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Reto 1-2. Realidad climatica — Conflictos por los recursos
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Existe una realidad climatica que esta
provocando una emergencia social.

1st Mediterranean Assessment Report (MAR1) published by MedECC
° o
The Mediterranean Basin:

main drivers of environmental change

El clima presenta
incertidumbre
temporal y espacial
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planetary boundaries are transgressed,

PLANETARY LIMITS

indicating that Earth is beyond the assessed ~ '
safe operating space for humanity.

Richardson et al. (2023)

’
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WATER SCARCITY

WATER SECURITY AND BIODIVERSITY

~80%

65%

of the global population is exposed to high threat
to human water security; habitats associated with
65% of continental discharge are moderately to

highly threatened.
Vorosmarty et al. (2010)

>
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4.0 billion

0.5 billion

people experience severe water scarcity
at least 1 month per year; around 0.5 billion
face it year-round.

Mekonnen & Hoekstra (2016)

FOOD-WATER DEPENDENCE

>70% A
=,

of global freshwater withdrawals are used ™=, =

by agriculture, highlighting the central role 4 6

of food production in water demand.

FAO (2025)

< |

Resource pressures are interconnected: water scarcity, food production, energy demand and ecosystem integrity
cannot be assessed independently.

Selected data sources: Richardst

et al. (2023); Mek

& Hoekstra (2016); Vorosmarty et al. (2010): FAO (2025).

La realidad climatica conduce a una menor productividad agricola, tanto en cantidad

como en la calidad organoléptica de los productos.




Understanding Complexity Before Building Capacity

“We can never fully understand our world, not in the way our reductionistic

: ”
science has led us to expeCt' — Donella Meadows, Dancing with Systems (2001)

'\‘A;

ecosystem

resources
water, land (soil), energy,
nutrients, biodiversity,
ocean and coastal zones

ECUR Before developing capacity, we need to
/ 1
Z o (=)

understand complexity of the systems
Reliable, affordable

s o energy o o in which people make decisions.
A

Sustainable, nutritious
and sufficient food for all

impact:
water stress, pollution,
land degradation, GHG
emissions, biodiversity
loss, deforestation, ...

services:

waterretention and g 9 Water, energy, food and ecosystems
self-purification, prevention

b btk oy cannot be understood in isolation.
Their interactions involve multiple sectors,

regulation, ...
i scales, actors and competing objectives.
SECURITY

Cofmtar g spiincn / 9 The challenge is therefore not to simplify
s ke | gy Sl | gy, Mt (O) complexity away, but to make it
understandable.

Water-Energy-Food-Environment (WEFE) Nexus
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Beyond the Fear: Al as a Tool for Understanding and Learning

Al can help us connect data, knowledge and stakeholder perspectives,
making complex interactions visible and turning them into shared learning.

This allows capacity development to move beyond training individuals —to spreading
understanding across sectors, institutions and communities.

ROBOT )
GlG'IP'RISING'

Al can help us make

complexity understandable —
and learning scalable.

The challenge is not to ignore the fears surrounding
Al, but to move from fear to responsible use —
using Al to understand complexity, support collective
learning and strengthen decision-making.




XXVIICODIA
Zaragoza
Espaia
14-16.55,

Reto 3. IA de caja negra

Why avoid Black-Box Al?

Black-Box Al (opaque, non-transparent) Participatory & Explainable Al

e ] N L
S = , | , @. s -0)-
m a [V 7Y ¥ T =2
Data inputs Black-Box Al Decisions / outputs Stakeholders Transparent model Insights for
(e.g. environmental, (internal logic (e.g. policy options, and dialogue and explanations decisions
social, economic data) not visible) resource allocation) (diverse know!edge (mterpretabl_e, . (mo‘re robust,‘
and perspectives) traceable logic) inclusive and fair)
When Al remains a black bc?x. stakeholders may struggle Transparency supports trust, learning and
to understand, trust or replicate its recommendations. responsible decision-making.
Las decisiones las toma un sistema Human-supervised Al
de IA supervisado por
personas con la aprobacion del
operador
o

