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WATER STRESS IN THE MEDITERRANEAN REGION



THE MEDITERRANEAN CLIMATE CHANGE HOTSPOT

Mediterranean PR change against mean 30o N-45o N latitudinal belt future climatology. Baseline period: 1986-2005
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• Moderate annual warming
• Strong increase of summer temperature

source: Cos et al. (2021), Earth System Dynamics Discussion
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THE MEDITERRANEAN CLIMATE CHANGE HOTSPOT

• Strong winter precipitation decline in Southern MED region
• Strong summer precipitation decline in Northern MED region

source: Cos et al. (2021), Earth System Dynamics Discussion



How can we produce more food with with less water, land, 
and energy? 
How can we balance the interconnected dimensions of the 
water-energy-food-ecosystem Nexus?

AWESOME
WATER-ECOSYSTEM-FOOD



AWESOME MAIN OBJECTIVES

• Develop an integrated decision-analytic
platform for assessing WEF planning 
portfolios

• better understanding multi-sectoral WEF 
tradeoffs

• exploring feedbacks across a hierarchy of 
spatial scales
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evaluation. To anchor the research in a real-world context providing a basis for stakeholders’ 
engagement and opportunities for co-creation and co-learning, AWESOME will be demonstrated by 
using the WEF platform in Egypt (see box), which represents one of the most complex WEF 
management contexts in the southern Mediterranean, though the portability to other regions and the 
uspcaling to the whole Mediterranean area will be exstensively explored. 

 
Figure 1: The AWESOME multi-level WEF platform. 

AWESOME CASE STUDY 
Egypt is located in the northeast corner of the African continent; it has a total area of about 1 million 
km² and a population of about 83,4 million inhabitants. The country consists mostly of desert land, 
with only 4 percent of the total area that is currently cultivated. This is mostly located along the Nile 
River, which supports irrigation supply as irrigated agriculture accounts for 98% of the cultivated 
area. Agriculture covers about the 14% of national GDP and plays an important role as sustenance 
farming. Over the past decade, food security and nutrition trends in Egypt declined due to climate 
and political drivers. Water shortage is today one of the primary issues, with climate change and 
demographic growth expected to further negatively impact on national food security. In this context, 
AWESOME will explore the diffusion of innovative technological solutions for increasing 
agricultural productions, while reducing water and energy consumption as well as negative impacts 
on ecosystem services. These solutions include soilless agriculture (hydroponics), aquaculture, 
and/or the integration of soilless agriculture and aquaculture (aquaponics), potentially supported by 
solar energy and desalination plants, and will be demonstrated by means of a micro-scale pilot at the 
farm level and then upscaled by the WEF platform at the river basin scale, also accounting for 
international processes and policies at the Mediterranean scale, to assess their potential as a low cost 
solution with minimal impacts on ecosystem services. A portability analysis will eventually look at 
pros and cons of adopting these technologies in other Mediterranean countries.  
Hydroponics is the practice of growing plants without soil. Plants don’t need soil, but they do need 
the vitamins and minerals along with light, water, carbon dioxide and oxygen at the root zone. In 
hydroponics, plants are grown in an inert medium and are fed by a solution containing a perfected 
mix of primary, secondary and micro-nutrients 5 . Almost any kind of plant can be grown 
hydroponically, including veggies, herbs, fruits and flowers. Hydroponics provides several 
advantages over soil growing: plants can be grown year-round since climate conditions can be 
controlled in a greenhouse; plants can be grown closer as roots are less developed since they do not 
need to reach for nutrients; yields increases as plants grow in favorable controlled conditions 
including availability of water and nutrients. Aquaponics is a system of aquaculture combined with 

                                                             
5 El-Kazzaz, K. A., & El-Kazzaz, A. (2017). Soilless agriculture a new and advanced method for agriculture development: 
an introduction. Agricultural Research & technology, 3(2), 001-010. 
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MACRO LEVEL
Generating future population, food, energy and water 
scenarios and regional policies to the meso scale

MESO LEVEL
Exploring integration and upscaling of smart food
technologies in river basin management

MICRO LEVEL
Exploring effectivness of alternative smart food production 
options

A MULTI-LEVEL INTEGRATED WEF MODEL



A MULTI-LEVEL INTEGRATED WEF MODEL

MACRO LEVEL

Generating future population, 
food, energy and water 
scenarios and regional policies
to the meso scale

source: Malek and Verbug (2017), Landscape and 
Urban Planning



CLIMATE & SOCIO-ECONOMIC SCENARIOS

source: Rihai et al. (2016), Global Environmental Change



AWESOME WP3 structure - overview

Integrated scenario analyses according to: 
Economic, environmental, food security indicators

Policy analysis

x Updated IO-data
x Dynamic model
x Detailed water sector
x Detailed energy  

sector

x Energy
x Water
x Climate
x Uncertainty

Computable 
General 

Equilibrium 
model (CGE)

Integrated 
Assessment 
Model (IAM)

2050 Future 
water system

2050 Future 
equilibrium

Water mix

Demand

Pre-kick-off Meeting, 
in the air, 22 May 2020

Base year 2015 Base year 2015

ARTICLES NATURE GEOSCIENCE

climate conditions. Relatedly, crop replacement did not adversely 
affect the indicators of resilience that we consider in the current 
system as our replacement criteria explicitly required crop diver-
sity to be maintained. This is in contrast to yield gap closure and 
other methods of agricultural intensification which — by promot-
ing maximized production and transitions toward monoculture — 
may eliminate redundancy and diversity within agroecosystems33 
and render agriculture more vulnerable to droughts, pests and other 
shocks.

