Cadesign: stakeholders shaping the scope & content of@eation process

This phase shifts toward consultation and active involvement, where stakeholders help shape the
development of technical contentsuch as data, models, indicators, and scenariog coframing

the problem space, validating assumptions, and providing feedbbaeknphasises 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 decisiormakers, ensuring outputs areformed 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 scenariot) wiitputs informing the WEFE
nexus footprint as a comprehensive methodology for evaluating case study baselines and policy
interventions. These models also provide essential data falrié&n assessment tools.

3rd Phase; CoDevelopment: 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 solutiors such as policy packages, institutional pathways, and foamtion
roadmaps with the goal of enabling lonrterm, wholeof-society shifts in WEFE nexus governance.

Stakeholders use the NExus Policy Assessment Tool, an artificial intelligence engine that combines
agentbased modeling with reinforcement learning to evaluate policies and identify optimal policy
combinations to meet multiple WEFE goals under differeahados.Stakeholders participate in
collaborative decisiomaking to identify preferred options, etesign innovative approaches, and
define implementation strategies. In some contexts, this process evolves into stakeholder
empowerment, where participantassume 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
GKS LINRP2SO0(Qa -pardiraadmaps foster dorBihulFand seakeliolders can lead or
co-lead implementation efforts wherever feasible. Kdgraents of this phase include collaborative
decisionmaking on technical and policy alternatives, stakeholddrinnovation 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 feci@ation, allowing stakeholder
engagement to evolve from awareness and problem understanding, through design and testing, to
action and transformationFigures 3 and #ustrate how CFNG methods and tools are framed within
the cocreation process and how interactions between project team members and stakeholders are
implemented throughout the project.
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Figure3. CaoCreation Framework for Nexus Governance
The workflow of theCFNGillustrating how the interdisciplinary work and outputs were interlinked to produce stakeholder validated tools for dnperys governanag
within a co-creationapproach(co-explore, cedesign, cedevelop)Figure: Sabina J. Khan (Helmholtz Centre for Environmental Research UFZ), Blaine Haupt (Jones &

Wagener Consulting) and the NEXOGENESIS project tedsh, 202

CO-EXPLORE exploring CO-DESIGN Knowledge exchange in which CO-DEVELOP Solutions (transformation pathways) based
the context & raising awareness of stakeholders provide input & feedback on co-decision (collaboration) & empowerment in which
stakeholders (consultation) and discuss topics of interest stakeholders own the decision-making process

Inform & define

Governance Landscape

Nexus Governance

(involvement) to enable understanding of their

Policy Inventory &
Coherence Assessment

3

concerns and aspirations

- .
l - System Dynamics Models
Pollcy Portiolio System Dynamic Interlinkages -
Stakeholder Landscape Policy Packages
vl v2,v3, ..
define
Stakeholder
Identification Inform e Nae NEPAT Performance of Stakeholder Governance
—— & define Cal:lsal Loop —_— Nexus Policy —_— policy goals —3| Validated Roadmaps
 CE—— Diagrams Assessment Policy & Stakeholder
Stakeholder Analysis S inform define define Packages Agreements
Knowledge Repository System Tool .
I Dynamic define Nexus Footprint
—— Variables - Index
Stakeholder Local data for baseline Conceptual
Engagement Plan i
\ J define maps |
) —_——
Biophysical data &
future scenarios (global- inform
regional)
N—
> Socio ic data &
inform furure scenarios (global- Inform & define
regional)
|
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Figure 4: Implementation sequence for aweation activites¢ KS 2 @SN} NOKAYy 3 aSljdzSy0S 2F | OUAGAGASE G2
ONBI GA2Y I OGABAGASAQ | NB GK2aS AdgomanNiparts ahihielfedmy Stakdholdereaafioh attiies ardlB Ij dzA NB R
transdisciplinary exchangégtween the project team and stakeholddfsigure: Sabina J. Khan (Helmholtz Centre for Environmental Resear2d2HfZ

Stakeholder co-creation activities
0900000995000 000 0

Team co-creation activities

CO-EXPLORE

Preliminary project design, scoping of nexus context & stakeholder analysis

ca. 2 workshops - orientation to project concept, refining project design, exploring nexus issues, exploring
stakeholder landscape

1%t draft conceptual models, 1* repository of preliminary global climate, biophysical & socio-economic data sets,
1st stakeholder engagement plan

Interviews & focus groups - nexus governance assessment, policy coherence assessment & policy inventory

ca. 3 workshops — validate policy coherence assessment & nexus governance assessment results
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NEXOGENESIS

STREAMLINING WATER RELATED POLICIES

Stakeholder co-creation activities

Team co-creation activities

CO-DESIGN

Integrate policy preferences into conceptual models, source local datasets to reflect modeling needs for policy
preferences, develop preliminary WEFE nexus indicators, 2" phase stakeholder engagement plan

ca. 4-6 workshops — validate conceptual models, validate data sets, validate WEFE nexus indicators

Convert conceptual maps to causal loop diagrams, convert causal loop diagrams to stock & flow diagrams (systems

dynamic models), populate SDMs with data, calculate WEFE indicators, validate SDMs (retrospective analysis &
uncertainty analysis)

ca. 4-6 workshops validating SDMs with local experts, explore design needs for user interface of the NExus Policy
Assessment Tool

Transate SDMs into NEPAT, validate NEPAT results

¢KAAd LINR2SOG KIFIa NBOSAGSR TdzyRAYy3I FNRY
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Stakeholder co-creation activities

Team co-creation activities

CO-DEVELOP

3 phase stakeholder engagement plan

ca. 10-12 workshops — in-depth training on using the NExus Policy Assessment Tool and subsequent exporation
of optimization of policy packages

Focus groups & bilateral meetings - in-depth training on using the NExus Policy Assessment Tool and exporation
of optimization of policy packages

ca. 4-8 workshops validating final policy packages (output: stakeholder validated policy packages)

Drafting governance roadmaps of policies in each stakeholder validated policy package

ca. 8-12 workshops on developing goverance roadmaps and exploring stakeholder agreement options

[
s

Focus groups & bilateral meetings - developing governance roadmaps and exploring stakeholder agreement
options

ca. 4-6 workshops validating governance roadmaps & stakeholder agreements
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4.2 Section 1: Caexplore 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 soci@nvironmental and policy landscape, identifigsxus interlinkages, collects critical

data, and develops a stakeholder engagement strategy to support-semteral dialogue and

O2tft 02N GA2yd LG ftaz2 OfFNAFASaA adl {SK2ft RSNEQ S
contribute ¢ andtransforms this into a stakeholder engagement plan.

4.2.1 Chapter 1 Understanding the Stakeholder Landscape

This chapter provides an overview of how to design, implementeamadliate 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.

{19 A& ARSI ff &llsysteMi€dnpdwarmedtyriurtufing yiedcapacities, networks, and
governance pathways that can carry forward the nexus vision over thetéong In the NXG

framework, SHEJINE OS 3 4 S & RBAISIIZNIAY 302 YR f SGSNIF IAy3I O2YLI S
FNBUOAIE AyidSHVMIAASHYIOSD eF 2LNPRSGAYETIA 22y 32 Ay 3 RA I f 2 3 dz
I ONRP&aa aOASYOSs LRfAOEZ LINI OsaOS IyR a20ASieo

{GF1S8SK2f RSNAE I NdvidiaB, HroupsSard okgénitBionk ho dre affected by or can

affect those parts of the phenomenon (this may include-moman and nodiving entities and future

generations§ OwWSSR SO Ff® Hanndgod ¢ KSNBT2NBY) teamaieK Ay 0 K S
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 tlereccreation phases: cexploration, ce

design, cedevelopment) 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 divideéhto five cohesive steps, as illustratedrigure5 and Tableb.

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 regpsgiimergies and tradeffs in the
implementation of policies and actions related to nexus sector management and resource allocation.
It alsosupports the assessment of current practices and policies to evaluatedtifedtiveness in
realworld contexts. Fally, 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 folloddapted from: de Vente et al., 2016; Reed et al.,
2014;W{ GF 1 SK2ft RSNJ 9y 3l 3SYSyidyYy ! D22R tN}OGAOS I I yR

1 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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1 Integrity: Occurs when engagement is conducted in a manner that fosters mutual respect
and trust;

1 RespectCreated when the rights, cultural beliefs, values and interests of stakeholders and
neighbouring communities are recognised;

1 TransparencyDemonstrated when community concerns are responded to in a timely, open
and effective manner;

1 InclusivenessAchieved when broad patrticipation is encouraged and supported by
appropriate participation opportunities; and

9 Trustbuilding: Achieved through open and meaningful dialogue that respects and upholds a
O2YYdzyAiieQa o0StASFazr Gl fdzsSa IyR 2LAYAZ2YAD

C A 3 p¥Btdps in the stakeholder
engagementprocess The SHE proceg
explores the stakeholder landscape t
identify who should be engaged how
when, and in which activities. The SH
process is iterative and is divided intg
five cohesive steps. (FigufAvellan et
al. 2025- Deliverable 5.1 Report on
Stakeholder Engagemeaqtink
available in October 2025)

Table6: Steps in the stakeholder engagement procegAvellan et al. 2026 NXGD5.1- Report
on Stakeholder Engagementink available in October 2025)

Stakeholder engagemen Definingexpectations and communicating to the stakeholders their
aims role in the cecreation process

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

Stakeholder engagemen ! 84534 a4Sa GKS { | @éntikey and dheReditsithaiican

plan drive their engagement

Stakeholder How to maintain this interest and engagement of the SH throughot
management & 0KS RdzNY GA2Yy 2F GKS LINRP2SO0 Iy
sustainment beyond the lifetime of theroject
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Stakeholder process Evaluating the participatory process and its effects on the project a
evaluation achievement of objectives

STEPS IN THE STAKEHOLDER ENGAGEMENT PROCESS
Step 1: Define stakeholder engagement aims

Clear aims foengagement give a frame and a sense of clarity for thereation procesgrable 7.
Before setting aims, it is important to differentiate between the aims and points of views of the
project (top-down) and the stakeholders (bottomp). This distinction is important for clear
communication, as there are two types of messages to be deliv€n) general message delivered
FNRY (KS LINE 2 S O-dawa); ahdb) sasstudy Speddia riegsagedirgatdd to the on
ground realities of stakeholders (botin-up).

Table 7: Aim of stakeholder engagement per-creation phase General aims of stakeholder
engagement across the eweation phasegSource: Avellan et al. 20255.1- Report on
Stakeholder Engagementink available in October 2025)

CTCiEzion Aim of stakeholder engagement activities
Phase
9 Establish a strong foundation of mutual understanding
Coexplore 9 Identify key actors, relationship dynamics and varying stakeholder expectati

across the nexus
9 Initiate trust-building and alignment of local perspectives with project goals

w Diversify engagement formats, strengthen communication, expand reach to
Caodesign grassroots & institutional actors
w Clarify the policy relevance of tools & integrate SH input into technical outpu

Deepen trust and (social) learning

Empower certain stakeholder groups through tailored outreach and engagel
formats

w Participatory development &nprovement of tools and results

€€

Cadevelop

Boththe project teamand the stakeholders must define these aims in line with the three types of
knowledge (system, target, transformatiofi)able8) that are ceproduced within the CFNGhis
acts as a benchmark for evaluating the effectiveness of SHE intreaton process and supports

adaptative managemeniable 9shows the mapping of the stakeholder engagement aims per type

of co-created knowledge, that was identified by the cadadies in the NXG project.

Table 8:Types of cecreated knowledggProClim 1997)

innovation programme under gramigreement No 101003881

¢KAA LINRB2SOG KIFa NBOSAGSR FTdzyRAYy3I FNRY

38



D1.5 Consolidated nexus governance framework and guidance foreadion of nexus governance

Knowledge about the current state of the reabrld situation (natural and humar
System systems) and its context; helps assess causes of change, evaluate the extent
problems, and determine the effects of interventions.

Knowledge aboutlesirable future states of the realorld situation (i.e., goals,
Target visions, etc.); helps guide decisioraking by articulating what society wants to
achieve in terms of sustainability.

Knowledge about the pathways to get from the current to the desired target si
Transformation supports implementation of political and soegzonomic strategies for change,
innovation, and decisiomaking towards target.

Table9. Examples of aims for coreation per type of ceproduced knowledgeThese are
examples of the aims for aweation per type of cproduced knowledge that were identified by
the casestudy leads and stakeholders in the NEXOGENESIS project; similar or different, ar
or less aims may be identified for other proje¢BourceAvellan et al. 2025D5.1 - Report on
Stakeholder Engagemeaqtink available in October 2025)

Deepen understanding of WEFE nexus problems (e.g., wedecity) 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 plan@ncl. neighbouring countries)

System knowledge

Identify conflicts/synergies between Stakeholders as well as actions and strategies
Get data for model development

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)

Target knowledge

Raise awareness of water as a depleting resource

Gain knowledge on requiradfrastructural improvements

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

Design of pathways to enhance awareness of (water) resources management

Transformat
on
lennwladne
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Codesign andco-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 relationsijpse6
providesan overview of the analysis and its substeps.

Figure6: Stakeholder analysis susteps Based on Reed et al. (200%)ese are the sulsteps to
conducting a stakeholder analysisdicatingthe methods chosen in the NXG proje@tigure Avellan
et al. 2025 D5.1- Report on Stakeholder Engagemetiink available in October 2025

Step 1: Identifying stakeholders

Ve - N Ve
Subjective
identification
(top-down)

Stakeholder Analysis ‘

Step 2: Categorising and differentiating Step 3: Investigating relationships
stakeholders between stakeholders

N\ S

Analytical
Categorisation Y
(top-down and

bottom up)

differentiation _ .
(top-down and Actor-linkage matrices

bottom up)

p S

Preliminary listing

\ J

Stakeholder tiers and
categories

Power — Interest
map
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Stakeholder identification

In this step} 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 staltders, 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 éngagement and interest in project

work. ARS &1 | 4aSaayY&apyiazNnOBNBY Oy LIN® OA RS | LINBf AYA Y |
ail 1 SK2t RS NIhe dubjeRtivedperéeptiBn oftlye project team, théirl G SA2 NRA T | o 2 y
NEBflo2yaKALI 2d6a®S Calf bknadalBampling technique, the identified

stakeholders would be asked to suggest new stakeholders who could or should be in@Nelf R

62N] +fft26a ARSyeoFeAy3d tSaa 200A2dza adl {1 SK2f RSNA
aGF1SK2t RSNBE 6AGK S HEIRNS NBORInaSH @yhe:dd datkgpridation il 0 |
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 praess could coincide with scheduled reviews of the SHE plamsndix1 provides
somestakeholdercategorisation

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 reguladate 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 mgement, should they wish to see, change or

retract the information collected.

Stakeholder categorisation and differentiation

The categorisation and differentiation of stakeholdbedp characterising the stakeholder landscape
to prioritise which stakeholders will be engaged in the engagement phases and how they will be
engaged.

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

Tier 1: Stakeholders who anelevant to steering and managing the nexus issues at heamai,
therefore, should be directly engaged in the development of the prajegputs (e.g.
models, analysis and validation of policy packages, dieere should be
representation of all WEFE domains for a robust nexus approach.

Tier 2: A wider constellation of stakeholders with an interestinfluencein the application of
project resultsand products.

Tier 3: A wide group of stakeholders with a general interest in the project.
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¢tKSe Oly 0SS TFdz2NHKSNJ OF0SI2NREASR (2 KStLI GKS LINR2
adza LISOGaQr GKSNBoeé SELIYRAYI GKS LINBfAYAYINEB fAA
identification, the focus can be on Stakeholderdier 1, with some hints on stakeholders in Tier 2

and Tier 3, buin principle, stakeholders across all Tiers are identifiggthendix1 presents

categories that may be used, a brief description of each, and examples. Other categories may be

added to tre list as determined by the project team.

b. Relate the tiers to differentevels of engagement: information, consultation, involvement,
collaboration, empowerment.SeeFigure7 below.