BARCELONATECH unesco

UNESCO Chair on Sustainability
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Ensuring fair WEFE NEXUS transition for Climate Change
Adaptation and Sustainable Development implementation,
based on coupled Nature-based Systems and Bioeconomy

s IN THE MEDITERRANEAN AREA -

Desplegar soluciones
innovadoras a pequeia
escala como
demostradores de
sistemas socioecoldgicos
y técnicos (SET) basadas
en:

1. Soluciones de
bioeconomia (BES)

2. Soluciones basadas en
la naturaleza (NbS)

para el NEXO WEFE, y
evaluar su productividad y
valor para la comunidad
local.
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0 Identify & Qualify e Test on 9 Process Information, O Strengthen Institutional
Practical Solutions Demonstration Sites Model Scenarios & Simulation Deployment of Capacities
Participatory co-design and Field implementation, monitoring Integrate empirical data, explicit Methodologies and guidelines,
screening of candidate solutions and empirical characterisation assumptions and formal modelling knowledge sharing and support
(NbS, bioeconomy and technological e — Codarnia for WEFE scenario.analysis to regional dialogue
options) (Spain)

a Transferable methodologies
and guidelines

Capacity strengthening
and training

O 066

Nature-based Bioeconomy Technological Management

Agios Fokas
> (Greece)

Tinos Ecolodge

solutions solutions solutions options (Greece)
Knowledge sharing
INRA Menzeh and regional dialogue
8 (Tunisia)
| Bir Ami , , gl S
(Tunisia) fssinptions) | [NTFOTION | | Siulation), , [CS0 o E“" >
Document > model(SDL) ~  (SDLPS) | analysis L 7 =
(ADoc) | | (NECADA) S ‘
Cauca ‘
Stakeholder engagement, expert (Colombia) WEFE interactions - scenario exploration -

knowledge and multi-criteria screening intervention assessment - multi-criteria analysis

\ Iterative process /

Stakeholder review - model refinement - additional data - updated scenarios

APPLICATION TO SUPPORT REGIONAL CLIMATE RESILIENCE AND SUSTAINABLE WEFE MANAGEMENT



MARCO PARA ESCALAR SOLUCIONES PRACTICAS

Macro Context

Environmental

Governance @ Social

Circularity Economic

Mediterranean/MENA
From Macro

to Micro

LO

Qualify SETSs via holistic Resilience,
Vulnerability, and Risk Assessment.

EN CONDICIONES DE EMERGENCIA CLIMATICA EXTREMA Y ESCASEZ DE AGUA

r N
The Al-Driven Resolution Engine

Data Inputs

( Databases) OOT Sensors) C Literature)

Al Application Core

Data Analysis &
Predictive Modelling

3. Waste
Management
(Circular Bioeconomy:
Added Value Chain
Products)

1. Water
Management

2. Energy
Efficiency

Demonstrating, validating, and quantifying the

performance of alternative bioeconomy practices.

Reto 4. De la teoria del WEFE Nexus a la Accion

—{.

Micro Execution

Wastewater
Treatment

Smart Agrovoltaics
Irrigation

DS1 DS3

0%°%
——

Water
Harvesting

Desalination

DS1

o®
30

Ecotourism  Technologies for

Energy Recovery
ConpDS DS3 DS4

Agroforestry
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g Decision Key question(s)
question to be addressed

~ =) Relevant ~ Stakeholders,

Participatory > @@ acors sl

problem formulation
. s ~
Dialogue between L Spatial Geographic area T E—
stakeholders and experts 9 boundaries and scale Model scope Integrated
to l:i.eﬁ?e the dgcl:sionlconte)t(;, Variables and WEF](':,:‘;X“S Decision
objectives and key elemen Temporal  Time horizon relationships included mode outputs
of the problem. = boundaries and resolution _\ because theyp:re relevant tp