The water savings and production increases from redistributing 
crops are also substantial compared with other solutions that have 
recently been presented in the literature (Table!1). With more than a 
than doubling in irrigation water demand required to close the crop 
yield gap under current technologies7, a suite of solutions (and their 
cumulative water savings and food supply increases) will be nec-
essary to achieve sustainable agricultural pathways with the water 
resources that are available for agricultural uses. Of course, there 
are probably cultural barriers and dietary preferences that may limit 
the application of this strategy in certain ways — considerations that 
may be better accommodated in future analyses by constraining the 
production quantities of each crop. This approach would also need 
to account for the complete set of accompanying economic and 
environmental costs as well as unique factors local to the place of 

its implementation (for example, the potential for multiple harvests 
per year5). As such, the spatial and temporal resolution utilized in 
this study is not suitable to make fine-scale assessments, as detailed 
crop data are essential to ensure reliable recommendations for crop 
replacements at the local scale. Nonetheless, the apparent benefits 
of crop replacement make it a viable potential strategy for the sus-
tainable intensification of agriculture and offer an alternative to the 
large investments — and subsequent transition from smallholder 
farming to commercial agriculture — that are often deemed req-
uisite to close the technology and yield gaps of many developing 
nations. In this context, we also stress that the crop replacement cri-
teria used in this study prevent losses in crop diversity, losses in feed 
availability and nutrient supply or major depletion of soil nutrients. 
Therefore, by and large this analysis does not replace a heteroge-
neous agricultural landscape with monoculture, a transition that 
would raise concerns for the potential losses of resistance to pests 
and climate extremes, and possible impacts on rural livelihoods33.

Holistic solutions for a sustainable food system
It is clear from the results presented here that only by consider-
ing nutrition and natural resources together is it possible to for-
mulate truly sustainable solutions for the global food system. The 
approach utilized in this study also offers many potential avenues 
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Fig. 3 | Spatial distribution of increases in calorie and protein production from crop redistribution. Maps in the left-hand column show the current 
distribution of calorie and protein production from major food crops on rainfed and irrigated areas. Maps in the right-hand column show the increase in 
nutrient production as a result of crop redistribution relative to current levels.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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A MULTI-LEVEL INTEGRATED WEF MODEL

MESO LEVEL

Exploring integration and upscaling of smart
food technologies in river basin management



WEF PLANNING PORTFOLIOS

Regional Water, 
Energy, Food
demands

LOCAL SCALE:
Detailed
characterization
of smart food
production 
systems



A MULTI-LEVEL INTEGRATED WEF MODEL

MICRO LEVEL

Exploring effectivness of alternative smart food production options

AquaponicsHydroponics Aquaculture



AQUAPONICS

The idea of integrating fish and plant cultivation originated ~2000 years ago in China

Modern systems were designed in the ‘70s combining lettuce and tomatoes with Tilapia
and Cyprinus

2.1. Main Characteristics and Design

specific crop.
With this technique, the contact between roots of plants and the nutrient solu-
tion is maximized, making the absorption of nutrients more efficient (Maucieri
et al., 2018).
DWC is generally applied to grow both green leafy and fruit vegetables (Ad-
hikari et al., 2020). The material of the containers must be inert and strong. Usu-
ally, in a small-scale system plastic or fiberglass are used, while in large-scale
systems it is preferred to adopt wood lengths or waterproof concrete blocks.
Water flows by gravity through a mechanical filter and biofilter before going
from the fish tank to the hydroponic section, where it is then pumped back to
the fish tank (Figure 2.6). In this way, the water entering in the tank causes an
overflow, triggering the loop start again.

Figure 2.6: Deep Water Culture technique DWC also called Floating Raft Technique FRT (Adhikari
et al., 2020).

The water retention time in a canal is estimated around 1-4 hours, meaning the
time it takes to replace all water it contains. During this time the large amount
of nutrients must guarantee nourishment for the plants. The width of the canals
has an effect on the roots capability to capture nutrients: the narrower and
longer they are, the higher the water speed will be. The recommended width
is thus around 30 cm, to guarantee the optimal environment for roots.
The number and density of holes on polystyrene plates depends on the type of
plants cropped and their size. Usually, it is better to begin putting the seedlings
in soil blocks or in soil-less medium to let they be grown enough to be trans-
ferred in net cups filled by volcanic gravel or rockwool.
Compared to MBT, DWC overcomes the problem of reduction of fish biomass
or pump malfunction in case of electricity interruption, because plants are able
to survive up to two weeks without the flow of water in entry (Yep and Zheng,

21

COST & BENEFITS:
Investments costs = 72,222 $/acre
Operational costs = 11,900 $/acre/y

1° year profit = 275,878 $/acre
Following years profit = 348,100 $/y

source: Adhikari et al. (2020), SN Applied Sciences source: El-Essawy et al. (2019), Environmental
Science and Pollution



DEMO SITE IN EGYPT

Tunnel greenhouse of the 
AWESOME lab scale facility 
with a shading cloth for 
protection against radiation 
and heat

DWC subsystem in the AWESOME 
hydroponics lab scale facility

Deep Water Culture (DWC) 



STAKEHOLDERS ENGAGEMENT & POLICY OUTREACH

AWESOME website: 
https://awesome-prima.eu/

Follow us on Twitter 
@AWESOME_PRIMA

https://awesome-prima.eu/
https://twitter.com/AWESOME_PRIMA
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TRADING OFF DECISIONS

Which vehicle would you like to buy?