Figure7. Relation of stakeholder tiers tengagement levelso knowledge ceproduced.
(Figure:adapted fromAvellan et al. 202§ NXGD 5.1 - Report on Stakeholder Engagement
link available in October 2025)

Tier 3 Stakeholders

Tier 2 Stakeholders

Tier 1 Stakeholders

Information Consultation Involvement Collaboration Empowerment

System knowledge Target knowledge Transformation knowledge

c. Create gpower ¢ interest map(also known amfluence¢ interest map) (Reed et al. 2009p
help prioritise stakeholders for engagemeRbweris understood as the ability of the
a0F1SK2ft RSNJ 2 OKIFy3S 2NJ ai 2 Inlerésks3he aridMnkd® S Y Sy i
involvement the stakeholder has in the project, namely the size of the overlap between the
atk 1SK2f RSNRa I yR (KS ynEeRdmap2shkelioiess ale)bBSfiSdO G & Ly
into four categories (Figur@):
w Low interestg High power
w Low interestc Low power
w High interestg High power
w High interest; Low power

To develop a powet interest map, the following steps should be taken:

w 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 O representing
low and +10 high power or interest)

w 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 inteyésgh 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 effavheremostimpactful.
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Stakeholder Power-Interest Map

Figure8. Stakeholder Poweilnterest
Map. This is also known as a also
known as influence interest map,
which helps tgrioritise stakeholders
for engagement. Power is the ability ¢
the stakeholder to change or stop the
: _ I OKASOSYSyid 27F (K
- ' o Interest is the amount of involvement
the stakeholder has in the project,
namely the size of the overlap
betweenthesth SK2f RSN &
needs of the projec{Reed et al. 2009

Keep satisfied Key SHs

\

vel of Po

Monitor g Keep informed

Level of Interest

Stakeholder relationships (actelinkage matrix)

A practical method to identify relationships among Stakeholders is an-bokage matrix (Reed et
al., 2009). Here, the categorisation of relationships revolves arthumdapacity of stakeholders to
develop or achieve aligned policies and agreementkich is one of the aims of guroducing
transformation knowledge.

The actotlinkage matrix requires identifying the relationships between pairs of stakeholders. For the
exercise,Table10should be used to guide the characterization of the types of relationships

9 Create a matrix in an Excel document in which stakeholders wbitsented to participation in
the projectare listed in theirst columnof a table. Configure the table so that it generates
additional columns automatically.

T {GFNIAY3 6AGK GKS FANRG NRg 2F GKS FANRG O2f dzy
2F L LI AN 2F adF1SK2ft RSNAQ NBfFGA2yaKALE Ay (K
agreements. The relationships are: conflict (CF), comefgarity (CM), or cooperation (CP), or
even nonexisting (NE). Seeablel0.

1 There is no directionality ionsidered 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 boigiirhalf 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 naxisting (NE) relationships, reducing conflicts (CF) by
building or increasing trust, or enhancing cooperation (CRpoyecting stakeholders with each
other.
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Step 3: Develop a stakeholder engagement plan

The SHE plaoutlines 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, véide not overburdening
stakeholders. Key objectives:

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

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

I Maintain regular, transparent, and inclusive consultation andieoision with stakeholders.

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

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

1 Set up systems for monitoring, reporting, evaluation, and adaptive management of
stakeholder engagement activities.

¢ NEXOGENESIS

STREAMLINING WATER RELATED POLICIES ¢KAd LINP2SOG KFd NBOSAOSR FdyRAYy3 TNBY [y

innovation programme under gramigreement No 101003881




D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

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 developddee Tabld 1 below). Thesactivities are reviewed and refined

regularly based on the insights gained from #t&keholder engagement process evaluatigeee

step 5below). The plan is adapted to the needs, aims anecmeation mode of the project.

Engagement Activities

In the CENG, a (progressive) seriewafkshops are the anchoring eocreation momentswith
stakeholders, moving the project team and stakeholders througlptpeline workflow ancto-
explore, cedesign and calevelop 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) workshopsfimethe purpose based on the needs of

the cocreation process (e.g., inform, consult-o®ate, validate, etc.). The workshops are
complemented with focus groups and ct@-one meetings including interviews, which can serve the

same purposes, but provideRSSLJ Sy 31 3SYSyidé¢ AYyGSNI OGAz2y o

Threeworkshop modalitiescan be applied: kperson, online, hybrid. For broad outreach or
informationtsharing purposes, online or hybrid workshops engage larger and diverse group of
stakeholders. For workshops focused ordasigning and coleveloping outputs, iperson or hybrid
settings are usually more suitableppendix2 providesan overview of the threevorkshop
modalities andconsiderations regarding their advantages and limitations.

Within the workshops, focus groups and eteeone meetingsstakeholders can be engaged in:
9 Surveysto capture views on governance, WEFE linkages, policy priorities

1 SemiStructured Interviewsto explore governance settings, power dynamics, barriers to
coherence, capacities

1 Reaktime 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

9 Facilitated groupwork and negotiationsCollaborative and participatory processes to design
of integrated policy mixes, governance roadmaps (implementation pathways), drawing on
multiple knowledge systems, traeaff discussions, design of stakeholder agreements.
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Tablell: Example of main components ime stakeholder engagement proceséverview table
of who should be involved in which phase of the engagement process, to foster what type of
engagement, and howSourceAvellan et al. 202§ NXGD 5.1 - Report on Stakeholder
Engagement, link available in October 2025)

g)i;loration Caodesign Caodevelopment
Information Consultation Involvement Collaboration Empowerment
All SH Eg.ovil g o Givil .
. society, public . . E.g., authorities,
categories o society, E.g., authorities, —.'% .
Who? initiatives, ) g civil society,
should be . public policymakers,
businesses, N ) small
properly e initiatives, businesses .
informed authprltles, authorities enterprises
media
E.g E.g., High
Why? E.g., Low E.g.,_ Low to Medium E_.g., Medium to power-lnt_erest
power- mediumpower- high power and medium to
. : power- . :
interest interest interest interest low power with
high interest
E.g., Inform E.g., Consult E.g., Involve E.g.,_Engage in E.g.,_ Engage in
about results : . framing and framing and
What? about in framing - , - .
from . finding solution  finding solution
. perception of nexus
meetings and pathways pathways by
trust context problems
workshops together themselves
E.g., emails, Eg TOCUS groups E.g., focus
newsletter E.g., surveys interviews, groups
. ’ E.g., surveys, focus workshops, '
How?  website, . workshops,
workshops groups, signing - .
workshops . . . training/capacit
interviews commitment o
y building
documents

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
GKS aidl1SK2f RSNEQ Ay (i SNSD & dgaged. TyoRouicés SfAnfdmhiIS-NDO S A S R
support this work:
1 On the privacy and consent form, stakeholders are asked to provide their expectations of the
project;
1 The Powetinterest 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 rieed) because of, for example:

C
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1 Changes in context (e.g., gpolitical events changing policy directions or extreme events
bringing select WEFE issues to the agenda or disrupting engagement activities);

1 Aspects of stakeholder engagement that arose over time (e.g., participation of new
stakeholders with high powenterest, e.g., highevel policymakers).

At this stage, there is usually a diversification of engagementanminunicationsformats, 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 thewly planned / adjusted management and
sustainment activitiesTablel2 providesan overview of common challenges in the stakeholder
engagement process and possible solusion

Stakeholder Sustainment

Throughout the course of a particularly long and intensivem@ation initiative, and towards its
concluding phase, stakeholder interactions and collaborative actions may wither. Often this is
because it is unclear to stakeholders how future engagemetiit @ther the project team or with
stakeholders might be possible. Sustainment strategies should be proactively and continually
reflected upon throughout the careation process (rather than only towards the last phase). This
includes also, directly askistpkeholders to provide ideas for moving forward together and then
nurturing these seeds through deliberate efforts and opportunities. Some strategies include:

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

1 Identifying ongoing or upcoming policy processes that could make use of ityreaton
outputs and results

1 Invitingstakeholders to be part of further development of scientific outputs (e.g., as co
authors of scientific articles for which they contributed knowledge)

9 Continuing the development of the governance roadmgee Section 3, Chapter®)
uncover new opportunities and pursuing opportunities

1 Expanding the stakeholder agreemefgse Section 3, Chaptert®)include new actors
interested in being part of the committed local action

i Continuing the refinement of the usability of the project outputatasets (Section 1,
Chapter 3and system dynamic modelSéction 2, Chapter 4)which may be used for other
initiatives beyond the CFNG project

1 Identifyingand pursuingpportunities 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 careation of knowledge. Although evaluating SHE lsa complex and

cumbersome, it provides insight into stakeholder perceptions of the quality of knowledge co
productionandtheS G SOGa 2F OF NNEAY 3 2WKiS A YLIIINDIOAZF (2N Ayl
LI NB OA LI G§2NEB  YI Yy SNI OFlyNJoaSdzNGIAS & adzl (iG2S Ri KIK NR{dEIKS KNSSE3

¢ NEXOGENESIS

STREAMLINING WATER RELATED POLICIES ¢KAd LINP2SOG Krd NBOSAOSR FdzyRAY3I FTNBY (47

innovation programme under gramigreement No 101003881




D1.5 Consolidated nexus governance framework and guidance foreadion of nexus governance

An effective way to evaluate stakeholder engagement is to combine targeted survey questions with
interactive workshop activities that elicit deeper insights. Surveys may focstakeholders

perceived degree of eoreation and the knowledge gained from each workshop, enabling

assessment of both process quality and output qudBseAppendix 3. Complex topics, such as
preferred approaches to ecoreation, can be explored through facilitated plenary or breakout
discussions during key workshops, with results compardd kS LINE 2e&g@iiencésSd Y Q a
identify alignment or divergence in expectations. This should be complemented by ongoing feedback
loops, including structured interviews, muttay reflection workshops, and annual assemblies, to
capture evolving priorities and adapt engagement strategies accordiregiguring alignment

between stakeholder needs and project outputs over time.

INNXG, asurvayasRSaA Iy SR (G2 aasSaa GKS adl {1SKz2f RSNDa LIS
implementation of:(1) The quality of the stakeholder engagement process (phases of engagement;
expectations); and (2Jhe quality of the outcomes of the stakeholder engagement prodess (

knowledge generatiolg seeAppendix J.

A workshop activitgan also be designddcused on the approaches to-coeation, which make up a
central component of the Chambers et al. (2021) framework. This framework assesses 66 dimensions
of co-creatiormt covering how processes are approached, designed, implemented, supported,

pursued, andvhat they produce scored on a 47 Likert scale. In NX@ge frameworkwas

operationalisedn a simplified manner using a reduced number of dimensions. Central to the
framework are eight approaches to-coeation, which determineda A E G & LA Ol f ¢ Y2RS&Y
solutions, empowering voices, brokering power, reframing power, navigating differences, and
reframing agency These modes refleclifferent balances of purpose, power, politics, and

pathwaysin cocreation, and provide a structured way to interpret and compare engagement
strategies- especiallyacross diverse case studi¢®r more information on this methodology, see

Avellan et al. 2028 NXGD5.1- Report on Stakeholder Engagemetink available in October

2025.
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Tablel2: Common challenges and possildelutionsin the stakeholder engagement processhese challenges were all faced within the NXG
project and some of solutions were proactively and reactively implemented. Other solutions are those that the NXG tesfltadiagtiaipon as
recommendations to consider for future projects. The nuance aftthilenges and the suitability of the solutions should be evaluated against
backdrop of the local project context and stakeholder landscape. (Séwel&n et al. 2025 NXGD 5.1- Report on Stakeholder Engagement

link available in October 2025)

Common Challenges

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

Balancing depth vs. breadth of
engagementDeep engagement with local
and marginalizedtakeholders (to build
trust & empowerment) coupled with broac
engagement targeting decisiemakers (to
ensure policy relevance)

Building trust for participation, dialogue
and sustained collaboration towards polic

Possible Solutions

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 m
actor processes

Clear communication on project limits helps prevent unrealistic SH expectations.

Clarify and address stakeholder expectations from the onset

52 y2( d@dtslf W yISLIINREF OK (2 RSaA3ayAiAy3a Sy3l
formats that are suited for different needs and purposes

Regularly share eproduced knowledge after engagement activities and show how input was/wi
used

Use external (neutral) facilitators for workshops and focus groups who are credible and legitim:
within the local context

impact
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 Fre
and Informed Consent (FPIC) principles and the highest standards when workingeétand
Indigenous Knowledge Systems (LINKEBNESCO 2018)

Clearer framing of project goals and-ceation process for transparency
Surface and discuss myths or fears, especially on contentious issues

Brief but meaningful ifperson dialogue with stakeholders requiring more attention, e.g., in
mastering scientific content

Document dissent, synthesize perspectives, and clarify taifie
Facilitate conflict resolution and consengusilding

Cultural norms, internal community conflicts, and power dynamics may hinder participation; loc
liaison officers can help navigate these nuances

Partner with other initiatives for expanded outreach

Recruitment & Representation
unbalanced representation, difficulty
engaging highly influential stakeholders

Enter nexus conversations through energy, agriculture and ecosystem platforms rather than or
water (also, platforms on spatial planning, development planning, finance, etc.)

Consider how engagement formats limit or facilitate participation across gender, age, interest ¢

Stakeholder fatigue Dovetail engagement activities with other similathemed initiatives

Repeated requests (consultation overloac Tailor communications: concise updates and vdhmised feedback loops

without tangible outcomedeads to
disillusionment Regularly and explicitly acknowledge and integrate stakeholder feedback into outputs

¢ NEXOGENESIS
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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 divers
stakeholders

Ensuring sustainabilitgluring and after the

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 pravorkshop briefings in which technical content is thoroughly reviewed by the doma
specialists on the project team to pick up areas of improvement in science communication

Bring together domain specialists with stakeholders tarterpret complex data
Prioritizeengagement activities based on project leverage
Seek external funding or collaborators

Capacitybuilding workshops help tackle both fatigue and expertise gaps, and can enhance trus
showing respect for stakeholder needs.

Dovetail with other projects to continue relationships with stakeholders engaged on those platft

Find institutions within which the initiative could be anchored (and funded) within, preferably al
with a mandate, over a longer term

Foster exchange about peptoject engagement early in the project phase

initiative
Continue to develop the governance roadmaps to uncover existing or develop new local action
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 behaviotihangesand ensure that a project creates lasting impact

well beyond its formal completion.

Communicationplays a vital role in raising awareness, fostering stakeholder engagement, and

facilitating the transfer of knowledge across diverse audiendgesluding policymakers, researchers,

LIN OGAGA2YySNAEZ | yR (KS 23Sy SNJI ibons hideindightOade widély Sy a dzNB
understood and accessible.

ExploitatonA & T2 0dzaSR 2y Syada2NAy3d GKIG | LINP2SOGQa NB:
used. This includes transforming technical outputgich as tools, methodologies, and policy

recommendations into realworld applications that inform decisiemaking, 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 eagelies). This

Wo NI YRQ LINBaSyOS g A flders tident®y ard lemé&ntbér hSprdjedt @dddaddi | | S K 2
project team.

The communication and exploitation approach for a project should be purgddgenc every
communication activity and output / product should be thoughtfully crafted to achieve the aims of
the cocreation process, towards lortgrm 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 stakehold@rs A y 1 SNBaia 6AGK NBaAaLISOG (2 LINRP2SOGC
0SySUGa GKIFGO RNARGS SobEnuBictiontyuihpoinG NBtréachickahriels @antd a S >
customised content can be designed and decided upon.

To reach broad and varied audiences, multggd@emunication 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

1 Radio spots, podcasts and opinion letters in newspapers (letters to the editor) fordieep
into complex issues

9 Press releases to announce achievement of particularly important milestones

1 Conferences which target the science, policy, practice and private sector stakeholders

=A =4 =4 =4 =9

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 theigallibr 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 scipoliey-society arenas for long
term use. This requires the definition of Key Exploitdbdésults (KERs). Examples include:
i Training materials and curricula that can be adopted by universities, NGOs, or development
agencies
1 An openaccess, highesolution landuse dataset, useful for local governments, NGOs, or
impactmodelers

Each KER is supported with a distinct strategy to enhance itddomgusability and impact. To

develop such a strategy, @NB I A2y ¢2N] aKz2LJa gAGK adl 1SK2f RSNA&
for these KERs. These sessions can include scenaraagileg, handson demonstrations, and

structured feedback exercises. The aim is for stakeholders to share their needs and constraints and
0KSYy dzaS GKAa FSSRol O G2 O2yaARSNINBFAySYSyda i
by removing pain poits and creating value.

Finally, to support future uptake, exploitation plans for the different KERs can be developed. Some
exploitation options include:

1 Open access publication and sharing of tools and methods developed

1 Commercialisation pathways for higfalue tools, includingicensing models

1 Continued availability of usdriendly 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.qg.,-hieekly social redia 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 shald 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 bineflygased and

reoriented to raising attention to policy solutions.