to the problem
formulation and

Water, energy, 3 PR
:‘eﬁ:ge food, ecosystems Scope definition intended decision /“/
and related services % and relevance outputs. 2 l I
screening i
e.g. demand, V) e—
Pressures  pollution, land use ——» V —
change, climate risks a ; V —
Representation of
\ o ‘ key WEFE system di
Candidate  Options and ) components and Indicators,
interventions management strategi 4 their interactions el
o ; trade-offs,
M a r C O e I A > = 7 (equations and h
d i H software selected recosla'nfleng::dr:;;)n&
e.g. demographic, Y X oa T ot AR L LY Y :
= - = Exﬁt::::l economic, policy, - : subsequenty).
P articl P ativa climte cange Onlyreationships ;
dim.p.o rtantforthe 1 Notincluded just |
Baseline / current eciion purposedre. usedataare !
SURENEXUS e Sy | SRS | e
0 alternative futures others may be simplified. 1 [
,  Data availability alone |
. does not determine
Legal, institutional, 3 ,
para la L () oo SRR
and practical limits =~ Semmmeemmmeeoo - ;
evaluacion
1. Participatory problem formulation ; 2. Define model scope 3. Build model and generate outputs
W E F E Define the decision context and key elements to be represented Filter and select what to represent Use the defined scope to develop the model !
and inform decisions



THE Al WEFE NEXUS: CO-DESIGNING THE ASSUMPTIONS DOCUMENT (ADoc)

~——— CO-PRODUCED STAKEHOLDER KNOWLEDGE & BOUNDARY CONDITIONS

SHIFT FROM
TRADITIONAL
MODELING

Transparent, Traceable, Accountable,
Democratically Legitimate

SDL: Specification and Description Language

Enfoque transdisciplinar para elaborar el
documento de supuestos (ADoc) del modelo y
un gemelo digital grafico en SDL que
representa visualmente el sistemareal y
fomenta el trabajo en equipo.

SDL-BASED EXECUTABLE
CONCEPTUAL MODEL Transdisciplinary SIMULATION MODEL
> < Process (SDLPS)
SDL
—— 9,%4 Transform
Gemelo digital ,@ complexity
ASSUMPTIONS NV
DO(CUME)NT "
ADoc
B — SDL
B> Date ) Shgred UndBergtanding, SoAclie Q’
t avior, idati
g st

i
XXVIICODIA
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@ Transparent

0 Explainable

L
a Actionable

Better decisions

/|\
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Marco participativo SURENEXUS para la evaluacion WEFE Q

934 =

Total Participants

22 &

Participatory Workshops

Acceleration of the
Participatory Process

2025
11 workshops | 571 participants

Focus: International conferences,
demo-site activities, and
stakeholder consolidation.

2024

5 workshops | 210 participants

Focus: Policy dialogue,
permaculture, and sector

7@

Countries

Global Footprint &
Local Context

Morocco 6 workshops ¥4

Tunisia 74
Spain 43

2023-2025

Engagement Horizon

Three-Pillar
Strategic Framework

5_3@ Capacity Building
! Training on WEFE nexus modelling,

Al courses.

On-the-Ground Action
Regional workshops across demo-

gg sites, sector-focused workshops in
#7a citrus and olive oil, site visits,
permaculture workshops, and
agrivoltaics platform sessions.

engagement. . .
2023 online ¥ 39 Stljate'glc A||gnmen.t
6 workshops | 153 participants Rome Swinmit % Policy dialogue, international
M : : conferences, and executive
Focus: Training, Al introduction, Italy I 20 Host Context Sl meetinx : uti
and regional co-design. gs.



Riego subsuperficial de olivares alimentado con energia solar

Innovacion
tunecina

Patentada




SET 6 (Comp DS) — Riego subterraneo | Tunez (zonas desérticas)

Riego subsuperficial de olivares alimentado con energia solar

Subsurface irrigation used ~83-85% less water,
while production decreased only 12.8%, resulting in 5.7 x higher water productivity.