26

Fiat 500

Porsche Carrera Cabrio 

Harley Davidson

Electric Scooter

Tesla



TRADING OFF DECISIONS
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TRADING OFF DECISIONS
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TRADING OFF DECISIONS
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TRADING OFF DECISIONS
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HOW TO READ “SPAGHETTI PLOTS”
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VERTICAL AXES ARE DESIGN INDICATORS
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DIRECTION OF PREFERENCE UPWARDS
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IDEAL SOLUTION
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CROSSING LINES INDICATE TRADEOFFS
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COLOR INDICATE PERFORMANCE ON ONE KEY INDICATOR
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THE OPERATION OF HIGH ASWAN DAM
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TRADEOFF ANALYSIS AT THE RIVER-BASIN SCALE



Strong conflict between HP production of 
the GERD and of downstream dams

TRADEOFF ANALYSIS AT THE RIVER-BASIN SCALE



Strong conflict between irrigation in Sudan 
with HP production and irrigation in Egypt

TRADEOFF ANALYSIS AT THE RIVER-BASIN SCALE



Other Nexus projects

AWESOME
WATER-ECOSYSTEM-FOOD



A Decision-Analytic Framework to explore the water-energy-food NExus in 
complex and trans-boundary water resources systems of fast growing developing
countries



Innovative tools and solutions for GOverning the water-energy-food-ecosystems
NEXUS under global change
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Climate Resilient-
Regions through 
Systemic Solutions & 
Innovations
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ARSINOE: Building a low-carbon, climate resilient future: Research and 
innovation in support of the European Green Deal (HORIZON 2020)

➢ Shaping the pathways to resilience by bringing together 
Systems Innovation Approach (SIA) and Climate 

Innovation Window (CIW), to build an ecosystem for 
climate change adaptation solutions

➢ The approach is show-cased in nine widely varied 
demonstrators, as a proof-of-concept with regards to its 

applicability, replicability, potential and efficacy.

➢ The consortium consists of 41 partners with the University 
of Thessaly being the project coordinator

➢ Total Budget: 15,000,000 Euros
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01
Adaptation 
to Climate 
Change



Introducing Climate Change & Adaptation

Refers to all approaches taken to 
adjust, prepare for, and 

accommodate new conditions 
that are created by changing 

climates

ADAPTATIONS MAY BE…

ADAPTATION

Cultural and Societal, or financial solutions. For natural-resource 
managers, adaptation  strategies also include actions taken to assist 

natural resources (species, habitats, forest plantations, watersheds, etc.) 
in accommodating new conditions imposed by climate, but also facing 

socio-economic impacts brought about by a worsening climate migration 
crisis

Is complex and interconnected with 
other global challenges such as food 
security, water scarcity, biodiversity 

depletion and environmental 
degradation

CLIMATE CHANGE
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Objectives & 
Concept



Objectives…

✓Objective 1: To facilitate a fundamental transformation of economic, social and financial systems                

✓Objective 2: To support recovery from the COVID-19 crisis and climate resilience through the implementation 

of the EU Next Generation Fund Recovery and Resilience Plans (RRP’s)               

✓Objective 3: To support communities and scientists in efficiently evaluating environmental and economic 

effects of climate change and understanding the impact of possible interventions via Living Labs and 
through advanced social VR experiences and VR workshops                

✓Objective 4: Offer advanced Environmental Intelligence services and tools, through an interactive platform 

allowing multiple stakeholders to collaborate in environmental management and co-derive adaptation 
solutions to strengthen multi-sectoral climate resilience, supported by the Collective Environmental 
Intelligence, Data Hub, and Knowledge Graph              

✓Objective 5: To quantify, model and manage climate risk in a systematic way through resilience analysis 

(that considers natural and built systems and their interactions, thus exploring cascading effects) and is co-
created and co-designed with the stakeholders

✓Objective 6: To facilitate knowledge transfer and exploitation for start-ups and SMEs, trigger industry-

academy-SME collaborations and eventually enable the establishment of a Climate Adaptation innovation 
ecosystem by implementing an Innovation Bazaar Contracting Scheme                 



THREE TIER SOLUTION…

SIA addresses the growing 

complexity, interdependencies 

and interconnectedness of 

modern societies and 

economies, focusing on the 

functions of the cross-sectoral 

system “as a whole” and on the 

variety of actors, instead of 

focusing on specific functions 

or individual/sectorial benefits. 

SIA analyses the challenges, 

recognizes the opportunities 

and designs solutions

SYSTEMS INNOVATION 
APPROACH



Concept…

Collective Environmental Intelligence Data 
Hub & Knowledge Graph

Agent-based Modelling

The Systems Innovation Approach (SIA): 
Co-Creation, CO-Design Stakeholder 
behaviour, policy assessment, and the tree-
tiered engagement process

Multi-System Dynamic Modelling 
Framework for Resilience Assessment and 
Implementation using Distributed 
Simulation



THREE TIER SOLUTION…

CIW is the EU reference 

innovations marketplace for 

climate adaptation 

technologies. Created through 

previous EU-funded project 

BRIGAID to facilitate the 

market exploitation of 

validated solutions by 

interested parties (individuals, 

social groups, regional, 

national and supra-national 

stakeholders, CIW offers tools 

and technologies

CLIMATE INNOVATION 
WINDOW



90%

40%

50%

70%

50%

70%

40%

90%

Concept…

BRIGAID Connect and the Climate Innovation Window

Innovation Bazaar Service Contracts for innovators

ARSINOE Innovation Bazaar Funding Scheme Methodology:



THREE TIER SOLUTION…

ECOSYSTEM FOR CLIMATE 
CHANGE ADAPTATION 

SOLUTIONS
Pathways to solutions are 

co-created and co-designed 

by stakeholders, who can 

then select either existing 

CIW technologies, or 

technologies by new 

providers (or a combination) 

to form an innovation 

package for resilience to 

climate change



Concept…

User-Validated Climate Resilient 
Innovation Packages
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AMBITION

SOCIO-ENVIRONMENTAL 
SYSTEMS PARTICIPATORY 

MODELLING
❖Aiming at providing a novel 

paradigm for modelling socio-

environmental systems in a 

participatory way, considering 

the close collaboration among 

scientists from distant 

disciplines. 

❖Enabling the moving from the 

traditional data world 

perspective towards a 

knowledge world perspective. 

❖Supporting the bridging of the 

gap that arises due to different 

epistemological backgrounds of 

the involved scientists

NATURAL AND SOCIETAL SYSTEMS 
INTERPLAY AND KNOWLEDGE 

GRAPH DEVELOPMENT
❖Aiming at developing a KG targeted to 

tackle environmental problems in a 

holistic way, considering 

representation and fusion of 

information made available for 

scientists of distant disciplines.

❖ Through the development and 

continuous refreshing of the KG, the 

main goal is to bridge epistemologies 

and ontological differences across 

disciplines.

❖ Interlinking of concepts defined in a 

discipline-specific way will enable 

fusion of data that is represented in a 

different way in terms of semantics. 

MULTI-SYSTEM DYNAMIC 
MODELLING FRAMEWORK FOR 

RESILIENCE MANAGEMENT
❖Aiming at further researching in 

hybrid simulation and hybrid 

modelling by developing a multi-

system dynamic modelling 

framework for resilience 

management

❖Exploring the synergies that 

could be realized  through 

“interoperability of 

implementation” and  further 

towards composability of 

conceptualization to enable 

systemic integration.



AMBITION

SYSTEMS INNOVATION APPROACH/BEHAVIORAL 
MODELS/SUSTAINABLE FINANCE & ECONOMIC 

INSTRUMENTS

❖SI will be considered as an interactive process between many 

actors, including companies, universities and research 

institutes. 

❖SI will help to involve continuous feedback loops between 

the different stages of the innovation and knowledge 

produced. 

❖SI approach has considerable appeal for policymakers. The 

concept of a system of innovation brings together in a single 

framework the elements of good practice required to foster 

innovation in the context of climate adaptation.

GOVERNANCE ASSESSMENT TOOL INTEGRATED 
TO SYSTEMS INNOVATION APPROACH

❖The GAT will be integrated to the systems innovation 

approach to provide important information of the 

governance context and its vulnerabilities to face 

environmental challenges.

❖ In return, the SIA will support the identification of 

recommendations to address to stakeholders regarding 

levers and locks of the existing governance to be efficient 

in facing new environmental issues.

❖The integration of the two methods should permit to 

increase the understanding of the role of the governance 

in the process of adaptive capacity co-creation.



04
Case Studies



An 
overview…



CS1: Greening the Athens metropolitan area

Climate change base layer 
and Urban Heat Island  

Biodiversity

Green Infrastructure

Vulnerability Assessment

Youth Assemblies and 
Training for Trainers

Education, Outreach & Innovation 
through Green Cross International

Producing a high-resolution gridded 

dataset for temperatures and 

precipitation – mapping the UHI

Developing a Citizen Observatory, 

building on novel observation 

applications

Mapping urban biodiversity elements and enabling 

the identification of hotspots of Urban Green Spaces

Producing geospatial maps 

depicting the hot spots where 

green infrastructure measures 

will be proposed

Engaging secondary and tertiary education students, 

teachers and municipal employees for the deliberation 

and drafting of local and/or regional Green Deals

Providing the program EarthOdyssey - virtual 

educational experience with virtual 

immersion, art, field trips, modules and videos 



CS2: Mediterranean Ports

Piraeus

Limassol

Valencia

CLIMATE RESILIENCE

PRIMARY PRODUCTION, 
ENVIRONMENT & BIODIVERSITY

Addressing 

infrastructure and 

maritime transportation 

by improving their 

resilience

HEALTH & 
WELL-BEING

Avoiding cascading effects 

of climate change on 

human communities, 

including risk of mortality 

and relocation

Improving transportation related to fisheries and 

aquaculture as well as environment, including 

biodiversity adjacent to seaports



CS3: Main River, Germany

WATER
Focusing on stream and 

groundwater quality and 

quantity, examining 

specifically the impact of 

anthropogenic activities 

such as agriculture, energy 

production, and waste 

management , on the 

hydrogeochemical pathways 

between the terrestrial and 

aquatic environments , on 

land resources competition 

and ecosystem services. 