A welldesigned and executed communication and exploitation strategy should ideally move beyond
awarenesgaising to supporting meaningful and lasting behaviour change and policy infdutée

13 provides an overview of some challenges that may be faced in this quest and possible solutions.
By adopting a careation approach that is sensitive to the needs of stakeholders {gemtered),
implementation challenges can be turned into opportunitiesifoprovement and innovation.
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Tablel3: Challenges and possible solutions in designing and executing a communication an
exploitation strategySample of challenges and solutions for designing and executing a

communication and exploitation strategy. Some of these were encountered and deployed in
NXGproject; similar or different, or more or less, challenges and solutions may arise with ot
projects. (Source: Lisa Pourcher & Nina Oliver, GAC Consulting Group, NEXOGENESIS Pri

2025).
Common Challenges Possible Solutions
Raising awareness and Developclear, visually engaging, and storytelkisiyle

building understanding of the communication materials (e.g., factsheets, infographics, animi
WEFE nexus concept amon¢ videos) to demystify technical content and convey complex
non-specialist stakeholders = concepts in relatable ways

5AOSNRERAGE 27F Create adaptable templates and customize content for specifi

communication needs workshops and community engagement events (e.g., translati
(particularly in projects with  to local languages, modifying the level of technical content,
multiple casestudies) visuals that relate to the local context).

Host stakeholdercONB | 1 A2y aSaairzya i
OFrasSaQ 2F (GKS Y9wa FyR K2g |
financed and supported posgiroject

Readiness level of tools to b

exploited postproject Develop value proposition canvases and business model can
(addressing issues of long  for each KER to properly articulate the direction needed to me
term maintenance, data a particular readiness level

availability, integration into

decisionmaking workflows) wSRdz0S Wol NNASNER G2 SyiNBRQ ¢
videos, and usefriendly interfaces (e.g., thoughtful
customization of the NEPAT user interface to meet language
needs, etc.)

Encourage partnering institutions on the project to develop
individual exploitation plans using their institutions

. communication channels & resources
Sustaining interest &

engagement beyond the

ey v LA = o= oz . . . .
LINE 2 diGtion 3 C2auUSNJ O2fflFr02NluUuAZ2ya 6AU-K

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 careation 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 engagelynent

having a solid understanding of the stakeholder landscape, the motivations of their participation and
their preferred modes of careation.

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, clasitygl sustained relationshipuilding in
multi-stakeholder cecreation projects. A flexible and contesénsitive approach, responsive to

evolving contextual developments, stakeholder needs, power dynamics, helps ensure that
stakeholder processes are meagial and impactful, both strategically and relationally.

4.2.2 Chapter 2 Understanding the Governance Landscape

INTRODUCTION

This stage focuses on identifying key governance challenges, uncoveringaectmsl

interdependencies, and prioritizing issues that influence resource management across the WEFE

nexus. The Nexus Governance Assessment Tool (NXGAT) and the Policy Edtssessmen(PCA)

I NB dzaSR aSldsSyidAalrtte (2 dzyRSNEGFYR G(KS 29C9 32¢
preferences for exploring pathways toward improved integration.

The NXGAT evaluates how the current governance system supports or restricts -@rnexte
approach to resource managementidentifying enablers, barriers, and entry points for change. This
builds a shared understanding of nexus issues and governdmadleriges, forming the basis for
setting casestudy 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 esessoral policy gaps and key instruments to

address them. Stakeholder validation then selects a subsiestpolicyinstruments forfurther
investigationin NEPAT regarding their impacts on the nersunderstanding of governance

structures and stakeholder dynamics guides the design of stakeholder dialogues, determining who to
involve and which nexus chenges 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 m&EFE nexus governance [Huesker et
al. 2022; La Jeunesse et al (under review)]. It is a systematic diagnostic method developed to:

9 Assess the extent to which the current governance system in a given case study supports or
restricts a nexuwriented approach to resource management;

1 Identify the enablers, barriers, and entry points for transforming the governance system
toward a more nexusriented approach to resource management.

The NXGAT does so by identifykay 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
resourcesandresponsibilitiesThese five dimensions are in turn assessed based on 5 quality criteria:
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comprehensiveness, coherence, flexibility, intensity of action andti assessment is based on in
depth interviews with relevant stakeholders across the different WEFE nexus s&gefgpendix
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 Ti@Hd)y(Bressers & Kuks,
2004, Bressers, 2009), which views policy implementation not as a lineadptep process but as

the outcome of dynamic mukactor interactions. The theory is grounded in a conceptual framework
GKFG SEFYAySa K sgknowlege? anii r@souvcasiintefact with thefr 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-EnergyFoodEcosystems (WEJF&exus (See Mooren et al. 2026n WEFE nexus governance
challenge¥ 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 ak.s8623)

Appendix 4

Based on data gathered from interviews with stakeholders, each cell in the NXGAT matrix is scored
using a fowlevel scale: Very Low, Low, High, Very High. Every score is accompanied by a brief, one
sentence justification summarizing the rationale behihd 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 ofscores across the five governance quality criteria:
9 If three or more criteria are scored as Low or Very Low, the governance system is considered
restrictive toward WEFE nexus governance.
9 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 mdikiciplinary team of social science expewvith the support

of CS leaderand is complemented by a stakeholder sa$essment, 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 (WEEBYs do they think have
integrated decisiormaking and to identify them (no integration; 2 sectors are integrated; 3 sectors
are integratedall 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 governanceadmaps $eeSection 3, Chapter 6)

Implementation Stepgbased on Huesker et al. 2022, La Jeunesse et al. 2028 hesse et al.
(under review)]

Step 1: Assemble team and prepare fiorperson interviews
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Begin preparations at least two months before the planned field visit to allow sufficient time for
coordination and planning. Assembleraultidisciplinary 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
RS@OSt 2L Iy AYy(dSNIBASg 3 dzi Ribties) énsuting dbBptehéngive t KS Ol a S
coverage of each NXGAT dimension and governance quality criterion. For example, questions under

the 6Exten€ dimension of actors and networks might explore stakeholder involvement in resource
decisionmaking, identificatiorof key and excluded stakeholders, and the role organizations play in
crosssectoral management. Make arrangements to conduct interviews in local languages, leveraging
translators or bilingual colleagues when possible

Aim to interview 1§20 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 papaits. Ensure representation from each
WEFE domainwater, energy, food/agriculture, and ecosystemacross local, regional, and national
levels. Include stakeholders from public, private, and NGO sectors, while also maintaining gender
balance and activelywolving marginalized groups to capture diverse perspectives.

Care should be pait managing stakeholder relationships during the process. For example, this may
entail:

1 Sensitive delivery of interview questions (e.g., avoid placing interviewees in uncomfortable
conversations)

9 Consideration for the limited time availability of interviewees (eazcommodation to their
schedules, weltlesigned interview questions which are relevant rather than perfectly
comprehensive, etc.)

1 Respecting sociataditions 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 en cross
sectoral collaboration and integration within the WEFE neltus.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 intetiiew 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 standardsstakeholders 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 isessential to request that the interviewee signs an informed consent form.
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Use a structured, contexdpecific 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
oFraSR 2y (GKS &aidl 1 SK2f RS NI aof tNRchss studyy IRteniieteds shoultf OA T A O
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 detiomg

across the four WEFE sectors. Request that they specify which of the following best describes the

current situation: no integration (each sector operatessilo), two sectors integrated, three sectors
AYGS3aANIGSRY 2NJ Fff F2dzNJ aSOG2NA AyGdS3aANIGSRd ! RRA
sectoral management in the river basin concerning the problems we discussed, which score would

you givebetween 0 and 3, where 0 indicates no cregstoral management and 3 represents good

crossa SOU2NI t YIFylF3aSYSyd FONR&aa Fff F2dzNJ aSOUG2NRAKE

Step 3: Analyze and Interpret Findings

After each interview, holteam 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 analysisgtoces
benefit from their contextual knowledg®esktop research may be needed to further contextualize

the interview data within the socieconomic, environmental, institutional, and political framework.
There will be a need to strike a balance between timesources, 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
methodologicalguidance iM\ppendix4, providingone-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: Evaluat@exus governance supportiveness

Based on the overall score per quality criteria, combined with the stakeholdeassdtsment,

evaluate the supportiveness of the governance system towards nexus governance by combining the
overall scores assigned to each quality criterion with stakehiddiassessments. 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 nexigted approach to
resource management. Ela 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 conductaitiate.Box 1 gives a summary of

the results of the NXGAT from the Nestdssta case study in the NXG project.
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Box 1:Results ofNexus Governance Assessment of Neshdesta case study of NXG castudy
In the NestosMesta case study, the governance system was found to be generally restrictive
toward WEFE nexus integration. However, the assessment revealed several potential driver
strategies to shift toward a more nexasiented approach. One key fiimg was the importance
of raising awareness and understanding interdependencies among sectors. On the Greek s
the river basin, the local fishery sector recognizes that declining water quality reduces fish
populations, directly threatening its econaenviability. 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 replic
other contexts. Thisxample illustrates how NXGAT can generate actionable recommendatio|
to support governance transitions toward the WEFE nexus.

The NXGAT analysis reveals how supportive or restrictive the current governance system is toward
WEFE nexus integration. It fosters reflection on cisssoral interdependencies and helps
stakeholders understand their impact on other sectdrgstablishes 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 faeducing 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 ab) 2028

Policy Coherence Assessment Tool (PCAT) evaluates the coherence of policies across the WEFE nexus
to identify crosssectoral gaps. It examines how sectoral policies and their instruments interact,
highlighting conflicts, gaps, and opportunities &ignment. 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 a4ointscale (see TablkW) Y Gy 2 O2KSNByOSz¢ a6SF{ 02KSNJ
O2KSNByOS=¢ |yR ay2i FLILIXAOFIo6fS>Z¢é o6FlaSR 2y GKS S
expected crossectoral interactions.
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Tablel4: Policy coherence assessment scoring tafdelapted from Munaretto & Witmer in
Mooren et al., 2024 & La Jeunesse et al. 2023; Moorah,&102%)

Not applicable No coherence Weak coherence Strong coherence
The policy
The policy The policy document  document
prd . documentdoes not = only mentions/ prescribes specific
O The policy .
) . refer to other acknowledgegossible measuresto
= document imnot < & R . . )
> asSouz2NA 2 impacts/ synergies witt ensure that
< expected to refer " .
L policies although other sectors or impacts on other
w to other sectorsor oA < ‘
O x a =« impacts and/or asSouz2NAQ LJ sectorsare
aSou2NREQ ) .
potential synergies there are no managed and/or
exist. mandatory measures. synergies
exploited.

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 idegliby 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 stakeblders during a dedicated workshop to ensure contextual relevance.

Three interconnected issues with traaéfs need to be addressed at this stage:

9 Consider policies beyond WEFE domain with strong WEFE imgactxample, land use
policies were highly relevant in the Lielupe case study of the NXG project.

1 Keep the policy list manageable. The inventory will become very long\ardtretch
resources in later analytical stage®fide clear criteria to focus only on the policies most
relevant for the nexus issues under discussion

1 Be aware of stakeholder influence. The policies identified depend on which stakeholders are
engaged. This cantroduce 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-phage review: a quick

scan to understand its structure, followed by a deep readxtract 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 sBbsequent analysisSeeLa Jeunesse et al. 202B8IXG D1.2 Governance and

policy assessment in case studies.
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Step 3: Conducting the Policy Coherence Assessment

The project team evaluasseach policy documerfor its recognitionof trade-offs and synergies with
other WEFE sectors, scoring them onpoiht scale for each nexus sec{geeTable 14- abow). At
least two policy experts independently assign scores supported by textual evidence from the
documents. The project team themossverifies 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 outCbmegscussion teases

out issues such aghere the coherence (or lack thereof) was found in the policy document in terms
of prescriptions to mitigate negative impacts on other secturgxploit 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 conductdepth reading and initial scoring; (2) other team members
review and discuss the scoring; (3) local stakeholderdatal the results.

Figure 9(below) shows theesults from thePCAor Greece of the Nestellestos casestudy in the
NXG project. Theverallcoherence is low31 interactions showing no coherence, 22 weak
coherence and 27 strong coherence) (Mooren et al., B)2Bolicies in the land/soil and ecosystem
sectors show the least alignment with energy sector policies. Water sector policies appear poorly
integrated with othersviapolicy gaps, even though energy, food, and biodiversity policies consider
water. The food and agridulre sector mainly aligns with the water sector. Moreover, policies from
the European Union Water Framework Directive are not (fully) implemented in the NNestts

River basinFrom these resultstakeholders and casgtudy leads selected several policy
instruments to bancluded in the Policy Portfolio (see below) todaluated inthe 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 assessmendsultsin Nestos (Greecg)lLa Jeunesse et al., 2023)

Food/ Land/ Biodiversity/

Secto Poli Wat E
ector olicy ater nergy Agricukture  Soil Ecosystems

Climate

Law 3199/2003 on the protection and management of water
resources - Reconciliation with the WFD 2000/60/EC

Legislative Decree 51/2007 on the determination of measures
Water and procedures for the integrated protection and manage ment

of water resources in compliance with the WFD 2000/60/EC

Measures for the protection of groundwater from pollution and

Water

Water deterioration in complance with the European Directive
2006/118/EC

Water Assessment and management of flood risk in compliance with
the provisions of the European Directive 2007/60EC
General rules regulating the costs and pricing system of water

Water services. Method and processes for recovery of costs for water
services and relevant water uses
Special legislative framework of spatial planning and

E nergy sustainable development for the renewable energy sector and
the respective strategic environmental impact assessment

En Electricity production from RES and cogeneration of high

ergy performance electricity and heat

Energy Promotion of cogeneration from two or more types of energy -
Issues concerning Mesochora hydroelectric power project
Operation of electricity markets and natural gas markets -

Energy Research, production and transmission networks for
hydrocarbons
Support electricity production from RES and high performance

E nergy electricity and heat production from cogeneration - Legal and
operational separation of natural gas supply and distribution

E nergy/

Climate Ratification of the National Energy Plan for Energy and Climate

Agriculture/

Fg:;u ur Pesticides market in Greece - Rational use of pesticides

Agriculture/

Food Development of the aquaculure sector

Administrative measures, processes and penalies for the
Food implementation of EU and National legislation in the sectors of
food, feed_ health and protection of animals

Biodiversity/

Ecosystems Preservation of Biodversity

Biodiversity/  National Strategyfor biodversity between 2014-2029 and 5-
Ecosystems years action plan

The resultof a PCAelp 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 aredymto how the
policy coherence plays out in practice. The practical barriers are also to be used to inform the
governance roadmaps which maptcomes and actions in the governance landscape that should be
changed to enable improvetexus governance (see Section 3, Chapter 6).

Defining the Policy Portfolio

The policy portfolioisi KS WYl aGSNJ aSiQ 27F ldeliddddighintheyNERANHEY Sy (i &
be evaluated fointeractions andmpact on the WEFE nexwnd from which it willecommend
optimal combinations to reduce tradeffs, enhance synergies, and achieve multiple policy targets.

These policies are eselected by stakeholders and casteidy 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 regiorBased 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. Imporssaltisholders

R, 0
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may also propose instruments that do not yet exist in the current policy landstasech 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 stepwise process for selecting the policies:

1. Identify key crosssectoral issuesbDefine the most critical WEFE interactions in the region

(e.g., hydropower and water use, agricultural water demand, or water pollution from

farming). This draws otocaland expertknowledgevia discussions with stakeholders and
initial work with the draft conceptual maps (an activity that takes place in parallel to these

governance assessmengsee Section 2, Chapter 4).

2. Map existing instruments and goal&ising the policy inventory and PCA, identify policy
instruments(and their associated goals, targets and indicatpas specified in the
respective policy documentsyhichaddress key nexus issues.

3. Spot policy gapsldentify which selected crossectoral interactions are not addressed in
current policies and propenew or adaptedoolicyinstruments to strengthen nexus

governanceThe procesalsoincludes reviewing data requirements, model assumptions, and
the variables affected by each policy instrument to assess tbeagibility for integration into

the system dynamics models (SDN&e Section 2, Chapter. &or policies that cannot be

modeled, this should be clearly communicatedstakeholders with an exploration of finding

feasible alternatives.

4. Define the Policy PortfolioBased on step #2 and step #3, select the master set of policies to

include in the NEPAThe number of policie® be considereds not fixed. However,

additional work is required for them to be integrated into the SDMs and translated into

parameters to be operational within thdEPATTherefore, start witta manageablenumber
per nexus sectorc@. 35) tofirst gauge the workloadand expand the set as desired by
stakeholders. However, ambition is also possible, since the NiERl&signed 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. Secifypolicy datato operationalise into the NEPAT

The data irfTable15below is requiredo 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 Thelpolicy instruments in the Polic
Portfolio must be definedith the following information to be translated and operationalised within the
NEXxus Policy Assessment Tool.

