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Foreword

The Mediterranean region is currently dealing with critical global challenges, including water scarcity, food
and energy insecurity, and ecosystem degradation. These challenges are interconnected and are collectively
referred to as the Water-Energy-Food-Ecosystems (WEFE) nexus. Climate change further exacerbates these
challenges, making it necessary to take a comprehensive and integrated approach to achieve sustainable
development and resilience in the face of evolving environmental and socio-economic dynamics.

This Special Report on the WEFE nexus is essential. It represents a significant step in understanding the
complex relationships between water, energy, food, and ecosystems in the Mediterranean. The report is
based on assessment frameworks developed by the Intergovernmental Panel on Climate Change (IPCC) and
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). It offers a
comprehensive assessment of the available scientific knowledge on these issues, covering the drivers of
change, cascading impacts, and response options for addressing the multiple challenges in the region. The
report emphasises the need for cross-sectoral coordination, technological and social innovation, ecosystem-
based solutions, including nature-based, and transformative governance to mitigate risks and maximise
synergies across the WEFE components.

This report aligns with the most recent IPCC findings on climate impacts, focusing on the Mediterranean
region, and adapts the IPBES context to emphasise the crucial role of ecosystems in ensuring water, food,
and energy security. It stresses the importance of employing a nexus approach at various scales - from local
toregional - to build resilience, promote peace, and support the achievement of the Sustainable Development
Goals (SDGs).

The findings in this Special Report are the result of collaborative efforts by scientists, policymakers, and
stakeholders across the Mediterranean. It builds on the First Mediterranean Assessment Report (MAR1)
released in 2020 by MedECC, advancing the discussion by focusing on the interconnections and trade-offs
between water, energy, food, and ecosystems. This report provides decision-makers with data-driven insights,
along with evaluations relevant for policy-making needed for mitigating climate impacts and ensuring the
sustainable management of natural resources.

MedECC Coordinators:

Report Coordinators:







Statements from Key Partners

ﬁ'\

This new MedeCC special report on
the nexus or interaction between
water, environment, food and en-
ergy (WEFE) sheds light on a vital
aspect of Mediterranean life. The
growing water shortage in the Basin
is threatening the survival of the en-
vironment and agriculture around
the Big Blue. It is the very life of
the Mediterranean people that is at
stake, their ability to ensure their food
security. The countries on the south-
ern shores of the Mediterranean
are already bearing the full brunt of
repeated spring and summer droughts,
with torrential rains following in the au-
tumn. The threat is rising in latitude, and
Europe is now under the spotlight.

Technology, and in particular the de-
salination of seawater using renewable
energy sources, may offer ways of
adapting, but let's make no mistake: we
need to rethink the management of the
great water cycle, questioning not only
supply but also uses.

It is fundamental.

Mr Robin Degron
Director of Plan Bleu [UNEP/MAP)]

Climate

change presents multiple
challenges to the water, energy, food,
and ecosystems (WEFE) nexus in the
Mediterranean region. Rising temper-
atures, evolving precipitation patterns,
and more frequent extreme weather
events threaten water availability, ag-
ricultural productivity, energy security,
and ecosystem health across the region.
This new report addresses the critical
need to understand and manage the
intricate links between climate change
and the WEFE nexus in the Mediterra-
nean. By examining how climate stress-
ors impact each component of this
nexus and how they interrelate, it offers
a comprehensive overview of the current
challenges while highlighting solutions
to enhance resilience and sustainabili-
ty, thus contributing to the objectives of
the UNEP/MAP Mediterranean Strategy
for Sustainable Development.

It emphasizes the importance of
integrated management approaches
that account for the interdependencies
within the WEFE nexus to develop
adaptive  strategies for mitigating
climate impacts. The report, compiled
by voluntary scientists within the
network of Mediterranean Experts on
Climate and environmental Change
(MedECC], and engaging policymakers,
represents an invaluable contribution
to the science-policy dialogue in the
Mediterranean and to support evidence-
based decision-making. The UNEP/
MAP is pleased to renew its support for
MedECC, with activities included in the
UNEP/MAP work programs for 2024-
2025."

Ms Tatjana Hema
UNEP/MAP Coordinator

As we confront the interconnected
challenges of climate change, this
report on the Water-Energy-Food-
Ecosystems (WEFE] nexus sends the
clear and urgent message: the time
for action is now. The Mediterranean,
a high-risk region, faces severe pres-
sures. Water scarcity is deepening,
energy demand is mounting, food
security is under threat, and ecosys-
tems are being pushed to the brink of
collapse. The consequences of inaction
will profoundly impact millions of lives
and destabilise our economies. This
report serves as a strong call for action
for political leaders and stakeholders
throughout the region. It emphasises
the need for innovative and integrat-
ed solutions, including renewable
energy technologies, ecosystem-based
approaches, and social strategies to
promote sustainable practices. It also
advocates for enhanced institution-
al capacities and improved science-
policy interface to ensure coordinat-
ed actions across sectors. The Union
for the Mediterranean is committed
to leading this change and facilitating
regional cooperation to address these
pressing challenges. However, this can
only be achieved with firm commitment
from all parties involved. The Mediterra-
nean must transform from a "hot spot”
of climate troubles to a "hope spot” for
sustainable development, a shift that
requires decisive leadership and imme-
diate action. We must unite and tackle
these interconnected challenges with
ambition and determination to enhance
resilience, safeguard resources and
work towards a sustainable future for
the Mediterranean.

Mr Nasser Kamel
Secretary General of the Union for the
Mediterranean (UfM]
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Preface

The Mediterranean Experts on Climate and environmental Change (MedECC]) is an open and independent
network of scientists founded in 2015, that specifically focuses on climate and environmental changes
within the Mediterranean region. The objective of MedECC is to provide decision-makers, stakeholders, and
citizens with scientific assessments of scientific knowledge on climate and environmental changes including
associated risks and social aspects.

To date (October 2024) more than 300 authors contributed to MedECC reports in an individual capacity and
without financial compensation. MedECC scientists are located in 35 countries, including 19 registered as
Contracting Parties to the Convention for the Protection of the Marine Environment and the Coastal Region
of the Mediterranean (Barcelona Convention) and 23 members of the Union for the Mediterranean (UfM).

The network is governed by Co-Coordinators, a Steering Committee, and an Advisory Board. The operations
are managed by the MedECC Secretariat, which is officially hosted by Plan Bleu, a UNEP/MAP Regional Activity
Centre in Marseille, France, as part of a partnership with the Secretariat of the Union for the Mediterranean
(UfM). The Mediterranean Action Plan of the United Nations Environment Program (UNEP/MAP) has also
provided support since 2022, with MedECC activities integrated into the UNEP/MAP Work Programmes for
2022-2023 and 2024-2025, approved during COP 22 (Antalya, Turkiye, December 2021) and COP 23 (Portoroz,
December 2023]). The UfM supports MedECC through technical assistance contracts for the MedECC via
the AIR Climat association (2018-2020, 2021-2023 and 2024-2026) thanks to the funding from the Swedish
International Development Cooperation Agency (SIDA).

The MedECC published the First Mediterranean Assessment Report (MAR1)in November 2020, which includes
a Summary for Policymakers (SPM] that has been approved line by line during a plenary session attended
by government representatives from Mediterranean countries in September 2020. The SPM was recognised
as an important contribution of the scientific community to future climate and environmental action in the
Mediterranean region in the Declaration adopted during the 2nd Union for the Mediterranean Ministerial
Meeting on Climate and Environmental Action (October 4, 2021, Cairo, Egypt), and was endorsed by the
Contracting Parties to the Convention for the Protection of the Marine Environment and the Coastal Region of
the Mediterranean (Barcelona Convention) and its Protocols at their 22nd meeting (COP 22, December 2021,
Antalya, Tirkiye). MedECC was awarded the prestigious North-South Prize 2020 of the Council of Europe
for their efforts for peace and democracy. The MAR1 report has significantly laid the groundwork for the
first ever chapter on the Mediterranean Basin in an IPCC report, published as a cross-chapter paper in the
IPCC 6th Assessment Report in 2022. The findings of MAR1 have been recognised in several key strategic
documents aimed at mitigating climate impacts and informed by scientific knowledge from MAR1. The
Portoroz Ministerial Declaration, signed by the Ministers of the Environment and Heads of Delegation of the
Contracting Parties to the Barcelona Convention during COP 23, held from December 5-8, 2023, in Portoroz,
Slovenia (Decision UNEP/MED 1G.26), emphasises the need to enhance actions against climate change in
the Mediterranean and to protect marine ecosystems from its harmful impacts. It calls for strengthening
scientific knowledge and expertise in this area, highlighting initiatives like MedECC.

This Special Report

The Special Report “Interlinking climate change with water - energy - food - ecosystems nexus in the
Mediterranean Basin” responds to the MedECC Steering Committee’'s decision to produce three Special
Reports as part of the 2021-2023 MedECC work programme. These reports focus on specific issues identified
after the publication of the First Mediterranean Assessment Report (MAR1) in November 2020, including
considering suggestions from government representatives and stakeholders. As all MedECC reports, this
report is produced for use by policymakers and a broader audience. It is developed on the basis of scientific
criteria only. The Special Report provides a comprehensive assessment of the scientific and technical
literature. It builds upon the MedECC MAR1 Assessment Report, previous report by Intergovernmental Panel
on Climate Change (IPCC) and Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem



Services (IPBES] reports, as well as other relevant regional, national and local assessments, and is drawing
on evidence from over 1000 scientific publications. The available knowledge concerning the risks studied
by MedECC has significant gaps, often due to limited monitoring systems or scientific research capacity -
these gaps have been communicated as clearly as possible. Despite best efforts, errors and omissions are
nevertheless not unlikely.