CLIMATE
In-situ & remote sensing driven and aiming to improve the data availability 

for resilient infrastructure  while supporting environment-aware  decision 

making; hydroclimatic modelling to reveal the dynamics of extreme events

ENVIRONMENT-
BIODIVERSITY

Providing the required 

innovation to build multi-

sectoral resilience and 

adaptive capacity to 

reach the ambitious 

emission reduction 

targets while establishing 

and maintaining water-

energy-food security and 

ecosystem integrity



CS4: Ohrid/Prespa Lakes

Ohrid

Prespa

CLIMATE RESILIENCE

PRIMARY PRODUCTION AND 
TERRESTRIAL BIODIVERSITY

Providing an intelligent 

comprehensive innovation set 

of long-term planning 

solutions, allocation and use 

of sufficient quantity and of 

adequate quality water for all 

users, respecting their 

interests in order to improve 

human health, food 

production, conservation of 

natural environmental 

systems, clean energy 

production and sustainable 

growth of all sectors 

Will be analyzed to propose a new water 

governance management framework, adapted 

to climate change challenges 

WATER
Bridging the gap between social and 

economic aspect facing the climate changes 

impacts on a transboundary surface water 

ecosystem of the two lakes

ENERGY
Clean energy production 

from 5 hydropower 

plants will be included in 

the analysis of optimal 

water allocation and 

climate adapted usage 

and management



CS5: Canary Islands

WATER
PRIMARY PRODUCTION-
ENVIRONMENT-ENERGY

Focusing on the agricultural 

sector and its sustainability 

within the water sector 

(through the water footprint 

and the carbon footprint), to 

positively affect the 

agricultural sector and, 

therefore, the water and 

energy situation of the 

archipelago. Studying the

unknown and unique impact 

of volcanic eruption to 

groundwater (ongoing 

situation)

Focusing on the 

ecological transition and 

vulnerability of aquifers 

in volcanic islands 

putting further efforts to 

the primary production 

including agriculture, 

forestry, fisheries and 

aquaculture, water 

management and clean 

energy infrastructure



CS6: Black Sea

WATER
Following an integrated 

watershed management 

approach –from source to 

open sea- and providing 

climate resilient good 

practices, that will enhance 

the adaptive capacity of 

ecosystems and the local 

communities involved  

ECOSYSTEMS
Proposing to study the whole 

ecosystem in three sub-studies: 

the headwater, the riverine and 

the coastal

CLIMATE
Black Sea is a unique marine ecosystem that may face serious climate 

induced problems exacerbated by anthropogenic influences. The 

watersheds draining into the sea provide nutrients and pollutants 

including plastic litter



CS7: Southern Denmark

CLIMATE CHANGE
To build sustainable resilience 

to both direct and cascading 

impacts of flooding, systemic 

solutions involving different 

scales and socio-economic 

sectors that exploit intelligent 

water management and other 

innovative technologies, nature-

based solutions, governance 

models, and financing 

instruments will be pursued and 

co-designed.

PRIMARY 
PRODUCTION
Identifying pathways for exploiting the potential 

of the urban-rural nexus involving agriculture 

and horticulture in Southern Denmark

FISHERIES &
AQUACULTURE

ECOSYSTEMS-
BIODIVERSITY
Assessing the interplay 

between human activities, 

coastal protection and 

ecosystems preservation

CULTURAL 
HERITAGE/RESIDENTIAL & 

COMMERCIAL 
BUILDINGS/TRANSPORT/WATER 

& SEWAGE INFRASTRUCTURE



CS8: Torbay & Devon County

WATER

HEALTH

ENVIRONMENT-
BIODIVERSITY

INFRASTRUCTURE
Identifying residential 

properties at risk and 

assessing the effects 

of flooding on health

Assessing by looking at the 

effects of flooding on the water 

infrastructure (drinking and 

wastewater)

Assessing by 

investigating the 

effects of flooding 

on the local 

environment

Infrastructure including clean energy and 

transport will be assessed within the case 

study by assessing the effects of flooding on 

critical infrastructure including roads, railways, 

electric gas, water, telecommunications.



CS9: Sardinia
SAVING LAND

WEF NEXUS IN 
AGRICULTURE

Enhancing staple food production 

and yield stability by:

(i) optimizing the use of irrigation 

water in some critical stages of the 

plant growth; (ii) optimizing the 

use of energy required to move 

the water needed for irrigation; (iii) 

creating and sizing above-ground 

water reservoirs to develop an 

irrigation system totally powered 

by autonomous renewable 

resources and with green energy 

storage 

Enhancing crop production in the 

most fertile agricultural areas will 

save land with beneficial effects 

for alternative uses of the soil 

resource

SOIL BIODIVERSITY
The use of new animal by-

products N-fertilizers originating 

from a physical method  will set 

the framework of sustainable and 

circular economy, enhancing the 

soil biodiversity; thus, improving 

the environmental impact of 

agriculture
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Overview of the Action

▪ Start of Action: 22/09/2021

▪ End of Action: 21/09/2025

▪ 48 secondary proposers

▪ 24 COST countries 

▪ 5 International partner countries

▪ 2 Neighbor countries 

▪ 1 European RTD organization 

▪ 1 International organization

14 Early Career Investigators
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Research coordination objectives1/2

▪ Assessment of priority issues that affect 
resource use in multiple ways:  

 Identification of cross-sectoral implications 
of single-sector strategies.

 Promotion of the decoupling of financial 
growth from resource use.

▪ Mapping and analysis of the current 
trends within policy instruments and 
institutional governance architecture in 
its fragmented and sustainability-
challenged form.

▪ Development of informed policy options 
to support sustainability through an 
integrated Nexus approach to impact 
resource-related decision-making.