Policy .
Instrument Definition & Notes Example from Inkomgtl Case
Study of the NXG project

Element

1 Defines a strategiobjective for a particular policy  Increasdocal food security
Policy Goal {1 Related only to one nexus sector via sibsistence farming

1 Found in official policy documents production

NEXOGENESIS
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1 Make policy goals measurable by quantifying ther

Polic 1 Serves as eeference point to measure achievemel Increase subsistence farming
Tar Zl‘ a certain ambition production by 50% of 2015
g 1 May be aligned with or more ambitious than offici: baseline, by 2050
policies

Policy Goal ~ § Asses achievement of policy target using a metric

. . Rainfed Subsistence Area
Indicator 9 Calculated using outputs of the SDMs

* Some existing policy instrument may not hgueantifiedtargetsin policy documents. It is
possible taiseexpert opinion anditerature to set a targefe.g., a target may be aligned
with an internationalpolicy ambitionor another national policy imperatiye

4.2.3 Chapter 3 Biophysical & Soci@conomic Future
Scenarios

INTRODUGON

Systems dynamics modellidgpends 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
gualitative and quantitative analyses and form the foundation for developing SDMs that are
scentifically robust and decisierelevant.

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 socieconomic 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.&hared Socioeconomic Pathwpalyspact a specific region.

CdzNI KSNY2NB:zX GKSasS RFIGlFaSia RSTFAYS GKS wadl NIAyS3
contextspecific WEFE policies and scenarios. Engaging stakeholders helps guide the selection and
interpretation of data, ensuring the models reflect local pities and conditions.

Creatingal{ y2 6t SRIShelBdJ2 aA (2 NBQ

9 Capture longterm trends in climatic, hydrological, environmental, and sagonomic
systems using IP&Aligned scenarios, to support integrated and futuméented policy
analysis

1 Characterise relevant nexus interlinkages and eameific nexus dynamics to structure
understanding of crossectoral interactions.

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

i 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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1 Create a harmonised and accessible data repository which provides foundation input for
SDMs

91 Identify WEFE footprint indicators to assess policy impacts on the nexus
The Basics of Climate & Biophysical Projections

Biophysical scenarios describe the dynamic interactions betwberate systems, environmental
processes, and anthropogenic drivers of change. These drivers includeesonimmic, technological,
demographic, and environmental developments, such as land use change, population growth, and
G Y23LIKSNRO / hdjectdiesy OSY G NI GA2y

Within the WEFE nexus, systems exhibit high sensitivity to climate variability antétomghange,

which significantly influence key biophysical parameters including hydrological regimes, agricultural
productivity, and ecosystenmtegrity. These variables are explicitly integrated and interlinked
through System Dynamic Models (SDMs) to assess interdependencies and feedbacks.

General Circulation Models (GCMs) are physitaled numerical models used to simulate the
OSKIF@A2NI 2F (KS 9FNIKQa OftAYIFIGS aeadSy dzyRSNJ @I N
interactions among the atmosphere, ocean, land surface, and chguspemploying 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 coarsesolution projections suitable for largscale climate impact

assessments.

Future climate conditions are simulated using Representative Concentration Pathways({RGRS)
15)in line with specific Shared Socioeconomic Pathways §&®de 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 landuse patterns driven by human adtiv. Each RCP scenario reflects a specific ssmmaomic
development pathway influecing 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 alternativevelslG |

Projected shifts in temperature, precipitation patterns, evapotranspiration, and extreme events
inform analyses of water demand, crop yields, ecosystem services, and resourceffadéhin the
nexus framework. It also helps with understanding@iriainty 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 supportesitth&ssessment 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 InterSectoral 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 sualates, 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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D1.5 Consolidated nexus governance framework and guidance foreadion of nexus governance

detailed simulation protocol, which defines which input data (climate scenarios,-eocoimomic

drivers) and methodological approaches to use. The outcome is a harmonized modelling framework
that supports crossectoral comparison of climate impacts. Eaghulation round covers specific
sectors, namely: global and regional water, energy supply and demand, regional forests, global
biomes, and agriculture, agreconomic modelling, terrestrial biodiversity, permafrost, coastal
systems, health, lakes, and fif€his alignment between CMIP and ISIMIP strengthens the scientific
basis for integrated assessments and climate change mitigation and adaptation planning.

Table16. Representative Concentration Pathways (RCPs) used in NEXOGEMESISA NS L
RAaoay Ol GNI2SO0G2NARS&a 2F NI RAIFa@S FT2NDAYy3
SYrAadaar2ynzaSyRI §BWNIEa RNAGSY o6& KdzYty | Oawh
SO2y2YA0O RSOSt2LIVSYYAdAANKWEE NYyOdzERNOXY I0OK
I ANR Odzf GdzNBZ | yYyR AYRAZAGNARIFf LINF Oa OSad w/t

z A

[ EAYFGS [/ KFEy3aS O6Lt& /0P [of!dRFHLAINSYRY FNBY az2a

RCP 2.6 (Low emissions scenario) RCP8.5 (High emissions scenario)
a { G NAMpiga8on G G . dza My SaEda © ¢
The scenario is characterized by declind@ It is a scenario with prolonged and high fossi

emissiongo reach net zero after 2050, followed fuel development, and consequently strong
by varying levels of net negative £#issions.  increases in CO2 emissions, throughout the
Under this potential best scenario, global 21st century. It is considered a potential wor:
CQ emissions are cut severely with strong case outcome, with current CO2 emission
mitigation effort to keep radiative forcing to 2.6 levels roughly doubling by 2050 dontinuing
W/m?2 and raising temperatures below 2 °C by tl afterward, with radiative forcing reaching 8.5
end of the century, in accordance with Paris W/m2 and average global temperature rising
Agreement goals. 4¢5 °C above preindustrial levels by 2100.

CKS .1 AaA0D292YiDOrAR2S002Y 4

{22 Y2YAO0 LINP2SO02Y2YINAB | 3SPSMISYSRI FNBEY dzA £ A 6 NRA
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 marketyact with

each other. The models use real economic data and mathematicaltieqs 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

economywide impacts (e.g., in produon, consumption, trade, incomes). Because CGE models

LINE GARS | W3ISYSNIt SldAfAONRdZYQ LIAOGAz2NE 2F G(KS S
simultaneously), they are useful for studying policy impacts anddenyg structural change. These

models are baed on national accounts and are capable of producing many variables of irftarest

any casestudy: physical gross industry output, industry output in real value terms, industrial value

added, total salaries, household real consumption, exports/imporithrapogenic GHG emissions,

land use, energy consumption, real Gross Domestic Product, Purchasing Power Parity and

population.
la +ty SEFYLXS 2F 6KIFG | /D9 Y2 mSitdzRE2 dkfyR s&KMYOdkt | i §
Lddzi | LINAOS 2y 41 GSNI Aa AYGNRRddzZOSR (G2 Sy O2dzNI 3S

I/ D9 Y2RSt O02dzZ R IABS AYyTFT2NXIloa2y 2VY
1 How higher water costs changkmd production levels (e.g., farmers reduce watetensive
crops or invest in watesaving technology)
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1 A shiftinenergydemand and costs if farmers adopt enefigyensive irrigation methods to
reduce water use

9 Ecosystenservice valuations from improved ecological flow and biodiversity if less water is
extracted

1 Howfood prices and availability affect household consumption and income and national
trade

WEFE nexus systems are highly sensitive todsecgie socioeconomic changes. To simulate plausible
socioeconomic futures, Shared Socioeconomic Pathways (SSPs) developed by the IPCC framework
are widely used. SSPs @lebal 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$;gsroviding

both qualitative storylines and quantitative datasets. These quantitative components include
projections of national population by age and gendabanization rates, Gross Domestic Product
(GDP), and educational attainment, among otherghéncontext of system dynamic modelling, SSPs
offer consistent, longerm boundary conditions for simulating how social, economic, and
demographic trends might influence (the variables of) WEFE syslerb& 16 provides an abridged
description of the SSPs used in NXG.

Table I7: Shared Socioeconomic Pathways (SSPs) used in NEXOGEBER @re global
scenario narratives that describe alternative trajectories of societal development up to the
2100. Each pathway outlines a different combination of factors such as population growth,
economic development, education levels, and urbditaarends. SSPs are develogey’ R S N
I dzZA LA OS&a 2F (GKS LYOGSNH2OSNYyYSyualrt tl ySt

SSP2 (Middle of the road) SSP4 (InequalityA Road Divided)

The world follows a path in which social, Highly unequal investments in human capi
economic, and technological trends do not shil combined with increasing disparities in
markedly from historical patterns. Developmer economic opportunity and political power,
and income growth proceed unevenly, with soi lead to increasing inequalities and
countries making relatively good progress whil stratification both across and within

others fall short of expectations. Global and  countries. Over time, a gap widens betwee
national institutionswork toward but make slow an internatonally connected society that
progress in achieving sustainable developmen contributes to knowledgeand capita

goals. Environmental systems experience intensive sectors of the global economy, at
degradation, although there are some a fragmented collection of lowencome,
improvements and overall, the intensity of poorly educated societies that work in a
resource and energy use declines. Global labor-intensive, lowtech economy. Social

population growth is raderate and levels off in cohesion degradesnd conflict and unrest

the second half of the century. Income inequal become increasingly common. Technology

persists or improves only slowly, and challeng: development is high in the higiech

to reducing vulnerability to societal and economy and sectors. The globally connec

environmental changes remain. energy sector diversifies, with investments
both carbonintensive fuels like coal and
unconventional oil, bualso lowcarbon
energy sources. Environmental policies foc
on local issues around middland high
income areas.
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

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 usé)aestment patterns over time. In NXG, the
GTAPbasedRecursive Dynamic Extended ModelRGEM) model was used poovide longterm
socioeconomic projections covering ayi@ar time horizon. GRDEM is a recursive dynamic

extension of theGlobal Trade Analysis Project (GTiBdlel, GRDEM 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 fromtheR I (i I NEBmaldtdiredi® thdSlobal Trade Analysis Project (GT@®ich is
made available through institutions like theternational Institute for Applied Systems Analysis
Specifically, thé&lobal Social Accounting Mat(i@AM)is used. These datasets drased on national
accountsand therefore, the outputs of the models are expresssdhationalevel aggregates.

To make the CGE outputsitable for more precise analysis and modeling of interactairitee 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 dane
usingEurostat which provides sumational statistics at variousdministrative levelsin other parts

of the world, different sources would be needed.

G-RDEMcan be employed to assess several WEfded socieeconomic 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 WiRDEM results:

T wSadzZ Ga FNBE ISYSNIGSR G WFEFRYAYAAUNI GADS SO
non-Europearcountries. Therefore, there are spatial mismatches between the results from
G-RDEM and data and analysis requirements for tigdies scoped at subational scales.

T wSadzZ Ga NBE ISYSNIGSR I a WLIS NGthgtianlingr&aseB T OK | y =
08 MmEr0P t SNOSyGl3IS OKIyaS NBFESOGa WFOSNI ISz
areas does not capture important local variations. Therefore, local baseline data is needed to
convert these percentages into absolute amosi(¢.g., water extraction will increase to
1,100 litres).

On one hand, (RDEM results give more flexibility for assessing the range of complementary local
socioeconomic data that can be employed in a catedy. On the other hand, it provides little or no
integration with indicators that contain high spatial iability (e.g. land use, land productivity, water
use). Therefore, downscaling methods are necessary to get meaningful, spatially detailed projections
for decisioamaking purposes. Downscaling of national indicators have implications for the
development othe SDMs (e.g., introducing uncertainty into the results) and this particularly the

case for land use indicators.

For downscalingurposes MagnetGridwas employed to downscale-BDEM national projections on
land use. MagnetGrid is a framework basedWAGNETCGE model (which issed for scenario
analysis, in the context of agriculture, food security, and climate peieg Diogo et al. 2020)
MagnetGrid simulates spatial patterns of agricultural land use resulting from ecol@tigsions on
the use of the land (i.e., allocation based on land economic optimizationhe NXG project, it
generated spatially explicit langserelated input data (indicators) at the river basin scale, for the
SDMs.
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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 scenabiased projections on the supply, demand, prices,
and production costs of variowgricultural commadities (which are simulated ®GE mode)swith
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-1RimdPotsdamJena
managed Land modglHence, MagnetGrid projects and visualises future agriculturatuaed
change patterns that emerge from climatic and seecmnomic developments specified in scenarios
(i.e., RCPs/SSPs).

MagnetGrid downscales aggregated lamk projections into highesolution landuse maps. While

the input data reflect broagscale totals (e.g., hectares of cropland needed in a region), the model
allocates these totals to smaller land units (e.g., gritsgbased 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
eachsimulated landuse type (i.e., the share of total area of the grid cell used by thatlmsedype),

so that the scenario projections for total aggregated land claims in a region (as projected by
MAGNET) are simultaneously fulfilled for all simulated {asel types. This enables a consistent
translation of macroeconomic projections into spatially detailed tasd patterns. The spatial
resolution of results should match the specific scope of the case study. For example, in
transboundary river basins with rtiiple 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 detailedus@ghaterns
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 faliscontinuities This imon-linear behaviour typical in complex systems
such as the emergence of new lande 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 tliweomic decisions leading to the
adoption of innovative agricultal 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 custamuation region3.

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 sevecampounding factors, including divergence
between climate drivers and structural or parametric biases in impact models (e.qg., imperfect or
simplified representations of complex biophysical proces$as)example, models that rely on
precipitation as a pmarydriver (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 significangramaty. 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 biasas the selection of grid cell§hese 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 muithodel ensemble analysis. Therefore, uncertainty analysis
shows the range of possible outcomes in the simulation resi@tdIPand CMIP outputs are
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typically analysed using ensemble approaches, which visualise the range and distribution of potential
outcomes, showing:
1 Multi-model means: Central estimates derived from averaging multiple model outputs
1 Uncertainty ranges: Expressed through standard deviations and quantile ranges
9 Ouitlier 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 prtgns 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 forsbbtatistical analysis, such as
guantile-based evaluation. This approach was applied in NXG, where both RCP2.6 and RCP8.5
scenarios were used to capture a wide range of temperatirieen responses (Portman et al., 2013),
ensuring that the ensemble reflead a broad response space relevant to the policy context.

Uncertainty analysisupports 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 insiglusiaial for
decisionmakers seeking to design robust, flexible strategies that can perform well under a range of
plausible future scenarios.

For more details on how multhodel ensemble analysis was performed in the NXG project, see
Trabucco et al. (2024NXGD2.5- Future Trends and Validation of biophysical data for uncertainty
assessmerand{ dzOy A | | {NXIGD3® Sensitimity/dniertainty Analysis Report

Step 1: Identify the target variables across WEFE domains

Begin by identifying which biophysical and seet@nomic variables are required to represent the
WEFE system dynamics. This selection should be aligned with the conceptual framing/&Hke

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 systenma@artly 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, cB50 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 NXGaserco et al.
2022b NX@®2.1- Document information and consolidated data available according to specific Nexus
dimensions from Modelling, Repository and Irf@mmparison projects.

Step 2: Screen harmonised, higjuality data sources

Once variables are identified, scope and select harmonised (and preferablyacpess) global

datasets that could provide the necessary information. In NXG, five key modelling data sources were
used: ISIMIP, CORDEX, SIMETARY C3S (Copernicus), and GDOBhese platforms are well
recognised, cover key sectors, and offer scenbeeed outputs that are compatible with system
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https://nexogenesis.eu/wp-content/uploads/2025/03/D2.5-Retrospective-analysis-and-validation-of-biophysical-data-for-uncertainty-assessment.pdf
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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 modellingrable17 providesan overview of each data platform for biophysical variable
andtheir relevance to WEFE domains

Table18: 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 theNXGproject to develop future biophysical & climateenaric. More or less dataset:
may be used for other projects depending on the data modelling needs. (Shatwecco et al.
2022¢ NXGD 2.1 - Document information and consolidated data available according to spe
Nexus dimensions from Modelling, Repository and 16@nparison projec)s

tt 1 aF2NY What it offers formodelling WEFEexus systems

1 Harmonized simulations from climate impact models using
Ly i# SXG 2 NI common input scenarios, providing data on climate, water,
az2RSt Lyi agriculture and ecosystem domains (terrestrial biodiversity,
t NP &S8Pl biomes)
Crosssectoral consistency & supports for uncertainty analysis

(j))-—h

/V h 2 NR 7\ \[I as Improves regional downscaling of global climate projections
Of AYILGS 52 enabling more accurate spatial resolution for application at-st
9 - LIS NEORBFXI national levels

9 Tailored agricultural projections for large number of crop type
SIMETAWGIS with high regional relevance

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

1 Hydrologyrelated climate impact indicators at regional level
(e.g., daily mean river discharge, climate impact indicators) o
water quantity & quality (phosphorus and nitrogen
concentration). ) derived from hydrological impact modelling.