Scope of the Report

This Special Report identifies and assesses the impact of environmental and climate change on the Water-
Energy-Food-Ecosystems (WEFE) nexus in the Mediterranean Basin, related risks, adaptation options and
solutions along five chapters. In this report, the WEFE nexus is addressed as a key concept for a more resilient
adaptation to the climate crisis in the Mediterranean region. It addresses the interlinked water, energy and
food security - and their connection with the surrounding ecosystems. Thus, security issues, and therefore
adaptation actions, are the key focus of this report, leaving the mitigation consequences of the nexus approach
as potential synergies and trade-offs derived from the interconnections among WEFE components. The focus
is on the nexus between water, energy and food security and ecosystems’ health, extending to the coasts of
the Mediterranean Sea, and the report does not address the details of marine environment.

Structure of the Report

This report consists of five Chapters, four Annexes, and includes a Summary for Policymakers (SPM]
composed of headline statements, a high-level summary and narrative of the key messages from the longer
report. Chapter 1 provides the context, background and key dimensions of this assessment, Chapter 2
assesses the drivers of change impacting on the WEFE nexus and the cascading effects associated to these
impacts, Chapter 3 assesses the existing and prospective responses and management options to implement
the WEFE nexus approach in the context of climate change. Chapter 4 addresses the link between the WEFE
approach and the Sustainable Development Goals (SDG). Finally, Chapter 5 reviews governance, policies and
research options for the WEFE nexus implementation in the Mediterranean Basin.

The Process

The Special Report represents the collaborative efforts of a team of volunteer leading experts and scientists
in the various related fields of research. Its preparation followed the established principles of scientific
assessments, similar to those applied for MAR1 and the IPCC, involving an open and rigorous process of
author selection, external peer-review, and stakeholder consultation.

The preparation of this report was launched in April 2021 through an open call for self-nominations of
authors. The outline was developed during a Scoping Meeting where experts and scientists were consulted
alongside governmental representatives and stakeholders. The framework and outline were reviewed and
approved by the MedECC Steering Committee. The authors were selected and approved by the MedECC
Steering Committee based on their expertise, country and gender balance (60 authors from 15 countries).
The Zero Order Draft (ZOD) of the report underwent internal review in March and April 2023. The MedECC
Secretariat received 479 comments from 15 reviewers. The First Order Draft (FOD) of the report and draft
SPM underwent external peer-review and broad consultation with governments, decision-makers and
stakeholders in July-September 2023. As a result, 820 and 247 comments for the longer report and SPM
were received respectively by 64 reviewers. The authors revised the draft SPM between October 2023 and
March 2024, addressing all comments. The stakeholder consultation on the SPM was concluded through the
online plenary consultation on April 29, 2024 during which the SPM was approved line by line. These included
MAP Focal Points, Plan Bleu Focal Points, members of the Mediterranean Commission on Sustainable
Development (MCSDJ, MAP Partners, as well as members, observers, and partners of the UfM Climate
Change Expert Group (UfM CCEG) and the UfM Working Group on Environment and Climate Change (WG
ENV-CCJ, among other MedECC partners.
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Notes

¢ |[n the SPM, references for material contained in
the full Special Report are given in curly brackets {}.

e The SDG Index: in the SPM, the Sustainable
Development Goals (SDG) Index is used. This
assesses each country’s overall performance
with regard to the 17 SDGs, giving equal weight to
each goal. The score signifies a country’s position
between the worst possible outcome (score of 0]
and the target (score of 100). The 2023 edition of the
SDG Index includes 97 global indicators. Two-thirds
of the data come from official statistics (typically
United Nations custodian agencies) with one third
from non-traditional statistics (e.g. derived from
large-scale collection of passive data or remote
sensing, produced by research centres, universities,
and non-governmental organisations). Published
since 2015, the SDG Index and dashboard has been
peer-reviewed and the global edition was statistically
audited by the European Commission in 2019. More
detailed information is available on the website
https://sdgtransformationcenter.org/.

e Fach assessment finding is based on an evaluation
of underlying evidence and agreement. A level of
confidence is expressed using five qualifiers: very
low, low, medium, high and very high, and typeset in
italics, for example, medium confidence. The following
terms have been used to indicate the assessed
likelihood of an outcome or result: virtually certain

(99-100% probability); very likely (90-100%); likely
(66-100%); about as likely as not (33-66%]; unlikely
(0-33%); very unlikely (0-10%]); and exceptionally
unlikely (0-1%). Additional terms (extremely likely
(95-100%); more likely than not (>50-100%); and
extremely unlikely (0-5%) are also used when
appropriate. Assessed likelihood is typeset in italics,
for example, very likely.

e In the SPM, the Special Report on Emissions
Scenarios (SRES) defined in IPCC AR4 and
Representative Concentration Pathways [(RCP)
defined in IPCC AR5 are cited. RCPs are greenhouse
gas concentration trajectories (not emissions)
used for the 5" phase of the Coupled Model
Intercomparison Project (CMIP5) and labelled in line
with a possible range of radiative forcing values in
the year 2100: 2.6, 4.5, 6.0, and 8.5 W m-2 respectively.
These correspond to one stringent mitigation
scenario [(RCP2.6), two intermediate scenarios
(RCP4.5 and RCP6.0) and one scenario with very
high GHG emissions (RCP8.5). SRES scenarios are
organised into four socio-economic families (A1, A2,
B1 and B2J, translated in terms of greenhouse gas
and aerosol emissions. SRES scenario B1 is similar
to RCP4.5, scenarios B2 and A1B1 are similar to
RCP6.0, and scenario A2 is similar to RCP8.5. In the
report, low-emissions scenario refers to RCP2.6,
intermediate emissions scenarios refer to SRES
scenario B1, B2, A1B1 or RCP4.5 and RCP6.0, and
high-emissions scenario refers to SRES scenario A2
or RCP8.5.
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Water-Food-Energy- Ecosystems (WEFE) nexus in

the Mediterranean

The Mediterranean Basin, cradle of an ancient
cultural heritage, culinary traditions, indigenous
knowledge of agricultural practices and biodiversity,
is often referred to as a “climate change hotspot”, as
the regional projections of global climate change are
exacerbated with higher rates than globally. It also has
highly vulnerable specific critical resources (water,
agriculture, etc.) and socio-economic elements
(adaptive capacity, human population growth, etc.).
Population and economic growth, agricultural
intensification, urbanisation, high pollution levels
in air, land, seawater, and freshwater, tourism and
increasing resource demand and inequality, all
increase the vulnerability of local communities, the
impacts on human health and the level of insecurity
for water, energy, food and ecosystems (WEFE).
Resource overexploitation is contributing to their
rapid depletion and consequent environmental
degradation, putting the capacity of Mediterranean
countries to reach the Sustainable Development
Goals (SDGs) of the 2030 Agenda at risk. The
unsustainability of WEFE elements is not only
characterised by insecurity but also by large
disparities across countries (North-South divide
mainly) and across territories (rural and urban areas),
and by the multiple interlinkages (nexus), including
synergies and trade-offs, between the four WEFE
nexus components.

Among the key challenges faced by Mediterranean
countries are water scarcity issues and strong
dependency on energy and food imports. Three main
pathways for action are currently being implemented
to promote synergies between water, energy, food
and ecosystems: (1) implementation of innovative
technological solutions often relying on renewable
energy and enhanced efficiency; (2) ecosystem-
based solutions, including agroecology and Nature-
based Solutions (NbS) such as green infrastructure
and wetlands restoration; and (3) social approaches
to reduce or modify consumption patterns, such as
promoting restrained consumption and sufficiency,
and adoption of the Mediterranean diet.

However, despite these actions, the current situation

is not satisfactory for these four components with
regard to the expectations of the nexus approach,
and shows a concept-to-implementation gap. This
gap is due to (1) the lack of accessible and reliable
data on key indicators and variables; (2] insufficient
knowledge, understanding and awareness of
nexus synergies and trade-offs; (3) insufficient
incentives and investments; (4) higher costs of nexus
approaches in the short term as compared to silo
approaches; and (5) the lack of adequate governance,
which include the lack of inter-sectoral and multi-
level coordination.

Despite existing platforms for exchanging and
consolidating know-how and experiences in the
Mediterranean, actions and interventions need to
be enhanced to build institutional capacities which
include (1) a science-policy interface as one way
of reinforcing coherence; (2) enhanced funding
mechanisms; (3] intra-regional dialogue; (4]
deliberative approaches; and (5) pilot nexus
approaches through modelling and assessment for
more coordinated WEFE actionsinthe Mediterranean.

A. Interconnected water, energy, food and
ecosystem security challenges

All recent assessments of anthropogenic
climate change for the Mediterranean Basin,
including the IPCC ARé6 and MedECC assessment
reports, indicate ongoing warming, exceeding global
average rates, of the atmosphere (+1.5°C above the
pre-industrial levell and the sea (0.29°C-0.44°C
per decade since the early 1980s), changes in
rainfall distribution (10 to 30% drop on average) and
continuous sea level rise (1.4£0.2 mm yr during
the 20" century). The combination of observed and
projected increases in climate hazards, coupled with
high regional vulnerability and exposure, make the
Mediterranean area a ‘climate change hotspot’ (high
confidence) {1.2}. High temperatures cause direct
damage to humans and ecosystems. Among the
main risk factors identified in the Mediterranean are




drought [meteorological, hydrological, agricultural,
and socio-economic droughts), due to trends
characterisedbyawidespreadincreaseinevaporative
demand resulting from temperature increase, and
a decrease in precipitation, leading to an increase
in the duration and intensity of meteorological and
hydrological droughts {1.2}. Drier conditions and
increasing water scarcity are significant threats to
agriculture and ecosystems, and to a lesser extent
energy, through hydropower and thermoelectric
plants (medium confidence) {2.2.2}. At sea, the
impacts of climate change include the increasing
acidification of seawater likely reducing marine
productivity, affecting species distribution and
triggering local extinction, as well as the rise in
mean sea level, which has already increased by 6
cm over the past 20 years (high confidence). It could
reach between 40 cm for the lowest greenhouse
gas emissions scenario and 100 cm for the highest
emissions scenario by 2100', increasing the risk of
coastal flooding (high confidence) {1.2}.