Geographical Focus Group classification 

Multi-dimensional arrangement of Network 
members ensuring cross-linking and interaction
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Research coordination objectives2/2

Scientific events
o International kick-off Nexus 

Conference
o Cross-Sectoral Workshops
o “Science-meets-Policy” Conference

SCIENCE DISSEMINATION 
KNOWLEDGE CREATION

NEXUSNET

Dissemination-
knowledge creation

o Blog entries
o Living documents
o Social media accounts
o Policy briefs

Publications
o Peer-reviewed scientific journals
o Conference participations
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Capacity building objectives

▪ 2 training schools for young researchers/innovators and policymakers

▪ Mentoring programme matching young researchers and innovators with 
senior mentors

▪ Knowledge transfer through Short Term Scientific Missions (STSMs)

▪ Extensive stakeholder outreach actions

▪ Nexus policy analysis
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Involvement of stakeholders

Political/legislative 
stakeholders

Business/monetary 
and civil society 

stakeholders

Scientific 
stakeholders

o Facilitation of strategic decision 
making 

o Invitation of stakeholders involved 
in the Action’s case studies 

o Engagement of EU policy 
representatives

o Participation of private & public 
companies dealing with WEF 

o Civil society stakeholders will be 
invited to express their concerns 

o Water Europe
o European Energy Network 
o International Renewable Energy Agency 
o European Food Safety Authority 
o Food and Land Use Coalition
o Intergovernmental Panel of Climate Change 
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International participation & specific organizations

Prof. James Pittock, Australian National University (ANU), Director of International Programs for the ANU's UNESCO Chair in 
Water Economics and Transboundary Water Governance.

Prof. Haifeng Jia, Director of the Center for Urban Runoff Control & Stream Restoration, School of Environment at Tsinghua 
University. 

Prof. Jiaguo Qi, Michigan State University in the US, chair of the Steering Committee of the Nexus KAN at Future Earth.

Dr. Senthilmurugan Subbiah, Professor at IIT Guwahati Chemical Engineering Department. 

Prof. Makoto Taniguchi, Deputy Director-General of the Research Institute for Humanity and Nature (RIHN).

Dr. Faten Attig-Bahar, PhD in Engineering, member of the Steering Committee of the 
Nexus KAN at Future Earth and vice president of African Youth Union for Change. 

Prof. Rabi Mohtar, many years of presence in the US academia and a leading figure in the 
Nexus is Professor at the American University of Beirut.
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NEXUSNET links to the SDGs
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Scientific and technological impacts

SCIENTIFIC
Direct impacts: (i) development of common scientific understanding regarding the Nexus & its synergies & trade-offs;
(ii) exchange of scientific knowledge, methodologies, techniques respective to different environments and different
scales; (iii) interdisciplinarity; (iv) promoting holistic methodological frameworks in system analysis that can lead to
more accurate models, forecasting, scenario testing, etc.
Indirect impacts: evolution of the interdisciplinary osmotic procedures into a transdisciplinary scientific field that can
directly guide the transition to sustainable growth.
Resource-Use Efficient & Sustainable Solutions: (i) interaction of involved scientists & their networks through the
transfer & creation of knowledge works (STSMs, co-authorship of papers, etc); (ii) portfolio of diverse case studies; (iii)
career development in academia; (iv) dissemination plan for the scientific community that can adopt the findings of
NEXUSNET towards more holistic approaches.

TECHNOLOGICAL

Direct impacts: (i) development on Nexus semantics integrating existing frameworks; (ii) encouraging the development
of interoperable systems across different fields; (iii) identification of Nexus wise technologies.
Indirect impacts: leading industry to suggest innovations that can reinforce Nexus synergies & decouple Nexus trade-
offs in a common space of interoperable systems.
Resource-Use Efficient & Sustainable Solutions: (i) mapping of existing Nexus semantics & ontologies, suggesting a
commonly accepted framework; (ii) portfolio of diverse case studies; (iii) inventory of Nexus wise technologies.
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Capacity building and societal impacts
CAPACITY BUILDING

Direct impacts: (i) education to students through BsC, MSc & PhD programmes of involved academia; (ii) capacity building to
employees of involved private sector; (iii) mentorship to young professionals; (iv) opening of new career options in a newly
developed field with great potential.
Indirect impacts: development of a new academia-policy-industry ecosystem of common knowledge, vision & perspectives
that can co-operate in favor of the SDGs.
Resource-Use Efficient & Sustainable Solutions: (i) short-term missions & visit lectures; (ii) involvement of relevant young
professionals networks (IYWP, YEPN, MedYWat, IUCN-CEM-YPN, EJWP, etc); (iii) mentoring programme; (iv) training schools;
(v) focus groups within the network; (vi) dissemination plan to all communities.