91 Indexes of biodiversity (mean species abundance and averag
population/level across speciesas a function of stressors land
GLOBIO use, road disturbance, habitat fragmentation, nitrogen
deposition and climate change
91 Data at global level; further analyses possible with regional d.

C3S (Copernicus)

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 degisaiing objectives. The climate
trajectories of different emission scenarios (e.g., betweeRRE, 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 thigiogand.
Accordingly, in NXG, éhcontrasting 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, nationatraatisuial
levels. Statistical or dynamical downscaling methods should be used to create spatial alignment with
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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
alreadydownscaled climate projections, but local station data and correction methods may be
needed to improve accuracy. In Europe, regional statistics providédifmstat or land use data with
high granularity by COPERNICUS or ESA, may facilitate disaggregstioedsdta to the (NUTS) 2/3
regional level or even at higher resolutidrigure 1Qprovides an example of biophysical data trends
at a downscaled rivebasin level for the NXG project.

Figure 10 Exampleof biophysicaldata trends according to climate drivers, model impact or
emission scenarioTrends of yearly crop irrigation requirements forGise Studypf NXGaccording
to Lpjml, HADGEMS GCM climate projections and RCP2.6 sceffemducco et al. 2028NXG
D2.2. Nexus data vector of biophysical data for each case)study

Irrigation Water Withdrawal in Jiu case study

mm

For socieeconomic data, the basic workflow for the downscaling framework is illustriatétyure
11. In Figure 2, sample gridevel results are shown from downscaling 6RGEM results using
MagnetGrid. Aechnical stepby-step description of how the downscaling can be accompliskad, (
the mathematical equations to be applied) is availabl&assi Cervi et al. (2023D 2.4 -
Downscaling land use projections from the sagonomic, on the NXG website

Figure 1. Workflow of
model integrations for
generating downscaled land
use simulationsThe yellow
blocks show the established
process of integration of
MagnetGrid and GRDEM.

Case study
land-use
data

Data
Harmonisation

Generic

public global — . Maa‘:;‘e‘f”d The red blocks show the
datasets processes that are yet to be

enable jointly with the case
studies.(Rossi Cervi et al.
(2023)¢ NXGD 2.4 -

GTAP G-RDEM Socioeconomic data at grid
leve).
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Figure 2: MagnetGrid downscalingf GRDEM laneluse results for ItalyExample of the spatio
temporal distribution of the demand driven land use types which are endogenously modelled and
downscaled from €(RDEM Projections using MagnetG(Rlossi Cervi et al. (2028NXGD2.4 -
Socioeconomic data at grid leyel

// \ Land area demand (Italy)
Global
% ——OtherCereals OilSeedCrops —VegetablesFruits —Wheat —GrazedPastures
i \ 140%
) ; 120%
Downscaling t : G-RDEM land results:
method applied 2
3 100% national level
80%
Downscaled
projection to
local scale 60%
Downscaled projection: to local scale 40%

20%
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20%

-40%

-60%

MagnetGrid T
downscaling r 2 2015
model

Grid level results

Cropland and grazed
grasslands (ha)

[ <2000
[] 2000 - 4000
[ 4000 - 6000
I 6000 <

Accomplishing the final results of the downscaling will require a data harmonization process to
reduce mismatches across the different spatial datasets; this can bemetssive and time

consuming. Local stakeholder input is valuable in streamliningtbizess, by offering local

knowledge (e.g., land uses of localisown 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. Fnathis, 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 cames $tud
include regionally important crops: in the Adige basin, grape and apple production were added and
in the InkomatiUsuthu basin, macadamia and citrus production was included.

Step 5: Harmonise and format datasets for SDM integration

Causal loop diagrams of the nexasgSection 2, Chapter 4 @dDMskhould 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 aligg 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 takerto maintain consistency in the historical baseline period (X2pP05) and the future
projection period (2006§2070). Compile the datasets into structured data frames, which should also
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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 iajdit in other casestudy contexts.

Step 6: Validate datavith Retrospective Analysis

Retrospective analysis is used to evaluate how well the biophysical models simulate observed past
O2YyRAGAZ2Yy&ad ¢KA& &adGSL) aGdNBy3iKSYy dwodPpyodessBsSy OS Ay
before they are used to inform loAgrm projections. Itivolves comparing historical simulations of
key biophysical variables (e.qg., river flow, evapotranspiration, crop yields, etc.) against observational
datasets over a past period (e.g., 198015). Key aspects of model performance assessed:

9 Temporal accuracypo the models capture longgrm trends or interannual variability?

I Spatial consistencyre geographic distributions and patterns realistic?

1 BiasesHow much do the models oveor underestimate key values?

In the NXG projecutputs from global biophysical modelsat participate in the largescale
intercomparison international initiatives ISIMIP CMIP6, and the Copernicus Climate Change Service
(C3S) were used, and relevant variahlaBdatedwith local observations available at case study.

For more details on howetrospectiveanalysis was performed in the NXG project, Sesbucco et al.
(2024)- NXGD2.5- Future Trends and Validation of biophysical data for uncertainty assessment
{ dzOYy A 1 I dNXBEE3® Sensitimity/dneertainty Analysis Report

Step 7: Validate data with Uncertainty Analysis

Conduct a multmodel ensemble analysisomparing outputs from multiple models run under

common input scenarios. The project team should draw on literature describing uncertainty of
Y2RSEfAY3 2dziLidzii &% 2 3 &ibWMe&ioH téundefstand the Up@madty R SNAE QS
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 stédiedgeneral rule, in the
absence of a reference observational dataset, the preferred model should be the one with the
highest correlation with the intemodel mean(Trabucccet al. 2024).

Tradeoffs 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 posdilgtetmine

the most reliable impact projections. A project team might take a conservative approach that
reduces the chances of error maximization, however, at the traffi¢hat it may not ensure accuracy
of results(Trabucccet al. 2024).

For more details on howncertaintyanalysis was performed in the NXG project, $esbucco et al.
(2024)- NXGD2.5- Future Trends and Validation of biophysical data for uncertainty assessment
{ dzOVY A 1 I dNXBEH3® Sensitimity/dneertainty 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 tokengure the data vectors (RCP & SSP specific

¢ NEXOGENESIS

STREAMLINING WATER RELATED POLICIES ¢KAd LINP2SOG KFd& NBOSAOSR FdyRAYy3I FTNRBY (74

innovation programme under gramigreement No 101003881



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

D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

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 RGBP scenario set. Foaenple, for NXG, two RCPs were used,
therefore, there are two versions of each SDM corresponding to each RCP. If a project has multiple
casestudies and crossase comparison is desired, RCP scenarios should be applied uniformly across
all models to mainten 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
GSIFY (2 SyadaNB GKFG GKS Y2RSftfAy3 NBadzZ Ga WYl 1S4
knowledge of the nexus system dynamics. From there, tha dan be adapted as additional

modelling needs emerge. The validation process (updates to the data repeSiiviysimulations

validation) iterates until the project team and stakeholders agree that the simulations are sufficiently
credible for decisionmaking purposes.

( )
. 2kE®@GE IS Y2RSEEAY3I Al J-ﬂBIﬂ‘é’LJﬁSNﬁidzﬁi&ﬂEu
a0NF GS3e GKIG gl & | LI AS RnWRStg TRID D trO € & ¢ |
Bt AR a®¢NIORA2D G20 ISHLINE D2 SR HYDRSE £ Ay3a &dN
NEUYySYSyid 2F 33INB3IFGSR aoSyt NJ\Zé(D Ly b-|
AYUGSNILINBGlFa2y 2F OFENAIo6fSa o GF1SK2f RS|
g KAOK OEdztRuE(DSKzELI RLSEBLE%IV)S[B?'-S&RNJ uKS Y2 RSt
RSUyAy3 GKS NBtSOFyid a0Syl NA2 FaNd vES 24 I
ONAR3IS GKS RSflred ¢2 adlkNIzZ ¢S LINRPDARSR |
SO2y2YAO LJ NI =i 52 y2ath amisat 23S NHaAGIYWA G = NB T &
Fff OlFrasS &aidRASaP {(ISORIYRISAES s8Y RBdzéh IBNBRI(
0SS LlraaArofte IASYSNIGSR® 28 GGKSy dzy RSNI 221
alil SK2ft RSNR (2 LINRPaINBaair@gSte RSUySz 20SNJ
ARSYaUOloaz2y 2F FdzidzNBE adSyl NAz2azx Ay (GKS |

. J

Finalremarks on biophysical & socieconomic 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 ecase comparability and

ensure scientific rigour, data should be sourced fropen-access, peereviewed platformsthat are

widely recognised within the research communiydzf o L S aX2dIBS &S dzaSR G2 | O
Y2RStAy3a diyOSARRAYD S&E2 RA D SNJS)/u AYLI OG Y2RSta |y
Furthermore data should begenerateddzy RS NJ | & & NHzOG dzZNBRX O2KSNBy Gz |
Iy iRodelling framework.Key criteria for selecting suitable data sources include:

Consistency across sectors (climate, water, agriculture, ecosystems)

Availability of bothhistorical 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.

=A =4 =4 4 4

Datasets should beefined over time through stakeholder engagemertEngaging 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
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until the results are considerectedible, relevant, and usabléor decisioamakingt within the
practical constraints of time and resources.

¢KS RIEOFaSda akKz2dZ R 0SS AGSNrea@gSte Y2RAUSR YR AY
ySSR&az +a adlr1SK2tRSNI ZFtARIe2y 2F ySEda NBA2dND
ONBlF o2y LINPOSaA&® ¢KS AGSNI &S @KEARFGRYS NRIEANRES O
a0k 1SK2t RSNA FSSf uKSe Kt @S | RSljdzZ §Sf& OF LI dNBR
RSOMAIAT2YY 3 LJdzZN1J2 &S a GAGKAY aYS yR NBaz2da2NDS fAY

4.3 Section 2Codesign phase

The cedesign phase revolves around enabling stakeholders to actively shape technical @dent
outputssuch asystem dynamics model¢yEFE Nexus indicatond policy packages. This stage
emphasisegsontinuedco-framingof the problem spae, furtherclarifying prioritiesandvalidating
assumptionsnd outputs.Therefore,it involves establishingumerousfeedback loops between
technical teams andtakeholdergo enhance legitimacy autputs. Engagement is also broadened
to includegrassroots and institutional actors.

4.3.1 Chapter 4 System Dynamics Modelling

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 WatargyFoodEcosystems

(WEFE) nexus, it helps understand how system structures (such as theztions between WEFE
resources), policies (the actions taken by decisitakers), and system response patterns (how
resources behave in response to those policies) continuously interact to shape the development and
stability of socieecological systems (Bw, 1995). A central concept in SD is feedbabke way

information generated by a system provides perspectives for future deemiking. These feedback
loops are important for understanding how actions affect outcomes and how the system evolves
over time.

System dynamics models (SDMs) simulate-weald 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 filmgrst/stem over time as a
result of feedbacks between structuaectionresponse). 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 forweald scenarios: introducing water

saving irrigation techniques in agriculture may reduce water withdrawals, which improves river
ecosystem health, but could also reduce groundwater rechargetfmdtows 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
aguatic ecosystems. For jimy-making purposes, SDMs enable the systematic testing of how policy
interventions affect the system and help anticipate traofés in policy decisions.

SDMs are an optimally suitable technique for tackling nexus issues because they:
1 Flexible to incorporate various types of data and multiple interacting variables within feedback
loops into a single model (Forrester, 1992, 2009).
1 Capable of representing policies and information flows within the system.
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1 Holistic in nature, emphasizing the input/output dynamics characteristic oflifeadystems.

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

T /+Fy YIS dzaS 2F F33INB3IFGSR R26yalltSR RFGla

models, hydrological models)

f LYO2N1J22N}IiGS YSiK2Ra GKIFIG FO1y2¢6f SRIAS (G(KS Ay
quantify

1 Has a graphical interface that makes information understandable to a wide-segti®n of
stakeholders, thereby facilitating stakeholder engagement here@tion modelling exercises.

1 Can be immediately translated from tt&ella Architecenvironment(a dedicated SDM
modelling softwarg¢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 comptamdools- conceptual maps

and causal loop diagrangawvhich 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 franveork (stockand-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 DYNAMICSMODE
Step 1: Developing conceptual maps of the WEFE nexus
Defining the core structure of the conceptual maps

A onceptual map ian 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:
1 Framing the core nexus issues, giving structure to the different nexuses being considered;
9 9t dzOARFGAY3 K2g LRfAOASE WSYiGSND GKS ySEdz
implementation;
9 Elucidating interconnections and interactions within and between the nexus sectors.

Conceptual maps capture the linkages within and between the WEFE doifiaénaim 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, albigth map on the major connections

(s}
[t

'.F

)¢

0SG6SSy ySEdza R2YlIAyada G GKS aeadSyao tSg@gSto c2f

detail about the processes within each nexus domain, and thew relate to the other domains.

Developing maps is a creative and ogarded 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 collectivegmion and knowledge of stakeholders
regarding what are the WEFE nexus-sybtems that play a crucial role in the WEFE resources
management. Conversations should explore:

I System boundaries (i.e., the scope of the esialy, e.g., rivebasin boundaries)

1 Focal issues of concern (i.@hat the stakeholders think as relevant and important in the

nexus domains)
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Structure of the (subjystems (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

= =4 =4 =4

Each domain within the nexus has its own conceptual map, describing connections within the
domain and with other domaing.he 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 nekas.transboundary cases (at any scale) an overarching
hightlevel conceptual map is made which captures the transboundary element of the interconnecting
effect that, for example, upstreanctvities have to downstream communitiés accountfor

differencesin connections between two countries (if desired/needésheFigurel3).

Figure B: Highlevel conceptual mamepictingnexus interlinkages for Nestod/esta Riverbasin

¢CKS GNIyaoz2dzyRIFNE St SYSyid Aa MéindiconNdtiRg effgct (G KS Wg I
that upstream activities have to downstream communitiésisfpidou et al. 2028 NXGD3.1 -

Conceptual models completed for all the case stddies
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Refining the conceptual maps with dataapping 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 seemnomic tremls generated by global simulations

based on specific models and scenatitvers (see Sectioh, Chapter Band from locatlatasets.

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 esseiffitiabuilding 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
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(e.g., changes in water availability), serve as a baseline for constructingesociomic 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
gualitative mapping to quantitative modelling. Mapping the variables against available data helps
assess how well existing datasets meet the modelling needatadndapping matrix spreadsheet can
support this process. It should list all SDM variables and cefssgnce them with outputs from the

global models. The aim is to identify which variables can be directly sourced from these datasets and
which require suplementary local data, particularly for regi@pecific issues not captured in global
models. For instance, in the Inkomé&tsuthu case study within NXG, mining is a major concern, yet
mining-specific data are absent from global datasets and must be yosallrcedFigurel4

illustrates how the data mapping exercise progresses.