Greenhouse gas emissions in the Mediter-
ranean Basin account for 6% of global emissions,
equally distributed between northern and southern
regions, corresponding to an equivalent proportion of
the global population, with fossil energy accounting
for 76% of the energy mix and significant variation
between countries. The power production sector
represents 30% of the total, while industry represents
14%, the building sector 16%, the transport sector
28%, and other sectors 12%, including industrial
process emissions, indirect emissions (for nitrous
oxide only), agriculture (agricultural soils, agricultural
waste burning, enteric fermentation, manure
management), and waste. Mediterranean countries
have significant potential to mitigate climate
change with high potential for renewable energy,
particularly in the South and East. Adverse effects of
climate change on thermo-electric production and
hydropower, and to a lesser extent solar and wind
energy production, should be accounted for to meet
energy demand, expected to decrease in the north of
the basin and increase in the Middle East and North
African (MENA) countries {1.2}.

The Mediterranean Basin has a long history of
adaptation to harsh environmental conditions, such

1 Refer to "Notes” for the explanations on the emission scenarios.

as dry and hot climates, and often poor soils. This
has resulted in landscapes and agricultural practices
that have been developed over millennia of human
presence in this region {1.2; 3.1}. These practices
and associated knowledge have been substituted
through industrialisation and lifestyle changes that
have not been adapted to Mediterranean conditions,
with impacts on WEFE components {2.1.1.2}.

Insecurity for all nexus components (water, energy,
food, and ecosystems) is the rule rather than the
exception in many countries of the Mediterranean
Basin, and this has far-reaching implications in
terms of sustainability. The region faces pressing
challenges of water insecurity (e.g. water stress],
energy insecurity (with heavy dependence on mostly
imported fossil fuels), food insecurity (comprising
the triple burden of nutrition) as well as ecosystem
insecurity (e.g. fast rate of biodiversity loss, on
land and in the ocean) (Figure SPMT). However,
unsustainability in all WEFE components is not only
characterised by insecurity, but also by the existence
of large disparities between countries, as well as by
the multiple interlinkages between the four nexus
elements.

Mediterranean countries are facing
numerous interrelated challenges in terms of
access to and availability of water, energy, food
and fertile land, as well as with regard to how
these elements depend on and potentially impact
ecosystems. Mediterranean countries face several
challenges in their implementation of the 2030
Agenda for Sustainable Development and are not
on track to achieve many Sustainable Development
Goals (SDGs). This is particularly relevant for SDGs
relating to WEFE components, such as food (SDG
2), water (SDG é), energy (SDG 7), and ecosystems
(SDGs 14 and 15). The Mediterranean region has a
general SDG Index score of 73.5 but there are huge
differences between the sub-regions; the SDG Index
shows better performance in Western Europe and
lower values in Eastern Europe and MENA countries.
The SDG scores of Mediterranean countries in 2022



ranged from 81.1 in France (ranked 4th globally) to
59.3 in Syria (global rank: 126) {4.1}.

Water insecurity originates from water
scarcity due to droughts, flood-induced risk to
infrastructure, degradation of water quality, and
unequal access {1.2; 2.1.1.3}. Water plays a critical
role in maintaining healthy ecosystems, reducing
global disease, empowering women, enhancing the
welfare and productivity of populations, adapting
to climate change, and fostering peace, acting as
a vital connection between the climate system,
human society and the environment. Achieving
SDG 6 (clean water and sanitation) is therefore
essential to attaining all other SDGs, which is of
particular importance in the Mediterranean Basin
{1.1}. From the perspective of SDG 6, there are
significant disparities between countries and most
of the countries have significant challenges to
address {4.1}. Already, 180 million people suffer
from water scarcity in the Mediterranean, but the
quality of water is also decreasing with the increase
in water salinity due to groundwater overexploitation
and the presence of pollutants (e.g. nutrients and
heavy metals) {1.2; 2.2; 2.3.1}. The key challenge
for all MENA countries is water availability - due
to frequent droughts leading to water scarcity
and unsustainable use of limited water resources
and overconsumption {4.1}. Challenges related
to overexploitation of water resources and
unsustainable water use leading to water shortages
are due to a lack of sound water governance and in
particular, of proper implementation of Integrated
Water Resources Management (IWRM) {1.2}. Water
shortage can lead to competition between sectors,
including agriculture, industry, drinking water
supply and tourism {1.2}. It can also lead to conflicts
when combined with socio-political, economic, and
environmental factors {2.3.1.3}.

Food insecurity in the Mediterranean is
significant and it is characterised by the triple
burden of malnutrition: undernutrition, over-
nutrition and hidden hunger. The worst cases are
found in North Africa, where all countries face
major challenges. Achieving SDG2 (zero hunger)
presents one of the most critical challenges of
all WEFE components. Statistics on the prevalence of
undernourishment are not accessible for countries
suchas Palestineand Syria. None of the Mediterranean
countries achieved the targets by 2020 and for all
of them, either significant or major challenges
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remain, with disparities between countries {4.1}.
High dependency on food imports, particularly for
MENA countries, makes the region highly vulnerable
to external uncertainties and variability outside the
Mediterranean region. A dietary shift away from the
traditional Mediterranean diet among the population,
particularly children and adolescents, is mainly
accompanied by increased malnutrition trends in the
form of overweight and obesity, as well as degradation
of ecosystems and greenhouse gas emissions (high
confidence) {2.3.1.3; 3.2.6; 4.1},

The region faces challenges in securing
its energy supply and matching demand. For
most Mediterranean countries, achieving SDG 7
(affordable and clean energy) is still a challenge
despite variable progress over time in some of them.
Access to electricity in urban areas is universal
in most Mediterranean countries (i.e. 100% of the
urban population has access to electricity). Access
to electricity is lower in rural areas {4.1}. The
challenge for nearly all Mediterranean countries,
except Algeria, Egypt, and Libya, is their strong
energy dependence on imports. Energy insecurity
in the region is also increased by the existence of
political conflicts between countries {4.1}. The share
of electricity produced from oil, gas and coal sources
ranges from less than 10% in France to more than
90% in Algeria, Croatia, Cyprus, Egypt, Israel, Jordan,
Lebanon, Libya, Malta, Syria, and Tunisia. In general,
Mediterranean countries are still highly dependent
on fossil fuels to produce electricity {3.2; 4.1}
Renewable energy consumption only accounted for
11% of total energy consumption in 2020, about nine
percentage points lower than the European Union
(EU) and three percentage points lower than the
global level {1.2}. Reducing energy demand, including
increased energy efficiency and energy sufficiency,
is necessary to reduce environmental degradation.
It is also advantageous for the region to explore
alternatives for ensuring energy security, particularly
in light of the limited presence of established policies
to reduce energy demand. Mediterranean countries
have significant potential to mitigate climate change
through an accelerated energy transition, including
renewable energies deployment that requires
effective land and sea use planning to avoid conflicts
with other uses {1.2; 2.2.4}.

Marine and terrestrial ecosystems are
under acute pressure in the Mediterranean region.
Biodiversity loss, deforestation, wildfires, land use




changes, and pollution are widely reported trends
that are severely undermining Mediterranean
ecosystems {1.2; 4.1}. Both marine and terrestrial
ecosystems face significant challenges in the
Mediterranean, where most countries are not on
track to achieve SDGs 14 (life below water) and
15 (life on land). Forest degradation is expanding,
and some polluting sectors are undergoing rapid
growth, such as coastal mass tourism and land
and maritime transport {1.2; 4.1}. With regard to
marine ecosystems, unsustainable fishing, warmer

temperatures, acidification and water pollution,
including underwater noise, all reduce marine
productivity, affect species distribution and trigger
local extinctions {1.2}. Twelve Mediterranean
countries still face major challenges with SDG 14,
while seven others face significant challenges.
The situation improves slightly with terrestrial
ecosystems (SDG 15), but still, ten Mediterranean
countries face significant challenges, whereas
three countries face major challenges to achieve this
SDG {4.1}.

ACTIONS ON THE WEFE COMPONENTS
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WEFE challenges are amplified by current and
future direct and indirect drivers of change that are
external to the WEFE nexus, particularly climate
change, pollution, land use changes, population
growth, lifestyle changes, urbanisation, migration,
industrialisation, and conjunctural crises such as
pandemics and conflicts.

Water security in the Mediterranean is
affected by a combination of factors, including
climate change, densely concentrated population
growth, pollution, saltwater intrusion, land
use practices, and unsustainable resource
management, among others {1.2; 2.2.1}. Future
mean precipitation projections for the Mediterranean
region foresee reductions of approximately 4%
per 1°C global warming (high confidence for global
warming levels above 2°C with a marginal projected
increase in winter at the northern boundary of the
northern Mediterranean) {1.2; 2.2.1.1}. Under a 2°C
warming scenario, the frequency and duration of
meteorological droughts are projected to increase
in the southern Mediterranean countries, and the
frequency of agricultural droughts is projected to be
150 to 200% more likely (high confidence) {2.2.1.1}.
Population growth, economic development and
lifestyle changes have led toincreased water demand,
resulting in water shortages and depletion of water
resources (high confidence). The increasing levels of
urbanisation, industrialisation, and unsustainable
agricultural practices have led to a heightened need
for water, which has resulted in unsustainable rates
of water consumption {3.1; 3.2}. Inefficient irrigation
methods are responsible for the squandering of
water resources and the aggravation of water
scarcity in the area {3.2} (high confidence). Moreover,
unsustainable resource management has resulted
in pollution of water resources and groundwater
depletion {2.2.1.3}. In addition, inadequate land
and resource management practices are also a
contributing factor to water insecurity. The water-
infiltration and water-holding capacity of soils can be
adversely affected by activities such as deforestation,
soil erosion, and improper land use practices, which
canincrease the likelihood of flash floods and reduce
water quality {2.2.1}.