Surface Drip Irrigation

(reference)

LN /N 83% less water (model) ~84% Higher water use
C ‘/\-f' ‘/~_'\’ s 84.6% less water (observed) less ‘ ‘ ‘ ‘ ‘ ‘ (reference)

Olive 11.34 * 0.46 kg tree™! 12.8% Olive 13.00 * 0.94 kg tree!

production n = 25 trees lower production n = 32 trees

Water 1.98 kg m3 t ~5.7-fold Water 0.35kg m™3

productivity increase .' productivity  gumm

Surface Drip Change

Oil quality ~ Freeacidity 0.60% 0.30% § -50.0% 105
S Peroxide index 11 meq kg™ Tmeqkg? & -36.4% 3
indicators i
Polyphenols 180 mg kg 280 mgkg? @ +55.6% o8
Fruity sensory score  4/10 7/10 4+ +75.0% Surface Drip (mean S1-53) =
(9]
change M
Soil ecosystem ~ Organic matter 0.8% 1.3% + +62.5% >
indicators Enzymatic activity 12pgTPFgid? 3.6 ugTPFgd?! 4 +200%
Soil electrical conductivity 2.8 dS m™ 1.9dSm™ § -32.1% 0.4
Water retention 15% 20% £ +333%

Subsurface

o ©
o N
Normalised score (0

Water Energy Food production Food quality Ecosystem / soil

MCDA y deltaheatmap para seleccionar intervenciones



on de variedades

lar y optimizaci

Ve

, energia so

tricos de precision digital con acolchado

z

C

—




Ci>5u R E SET 4 (DS3) — Optimizacion del riego de cultivos | Kenitra (Marruecos)

Citricos de precision digital con acolchado, energia solar y optimizacion de variedades

Agua ahorrada
El modelo Al WEFE Nexus se utiliza para Escenario GIR VS

. mm/ano
modelizar la ( ) suelo desnudo

e  reso ’ la y los Mulching fuerte (0.7) 282 .3
indicadores de eficiencia derivados para cada _
combinacion de variedad y factor de acolchado. ~ Mulching moderado (0.8) 322.6 35%

Mulching débil (0.9) 362.9 27%

Oranges (Shamssia) - GIR mulching vs bare soil Suelo desnudo (10) 4965

L ==~ '

25} =4l—l—\_lé“““_
— L

2.0 :
» i Modelo de
| 1 evapotranspiracion
| :' FAO Penman-Monteith
1
0.8 v
0 50 100 150 200 250 300 350

Time step (days)

— Shamssia - Strong Mulch (MF=0.7) —— Shamssia - Weak Mulch (MF=0.9)
Shamssia - Moderate Mulch (MF=0.8) === Shamssia - Bare Sail (MF=1.0)




CO, (-72%) 5681 kg/afio EVITADOS

[—
S22 Yo Nam e
! - \ ““
— - S

NOX (-65%) 5.16 kg/afio EVITADOS L’?E@

CH4 (-95%) 1965 kg/afio EVITADOS

- 80% GEI

- 70%
contaminantes

-90% (&

N, 3% de los
53880 kWh/afio ' B S = = residuos de
1) DBO (-95%) — 4242 kg/afio
SDT (-15%) — 157524 kg/afio corcho ~d €
N total — 50 kg/afio Cataluna
N-NO3 - 0 kg/afno reciclados

Metalaxil (-85%) — 2612 kg/afo
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MCDA y mapas de calor para
seleccionar intervenciones

Aerated cork
Aerated gravel
Non-aerated cork
Non-aerated gravel

SET 1 (DS1A) — Depuracion y reuso de aguas | Codorniu (Espaiia)

Reulso de agua con nitratos en humedales de flujo vertical con corcho

Analisis de trade-offs Al WEFE Nexus

S1 Aerated Cork (Solar)

S4 Non-aerated Gravel (Solar)

S3 Non-aerated Cork (Solar)

S8 Non-aerated Gravel (Grid)

S5 Aerated Cork (Grid)

S7 Non-aerated Cork (Grid)

S2 Aerated Gravel (Solar)

S6 Aerated Gravel (Grid)

1.0

0.8

- 0.6

- 0.4

>

S

0.2

0.0

Normalised score (0 = worst, 1 = best)



Apoyo a la decision

Los sistemas expertos de apoyo a la decision basados
en |A ofrecen herramientas para gestionar las
demandas en competencia del Nexo WEFE

Optimizaciéon multiobjetivo

Identificar estrategias que equilibren las compensaciones
entre sectores, como las necesidades de riego frente a la
generacion hidroeléctrica.

Recomendacion de soluciones y practicas
Orientar a los actores hacia estrategias cooperativas con

beneficios mutuos, a partir de datos historicos y
simulaciones.