Figure ¥ Datamapping exercise for system dynamic modeligh-level summary of the data
mapping that is required for developing system dynamic maglatswas implemented in the
NEXOGENESIS Projégturce: Adapted frommaspidou, C. et al. 2023\NXGD3.3- Final report on the
application of biophysical models and stakeholder recommendations

Step 1: Step 2:

Step 3:
Identify connections an}d variables for which data from Identify connecpons :and var,aples for which data from Identify connections and varlables for which no data
global datasets is available and can be downscaled global datasets is available bit it cannot be downscaled § ; i
X . . . N . rom global datasets is available
using complementary national & sub-national data because of missing national or sub-national datasets (who: data experts)
(who: data experts & case-study lead) (who: data experts & case-study lead) |
4 Step 4: N

Review data gaps based on steps (1), (2) and (3) and identify local
data sources for connections and variables to fill data gaps or to
enable downscaling of global datasets

\ (who: data expensl& case-study lead) )
(" Step 5: R

Review local data sources for accessibility, credibility
& relevance and collate local data for use in SDMs
L (who: data experts, case-study lead, stakeholders)

|

s ™\
Step 6:
Map the SDM variables against the available global and local data
collated in the Data Mapping Matrix (who: data experts, modellers)
. J

|

e N
Step 7:
Validate the Data Mapping Matrix with stakeholders
{who: data experts, case study lead, stakeholders)

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(seeTablel5). 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 casestudy. This ensures that the most relevant WEFE issues are prioritised in their reflection in
the conceptual maps and in the sourcing of data. ligeshis exercise should take place in a

workshop setting, although it can also be conducted through focus grétugen also be conducted

via remote online exercises. This was done in the Lielupestagy in the NXG project, imhich
stakeholders were asked to score the importance of nexus interlinkages on a Google form, which
they could complete on their own time.
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Chapter 3providesan overview of the global and regional datasets that were used in NXG project.
Typical local datasets that can be used are:
1 International repositories from government agencies, civil society organisations,
international development agencies (e.g., UN agencies)
91 Local repositories from government agencies, civil society organisations, research
organisations (e.g., national statistics agency)
1 Results of other models (e.g., local hydrological models)
1 Scientific and grey literature
Table19: Data availability and the construction of conceptual mag8verview of how to
construct conceptual maps, as the first step towards constructing system dynamics models,

on various data availability scenarios. (Source: Adapted fraspidou, C. et al. 2023NXGD3.2 -
Final report on the complexity science and integration methodolpgies

Data availability scenario Strategy for constructing conceptual map

Connection or variable which can be
guantitatively represented because data are Keep connection or variable in map
available

Connection owvariable in which data gaps
cannot be filled with either globally Remove Connection or variable from map
downscaled, national or subational data

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

Keep connection or variable in the conceptua
maps. Casstudy lead, data experts and
modellers discuss the best course of action o
which dataset should be primary used in the
eventual SDM.

Connection or variable which has no precisel
defined data

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

Connection or variable which has only local

. Keep connection or variable in ma
datasetsavailable P P

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 projeein 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. Bcause 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 andethieiad SDMs.

This integrated approachO2 Yo Ay Ay 3 OSYGNFYf A&SR o63f206lt0 Y2
knowledge, literature review and stakeholder insigh&sures that each SDM reflects the specific
context of the case study area and is walited to support modelling the impacts of policies on the
WEFE nexus.
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It is important that considerable effort is put into this stage of involving a wide range of stakeholder
groups. Byengaging stakeholders in @signing the diagrams, they adopt a systetimaking

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 esessoral impactsNow, inter

sectoral discussions can be promoted. Furthermore, when they are involved in-thesgmn process,

the intention is that the results and recommendations from the SDMs and the NEPAT will have more
practical relevance for these stakeholder gpsyupromoting uptake in formal decisianaking

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 appliedgrottess 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 expand nonexpert 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 responde imposed changes.

CLDs are essentially extensions of the previously developed conceptual maps. However, CLDs are
simplified- removing noressential details, and indicating the main causal relationships in the nexus.
CKSNBEF2NBZ /[5a oAttt y20Sy60QabaNAKE KQRPOSLIAdVE y
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 peapita, would suffice to capture the relevant causal information

¢ any further detailed breakdown is unnecessary. The level of detail necessary is determined by the

expert judgement of thenodeler.

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 posifeedback 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 cofghavioursuch as

system growth (e.g., agultural 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 thesitatjua 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
nexusgovernanceFigurel5illustrates a CLD fdhe Lielupe casstudy of the NXG project.

Each conceptual map is translated into a causal loop diagram and this takes the approach of a simple
oneto-2y S UNryathridAzyo Ly GKS GNIyatasody NERE 0 K& &>
need to be defined across the nexus domains, withinfthie a & ® ¢ K S &Y R-SNBA ¢a WAS/aAl S R
within the CLD, which group related logic, making them easier to manage, understand, and reuse

within the larger SDM. Examples of ss#rctors:

1 Water Demand: Calculates total water demand based on population, agriculture, and industry
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1 Energy ProductionEnergy generation linked to water use, or linked to larse (for solar and
wind technologieg, as was demonstrated in the Lielupe cadady of the NXG project)

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

T Pollution TransportTracks nutrient or chemical loads througfater bodies and estimates
ecosystem impacts

Two types of sulsectors will become apparent as the CLDs are being developed:

1 Subsectors reflected to inputs from the central Bphysical and socieconomic global datasets;

1 Subsectorsaddressingmportant factors that should beonsideredat the river basin scale (e.g.,
local hydrological or infrastructure models) and reflected to inputs from local data sources.

Example

+ change in A, causes change in B | Temperature

+ Evaporation

increases/decreases, B also

Cultivated
land

+ Water demand

change in A, causes change in B
in the opposite direction. IfA
increases/decreases, B also
increases/decreases

Infiltration ¢ Run-off

Groundwater ——& Pumping cost
table

in the same direction. IfA
A B
y+ Connector
- Fe
Organic

Reinforcing or positive feedback

S
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Figurel5. Causal loop diagram for Lielupe castudy in the NEXOGENESIS projétte causal loop
diagram represents an effort to extensively map the interlinkages among the variables of the nexus
system in the basinto be shared and discussed amongst stakeholders. The variables are clustered
into six nexus sectors: Water, energy,dpecosystems, land and climafeaspidou et al. 2028NXG
D3.4- Complexity science models implemented for all the Case Studies: Prototypes and explanatory
report/manual for each casstudy 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 nexamtext (see Sectioh, Chapter 2 The

assessment culminates in a list of poligieslicy Portfolic see Section 1, Chapter 8hich have to

be translated into the SD&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 daitahility, therefore,

a subsequent round of datanapping needs to be done.

At this point, it is important to start thinking about relevant nexusle output indicators or metrics
(tied to the major nexus issues of importance in the estsely) are needed or desired to be able to
assess impact to the system and the state of thetesy. These must be understandable and intuitive
to the final users of the data for decisionaking. 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/numberassessment, and which stakeholder input might be necessary.

Step 4: Developing Stoeknd-Flow Diagrams (System Dynamic Models)

The qualitative CLDs are now ultimately translated into SDMs, which are represented aargtock
Flow Diagrams (SFD). SFDs are the systems dynamicefstiateart 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 quantifiabégiables 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

Aa SOARSYG Ay GKS F2N¥ 2F + ySig2N)] 2F adz201az 7
a0NHZOGdzNF £ AaadzS&a TNRY esenyddumzdatiohd®NdateddlOinandS o & { G 2
material quantities (e.g., water stored in a reservoir, population in a region), which change over time
GKNRdzZZK AyFt26a FyR 2dziFTft26ad aCft 244aé -materiali dzNB G K
guantities (eg., 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 longterm consequences of decisions within complex systems.

Creating thematic models for the SDMs
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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 develogidother modelling tools to deal
with site-specific issues and challenges and are complemented with lgeddlyant statistical
datasets to capture the specific variables not dealt with in the global datasets. The development of
the thematic models regires 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 anthodelersreconcile and vet the use of global-local datasets

4. Stakeholders validate the thematic model and data expertsrandelersrefine based on

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

In NXG, this approach was taken for the Adige and Nédixta case studies, which used external
thematic modelling outputs to augment the SDMs. For the Adige-sasty, theARIES ARtificial
Intelligence for Environment & Sustainabitibpl 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. 2028 NXGD3.3- Final report on the application of biophysical models and
stakeholder recommendatiohs

CKAa LINP2SOG KFa NBOSAOGSR FdzyRAYy3I FNRY [gy
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Figurel6: Causal Loop Diagram of WEFE sectors for Adige River Basistcalse The diagram was
developed bynitegratingA Y T2 NXY I GA2y O2YAy3 FTNRBRY SELISNIaAQ 1y
differentstakeholderslts corresponding stoednd-flow diagram is presented in Figure X beldwaspidou

et al. 2023¢ NXG Deliverable 3-42omplexity science models implemented for all the Case Studies:
Prototypes and explanatory report/manual for each CS methoddlogy

Water Cuaity
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Figurel7: Stockand-flow diagram prototype for WEFE sectors for Adige River BaBire prototype for the system
dynamics model for the Adige River Basin e#ady in the NEXOGENESIS Projéds is the stoeind-flow diagram

developed in Stella Archite&or some of the selected sectors, dedicated physicafigd models have been
applied to represent complex conditions of water availakalitg sectorial water demandits corresponding causal
loop diagramis in Figurel5above. (Laspidou et al. 2028 NXGDeliverable 3.4 Complexity science models

implemented for all the Cas#tudies: Prototypes and explanatory report/manual for each CS methoglology
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Step 5: Populating the SDMs with data

Toquantify the connections and variables in the SFDs, the process of data mapping that was
conducted in Step 1isnowrepeatedd I Ay ® ¢ KS SESNDA&AS Aa 02y RdzOG SR

YFEGNREQ Ay LINBOA2dza &a0GSLJA® CAIdNB - aKz2ga GKS YI
instrument and determining what data (indicator) is available to model reference scenario and policy
impacts.

Figure B: Quantification of system dynamic variables fgoolicy instrumerts. The figure shows the
variables considered and included in system dynamic models for Policy 3 of the Inisatlati case
study of the NEXOGENESIS projectbiidiestorming process is highlight with the note for the

WSYA&aaArAz2yaQ OFENRFOoESTY Ay 6KAOK GKS b-D G4SIFY A& R
included in the SDMFigure: Jones & Wagener, 2024)
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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 modeiéam, data team and stakeholders

should be collectively involved in the process of vetting whether the simulation outputs make sense,

crossreferencing their expert and local knowledge, also against scientific literature. If there is gross

unalignmentthe following measures can be conducted:

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

i Variables are rechecked (missing variables, inaccurate variables)

9 Dataset is rechecked (missing data, incorrect data)

Step7: Uncertainty, Sensitivity & Whatf Analysis

Decisioamaking in the policy realm is not straightforward because there are unpredictable factors
that can affect the certainty of any particular outcomes. For example, ateefwnology 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 beceliimportant; it helps policynakers 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 pexeagied out to assess the system
response to likely changes (e.g. climate, samonomic futures) and hypothetical changes (i.e.,
elements that can change randomly, e.g., economic factors or public behaviour). Therefore, it helps

a0l 1SK2t ROEKE (SEFE2 MBSy NA2a G2 a8S K2g | L2t Adeé
conditions.
L¥ F &aAy3dz I NI RSGSNXYAYyAAGAO LINRP2SOGA2Y 61 & dzaSR

uncertainty in the future unfolding of the world would be missed, with only the single future being
considered. This means that circumstances mighinigsed, 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,
developmen, and strategies are likely to be more flexible and adaptive to a wider range of

conditions that may be faced.

In policymaking, uncertainty analysis is particularly crucial for:
1 Risk Assessment: Evaluating policy performance under-Badtworstcase scenarios and
devising contingency plans.
9 StrategicPlanning: Devising policies that are resilient and robust even if future conditions
change unpredictably.
9 Communications: Competent and responsible communication of risks and tfésleo
stakeholders and the public.

Sensitivity Testing
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SenS|t|V|ty testing explores how changing one parameter in the SDM (e g., changeX)ed ifbm

GKS 2NAIAYIES o0FaStAyS @FtdzSo0 Fd F GAYS FyR AYLI
sensitive will display a greater level of variability hese 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:

1 Checking model accuradyoutputs 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)ezmlitd 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 accaiie as possible.

1 Identifying policy leverddentifying 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 unintendedjeenses on
other WEFE domains that were not anticipated. The nature of that impact can also be assessed
is the impact on the system desired (a positive impact) or not (a negative impact)?

Sensitivity analysis can be conducted as:

1 OneFactorat-a-Time (OAT) Sensitivity Analysi§o identify which parameter most influences
GKS {5aQa 2dzillzi> o6& OKFIy3IAy3a (GKS @l ftdzS 2F 2y
model output changes, while all other parameters are kept at their nominal values or their
mean

1 Multi-Factor Sensitivity Analysislo understand the joint effects of multiple uncertain
parameters, by running simulations with combinations of simultaneous parameter variation

What-if Testing

Whatif analyses are subtly different sensitivity and scenario analyses. They are concerned with
Fa1Ay3 ljdzSatrazya 2F aoKIG AT adzOK Iy S@Syid 6SNB
NB a LJ2 vy & S Kifanafy& do aokredessarily need to reflect reasonable futures scenartos, bu
can be used to stress test systems to see for example where collapse poqistiere a threshold
beyond which system behaviour qualitatively changes or beyond which a certain system parameter
(e.g., water availability) collapses (e.g., water idamger available). Such analyses can be at least
instructive, and can start to demonstrate where such thresholds may lie. As suciyadal

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 evidentjfvamatlysis in
simulation models allows safe and efficient testing of an unrealistic or dangesituation that

would be unsafe, expensive or unethical to reconstruct in theweald. Such analyses can be
instructive for realworld decision making. What tests can be carried out within the SDMs, for
example on individual policies, or on extremlanate scenarios, etc.

Uncertainty Testing
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This testing allows for the variability and unknown knowledge in data to be characterised and
guantified, including its impact on SDM outputs. Two main sources of uncertainty should be tested:
parametric uncertainty and scenario uncertainty.

Parametric uncertaintgleals 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 valttese 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 sane variable (e.qg. 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:igurel9 (below)illustrates how this this range of model uncertainty can

be explored.

Figure19: Concept behind model

parametric uncertainty in the System

Dynamics ModelsA 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

~ i X gives a minimum and a maximum. Between

Value, X \ 7~ . = Modelinputl  the min and max values, one can assume, in
| _—e—" /M ot ﬁ_;/ \ — the absene of better information, a uniform

. = PUt2 statistical distribution of values. All values
min between min and max have equal probability
Time (¢) of occurrence. Outside this range, the
probability is zero. (Sourcg:dzOYy A 1 = WdZ

2024¢ NXGD3.6, Sensitivity/Uncertainty Analysis Report

The figure abovehows that a variable, X, is given by multigkternal models.These models give a
range of values for this variabtever time. At each time point, the range in model values gives a
minimum and a maximunBetween the minimum and maximum values, one can assume, in the
absence of bettemformation, a uniform statistical distribution of values, illustrated by the iniset
the figure Inthis concept, all values between minimum and maximum have equal probability of
occurrenceOutside this ange, the probability is zero. Stochastic Mo@arlo 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 Mesriesimulation. 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 asBagsed.
20below gives a tangible example of applying parametric uncertainty testing to streamflow
dynamicsloannouand Laspidou2022)also present how grametric sensitivity analysigas
performedin the Nestos (Greece) castudy of the NXG projeco identify which parametethe

SDMs weranost sensitive toThis was then used tpuantifythe extent to which policies supported
the resilience of the WEFE nexus system.
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Figure20: Schematic of parametric uncertainty testingxample 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 cahe designed more flexibly to account for average streamflow with a lower

probability of extreme events such as floadsl droughts (red circles). (SourfedzOYy A 1 > Wd> Sid |
¢ NXGD3.6, Sensitivity/Uncertainty Analysis Report

Scenario uncertaintgcknowledges that the future is uncertain and deals with assessing future
LIN22SOlA2ya 2F || aeaidsSyQa RS JS-écanoivicdgvélopmedNE a4 RA T
scenarios, which are n&nown apriori. 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 terdiffe in, for

example, precipitation pa#irns, 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: RCP28SP2; RCP&5P4; RCPEEP2; RCP&SP4-igure2l illustrates the concept

of uncertainty associated with different scenario sets.
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Figure21. Concept of uncertainty associated with different scenario seBystem Dynamics Model

outputs can be derived from different combinations of Representative Concentration Pathways and
{KFNBR {20A2S8S02y2YAO0 tlliKglead ¢KS WolaStAySQ oa
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More information about and the detailed workflow for conducting uncertainty assessment, scenario
analysis, and sensitivity tests are available infthezOy A | & NXGDB3E 5PSemsitivitynand
uncertainty analysiand{ dzOy A 1 & NXGDI 6$Semsitivityiand uncertainty analysis report.

Step8: Translating the SDMs from Stella Architect to Python into the NEPAT

{5ad 0S02YS GKS WaiavydzZ A2y SY@ANRYYSYyGQ 2N G6KS
assess the impacts of multiple policy implementations against multiple (competing) objectives. The

SDM data files (Stella Architect format) are automaticalipstated into Python code, for use within

NEPATVia its SDM Translator.

Step 9: Summary of policy data for the NEPAT

For NEPAT to conduct its medibjective analysis, the following data must dyestematicallycollated

and organisedThese 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 variablegarameters to include policies into the moddiar examples of the type

of data needed, seEcheverria et al. (2024)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:
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w Atool to communicate the status of each resource sector and their synthesized contribution
to sustainability and resource security;

w A means to communicate the integration/aggregation of sectors and any-éfdeimpacts,
or conflicts that may exist; and

w Atool to demonstrate how governance and policies can facilitate sustainability.