Land and environmental degradation,
pollution, land use changes, water scarcity, rural
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exodus and urbanisation, climate change, and
dietary change lie behind the current levels of
food insecurity in the Mediterranean {2.3.1}.
There are large disparities between regions, with
a significant gap between the northern, southern
and eastern Mediterranean. Population growth and
conflict in some countries increase food insecurity.
Climate change presents a significant threat to
agricultural productivity, especially in arid and
semi-arid regions. Decrease in crop yields, caused
by reduced water availability and heat stress, is
likely to affect staple crops such as olives, grapes,
fruits, cereals, and vegetables. Levels of projected
changes vary depending on countries, scenarios and
crops, ranging from -80% for sunflowers in Spain
and +26% for olives across the entire Mediterranean
Basin (medium confidence). Agricultural land can
be lost due to coastal water, soil salinisation and
desertification {2.3.2}. The livestock sector is
expected to suffer the negative effects of heat stress,
limited feed resources, and deteriorating health
and productivity. Climate change also impacts
fisheries and aquaculture, resulting in the regional
eradication of significant aquatic taxa {2.3.1.1}
and modification of species distribution {1.2}.
Furthermore, industrialisation and urbanisation
have significantly transformed the Mediterranean
agricultural sector. This transformation has been
exacerbated by various factors, including a shift
towards modern lifestyles, increased food demand
and increased international trade. The region is
subject to significant impacts from changes in land
use {2.3.1}. Food security concerns in the region are
further aggravated by the compounding challenges
arising from conflicts such as the Russo-Ukrainian
War, and the region's significant reliance on food
imports. The potential consequences of disturbances
in the food and fertiliser industries, in conjunction
with the impacts of climate change, can be significant
in terms of both the availability and accessibility of
food {2.3.1.3}.

The main drivers of change affecting
energy production and demand are primarily
not climate-related (population growth, lifestyle
changes, industrialisation, and mitigation policy
planning) {2.4.1}. Climate change through
increased temperatures marginally affects solar
energy production (less than 2% decrease for
global warming levels up to 3°C) (low confidence)
{1.2; 2.4.1.1}. Regarding wind energy, projected
wind speed decline affects wind energy production




(up to 8% decrease for global warming levels of
up to 3°C) (low confidence) {1.2}. Hydropower and
thermo-electric production, including nuclear, is
expected to decline due to decreased streamflow
and increased water temperature, leading to a
10 to 15% decrease in thermopower by 2050 in
the highest emissions scenario (high confidence)
{1.2; 2.4.1.1}. Nuclear power plants situated along
the coast are exposed to the potential impact of
rising sea levels and flooding caused by extreme
weather events. Quantification of global warming
impacts on future energy demand is still highly
uncertain but non-climatic drivers (e.g. population
growth, urbanisation and modernisation) suggest a
decrease of 10 to 23% by 2040 compared to 2015
in the northern Mediterranean and an increase of
55 to 118% in 2040 compared to 2015 in the MENA
countries {1.2; 2.4.1.2; 2.4.1.3; 2.4.1.4}.

Climate change has major impacts on
dryland ecosystems in the Mediterranean region,
including vegetation productivity, biodiversity, and
the stability and northward expansion of semi-
arid regions. The coupled effect of warming and
drought increasing aridity is related to the decrease
in the provision of several terrestrial ecosystem
services such as soil conservation, water storing
capacity, timber, mushrooms and food production,
tourism and recreation, biodiversity and carbon
storage. Furthermore, climate change increases the
vulnerability of ecosystems towards diverse forms of
disturbances, such as wildfires, pests, and diseases,
etc. {2.5.1.1}.

Conjunctural drivers of change, such as recent
conflicts and pandemics have suddenly negatively
impacted the WEFE nexus and its hierarchical
constituents, as well as the SDG indicators {4.1}.

B. Cascading impact of drivers of change
through the nexus components

The change in WEFE components due to climatic
and non-climatic drivers can affect the relevance
of adaptation and mitigation measures at various
temporal and spatial scales. The complex web of
interactions between WEFE components can first
result in cascading effects through which changes
in one element from drivers of change result in
changes in the other WEFE components, in turn
generating multiple loops and feedback paths.
Sustaining healthy ecosystems needs to be at the

heart of interventions, since degraded ecosystems
cannot provide their associated ecosystem services,
hampering water, food and energy security.

The generally negative change in the water
component causes an almost direct negative change
in all food access and availability indicators as the
water and food pillars are significantly correlated
(high confidence) {2.2.2; 2.3.1.1}. Water scarcity
reduces agricultural yields, and the agricultural
sector, which is a significant water consumer in the
region, is facing mounting challenges in obtaining
adequate water resources for irrigation purposes
{2.2.2; 2.3.1}. Actions seeking to increase water
availability for irrigation using groundwater can lead
to sea water intrusion and salinisation, reducing
water quality and availability and further degrading
ecosystems. The energy required to pump this water
may contribute to greenhouse gas emissions and
reduce energy available for other purposes. Actions
seeking to increase water availability for irrigation
using treated wastewater contribute to reducing
pollution and can provide fertilisers that increase
food availability, but compete with other energy uses
{2.2.2}.

The projected declines in streamflow and
increases in water temperature may lead to a
strong decline in hydropower and thermoelectric
power usable capacity in the Mediterranean (-2.5
to -7.0% for hydropower and from -10 to -15% for
thermoelectric power in 2050s) (high confidence).
The potential CO2 emissions reduction from
decreased use of nuclear (low-CO2 emissions) or
fossil fuel (large-CO2 emissions) thermoelectric
production depends on the technologies used
{2.2.2;2.41.1}.

Changes in the hydrological cycle and water
quality due to pressure from climatic and non-
climatic drivers significantly impact the structure
and functioning of wetlands and riparian ecosystems,
which are recognised as biodiversity hotspots in the
Mediterranean (high confidence). These changes
cause a loss of habitat for aquatic biota, rich and
dynamic riparian plant communities, and waterbirds,
and impact important migratory corridors and
foraging hotspots. {2.2.2; 2.5.1.1}.



To address the impacts of the drivers of
change on food security, actions aimed at increasing
agricultural yield through business-as-usual
responses linked to agricultural intensification and
industrialisation can negatively impact ecosystem
health through salinisation or changes in land use
(high confidence) {2.3.2; 2.3.3}. Increased irrigation,
as the main strategy for boosting crop productivity
in the Mediterranean, can have a high cost in
terms of water use and water pollution [e.g.
nitrate leaching and salinization of over-exploited
aquifers) (high confidence) {2.3.2.; 2.3.3; 3.2.2}. The
contamination of water bodies by industrial and
agricultural activities results in a decline in water
quality, making it unfit for human consumption
and detrimental to the well-being of ecosystems.
Additionally, the projected increase in irrigation crop
requirements under climate change scenarios can
exacerbate existing competition for water resources
between sectors (medium confidence) {2.3.2}.
Industrialisation of agriculture leads to ecological
deterioration, characterised by deforestation,
amplified emissions of greenhouse gases, escalated
energy consumption, and augmented water and
fertiliserusage. Theimplementationofintensification
techniques frequently results in agricultural land
abandonment and a shift towards the cultivation of
annual crops and monocultures, thereby affecting
ecological sustainability and posing potential
threats to biodiversity and agrobiodiversity. The
decrease in agrobiodiversity poses an additional
threat to the robustness of agricultural systems and
traditional Mediterranean cuisine (high confidence)
{2.3.1}.

Increased consumption of animal-based
products due to population growth and lifestyle
changes is responsible for anincrease in greenhouse
gas emissions and the disruption of local and
regional nitrogen cycles, causing relevant impacts on
ecosystem health (high confidence). Addressing this
challenge by increasing unsustainable production
and not targeting consumption behaviour leads to
the same cascading effects as further agricultural
industrialisation, with impacts on the water and
ecosystems components {2.3.3}. The link with the
energy component is the growing need for energy for
food production, with further detrimental impacts if
fossil fuels are the source of energy production, and

Summary for Policymakers

increasing CO2 emissions with decreasing adherence
to the Mediterranean diet {2.3.2; 2.3.3}.

Promotion of renewable energy to address
the impacts of the drivers of change on the energy
component can lead to land competition. The land
requirements necessary in the Mediterranean region
to fulfil 100% of current primary energy use are
lower than 10% for hydropower, solar photovoltaics
and wind, while for biomass, spatial requirements
already exceed 100%. The spatial requirements
for nuclear or natural gas never exceed 0.7%. With
energy demand in MENA countries expected to
double by 2040 compared to 2015, the fraction of
land dedicated to energy production could reach
over 10% of total land, with risks in terms of land
degradation and biodiversity loss, while it could also
conflict with food production and negatively impact
food availability (medium confidence) {2.4.2}. Spatial
planning and reduction in demand could help avoid
these potential trade-offs.

Increasing energy production involves more
water use. In Europe, water withdrawals for energy
production are on average similar to those for
agricultural irrigation {2.4.2}. In the MENA region,
the share dedicated to irrigation is much higher
(80%). However, this should be put into perspective
with the water scarcity in these countries. Only a
small fraction is consumed (6% for EU countries with
large disparities between countries), the remainder
being returned to the hydrological system. However,
the energy sector remains an important part of
withdrawals, negatively affecting water availability
and competing for water with food {2.4.2}. Impacts
on ecosystems due to excessive water withdrawals
are also considerable. The Mediterranean region’s
dependence on power generation methods that
require significant amounts of water, such as
hydroelectric, thermal, and nuclear plants, therefore
exposes it to the risk of reduced water availability
and difficulties in managing water resources due to
the effects of climate change.