Deteccion de practicas insostenibles

|dentifica anomalias en los patrones de uso, como la
sobreexplotacion de acuiferos compartidos entre paises.

WEFE NEXUS METRICS ¢
COMPARISON =

Baseline WWTP Aerated Wetland

Non-Aerated Wetland

A comparative
analysis of stewat Passive, nature-based
NWERGUEIC e treatment system

treatment

technologies
based on the
WEFE Nexus.

Enhanced treatment with
mechanical aeration.

Medium Impact

High Impact Low Impact

Water Usage 0

Energy Consumption

Plant Production

Improvement

Ecosystem 0

Pollution Removal

GHG Reduction

Overall Sustainability



Modelizacion predictivay analisis de escenarios o=

Los modelos de IA ayudan a entender las

complejas interdependencias entre agua, energia,

alimentos y ecosistemas (Nexo WEFE)

Simulacidon de escenarios

Anticipa los efectos de cambios en la asignacion de agua, en los
rendimientos agricolas o en la producciéon de energia bajo
distintas condiciones climaticas o politicas.

Optimizacion de recursos

|dentificar estrategias Optimas para una asignacion y una
gestion sostenibles.

Evaluacion de impactos

Evalta los impactos ambientales y socioeconémicos de
cualquier proyecto.

Facilitacion del dialogo 3
Proporciona una base objetiva para el didlogo sobre las
compensaciones compartidas entre paises, facilitando la toma de

decisiones colaborativa

14-165,

Al WEFE Nexus Tool

Analyze the complex interdependencies of Water, Energy, Food,
and Environment with our advanced AI platform.

1009% Traceable  Fully Auditable

1 Comprehensive Data Integration 2 Predictive Analytics
iz Al jeds it ety
Integrate diverse datasats to get a holistic ¥ﬂ1 - _:n“ o7 thOI‘l ' m:cdc':c??r?dlé
view of the WEFE nexus in your regian, and eavonmental s e
3 Scenario Modeling 4 Resource Optimization

Identify optimal strategies for sustainabla
rescurce allocation and management.

Simulate the offects of different
policies and decisions before
implementation.

5 Impact Assessment

Evaluate the environmental snd socio-
acanomic Impacts of your projacts
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(C)/) Al is not a substitute for governance. It becomes valuable when institutions
and stakeholders have the capacity to understand, use and govern it.

Qm O - O ..,

°@ © @ iz a0
7O o= (0 =@ ey N

Policy barriers _) Partlc!patory & _) Capacity _) Better _> Replication &
explainable Al development governance .
scaling
fragmented rules, transparent models, skills, institutions, transparency, cross-sector uptake
limited coordination, evidence, shared stakeholder accountability, o
; ; % and transferability
low trust understanding engagement adaptive decisions
a Technical capacity . Institutional capacity e®e Social capacity
il
® |[nterpret Al outputs O — ® Coordinate across sectors ..‘ ® Build trust and participation
® Use data and tools ® Embed Al in governance processes ® Enable co-learning
® Support evidence-based decisions @ Adapt policies over time @ Strengthen legitimacy and ownership

Capacity development is the bridge that turns Al-enabled transparency into

effective governance and lonag-term replication.



Reto 7. Del Desarrollo de capacidades
Escalamiento

a la Replicacion

South America

El Nifio stress and water-management adaptations
in cacao and strawberry production: An Al-enabled Water—
Food Nexus assessment in the Tropical Andes

Olga Lucia Sanchez Santander?*, Joan Garcia Subiranab, Jose Luis Pérez®, Robert Savéd,
Pau Fonseca i Casasb, Guillermo Velasco<, Jordi Moraté i Farrerasa

a UNESCO Chair on S inability, Universitat Politécnica de C ya, C/ Colom 1, TR1, EET, 08222 Terrassa, Spain
b Statistics and Operations Research Department, Universitat Politécnica de Catalunya, 08034 Barcelona, Spain
¢ Fundacién Mundo Mujer, Popayén, Cauca, Colombia
“Institut de Recerca i Tecnologia Agroalimentaries (IRTA), Torre Marimon, C-59, km 12.1, 08140 Caldes de Montbui, Barcelona, Spain