SOCIETAL
Direct impacts: (i) identification of vulnerabilities in urban, industrial & agricultural sector with negative impacts to societies
& engineering of mitigation action points; (ii) building democratic science; (iii) reinforcing public trust to scientific
knowledge; (iv) encouraging co-creation processes; (v) proving win-win managerial choices regarding efficient use of
resources.
Indirect impacts: well-being & prosperity of societies by promoting win-win practices that lead to sustainability, shortening
the distances between the society and other contradictory stakeholders on a democratic science basis.
Resource-Use Efficient & Sustainable Solutions: (i) heatmaps of societal challenges; (ii) popularization & dissemination of
the scientific knowledge regarding the Nexus issues; (iii) heatmaps of contradictions within the society, policy & science
triangle; (iv) recommendations for co-creation planning where necessary; (v) inventory of win-win practices for
sustainability.
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Economic and political impacts

ECONOMIC

Direct impacts: (i) identification of vulnerabilities in urban, industrial & agricultural sector with negative impacts to economy
and engineering of mitigation action points; (ii) identification of the technological, technical, economic, social innovations
that can bring added value, through the decoupling of the Nexus trade-offs.
Indirect impacts: suggesting innovative technologies, practices & methodologies for the decoupling of resources uses that
can reveal unprecedented economic benefits for public & private sector.
Resource-Use Efficient & Sustainable Solutions: (i) development of economic challenges heatmaps; (ii) inventory of
technical, technological, economic, social innovations.

POLITICAL

Direct impacts: (i) informed recommendations for improved policies regarding resources management & climate action; (ii)
regaining public’s trust to policy makers by providing evidence-based policy recommendations that are disseminated &
popularized to general public.
Indirect impacts: setting the background conditions for successful application of Nexus innovations, through a quintuple
helix innovation system involving academia, private sector, society, culture & policy makers.
Resource-Use Efficient & Sustainable Solutions: (i) policy recommendations brief; (ii) developing dialogue through focus
groups with policy makers.
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Deliverables & milestones

Action website, social media accounts, YouTube channel

Presentations of the Kick-off Meeting  

Presentations and participant list of events, i.e. training schools 

24 blog entries 

4 policy briefs

Reports for each of the 4 Nexus Info Days 

Reports for each of the 3 Mentoring Events 

Reports for each STSM 

12 peer reviewed publications (8 journals, 4 conference proceedings) 

Living documents 

Case Studies portfolio 
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Action structure & Working Groups

4. Outreach

2. Nexus 
applications

6. Stakeholder 
coordination

3. Policy 
measures

1. Monitoring & 
modelling the 
Nexus

5. Organization & 
monitoring of 
events 

Working groups 

Management Committee

Core Group

Working Group Leaders

Task Leaders

Leadership Positions
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Overview of working groups

4. Outreach

2. Nexus 
applications

6. Stakeholder 
coordination

3. Policy 
measures

1. Monitoring & 
modelling the 
Nexus

5. Organization & 
monitoring of 
events 

Assessment of monitoring and 
modelling Nexus techniques →
improvements and state of the art 
approaches → Nexus typology 

Study of Nexus case studies 
→ best practices and Nexus 
solutions → Case studies 
portfolio 

Identification of policy gaps, outdated 
policies → assessment of short and 
long-term Nexus scenarios → Policy 
suggestions based on Nexus best 
practices

Website, social media 
accounts → communication 
and dissemination of Action’s 
results and activities

Organization and monitoring of 
Action’s events → Mobility events 
(STSMs, training schools, workshops) 
+ technical, research, educational 
events 

Stakeholders’ outreach and 
engagement → Involvement of 
stakeholders in events, “Science-
meets-Policy” Conference, regular 
dialogue exchanges with key actors

Science Communication Coordinator

Grant Awarding Coordinator Stakeholder Engagement Coordinator 
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Nexus dissemination bus 
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Time schedule
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Thank you for your attention! 
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Focus of the presentation

• Ambitions of SIM4NEXUS

• How did we read the Call?

• Implementation and outcomes of 
SIM4NEXUS
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Sustainable Integrated Management FOR 
the Nexus of water-land-food-energy-
climate for a resource-efficient Europe

• Target at a resource-efficient Europe

• Nexus-compliant practices regarding 
water-land-food-energy-climate

• Focus on the sustainable & integrated 
management of resources
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The Nexus
• Systematic process to understand 

interlinkages between natural resources 
(i.e. water, energy, food and land) under 
climate change

• Governance process, including attempts 
to seek for cross-sectoral collaboration 
and policy coherence among water, 
energy and food policies
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What is the added value of a Nexus approach? 

• Shift from silo thinking to holistic approach, to help 
understand complex and dynamic interrelationships 
between sectors. Contrary to alternative approaches 
(e.g. IWRM), the Nexus approach does not prioritise 
some sectors

• Assessments in water basins versus administrative 
scales (e.g. region, country, continent)

• Anticipation towards potential trade-offs and 
synergies support the design and prioritise viable 
options across different sectors
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Policy coherence is a quality of policies
and policy making process: Conflicts
between policy objectives and 
instruments are made explicit and 
solved, and synergies exploited within 
and across individual policy areas and 
spatial scales

What is policy coherence?

INTERACTIONS
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Water-land-energy-food-climate nexus ‘nodes’

• Synergy: good practices in water and land 
management (restoration of soils, prevention 
of soil erosion and reforestation, restoration 
of natural courses of rivers and infiltration 
capacity of soils) are 1) nature-based 
solutions to combat flooding and drought; 2) 
synergistic with climate change mitigation 
and adaptation and 3) support agriculture.
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Rationale for SIM4NEXUS

• Improving resource efficiency requires exploitation of 
synergies and mitigation of trade-offs across water, 
energy, food, climate and land. Implementations needs 
the active participation among government, the private 
sector, academia and civil society

• A Serious Game is developed to learn from modelling 
tools, using impact assessment approaches and expert 
knowledge. A user will benefit from the knowledge of 
practitioners who play the game. The games are 
advanced through 12 cases. The case use 
transdisciplinary approaches to adequately address the 
Nexus, driven by stakeholder needs



What can be the role 
of biomass in the 

Dutch transition to a 
low-carbon economy 

by 2050?