Energy is a crucial input (upstream) in food
processing and fertiliser production. If no changes
are introduced to agricultural practices, the potential
reduction in fertilisers will influence agricultural
production by introducing lower yields into current
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monocropping agricultural systems. Consequently, a
smaller quantity of farm products would be available
to the food processing industry, leading to a reduction
in market supply and a potential increase in prices
{5.1.4}. Any increase in energy prices can also result
in an increase in food prices, limiting access to food
for the poorest populations.

The impact of climate change on ecosystem
health can reduce the productivity of ecosystems and
diversity at all levels, from intraspecific to landscape
level. The degradation or depletion of ecosystems
reduces the provisioning (water, food, biomass)
and regulating (water quality, storm protection,
carbon sequestration) ecosystem services provided
by healthy ecosystems. In the case of water,
climate and environmental changes combined with
heightened concentrations of pollutants in aquatic
environments could potentially result in a reduction
in the quality of water, and a rise in sediment
accumulation. Nevertheless, the effects are intricate
and multifaceted, and not all ecosystems are
affected equally. It is important to note that certain
changes in climatic conditions may even lead to
the enhancement of ecosystem services in specific
instances {2.5.2}.

The reduction in biodiversity and degradation
of ecosystems negatively affects the maintenance
of soil structure and fertility, decomposition,
remineralisation, and recycling processes, pollination,
seed dispersal, and pest and disease control, which
subsequently negatively impacts food availability
{2.5.2}.

Changes in ecosystems, such as deforestation
or alterations in water availability, may impact the
accessibility and durability of energy resources,
thereby causing potential impacts on the production
and provision of renewable energy sources such as
biomass and hydropower {2.5.2}.

Adaptation measures focusing on a single societal
goal and one WEFE component can result in
negative trade-offs, leading to maladaptation. In
agricultural systems, this is partly due to adaptation
pursuing a single goal, i.e. maximising short-term
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food production, which often means intensive
agriculture, detrimental for soils and biodiversity.
In the forestry sector, adaptation focusing on single
societal goals, such as the spread of non-native
tree species, can lead to higher fire risk (medium
confidence). Integrated adaptation solutions are
needed to address security issues, considering that
mitigation consequences of the nexus approach
can result from potential synergies and trade-offs
derived from the interconnections between WEFE
components.

A nexus approach to adaptation and
mitigation actions promotes synergies between the
WEFE components and minimises potential trade-
offs. This is clear in the Mediterranean region as
climate and environmental change negatively affects
WEFE components both separately and through
the cascading impacts of the drivers of change
(high confidence). Silo approaches include poor
and unsustainable irrigation practices leading to
increased soil salinity and overall land degradation,
or overexploitation of rangelands leading to soil
erosion and land degradation (high confidence).
Nexus approaches can include new irrigation
techniques or returning to traditional ones, reuse
of treated wastewater or desalinated water using
renewable energy, agrivoltaics without land
competition, or agroecological practices, such as
agroforestry, intercropping and cover crops, which
can reduce freshwater consumption, increase water
conservation and reduce energy footprint while
attempting to maximise local food production and
protect ecosystems {3.2.1; 3.2.2}.

Adaptation and mitigation solutions are
usually distinguished on a gradient of two main
types: incremental and transformative (Figure
SPM3). They include a variety of options, such as
ecosystem-based approaches (including Nature-
based Solutions, NbS), and technological and
social innovation, including behavioural changes
targeting consumption and lifestyle patterns, that
can effectively address interrelated WEFE security
issues and SDGs {3.2} (Figure SPM4). NbS include
a set of actions inspired and supported by nature
that simultaneously provide environmental, social
and economic benefits, and help build resilience
{3.2.2.1}. NbS strategies involve the implementation
of blue and/or green infrastructure (e.g. green
roofs and walls, urban grasslands and meadows,
horticultural gardens, vegetated filter strips, swales,




constructed and natural (or rewilded) wetlands and
ponds). Early warning systems, climate services
and risk management approaches have also shown
broad applicability across various sectors in the
Mediterranean and would benefit from incorporating
an integrated nexus approach. Decision support
tools, online platforms, and other products co-
developed with users can provide information and
services to support their decision-making {3.2.3.1}.
Policies and actions that operate across the food
system can have significant potential to adapt to
climate change and reduce emissions, among
other benefits (3.2.2; 3.2.3; high confidence). These
involve promoting sustainable ecosystem and forest
management that includes changes in agricultural
and livestock systems to increase carbon storage
in soils (e.g. agroecological approaches such as
agroforestry or well-managed extensive livestock
systems) and simultaneously targeting behavioural
change, including reducing food loss and waste or
influencing dietary choices (e.g. reducing overall
meat consumption). They can thereby enable more
sustainable land use management, enhance food
security, reduce water use, water contamination
and soil degradation, and promote biodiversity
conservation.

There are a large variety of implemented
solutions at various spatial scales, with uneven
distribution across the whole Mediterranean basin
[Figure SPM4). Social options based on behavioural
change show the highest positive effect on all four
pillars of the nexus, with a robust amount of evidence.
In general, green options, such as Nature-based
Solutions (NbS) and agroecological management
practices, have positive impacts on the four pillars
and are the most transformative (Figure SPM3),
although further evidence is needed to assess
specific NbS {3.2.3}. More evidence is required to
assess the effect of adaptation options related to
governance and institutions, in particular on policies
for water pricing and limiting and reducing water
use {5.1.4}. Some first attempts have shown solely
positive effects on the four pillars. Options related to
water use and management are the most complex
and controversial, because they can have negative
impacts on other pillars, but this negative effect
seems low and requires better analysis {3.2.3}.

Drivers of change are evolving at a fast pace
with strong impacts WEFE components, potentially
jeopardising the resilience of already implemented

actions {2.2.1, 2.3.1; 2.4.1; 2.5.1}. Amodelling-based
nexus assessment based on different climate, socio-
economic and demographic change scenarios using
different disciplines helps understand the resilience
level of sustainable development options and avoid
maladaptation and unanticipated effects {1.3.2;
3.3.2}. However, nexus modelling requires access
to long-term series of data and open platforms
{3.3.2}. It is therefore advisable to consider changes
in system variables when designing integrated
policies.

Transformative adaptation relies more on
social innovation and requires increasing human
inputs and system re-organisation, but it can be
the most appropriate response to climate change
and other drivers of change, when the severity
of the expected impacts is particularly high or
when current incremental adaptation options are
reaching their limits in terms of implementation
and functionality {3.1}. Adaptation and mitigation
solutions can range from those more related to
ecological and consumption-reducing behaviours
to those more related to scientific and technological
innovation {3.2}. Science and technology are part
of the solution but require a broad understanding
and societal engagement to achieve transformation
through behavioural change. The varying levels of
engagement of, and trust in, different stakeholders,
including civil society, in the Mediterranean region,
hampers the development of a nexus approach that
demands a high level of cooperation and mutual
trust {3.3}. Implementation of new technologies
requires increasing participation and considering
social concerns to avoid maladaptation.

Adoption and implementation of adaptation
and mitigation measures can be undermined
by various financial, scientific, geographic and
institutional challenges. The implementation of
solutions that take into account the nexus can be
more cost-effective and cost-efficient than other
solutions, however this requires considerable funds
in the initial stages. Financing such approaches can
be further hindered since WEFE programmes have
many important socially oriented components that
are typically of limited commercial value and potential
{3.4.1}. Many northern Mediterranean countries are
more likely and more financially ready to support
such initiatives, whereas southern and eastern
Mediterranean countries could require international
support and commitment in the form of financial
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or scientific support to increase the adoption of the
new approaches that will lead, in the long term,
to the sustainability of the entire Mediterranean
{3.4.4}. Indeed, technology implementation in
southern countries still lacks adequate financing
and appropriate policies {3.4.4}.

C. From the nexus concept to its
implementation for sustainable
development

Existing approaches used to tackle
sustainability challenges in the WEFE sectors of the
Mediterranean region have adopted fragmented
planning and management frameworks that
lack sufficient consideration of the intricate
interconnections between these resource systems
to address sustainability challenges in the
Mediterranean (high confidence) {4.2}. The WEFE
nexus approach offers an integrated planning,
cross-sectoral cooperation, and decision-making
framework to analyse the interactions between the
WEFE components in the Mediterranean region

and identify trade-offs and co-benefits that might
be overlooked in single-sector approaches (high
confidence) {4.2}. The WEFE nexus approach better
identifies potential synergies or conflicts between
sector policies because it provides a framework
in which the role of ecosystem services is more
explicit. The sustainable use of ecosystems and
conservation of biodiversity are essential pillars for
successfully achieving sectoral development goals in
the Mediterranean region {4.2}.