S0 — Baseline

2025 reference year

§+2 — Strong El Nifio

Syninetic climate-stress scenario
‘ _ ‘
~ -

Emm Strawberry 13

S+4 — Extra-strong El Nifio

‘Strass-test scenaric

60 1

W Strawberry 50

Emm Cacao

52.2 52.2

501

40 1

301

-39.2 pp
(-75%)
13.0

-39.2 pp
(-75%)
13.0

201

Annual GIR reduction (%)

10

50-2025 S+2 S+4

IWRA ONLINE MASTER CLASS

Responsible Al for Water Resilience
and WEFE Nexus Capacity Development

A practice-oriented programme connecting responsible Al, WEFE Nexus assessment and water policy.

2 0

14 h

~2

working weeks

&t

PROGRAMME AT A GLANCE

£ 0

total contact time

Se
be.

8

live sessions

Online

live + recorded

1h 3x2h o 3x2h
\ ay o (]
Public lecture Workshop 1 Workshop 2 Wrap-up &
Responsible Al for WEFE . s
MextisiAssessment Al for Water Policy synthesis

Why responsible Al matters for
water resilience and the WEFE
Nexus.

Frame decisions, build scenarios,
interpret MCDA/KPIs and apply
responsible-Al safeguards.

Translate Al-supported evidence
into transparent policy, governance
and investment pathways.

OPEN TO ALL IWRA MEMBERS

LEARNING
PATHWAY

6 HOURS - HANDS-ON 6 HOURS - CASE-BASED

WEFE framing Al-supported scenarios Decision support Policy action

FULL FACULTY

Cross-cutting Q&A, consolidation,
certificates and next steps.

IWRA certificate of completion
, SURENEXUS cases & tools
-

AIWARE: Driving Responsible Al for Water Resilience & WEFE Nexus Capacity Development

UN-Water SDG 6 CDI Pilot

18w 90-120 75

Sep 2026 - Feb 2028 Online + In-country activities

Mediterranean
Pilot Basins

A method-neutral capacity package

2-3

Scenarios &

Institutionalisation

Notes

Delivered at the ministerial / basin-authority level

The Mediterranean Pilot Basins Matrix

Spain (Jucar River Basin)
Irrigation, reuse and drought resilience.

Tunisia (Oued Souhil / Nabeul-Hammamet)
Wastewater reuse and aquifer recharge.
Focus: Al-supported scenarios for irrigation

modernisation, wastewater reuse, and energy in
water services under drought conditions.

Focus: Advanced tertiary treatment using
constructed wetlands and biochar, with reuse and
managed aquifer recharge potential.

Lead Anchors: MITECO, Confederacion Hidrografica

Lead Anchors: ISSBAT, University of Tunis El Manar,
del Jucar (CHJ), UPV, and UNESCO Chair UPC.

with relevant UN-Water members.

The CDI Country Workflow Pipeline

Focus: Al-supported scenarios for
hydropower-irrigation—environment trade-offs,
ecosystem services, and tourism-linked water demand.

Albania (Drin / Vjosa / Lake Ohrid)
Transboundary cooperation and trade-offs.

Lead Anchors: AMBU and Ministry of Environment,
with UNECE for transboundary cooperation.

Capacity-Needs

Data Readiness Scenario In-Country

Diagnostic & Governance Co-Design Mission
Identifying specific Assessing ADoc, core Developing 2-3 targeted Executing the NECADA
IWRM and WEFE gaps. assumptions, and data scenarios supported by clinic and facilitating
governance. MCDA and KPI dashboards. stakeholder dialogue.

N

Policy
Uptake
Final institutionalisation
and integration into the
CDl repository.




Zaragoza
Mas informacion sobre el modelo SureNexus en SDLPS: Espafia
https://sdlps.com/Experiments/ModelDocsPng/3039
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Informacion general sobre NECADA DT: https://necada.com
Necada DT: https://necada.com/home/dashboard
Contacto: jordi.morato@upc.edu ; pau.fonseca@upc.edu (INLAB_FIB)

Mas informacion sobre el simulador SDLPS: https://sdlps.com ,‘ XXVIICODIA
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