The WEFE Footprint is built usingaanposite indicator methodologyleveloped by theloint

wS&aSI NOK / Sy ii NB Qa Campo¥itedddicstgfniid StafelfoBRECOMNY. An
indicatoris 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. Acomposite indicatorcombines multiple soci@conomic and biophysical variables into a

single, aggregated measure (or scofr more detailed information on the development of the
WEFE Footprint, sdéaupt et al. (2024) NXGD3.7 - Final report on the WEFE Nexus Index
methodology and visualisatiofrigure 5 also provides an overview of the major steps of the

LIN2 OS&aazx O2NNBaLRYRAYy3 (2 GKS YSGK2R2f23AO0!If
Centre on Composite Indicators and Scoreboards.

The footprintcompares the status of the WEFE system undeeference Scenaribased on
combinations ofSSPs and RCRsithout 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 indigepresents the interconnectedness of water, energy, food, and ecosystems
across scenarios, spanning a\gsar period (20162049). Thesalculation is based on the input and
output data from the SDMs. For example, in NXG, sample of these were-mgtttrd parameters
(water withdrawals, surface water resources, etc.), enenggted parameters (C&missions), food
related parameters (crop per drop), and ecosysterlated parameters (total protected area, total
nitrogen load, species richness, forest ardggch indicator is also linked to specific Sustainable
Development Goals (SDGs)

Indicatorsare organised into pillars (Water, Energy, Food, Ecosystems)iiats, and individual
indicators(seeFigure 2 andFigure 3). The indicator selection process has to be a rigorous and
participatory process amongst the data experts, modelling experts and stakeltdio@nsure both
scientific credibility and stakeholder relevance.
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Figure22: Schematidl of the concept of the WEFE Footprint IndeRillars (central circle), stillars
(middle circle) and indicators (outer circle) of the WalkarergyFoodEcosystem (WEFE) Footprint
Index, developed in the XGproject. Linkages to thelN SDGare also highlighted. (Source: Jones &
Wagener Consultants, 2024)
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Figure23: Schemati of the concept of the WEFE Footprint IndeRillars, sukpillars and indicators
of the WaterEnergyFoodEcosystem (WEFE) Footprint Index, developed in the NXG project. (Source:
Jones & Wagener Consultants, 2024)
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Figure 2 (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 foN#weus. When looking at the
circle one can see a score-&D0 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 betw&6@ O
means a move in a positive direction and a value between O Hd@irepresents a move in a

negative direction from the initial value. This image represents tlpfint at a subpillar level, one

can see that for Water, Food and Ecosystems alpilldrs 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 whereoal is the most prolific source of energy the emissionsysliér moves

in a negative direction.

For more detailed information on the development of the WEFE Footprint, see Haupt et al. {2024)
NXGD3.7 - Final report on the WEFE Nexus Index methodology and visualisation.
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Figure24: Sample radar plot of WEFE Footprint Ind&ubpillars (left) and corresponding indicators
(right) of the WatetEnergyFoodEcosystem (WEFE) Footprint Indes is visualised in the NExus
Policy Assessment TapNEPAT. The radar plot show contributions from each indicatoipiiah

and pillarto a composite index score (centre). (Source: Figure produced by Jones & Wagener
Consulting, as visualised in the NExus Policy AssessmegtNIEBBAT, Eurecat 2025)
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Step A
JRCCoin steps #1 - Define the concept to be measured

Understand and define the framework associated
with the WEFE Footprint
(who: data experts, modelers, case-study team, stake holders)

Step B
JRC-COIN steps #2 - Identify relevant indicators

Collate list of variables available from the datasets for the forecasts and identify
potential sub-pillars & indicators, from the list of variables provided by the data
modelers. | dentify additional indicators not induded in this list.

(who: data experts, modelers, case-study team, stake holders)

Step C
JRC-COIN #2 - Select relevant indicators

Provide desired list of indicators to data experts & modelers to indicate which
indicators are feasible to include inthe SDMs. Some indicators may be excluded.
Final list of indicators developed & incorporated into SDMs.

{who: data experts, mode lers)

Step E
JRC-Coin steps #3 -9

Based onthe framework and final list of indicators, select data treatment,
normalisation, and aggregation techniques. Review the resulting index.
(who: WEFE Footprint team)

Step F
JRC-COIN steps #10 Present the data visually

Translate the determination of the com posite indexintothe
NExus Policy Assessment Tool (NEPAT) & generate data visualisation.
(who: WEFE Footprint team, Al team)

Figure &: Overarching &ps in creating the WEFE Footprilitdex. Overview of the major steps
O2NNBalLRyRAY3I (2 (GKS YSOiK2R2t23A0It adsSLa 27
Composite Indicators and Scoreboaiféisr more detailed information on the development of the
WEFE Footprint, sdgaupt et al. (2024) NXGD3.7 - Final report on the WEFE Nexus Index

methodology and visualisation.
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FINAL REMARKS

Complexity science modelling requires adopting a syst#nmging attitude, and by engaging in

dialogue with other resource sectors, potential tradés and bottlenecks can be more easily

identified and mapped, and solutions discussed. Likewise, synévgiese policies support each
20KSNDRaQ FYoAGA2yau OFly Ffta2 o6S ARSyltWwsmghSR Yy R f
dialogue alonesignificant progress in integrative actions can be made without recourse to

guantitative modelling. As stakeld#rs 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 realorld implementation.

4.3.2 Chapter 5 Nexus Policy Assessment & Stakeholder
Validated Policy Packages

NEXUS POLICY ASSESSMENT USING ARTIFICIAL INTELLIGENCE

Integrative policymaking is essential for achieving the UN Sustainable Development Goals (SDGSs),
but achieving this requires analyzing numerous policy combinations to understand how they produce

trade-offs and synergies amongstthe SDEK S & KSSNJ ydzYoSNJ 2F O2YO6Ayl (2N
O2dzZ R 0SS OSHISR o0l yR 0SSOI dzad S eededsihk SpaKilties &f cuirént | Sa =
manual modelingtoot KA & A& @gKSNB YI OKAYS fSINyAy3a 02YSa A

TheNExus Policy Assessment TAMEPAT)is an interactive online platform that facilitates the
analysis othesecomplex and numerous interactions and offers policgkers the possibility of
evaluating theoutcomes of decisions before policy implementation. It uses systems dynamics
models and multobjective reinforcement learning to assess policy performance against multiple
policy objectives, handling billions of combinatorial policy configurations, withoonds.

Specifically, NEPAshalyses the interactions between the WEFE resources and associated policies
across different coupled climate and so@oconomic scenarios. It provides stakeholders with the
following functionalities to support policy design:

1. Policy Impact EvaluationAssesses the effects of policies on WEFE sectors under future
scenarios that integrate lonterm climate change projections and structural societal change
projections;

2. Artificial Intelligence Tool for Policy RecommendatiarBelivers customized policy
suggestions to efficiently achieve nexesated goals; and

3. Facilitates CollaborationEncourages informed dialogue and cooperative decigiaking on
WEFE challenges.

148 43dSai f23IAyé (2 SEWHIZANBK bWSERXDEYESV & & Balzkizd BIREFIMIR S ¥ 1 n
DdzA RS OLIR T

2Ly GKS b D LINE 280Kz IN& SHSINgzo 8 Yakb/R O S f I NBSadG I Y2dzyd 2F LkRf
SOl tdzt GSPRDP bRIOK OHBRY O2yRdz0G GKS lylfteara 2F SIFOK LlfAade a
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NEPAT integrates the outputs that are developed in th€egulore (Section 1) and Ceesign
(Section 2) phases of the-coeation process.

9 Policy Portfolia Policy goals and policy instruments to be assessed for interactive impacts
across the WEFE domains (synergies, tafti)

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

1 WEFE Nexus Footprint IndeXn index linked to the SDMs that is based on a (WH&EBRIN
specific indicators describing the degree to which the reference and policy instruments affect
these indicators

A use casgdriven 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 tesmd stakeholders during interactive,
handson training, demonstration and validation sessions, focus groups and workshops with the
project team and with stakeholders.

This chapter provides a higavel overview of the artificial intelligence approach deployed in NEPAT,
the functionalities offered to support handling the complexity of nexus decisiaking challenges

YR b9t! ¢Qa N f-Seatidi piokess/fRcifi¢alfy, tdothe BatteOdint, in this €o

design phase, stakeholders use NEPAT to explore the performance of policy packages (achievement
of nexus policy goals) and impact on the nexus resources within deaigiking scenarios and make

joint decision®n acceptable results to move forward with elaborating policy design and
implementation.

A stepby-step manual (Eurecat 2025) for using NEPAT is available diXiBevebsite here.

WHY USE NEPAT?

NEPAT was developed to address the inherent complexity of WEFE nexus systems, which are
characterized by notinear dynamics (i.e., system responses are not proportional to inputs, and
interactions can produce feedback loops or threshold effects) and mystencertainty (arising from
variability in natural processes, incomplete data, and unpredictable human responses). In such
systems, stakeholder interventionexpressed as policy combinatiansepresent a wide array of
possible responses to system behaviou

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, patkdependent nature of response of WESEtems to policy interventions. When

a lack of knowledge and inherent variability are considered, the problem becomedaterministic;

even with a complete model structure, future outcomes cannot be precisely predicted. This
significantly increases thdifficulty 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 maolijective, involving tradeffs across WEFE
domains. Furthermore, identifying effective interventiomsong all combinations of policy
instruments constitutes a combinatorial optimization problefnaditional optimization approaches
are insufficient for exploring this vast solution space, as evaluating each policy combination
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individually would incur prohibitively high computational costs and would not be feasible within the
timeframes relevant for policynaking.

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) gesstid 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 kickestart discus®ns on the crossectoral coordination required for problesolving. This leads to
greater acceptance and participation in-creeation processes and uptake of outputs into decision
making.

HOW DOES NEPAT WORK?

NEPATs a webbased decisiorsupport tool designed to assist policymakers by simulating climate
and socioeconomic scenarios, providing analytical capabilities, and streamlining the detaiiog
process.

TheSimulation Policy Framework (SPB)a key module of NEPAT, responsible for integrating
complexity science models (i.e., the SDMs), WEFE nexus policies, and nexus goalssitidycase
along with the Nexus Footprint Index. This integration results in a module that can be used to
simulatethe impact of a policy or a policy package across the WEFE nexus at different spatial and
temporal scales.

The SPF runs simulations based on w&dined requests, which specify the case study, reference
scenario (i.e., an SERCP combination), and the policy package to be applied. It then generates
outputs for all nexus variables within the SDMs, quantifylmgitmpact of the selected policy
package on the nexus and assessing its performance against policy goals.

Decision Support System

hyS 2F bot! ¢Qa Y2al LIR2oSNFdzZ FSIGdzNBa Aa AdGa oA
achieve predefined goals and policy targets within the WEFE nexus. Therefore, it can perform the

analysis using this logiGiven 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 thisNEPAT employs Al and Machine Learning (ML) algorithms to analyse nexus interlinkages
and provide policy advice across projected biophysical and-sacinomic scenariofRReinforcement
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 andrséting of a set of Al

L2 6SNBR F38yGiaod p! I&FY [ ENBIONR SER MY &Rt (@R FANA D2 i K &
may be made in the reaborld (by decisiormakers), accordintp certain assumptions. Agents

AYGSNI Ol 6AGK (KS cwhich irdzhe faurdatignal Sygt€ni dyduyintsdd|g(sed

Section 2Chapter4).

An agent and the environment interact in an iterative cycle: the agent selects an action, the
environment responds with eeward (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 maximigewards.Figure26 provides a schematic of this mechanishis is
Ottt SR GUKS aGaiOGNIXAYyAy3I¢E adl3asSo

Figure &. Schematioof the
agentenvironmentreward

Decision Support System of the NExus

Policy Assessment Tool (NEPAT) mechanismused in the NExus
Nexus Policy or Policy Assessment Taol
action Policy Package : H
— Agent Schematic of the training

stageof the artificial
intelligence agent. This is
Nexus Goals operationalised before the
& Ff]@di:‘m agent is deployed to be used
o in thedecision support system
of theNExus Policy
Assessment Tool (NEPAT)
(Adapted fromEcheverria et
al. 2024¢ NXGD4.4- Core
module of the selfearning

nexus enging

reward

Nexus Status
SDM variables System Dynamic Models

Because nexus challenges are inherentlyti-objective, the DSS is designed applymaglti-

objective reinforcement learning (MORLWnlike 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 tradeoffs. This feature is particularly useful for identifying the most impactful policy

measures, optimizingesource 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 agentisi KSy dzaASR (2 LINBPOGARS NBO2YYSyRIGAZ2Ya Ay

To enable all the simulation functionalities, several main tasks must be completed:

Translation of SDMs into Pythomhe 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, whiciiymp
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 Pytho, 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 stdgy-step simulation of system behavior owéne. The process
produces two Python versionsdaterministic versionused by default in NEPAT, andwarcertainty
version which allows advanced simulations incorporating variability and stochastic scerfdreos

SDMs must have the policies, goal iadozs and footprint variablegsee Section 1, Chapter 2 and
Section 2, Chapter #)cluded 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.9t ! ¢ Qa {t C O2y Rdz00a GKAA Gl
automatically(more details irEcheverria et al. (2024NXGD4.3 Simulation policiramework).

Integration of policy instruments and policy goalgs components of the NEPAT Simulation View,

metadata for policy instruments (including name and description) and policy goals (including name,
RSAONALIIA2YZ AYRAOF(G2NE GFNEBSGZ IyR GFNBSG &SIFND
Manager handles thloading and management of this metadata within the platform.
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Calculation of the WEFE Footprinthe WEFE Footprint calculation within the NEPAT incorporates
the normalization function detailed iHaupt et al. (20248 NXGD3.7 - Final report on the WEFE

Nexus Index methodology and visualisati®his function requires minimum and maximum values

for each WEFE Footprint Indicator, which is computed by the NEPAT Core Seniiieyseet al.

2024- NXGD4.5 Final version of the selfsessment nexus engine with the corresponding validation).

Training and integration of DSS Al agenBeveloping and integrating Al agents that provide tailored
recommendations.

The inputs used for these tasks (SDMs, policies, goals, nexus footprint) are under constant validation.
This means that astakeholders deliberate on the NEPAT results, they may choose to add new
policies to the Policy Portfoligee Section 1, Chapter, 2yhich subsequently requires the collection

and integration of new data and feonfiguration 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 repetitiorof these processes

MAIN FEATURES OF NEPAT

User Experiences for Decisidviaking 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
samesimulation exercise.

Technical Experiencé&or users with some level of knowledge and expectation of an extensive and
detailed study. It enables-depth analysis of policy impacts, allowing users to work with detailed
simulations, customizable settings, and advanced modelling techniques. Itipsawnisights into
numerical evaluations, caussfect relations, and statistics for scientific reasoning. Examples of
technical users are scientists and academics.

Strategic Experiencdzor users who require easily interpretable information, synthesized and
presented in a succinct and clear way, to support Heyel policymaking. It presents simplified yet
insightful visualizations of policy impacts without requiringlapth technicakxpertise. It offers
visualization elements (graphs, diagrams) for quick comprehension, easily understandable
comparisons of policy effectxross different scenarios, summarized simulation results (e.g.,
indicator evaluations). Examples of strategic gssae policymakers, authorities, associations, and
general users.

In both experiences, stakeholders have an opportunity to interrogate the results of the analysis
0§KNRdzZZAK (KS &G khbvisBdwv two hdliay gaékages perform in achieving policy
gods.Figure28shows howtheR I i A a LINBASYiSR Ay (GKS WRSGFAT SR
of the impact otthe two policy package8y OSNI I Ay 29C9 AYRAOFG2NE 2 JSN.
AYRAOI G888 G(KS 4NBTSNBYOS a0SyFNR2é Ay SKAOK y2 L
therefore, it allavs 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 HePAT user guide here
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure Z: Achievement of policy goals per policy package in the NExus Policy AssessmenEVohltion of the impact of a policy or policy package on the
achievement of WEFE goals. The data can be viewed scaled or nornfelgeck visualised in the NExus Policy Assessment N&HAT, Eurecat 2025)

Goals Summary | Goals View  Scaled Goals View  Normalized Goals View o

Policy Package PP1

Goal 1. IRP (2023) Renewable ...

Goal 3: NDC 2030 Emissions ...
Goal 5: Reduce industrial ...
Goal 7: Reduce agricultural ...