The lack of complete and disaggregated data
on the components of the WEFE nexus together
with other issues related to data quality and
accuracy, and the unwillingness of authorities to
make certain types of required data available to
researchers and other stakeholders are a major
barrier to wider adoption and application of the
WEFE nexus in the Mediterranean region {3.4; 4.2;
4.4}. The complexity and multi-disciplinary nature
of the nexus means that the models and methods
to assess it and provide results for the full spectrum
of its benefits need to cover many different scientific
fields. In addition, data are not typically collected
or available on a long-term basis, meaning that for




adaptation and in the Mediterranean basin 'y 4 Yy &
mitigation SDG 14
strategies SDG 6 SDG 7 SDG 2 SDG 15

e WEFE nexus Existing management responses W. Energy pill: 2 Ecosystem pillar

Governance and

. - AT " o

Institutional Policies on water pricing and limiting and reducing water use (3) ++ o ++ ++ [} ++ o
Use of renewable energy in agricultural and other sectors (42) et [¢] ot - - + -
Early warning systems and climate services (7) +HE [¢] + o oy o + o

Technological

options Digitalisation and precision agriculture (2) e - + o ++ o + o
Increased bio-energy crop production in marginal areas (8) ++ - +++ o + o ++ -

Water conservation Unconventional water resources and improved use efficiency (12) ++ = + = + - + -

and irrigation

solutions New irrigation techniques (16) - + -- + o + o
Water reuse for irrigation (11) o+t o + - -+ - + o
Nature- and Nature based solutions (10) 4 - 4+ o + o ++ o
ecosystem- based
approaches Agroecological management practices (18) +++ +++ [ o DS oo o
::;?Ji:ﬂ::,ln:;ange Mediterranean diet and restrained consumption (30) +++ ° +++ +++ I
IMPACTS AND RISKS LEVEL OF AGREEMENT/CONFIDENCE
Positive impacts on . . . Low agreement or
. +++
*  WEFE nexus pillars Limited High | ++ Medium | + 'Low | o limited evidence
. Medium
_  Riskor trade-off on
WEFE nexus pillars . Robust
France Adige
G * p Sava
.. .
Durance ® O
° L]
. o ltaly,
fbro . . . ®
Spain > ('Y . Greece
o o Pineios @
Purt.ugal . d % Tiirkiye
° ) L4
.. . ° [ ] . o
L]
Qe . D
® .. Seum . Eurotas
- g ®  [ehanon
R Tunisia _ ®
L[] L] °
Moracco
L]
Souss Massa ° Israel® @ Jordan
- o
Algeria >
[ ] .
i Egypt

O Oo0oo . National River-basin boundaries
5 4 321 .Sub»national

. River-basin

Figure SPM4 | (a) Assessment of the main impacts and trade-offs of the WEFE nexus adaptation and
mitigation solutions implemented in the Mediterranean countries. The link is made to the SDGs through
the nexus pillars. The numbers in brackets are the number of articles used for assessing each solution. The
amount of evidence is quantified by the number of reviewed articles (given by numbers in brackets and cate-
gorised as limited in pale orange, medium in orange and robust in dark orange), while the degree of agree-
ment measures the consensus between the articles (o for low agreement or limited evidence, + for low level
of agreement/evidence, ++ for medium and +++ for high). This table does not review all possible solutions,
but those implemented in the Mediterranean, reported in the scientific literature and assessed in the report.
(b) Spatial distribution of examined case studies.




many cases, original data is necessary to showcase
the benefits of WEFE approaches compared to other
solutions {3.4.2}. Nevertheless, currently available
data have been key to the creation of indicators for
nexus indexes specific to the Mediterranean region.
Monitoring tools and spatial indicators, generally
related to multiple SDGs, have been developed to
describe the national and local characteristics of
food-water-energy-ecosystem interdependencies
in the Mediterranean region, highlighting their high
heterogeneity both within countries and between
countries, and making it possible for Mediterranean
countries to be ranked {4.3}.

Governance for the WEFE nexus requires
strengthened connections and better management
through coordination, integration, coherence,
deliberation and collaboration between actors
and their respective strategies and actions,
rather than the creation of new institutions
{5.2}. To effectively utilise the WEFE nexus approach
for sustainable development, key principles
must be followed, including understanding the
interconnections between resources within a system,
developing new technologies for innovative solutions
and roadmaps for their broad use throughout the
region, facilitating social innovation and deliberative
approaches, and ensuring coordination across sectors
and stakeholders {4.2}. Deliberative processes that
work well for: 1) values-driven dilemmas; 2) complex
problems that require trade-offs; and 3] long-term
issues that go beyond the short-term incentives
of electoral cycles can contribute to WEFE nexus
management{5.2.5}. WEFE governanceis a polycentric
system, with diverse and varying decision centres or
actions within sectors, which requires identifying
independent and overlapping key state and non-
state actors - governments (acting through different
ministries and public institutions), subnational (local
and regional) authorities, civil society organisations,
private sector, citizen groups, funders, multilateral
and regional organisations (e.g. FAO, Plan Bleu, UfM,
UNECE, etc.), national and international research
institutions (AARINENA, CIHEAM, CMI, CNRS, |,
European Commission’s Joint Research Centre,
GWP-Med, IRD, etc.), and national and International
Development Agencies (e.g. ENABEL, GIZ, USAID,
SIDA, etc.) {5.2.1} [Figure SPM5).

Summary for Policymakers

Policies aimed at achieving sustainable
development goals require systemic approaches
and flexible forms of governance (i.e. the removal
of institutional, technical, regulatory and economic
barriers), in order to facilitate interdependencies
across sustainability challenges and favour holistic
approaches {4.2}. A pioneer of the WEFE concept
at policy level is the IWRM framework designed to
improve water resources management {4.2.; 5.1.1.}.
Involvement of stakeholders from the quadruple helix
(public administrations, academia, private sector and
civil society) in the development and implementation
of nexus approaches is crucial to providing
multiple perspectives, ensuring political legitimacy
and promoting dialogue on the sustainability of
WEFE components {4.2}. Deliberative democracy
instruments, such as citizen assemblies, can increase
the legitimacy of political decisions and actions,
enhance trust, and provide useful information on
people’s preferences and what trade-offs they are
ready to accept {5.2.5}. Involving intra-Mediterranean
transnational collaboration is needed to face the
climate emergency and promote equitable sharing
of the risks and burdens associated with sustainable
development {5.3.3}.

A concept-to-implementation gap has beenidentified
in the Mediterranean context, meaning that the
current situation is not satisfactory for the WEFE
nexus with regard to nexus approach expectations.

Political and social conditions within
Mediterranean countries involve varying levels of
WEFE nexus policy implementation. The practical
implementation of WEFE nexus policies has been
limited and lacks coordination among the different
levels of managing authorities, between sectoral
departments, political actors, and stakeholders. EU
countries have a common policy framework, which is
not the case for MENA countries. Most policy initiatives
on the WEFE nexus in Mediterranean countries have
focused on assessments and analyses, reaffirming
the importance of the concept. However, the
implementation of such an approach is still lacking,
and several measures are still designed in “silos”
{5.1.1; 4.3} [Figure SPM5]. Disjointed legal frameworks,
marked by diverse and frequently conflicting laws,
particularly in relation to transboundary resources,
can be seen on both sides of the Mediterranean
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Basin. When deciding on policies to implement, it is
therefore beneficial to thoughtfully consider potential
cross-sectoral implications {5.1.1; 5.1.3}.

The limited effective implementation of
WEFE nexus approaches in the region is attributed
to an insufficient understanding of nexus trade-
offs within science-policy-stakeholder interactions,
to insufficient incentives {4.4}, limited vision,
knowledge, development and investment, as well
as the lack of solid empirical evidence regarding
the potential benefits of a WEFE nexus approach
{4.2}. Universities and research organisations
serve as knowledge generators and brokers, and
could integrate nexus thinking and organise policy
dialogue into their research agendas and curricula
{5.2.3}. Another key challenge is related to the costs
of nexus approaches, which may be higher in the
short term than those of silo approaches, due to
the information, expertise, time, coordination and
financial resources required {4.2}.

A series of actions and interventions are
needed to build institutional capacities; enhance
funding mechanisms; support intra-regional
dialogue between implementers of the nexus
approach, policymakers, and the general public;
and pilot nexus approaches through modelling and
assessment {5.3}. Public-private partnerships are
considered effective for funding the WEFE nexus
and improving capacity building and awareness of
involved partners {5.3.3}. Approaches that integrate
both environmental sustainability and considerations
of local, regional and global governance, together
with economic factors, are more likely to succeed
in achieving real-world applicability {4.2}. WEFE
nexus governance should promote transparency,
participation, and accountability through dialogue
and cooperation among Mediterranean countries,
supplemented by collaboration with international
organisations and deliberative processes involving
citizens {5.1.1; 5.1.2; 5.1.5; 5.2.5} (Figure SPM5).
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Introduction: The Water-Energy-Food-Ecosystems (WEFE)
nexus concept in the Mediterranean region

Executive Summary

In the intricate web of interconnected social,
economic, and ecological systems, the relationships
between water, food, energy, and ecosystems stand
as undeniable pillars. These essential resources
are under strong pressure from both direct and
indirect drivers, including climate change, pollution,
population growth, unsustainable consumption
and production patterns, rapid urbanisation and
unsustainable natural resource management,
negatively impacting the livelihoods of millions
throughout the Mediterranean and hindering
progress towards the Sustainable Development
Goals (SDGs). The effects of these pressures on
resources are far-reaching, with adverse effects on
communities and economies only partially mitigated
by external resource imports.

The Mediterranean Basinis recognised as a “hotspot”
for both climate change and water scarcity. Over the
past fifty years, per capita water resources have
significantly diminished, especially in the eastern
and southern Mediterranean regions. This scarcity
is compounded by existing conflicts, economic
vulnerabilities, and social disparities.

The Water-Energy-Food-Ecosystem (WEFE) nexus
approach aims to increase security in these vital
domains, without compromising ecosystem health.
Through the analysis of connections and interactions
between these components, the WEFE approach
seeks to optimise synergies and manage trade-
offs between different technical and strategic
responses. The nexus concept is applicable across
various scales, ranging from local to global-regional
contexts, allowing for comprehensive management
strategies. At regional scales, water, energy and food
security include imports and exports.

There is a growing need for transformation, and
a paradigm shift in consumption and production
patterns alongside changes in governance. Adopting
the WEFE nexus approach involves moving away from
fragmented sectoral development interventions
towards integrated natural resource management
and use. It presents opportunities to transform
agrifood towards sustainability and contributes to
fostering peace, as well as resilience and security for

both humanity and ecosystems. Integrating the WEFE
nexus into national policies and development plans
emerges as a way to support SDG implementation,
aligning with the interconnected nature of these
global objectives. With its components present in
14 out of the 17 SDGs, the WEFE nexus emerges
as highly relevant in the pursuit of these goals. In
summary, there is a need to adopt a comprehensive
and integrated approach to address the multifaceted
challenges posed by resource pressures, climate
change, and sustainable development in the

Mediterranean region.