Is it possible to enlarge 
energy self-supply, by 
widening the use of 
renewable energy 
sources in Latvia ?

How to achieve both the 
transition to low-carbon 

economy and the 
sustainable management 
of water resources in the 

Rhine region ?

How the governance of 
energy, water and agriculture 

effects sustainable food 
production, the provision of 

water and wastewater 
services and the move to a 

smart and flexible system for 
resource management ?

How can agricultural and 
environmental policies 

be integrated to address 
pressures on land and 

water whilst promoting 
their sustainable use and 
economic development? 

How to reach a resilient 
system able to satisfy all 
demands  under climate 

change?

Does the goal of becoming a fossil-free 
nation interferes with some of the 

national environmental objectives such 
as sustainable development of water and 

forest resources  ?

Does the landscape structure 
dominated by monoculture-like 
crop areas in some of the lower 

parts and its alterations by 
energy production affect the 
water cycle in an unfavorable 

way?

What are 
the Nexus 
issues at 

the global 
scale?

What are the 
impacts of a 

transition to a 
low-carbon
economy in 

Europe on the five 
elements of the 

Nexus ?

What are the 
implications of 

Azerbaijan’s 
transition to a low-
carbon economy 
on the different 
Nexus domains ?

How national  policies in 
water management, 

renewable power 
production and land, affect 

each other and result in 
changes in food 

production, tourism, GHG 
emissions, quantity & 

quality of water resources 
?

Main question 
addressed by the 12 

SIM4NEXUS case 
studies
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The WEFE Nexus in a nutshell –
PRIMA ambitions

• Contribute to achieve Sustainable 
Development Goals

• Enhance efficiency and good governance 
of natural resources

• Policy measures and technical measures 
could be proposed reducing inter-sectoral 
tensions
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The NEXUS at the start of SIM4NEXUS
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The WEFE Nexus in a nutshell
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SIM4NEXUS – Research and Innovation 
Action in H2020

Scope of the Call: Integrated 
approaches to food security, low-
carbon energy, sustainable water 
management and climate change 
mitigation
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Proposals should aim to:

• Develop tools and methodologies for integrating agriculture, 
forestry, climate change impacts and adaptation with climate-
energy-economic models and land-use models, using a multi-
disciplinary approach;

• Consider the potential role, contributions and limitations of low-
carbon options with respect to land and water resources;

• Develop a better scientific understanding of the land-water-
energy-climate nexus;

• Develop integrated strategies and approaches, at different spatial 
scales (regional, national, continental, global), integrating resource 
efficient land use, agricultural productivity improvements, 
sustainable water management and low carbon energy transition 
and analysing interactions with the existing regulatory frameworks 
in these areas and the potential barriers to implementation.
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before integration partial integration
Nexus with 

SIM4NEXUS

Common practice with silo-thinking, 
fragmented policy and decision making 
and R&D support

Decision making partially 
integrating Nexus components 
with high uncertainty about results

SIM4NEXUS approach: NEXUS-
compliant R&D and policy-making

thematic models

knowledge

policy & decision making

complexity 
science 
producing 
integrated 
knowledge

water energy food land climate

with high uncertainty

All Nexus 
components 
interacting 
with reduced 
uncertainty
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Fifteen success factors for nexus policy 
making process in three overlapping pillars
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SIM4NEXUS to test the Nexus in business 
plans
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Implementation and outcomes

• Exploitation of products and services (e.g. SDM, 
Serious Game) and including training session on 
the Nexus

• Regular training sessions in playing the Serious 
Game (university training and policy support) 
and webinars on the science-policy Nexus 
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Generic view of the Serious Game interface
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Serious Games

• Games used for purposes other than mere 
entertainment, for education, decision making and 
public policy making

• Gaming as a means for understanding policies, 
resulting in acceptance, mitigating conflicts and 
avenues for compromise

• Stakeholders are offered an opportunity to voice 
their perspectives, develop trust and empathy 
among stakeholders as well as an improved 
understanding of systems and complex issues at play



21

Gaming is fun ... and serious ...
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Links for the gaming

SIM4NEXUS – website (Folder: Outputs / Serious 
Game): https://www.sim4nexus.eu/

SIM4NEXUS – Serious Game introduction content: 
https://www.sim4nexus.eu/page.php?wert=SeriousG
ame

An intro into the SIM4NEXUS Serious Game: 
https://www.youtube.com/watch?v=1PmY8XfI8ms

https://www.sim4nexus.eu/page.php?wert=SeriousGame
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Modelling, data and knowledge

• Outcomes  (model runs and data, games and 
knowledge) are shared in open access

• Targeted sharing of multi-sector data creates 
synergies with knowledge and improve 
decision-making in the private and public 
sectors

• Jay Forrester developed System Dynamics 
Modelling at MIT in the 1960s: focus on 
feedback, interlinkages and complexity. See 
Limits to Growth Report
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Conclusions

• Potential to demonstrate a long-term (3-5 decades) 
integrated approach to business planning and 
education tool for use with local educators, 
considering resilience, environmental protection 
and low-carbon development

• Vertical policy coherence across scales remains a 
challenge. Policy coherence at European scale 
versus implementation at national and regional 
scales
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For further information please consult
www.sim4nexus.eu,

follow us at @SIM4NEXUS

Thanks for your attention!

floor.brouwer@wur.nl