Goal 9: Meet transboundary ...
EEHEIEE I EEE I S EEE O P EEEE OO O EEs
Goal 11: Increase protected ...

Goal 13: Ensure birds status ...

Goal 15: National Food And ...

E|
N
g|
w
N
&
o

2015 2020 2025 20,

]

2035
LR

Policy Package PP2
Goal 1: IRP (2023) Renewable ...

Goal 3: NDC 2030 Emissions ... I B B EHE &&= &
Goal 5: Reduce industrial ...

Goal 7: Reduce agricultural ...

Goal 9: Meet transboundary ...

O EIE NN EE NS S N EE D EE S EEEEE O EE.
Goal 11: Increase protected ...

Goal 13: Ensure birds status ...

Goal 15: National Food And ...

o
&

2015 2020 2025 2030 2035 2040 2045 2

NEXOGENESIS

S TREATILNING WATER RELATED POLIGES CKAZ LINB2SOG KIFa NBOSAQGSR FdyyRAYy3 FNBY .

innovation programme under gramigreement No 101003881

¢



D1.5 Consolidated nexus governance framework and guidance foreadion of nexus governance

Figure B: Impact of policy packages on nexus system indicatofsystem dynamics model€volution of the impact of policy packages on indicators of a
system dynamics model. Comparisons can be made betweeafédnence scenario (no policy package applied) and policy scenario (policy package applied).
(Source: Visualised in the NExus Policy AssessmertNBBIAT, Eurecat 2025)
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

WEFE Footprint Index

¢CKS 29C9 C220LINAYG LINRPGARSa |y FaaSaavySyld 27F GKS
time, for a particular modelling scenario. It visualizes this assessment in a way that is accessible for
policymakers, researchers, and decisioakers in idenfying 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), supillars, and indicators (measurable variables of the pillars anepdlars), with the

aggregated WEFE Footprint Inddisplayed at the center of the diagraffigure29). The index value

will vary between100 (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:

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

1 Negative Values100 to 0): Indicate detrimental impacts or deterioration of the WEFE system
status

1 Neutral Value (0): Indicating no impact on the WEFE system status

The particular impacts of policy packages on the WEFE Footprint, pillagsi/latand indicator
AYRSE @I fdsSa OlFly 6S 204SNWSR Ay (KS abSEdza Cc22dL
reference scenario and policy future scenarios over tise=Figure3l below).

For information on the data treatment, normalisation, weighting, direction and aggregation behind
the WEFE Footprint Index, sel@upt at al. 2024 NXGD3.7 - Final report on the WEFE Nexus Index
methodology and visualisation
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure @ Visualisation of the
WEFE Footprint Indeix the

NExus Policy Assessment Toél
breakdown of the WEFE Footprint
Index through pillars [water (blue),
energy (red), food (yellow),
ecosystems (green)], sytilars,
andindicators. The aggregated
WEFE Footprint Index is displayed
at the center of the diagram. The
index value will vary betweet00
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.Inthisexampl& b/ hi
emissions" shrink toward the
centre over time, thereby
reflecting increased emissions.
Conversely "local food availability"
expands outwat, indicating

improvement[Figure produced by Jones & Wagener Consulting, as visualised in the NExus Policy
Assessment Tool (NEPAEurecat 2025]
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure30: Impact of policy packages on the WEFE Footprint IndeWb SEdza C22 G LINAyYy (i 5SiFAf SR #AS86Q 6AGKAY (K
compares the policy package impact on the WdiaergyFoodEcosystem (WEFE) Index (i.e., WEFE system status) against the reference scenario (system
status at year 2015, withdwapplication of policy package), in timesteps. In this example, the WEFE index is improving over time for both scetharios but

applied policy package (solid line) is showing a higher improvement than the reference scenario (dasheduirepréduce in the NExus Policy

Assessment ToqINEPAT, Eurecat 2025).

2035
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure31. Detailed analysis of impact of policy packages on the WEFE Nexus Foolprifit. 5 & & AVf Sffhe NEXUS Bolicy Assessment Tool (NEPAT)
compares the policy package impact on the WES@&printindex (i.e.nexussystem 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 polieyqrackaous WEFE Footprint
indicators. It can be sedhat for some indicators the policy future scenario (solid line) improves and for other indicators the indicator dete(leigues
produced in the NExus Policy Assessment §EEPAT, Eurecat 2025).
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Uncertainty Analyss

Decisioamaking 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 intedariability in the response of

nexus systems to poli@ctions, making it challenging to make decisions with confidence. This is

where uncertainty analysis becomes important; it helps peati@kers understand the range of

possible outcomes ratherthadzda & 2y S FAESR NBadzZ o Lid KStLma adl
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 SR&ésSectior,
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
GAGK | RAFTFSNByYy(G asSi 27T Nesyhgapdlicyityindeasarenev@aleNd SE I Y L
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 unprediable 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 se(fignse32):
w Q1 (First Quatrtile): The value where 25% of the results fall below.
w Q2 (Median): The middle value, where 50% of the results fall below and 50% above.
w 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 derexal 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 uncertair®y2 Y 8 A RSNB RS> aAvYLi & | 00Saa GKS al |
how many executions of the simulation should take plgee NEPAT User Guide here).
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure32: Uncertainty Analysis in the NExus Policy Assessment Tool (NERA®)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, fqaicaspldiich may perform well
under a broader breadtbf system responses (Figure produced in the NExus Policy AssessmeNHERAT, Eurecat 2025).
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

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@®ation process. NEPAT supports:

1 Informed policy dialogueExploring different policy options and their potential
consequences, using a credible scientific base which also incorporates other knowledge
systems

1 Cooperative decisiormaking:Encouragingtakeholders 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 learningtgdmdicy 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-design of policy solutions.

Step 1:Preparation of NEPAT for Policy Evaluation

Translating the SDMs into NEPAThe 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 versiondefengt

GKFG Aa dzaSR F2N) bot! ¢Qa aAiavdzZlIdiAzya o06A0K (GKS
the policies, goal indicators and footprint variables included and to run with no errors. When the
translation is comlete, 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 SimulationsModelers data experts and casstudy 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 systerhs, whi
may indicate an incorrect configuration of the SDMs. If errors are foundntigelers data experts

and NEPAT team (Eurecat) work together to identify the source of the error and rectify accordingly.
In some cases, the castudy 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:

1 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.

1 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 intlheiteomething 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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D1.5 Consolidated nexus governance framework and guidance foreadion of nexus governance

1 Request recommendations from the DSSk&ded 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
whetherthe outcomes align with the stated objectives.

Step 2: Preparation for stakeholder discussions

Understanding system dynamic$lodelers, 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 variousotfieresl 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.

1 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.

1 Aninterdisciplinary team (modelers, data experts, Al 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 inpuiputs and the
NEPAT.

1 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.

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

Step 3: Calesigning policy packages with stakeholders

Stakeholder introduction to the cecreation processThe 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 resulsnd helps the discussions run smoother.

Stakeholder exploration of NEPAThe workshop should have sufficient time allocated for
stakeholders to learn about the functionalities of NEPAT. The facilitator can uS&=h&T user quide
to walk participants through the features, using the key policy topics, goals or instruments as
demonstrationsFigure 3 shows a scenario exercise that can be used to orient stakeholders to the
various features of NEPAT.
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Figure 3: Example of scenario exercise to orient stakeholders to NEFAAIS is an exercise that can be used as a first orientation to stakeholders of the
policy evaluation functionalities of the NEPAT. It starts siitiple analysis and prepares stakeholders for understanding how to use NEPAT for exploring
more complex policy scenarios. (Source: Eurecat, 2024)
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Hands-on session: Scenario 2

Exercise 1: Develop and test a strategy
As a team, discuss which policies would be most effective and feasible for increasing our crop

Exercise 2: Ask the recommendation system!

i ¥ 5 1. Use the decision support system to request policy recommendations for improving the
per drop indicator and write down your chosen policy package. Crop per Drop indicator in the Jiu River Basin.
Welcome to the Jiu River Basin Agricultural Task Force! «  Policy 1: Increase population connectivity to public water networks. 2. Take the first policy package suggested by the system and apply it to your simulation.
You are part of a dedicated team tasked with enhancing water use efficiency in our region. As o | olicy % asé oot lgoich codl snd clo?e Iis"iwpowem,d thereal plangs; B N 3 Exp“o”e :2:;:5;"::: Il;e’ S anddv;:vigate BORHA CRERNS W, o0 e veriaoieE:
we look towards the future, our reference scenario anticipates a world shaped by R(?’lj». a :::‘y ‘30' eetE. & netionat for nd k ¥cligng ° WE!E:N exustlnd:‘::__pﬂvv_are:used | for_agri_m3
higt-emission .pathwav, and S5 (Shared hcw«omk me.‘j 4). This :onrhmanon *  Policy 4: Shift 30% of maize cultivation from rainfed to irrigated land. ©  WEFE_Nexus_Index__food_prod_in_kg
“fm"ts asignificant challenge: RCP8.5 forecasts a future with m"fd'""“ ."p‘mf including ® Policy 5: Shift 40% of maize cultivation from rainfed to irrigated land. 4. Review the outcomes of this policy package and compare them with the results from
higher temperatures and more frequent droughts, while SSP4 envisions a world of increasing B 4 g ST : Y S o
inequality, where access to resources like water becomes more strained, particularly for * Policy 6: shfh 50% of mau_e cukwfhén from rau!'ed to urlig'aled land. your prevtou.sly selected policies. ] : )
le agricultural " *  Policy 7: Shift 100% of maize cultivation from rainfed to irrigated land. a. s this recommended policy package more effective or less effective than the
* Policy ift 30% of rapeseed cultivation from rainfed to irrigated land. policies you originally selected for the crop per drop indicator?
In this scenario, the rellance on irrigation for crop production will become even more critical as ® Policy 9: Shift 40% of rapeseed cultivation from rainfed to irrigated land. b. What consequences does this policy package have on water use
rainfed agriculture is expected to suffer due to erratic weather patterns and decreased rainfall. * Policy 10: Shift 50% of rapeseed cultivation from rainfed to irrigated land. (WEFE_Nexus_Index__Water_used_for_agri_m3)?
This shift from rainfed to irrigated areas will demand innovative strategies to manage our * Policy 11: Shift 100% of rapeseed cultivation from rainfed to irrigated land. ¢ What consequences does this policy package have on food production
already limited water resources efficiently. Currently, our water use for crop production in the * Policy 12: Shift 30% of sunflower cultivation from rainfed to irrigated land. (WEFE_Nexus_Index__food_prod_in_kg)?
Jiu River Basin is below optimal, meaning that we are not maximizing crop yields relative to the ®  Policy 13: Shift 40% of sunflower cultivation from rainfed to irrigated land. d. Do you agree with the recommendations regarding the shift from rainfed to
water we use. * Policy 14: Shift 50% of sunflower cultivation from rainfed to irrigated land. irrigated land? Do you find them acceptable?
* Policy 15: Shift 100% of sunflower cultivation from rainfed to irrigated land.
We w{.ll focus on the WEFE‘_Indel_Cm_ptr_fln.w lndicator.. which measures the amo'fm of o Policy 16: Reduce GHG emissions through improved land use and forestry (LULUCF).
crop welfi produced per unit of water used for irrigation. A higher crop per drop value signals o Policy 17: Rehabilitate polders, clear watercourse obstacles, and restore riparian
more efficient water use, allowing us to grow more crops with less water. Conversely, a lower habitats.
value indicates me'ﬁcamﬂef, potentially leading to wasted re_sources and lower productivity — o Policy 8¢ Bulld new small hytiopower plants to boost renewabls energy:
outcomes we cannot afford in a future marked by water scarcity and climate unpredictability.
Use the NEPAT to evaluate the effects of the policies you selected: assess whether the chosen
policies effectively increase the crop per drop indicator in the Jiu River Basin.
Objective 1. Access NEPAT: https://nepat-dev.nexogenesis. eu/
Your task s to design and implement strategles that increase the WEFE_Index__Crop_per_drop 2. Configure a simu.hlion for the Jiu River Basin case study, using the RECP8.5 and SSP4
in the Jiu River Basin. In a world leaning towards RCP8.5 and SSPA, optimizing water use e aae scenzno.. i
N & : 9 3. Implement the policies you chose.
efficiency will be essential not only for improving crop yields but also for safeguarding the 4. Run the simulation.
of the basin's 5. Explore the results in the tool and navigate to the detailed view to find the variables:
©  WEFE_Index__Crop_per_drop
©  WEFE_Nexus_Index__Water_used_for_agri_m3
©  WEFE_Nexus_Index__food_prod_in_kg
6. Analyze and discuss:
a. Which policy package did you assess?
b. How do you perceive the NEPAT results related to the
WEFE_Index__Crop_per_drop?
c. Do the results align with your expectations?
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D1.5 Consolidated nexus governance framework and guidance foreagion of nexus governance

Stakeholder exploration of optimised policy optionsn groups, stakeholders discuss with each
other nexus issues and policy options to explanel evaluatefor implementation.NEPARllows
stakeholderdo assess the impact of one or a combination of policies among tinabe Policy
Portfolioand will display the effect of these policies in terms of progress towards the policy targets.
When using the DSS (Al system of the NEPA3Sgdon the assessmenihe DSS can wilkcommend
an optimal combination of policies that would improve all WEFE nexus sectdnsinimize trade
offs. Some exercises that can be used to explore policy combinations in NEPAT (with the basic or
Decision Support System modes):

1 Maximize one WEFE domain

9 Achieve a group of nexus targets (e.g., maximise goalsramiae footprint variables) while

minimizing the number of policies in the policy package

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

1 Compare reference scenario (ho policies applied) with policy scenario (effects of policy
package)

1 Build policy recommendations on top of an existing policy package

9 Limit the number of recommended policy instruments

1 Restrict policy recommendations to specific sectors

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

1 Apply policy with different starend parameters (time range)

1 Compare results of DSS recommendation vs.-dséined policy packages

{GF1SK2tft RSNA O2yRdzO0 &aSOSNIt NRdzyRa 2F SELX 2NAy3
analysis of how well the various packages achieve multiple policy goals and the associatedfsrade

in WEFE footprint indicators. This deliberation process talkg 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 digssion, etc. In some cases, eloeone complementary sessions

with certain stakeholders may be necessary.

Figure 3lis a schematic ofdw thisiterative policy package exploration and evaluation process
works with stakeholders.

Figure 3 shows ample policy package recommendatiamsingb 9t ! ¢ Q&4 5SOA &A@y { dzLILJ2
as visualised within NEPAM 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

correspnding overall achievement levels. Each policy package can be interragateadh goals are

achieved to which level, which tradeoffs in footprint variables, Btore information on the various

policy package exploration functionalities of NEPAT can tradfonNievas et al. 202¢ NXG D4.5

Final version of the sedfssessment nexus engine with the corresponding validation.

3l Redzioy IB VIR SLIANI WEGSNAE F2NJ aYS NI y3IS Ak aGOKAEByite 2y
AidzRe 2F GKS b9 - hDO9b9{L{ LNR2SOi® Ly TdzidNB LINR2S0G4s
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D1.5 Consolidated nexus governance framework and guidance foreation of nexus governance

Figure 3. Schematic of theterative policy package exploration with stakeholder@~igure: Sabina J. Khan, Helmholtz Centre for Environmental Research
UFZ, NEXOGENESIS project,)2025

Stakeholders can prioritise multiple WEFE
goals, indicating to the decision-support
system of the NExus Policy Assessment Tool
(NEPAT) that policy package
recommendations should maximise
achievement of these goals

NEPAT performs multi-objective combinatorial analysis to presenta
suite of up to 10 prioritised policy packages (1%, 2", ...) consisting of
different combinations of policy instruments (P1, P2, ...), and the
achievement of WEFE goals per policy package.

Recommended Goals
Water Energy Food Ecosystems Policy Achievement Policy Packages (Policy Instruments)
Packages Level
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m [‘...s:&.s]m [...u]m T
2
El- 5 - EEeR

Stakeholders iteratively review analyses (goal

performance, nexus footprint), explore results

of alternative policy packages, and decide on

policy packages to adopt for implementation
based on various criteria.
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Figure 3.{ I YLX S L2t A0& LI O1F3S NBO2YYSYyRI (A Patkages Npolcy ibseruments hat ar @cohnehd2d/to HestzLJLI2 N
achieve the prioritise Policy Goals #1, 6, 8, 10, 12 anth&&isualised in the NExus Policy Assessment Tool, Eurecat 2025).
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