1.1 The nexus concept: from sectoral to
systemic thinking

Water, energy, ecosystems and particularly food
are essential resources required to meet human
needs, and are inextricably linked through complex
interactions (Salam et al., 2017; Zhang & Vesselinov,
2017). For instance, water and energy are essential
inputs for food production. Similarly, water can be
used for cooling and/or hydropower generation, while
agriculture can produce biofuel crops and contribute
to ecosystem degradation. Also, energy is needed to
pump, treat and transport water. The interdependent
relationships between these components have been

highlighted as a web of complex relations and named
the Water-Energy-Food (WEF) nexus (Dupar &
Oates, 2012; Hoff, 2011; White et al., 2018). The term
has strong implications for ecosystems, thereby
extending the nexus concept to WEFE. Figure 1.1
shows the WEFE nexus framework and describes its
complexity. It illustrates the interdependencies with
the lines surrounding the four nexus components.
Each line represents a specific component, and
when two lines cross, it identifies the interactions
between the two associated components. More
than two crossings, up to four, can occur, showing
that the interactions do not necessarily go two-
by-two but can also involve all nexus components.
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Figure 1.1 | Schematic of the WEFE concept.

WEFE components in the circle, with some examples of two-way interactions between them. Ecosystems are at the
centre to highlight that all the other components depend on healthy ecosystems. Outer boxes refer to direct and indirect
drivers of change impacting the WEFE governance and institutions action and outcomes achieved by implementing a

nexus approach.
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Figure 1.7 identifies the drivers of change that impact
the nexus components, as well as the implemented
actions in the Mediterranean Basin in terms of
adaptation and mitigation. Adapted governance and
specific institutional actions are essential to support
the implementation of a WEFE nexus approach in the
Mediterranean. The expected outcome of the nexus
approach to address the sustainable development
challenge in the Mediterranean Basin.

The formalised concept of cross-sectoral
interlinkages, referred to as a “nexus”, emerged
in the 1980s, and gained prominence through
the United Nations University's (UNU's) Food-
Energy Nexus Programme, the World Summit
on Sustainable Development, and the Bonn 2011
Nexus Conference, promoting systems integration,
stakeholder engagement, and development pathway
exploration (Estoque, 2023).

Like the nexus, the Sustainable Development Goals
(SDGs]) are defined as closely interlinked, but they are
also key to the WEFE nexus approach. Over time, the
nexus approach has been through various phases of
development, resulting in more complex and diverse
nexuses, whose components can be resource
sectors/systems and/or specific socio-ecological
issues (Estoque, 2023), and go as far as potentially
covering all SDGs. However, the SDGs are today far
from the target levels, as synergies and trade-offs
were not considered in setting up the SDGs (UN,
2023a). SDG 6 (clean water and sanitation), SDG
7 (affordable and clean energy) and SDG 2 (zero
hunger), but also SDG 13 (climate action), SDG 14 (life
below water) and SDG 15 (life on land) in particular,
are not only connected to each other but are also key
to the WEFE nexus approach. Water plays a critical
role in maintaining healthy ecosystems, reducing
global disease, empowering women, enhancing the
welfare and productivity of populations, adapting
to climate change, and fostering peace, acting as a
vital connection between the climate system, human
society and the environment. Therefore, reaching
SDG 6, of particular importance in the Mediterranean
Basin, is essential to achieving all other SDGs (UN,
2023b). There is still no consensus with regards to
the key nexus components that could potentially
cover all the SDGs.

The main aim of the WEFE nexus is to analyse
and communicate implications that consider the
processes of producing, distributing, and consuming

WEFE resources into a decision-making process
and to manage them more effectively and efficiently
(Abulibdeh & Zaidan, 2020). It means avoiding
fragmentation in decision-making, recognising
trade-offs and synergies across sectors, promoting

improved governance across sectors, temporal
scales and regions, and adopting integrated
nexus thinking among policymakers. Sectoral

policies need to be designed in a coordinated and
integrated manner (Laspidou et al., 2020, including
different geographical scales (Abulibdeh & Zaidan,
2020). An integrated nexus approach may ensure
complementarities and synergies across sectors
and help managing trade-offs and synergies in food,
agriculture, water, energy, and ecosystems (Bizikova
et al., 2013; Pittock et al., 2013) and reduces the
risks of sectoral SDG (Nath & Behera, 2011). Some
key benefits arising from using the WEFE nexus are
for instance (1) exploiting co-benefits to improve
overall performance by increasing resource use
efficiency, changing waste into resources and
fostering alternative practices to fulfil multi-sectoral
needs; (2] streamlining development and improving
resilience through benefits from healthy ecosystems,
poverty alleviation and climate change mitigation and
adaptation and (3] stimulating policy coherence and
investments through collaboration between sectors
and associated institutions (Adamovic et al., 2019). At
regional scale, water, energy and food security also
depends on how much is imported or exported [e.qg.
Allan, 2003; Jain et al., 2023) and a nexus approach
makes it possible to understand the telecoupling
effects of such dependency.

1.2 The sectoral analysis of water, energy,
food resources and ecosystems from the
MedECC First Mediterranean Assessment
Report [MAR1) and IPCC Sixth Assessment
Report (ARé)

An extensive review of the drivers of climate and
environmental change and their impacts on water,
energy, food and ecosystems was conducted in
the MedECC First Mediterranean Assessment
Report (MAR1) published in 2020 (MedECC, 2020a)
supplemented recently by a dedicated chapter in
the IPCC sixth Assessment Report (AR6) published
in 2022 (Ali et al., 2022). Drivers of change including
both ecological (direct] drivers like climate change,
pollution, land and sea use change and non-
indigenous species (Figure 1.2) as well as social,
cultural, economic, political and technological




(indirect) drivers of change, like industrialisation,
demography, war, consumption behaviours (e.g. diet,
travel, energy consumption), increase pressure on
resources. However, MAR1 addressed water, energy,
food resources and ecosystems in silos but not the
interlinkages between them. All the information
provided in this section can be found in the MAR1
(MedECC, 2020) and ARG6 (Al et al., 2022).

The Mediterranean Basin is considered to be a
major “hotspot” of climate change with paradoxical
behaviour in the water cycle (Ali et al., 2022; Fader
et al., 2020). Virtually all continental and marine sub-
regions of the Mediterranean Basin are impacted by
recent anthropogenic changes in the environment
(Lange etal., 2020). Due to anthropogenic emissions of
greenhouse gases (GHGs), the rate of climate change
in the Mediterranean Basin, including land and sea,
is greater than global trends. Indeed, when the globe
warmed by 1°C compared to the pre-industrial level,
the Mediterranean Basin (land and sea) warmed by
1.5°C, greatly exceeding 2°C in summer. Warming
could additionally increase between 0.5°C and 6.5°C
by 2100 depending on the climate change mitigation
scenario. Only the lower limit is compatible with the
2015 Paris Agreement (Ali et al., 2022; Cherif et al.,
2020). At sea, the consequences are the increasing
acidification of seawater and the rise in mean sea
level, which has already increased by 6 cm over the
past 20 years. It could reach between 40 and 100 cm
by 2100 depending on the emissions scenario’. (Le
Cozannet et al., 2019; Thiéblemont et al., 2019), and
possibly more than one metre, increasing the risk
of coastal flooding (Ali et al., 2022). The sea surface
temperature has warmed by about 0.3°C -0.45°C per
decade (depending on the sub-basin) and is expected
to warm by 1°C to 4°C depending on the scenario.

The absorption of CO2 by the sea results in sea water
acidification, adding pressure on ecosystems. On
land, the duration and maximum temperatures of
heatwaves will intensify, and summer precipitation is
likely to drop by 10 to 30% in some regions?.

Water sector: Temperature increase and water cycle
change cause a wide range of impacts on human
health (Linares et al., 2020) and result in increased
water shortages and desertification (Fader et al.,
2020). The per capita availability of renewable water
resources declined between 1962 and 2017 by 78% for
the Eastern Mediterranean and 68% for the Southern
Mediterranean (FAO, 2022). With the reduction in
runoff and aquifer recharge together with a higher
use pressure, water scarcity® is expected, especially
in the southern and eastern regions, which already
experience low resources. Groundwater resources are
not only subject to pressures resulting from unequal
distribution, overexploitation, and accessibility, but
also quality issues. Agricultural activities, leakage of
wastewater from urban areas, or saltwater intrusion
are the main sources of groundwater pollution,
which can make the resource unusable (Fader et
al., 2020). Challenges related to overexploitation of
water resources, unsustainable water use and water
shortages, are due to a lack of sound water governance
and in particular right implementation of Integrated
Water Resources Management (IWRM] (Fader et al.,
2020; Vafeidis et al., 2020)*. Already, 180 million people
suffer from water scarcity in the Mediterranean, but
the water quality is also deteriorating with increase
of water salinity due to groundwater overexploitation.
As a result of the general scarcity of water
resources, conflicts arise in different water use
sectors (agriculture, tourism, industry, domestic use,
as well as biodiversity conservation). In southern and

1 Four trajectories of emissions and concentrations of greenhouse gases, ozone and aerosols, as well as land use called RCP (“Representative Concentra-
tion Pathways”) used for the 5th phase of the Coupled Model Intercomparison Project (CMIP5).

2 Precipitation is projected to decrease by approximately 4% per 1°C global warming with high confidence for global warming levels above 2°C. A marginal
increase is projected in winter at the northern boundary of the northern Mediterranean Basin (Ali et al., 2022).

3 Water scarcity and drought are related but distinct concepts, and both can have significant impacts on the Mediterranean region. Water scarcity has
been defined by FAO (2012) as a gap between available supply and expressed demand for freshwater in a specified domain, under prevailing institutional
arrangements and infrastructural conditions. It is a chronic condition that occurs when the renewable freshwater resources are insufficient to meet the
needs of people and ecosystems. It can be caused by various factors, including population growth, inadequate water management, climate change, and
inefficient water use practices. On the other hand, drought is a type of extreme climate that is characterised by prolonged dry weather conditions, which
disrupts the hydrological balance (EDO, 2023). It is a natural and temporary phenomenon that arises when an area experiences significantly less rainfall
than usual for an extended duration, resulting in water shortages. Drought conditions are associated with a lack of precipitation, soil moisture deficit,
and low water reservoir storage, which impacts a wide range of sectors. It is important to distinguish drought from aridity, which is a long-term climatic
feature, and water scarcity, which is a situation where the available water resources are insufficient to meet water demand.

4 In the context of the Mediterranean Basin, Integrated Water Resources Management (IWRM] may include Integrated Coastal Zone Management (ICZM)
and a source-to-sea approach to address water resources management as a comprehensive network linking land, water, delta, estuary, coast, nearshore
and ocean ecosystems holistically supported by specific mechanisms and measures such as the sustainable blue economy (Michels-Brito et al., 2023).
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eastern countries, agricultural use reaches 76-79%.
In the northern countries, the four sectors are much
more balanced (18-36%). Water shortage will lead to
more and more conflicts among users and sectors,
in particular agriculture and tourism, as the needs
of these sectors peak in summer, especially in the
Middle East and North African (MENA] countries as
well as in Spain, where agriculture is the largest
consumer of water (Burak & Margat, 2016; Mrabet
et al., 2020) accounting for nearly 85% of water
uses (FAO, 2022). As a consequence, demand for
irrigation is expected to increase by 4-18% by 2100.
Meanwhile other needs from demographic change,
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particularly the growth of large urban centres, could
increase this demand by 22-74% (MedECC, 2020b).
Conversely, more heavy rains and therefore flooding
and significant soil loss due to erosion are projected
during other seasons. The vulnerability of the
Mediterranean population may thus increase with
higher probability of occurrence of events conducive
to floods as well as longer and more severe droughts
(meteorological, hydrological, agricultural and socio-
economic droughts - Fader et al., 2020) caused by
evaporative demand, temperature increase and
precipitation decrease (Drobinski et al., 2020b).
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Figure 1.2 | Main drivers of environmental change in the Mediterranean Basin.
This infographic represents the key messages on climate and non-climate drivers of environmental changes
in the Mediterranean Basin, based on Chapter 2 of the First Mediterranean Assessment Report (MAR1)

(MedECC, 2020a)®.

5 https://www.medecc.org/outputs/infographic-mar1-drivers-2022/
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Food sector: Food production in the Mediterranean
Basin is impacted by climate change in combination
with land degradation, overfishing, sea level rise, and
salinisation of coastal soils. Crop yield reductions
are projected for the next decades in most current
areas of production and for most crops (5% to 22%
yield reduction for maize and wheat by the end
of the 21st century without adaptation measures
in the highest emissions scenario) (Mrabet et al,,
2020). The cultivation of some crops with high water
demand like maize or vegetables may even become
impossible in many Mediterranean regions without
enough water for irrigation (Mrabet et al., 2020).
This may potentially be worsened by emerging plant
and animal pests and pathogens, and perturbations
in global food markets due to environmental crises
elsewhere as most Mediterranean countries are net
importers of cereals and fodder/feeding products.
Climate change mitigation through innovative
agricultural management practices, which can
enhance agricultural systems resilience, can be
implemented through a combination of carbon
sequestration techniques, water-efficient strategies,
and agroecological approaches (IPCC, 2019).

Ecosystems: Climate change and non-climatic
factors are causing the invasion of non-indigenous
species, impacting ecosystems and biodiversity.
These non-native marine and terrestrial species are
invasive, affecting sectors like fishing, agriculture,
tourism, and resource scarcity (Balzan et al., 2020).
Airpollutionisincreasing mainlyduetolandtransport
and maritime activity, with high temperatures
increasing the effects of this pollution on ecosystem
health. Land ecosystems are also vulnerable to
increased risk of wildfires due to more favourable
climate conditions (Balzan et al., 2020). Marine
pollution, which can provoke outbreaks of jellyfish,
mucilage and algal blooms, comes from agricultural,
industrial and household waste, including plastics.
Unsustainable fishing, adding to the already
observed decline of fish landings of 28% from 1994
to 2017, warmer temperatures, acidification and
water pollution, including underwater noise, will
likely reduce marine productivity, affect species
distribution and trigger local extinction of more
than 20% of exploited fish and marine invertebrates
around 2050 (Balzan et al., 2020; Moretti & Affatati,
2023).

Energy sector: The Mediterranean Basin’s greenhouse
gas emissions are 6% of global emissions, equally

distributed between Northern and Southern
Mediterranean countries, with fossil energy
accounting for 76% of the energy mix with large
variation between countries (Crippa et al., 2019;
Drobinski et al., 2020a). The power production sector
represents 30% of the total, while industry represents
14%, the building sector 16%, the transport sector
28% and other sectors 12% (Crippa et al., 2019).
Renewable energy consumption accounts for only
11% of the total energy consumption in the region,
about nine percentage points lower than the
European Union and three percentage points lower
than the global level (Bartoletto, 2021), while the
Mediterranean countries have significant potential
to mitigate climate change through an accelerated
energy transition (Drobinski et al., 2020a).The
Mediterranean Basin's potential for renewable
energy, particularly in the South and East, must be
capitalised onto meetthe Paris Agreement (Drobinski
et al., 2020a). Adverse effects of climate change on
thermo-electric production and hydropower (down
-20% for global warming levels up to 3°C) and to a
lesser extent solar (less than 2% decrease for global
warming levels up to 3°C due to the temperature
effect on solar photovoltaic (PV] cell efficiency and
wind energy production (less than 8% decrease for
global warming levels up to 3°C due to wind resource
decline and temperature effect on efficiency)
(Drobinski et al., 2020a). should be accounted for
to meet the energy demand, expected to decrease
by 10 to 23% in 2040 in the North of the basin and
increase by 55to 118% in 2040 in the MENA countries
(OME, 2018).

The observed and projected degradation of natural
resources, freshwater availability, water and food
quality can impact most socio-economic sectors
(Ali et al., 2022), such as agriculture and tourism, as
the Mediterranean Basin accounts for one-third of
global tourism (Tovar-Sanchez et al., 2019). It will
also impact maritime transport and trade, since
the Mediterranean Basin accounts for 25% of all
international seaborne trade (Manoli, 2021). Conflicts
caused by resource scarcity and human migration
are likely to increase due to drought, reduced
suitable agricultural land caused by land salinisation
due to sea level rise, desertification especially in
the Southern and Eastern Mediterranean, and the
deterioration of agricultural and fishery resources.
However socio-economic and political factors are
likely to still play a major role (Ali et al., 2022; Koubi
et al., 2020).
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1.3 WEFE nexus implementation in the
Mediterranean

The Mediterranean faces challenges in water,
energy, food, and ecosystem insecurity due to
climate and non-climatic changes. These issues
are characterised by large disparities between
countries and multiple interlinkages between the
WEFE components. The complex web of interactions
can result in cascading effects, with changes in
one pillar causing changes in the other, followed
by multiple loops and feedback paths between the
many interacting entities.

In the Mediterranean Basin, the observation of
available data has been key to the creation of
monitoring tools and spatial indicators for nexus
indexes and related SDGs specific to the region.
They have been used to assess characteristics
of WEFE pillar interdependencies and progress
towards SDGs in the Mediterranean region. They
have helped to highlight the high heterogeneity both
within and between countries, making it possible to
rank Mediterranean countries, and identify pathways
to loosen inter-dependency between the water,
food and ecosystem pillars to improve the impact
of the nexus approach, especially when relying
on renewable energy and enhanced efficiency in
resource use (e.g. Casini et al., 2019; de Vito et al.,
2017; Lacirignola et al., 2014; Papadopoulou et al.,
2022; Saladini et al., 2018; Simpson et al., 2022).
Regional assessments of nexus approach impacts
are however limited by the lack of complete and
disaggregated observations on the components of
the WEFE nexus together with other issues related
to their quality and accuracy. The unwillingness
of authorities to provide certain types of required
observations to researchers and other stakeholders
also represents a major barrier to harmonised,
integrated and interoperable data from different
sectors and to wide adoption and application of the
WEFE nexus in the Mediterranean region (Laspidou
et al., 2020; Lawford, 2019; Markantonis et al., 2019;
Saladini et al., 2018; Simpson & Jewitt, 2019).

At territorial level, both ecosystem-based solutions,
which are cost-effective and community-oriented
(Aguilera et al., 2013, 2020; Almenar et al., 2021],
and technological solutions, which rely on technical
innovation, have been implemented locally in the
Mediterranean countries for more integrated and
efficient resource use (de Roo et al., 2021; Hoff, 2011;
Karabulut et al., 2019; Lucca et al., 2023; Malago et
al., 2021). A number of those solutions support food
system sustainability while minimising water and
energy demand (e.g. Casini et al., 2019; Daccache et
al., 2014; EL Gafy, 2017; EL Gafy et al., 2016; Espinosa-
Tason et al., 2020; Huang et al., 2023; Lacirignola
et al., 2014; Mayor et al., 2015). They include new
irrigation techniques or recovering ancient ones,
the use of renewable energy in agriculture, or bio-
energy crop production in marginal areas®, the use
desalinated water, agrivoltaics, or agroecological
practices, such as agroforestry and cover crops [e.qg.
Barron-Gafford et al.,, 2019; Harmanny & Malek,
2019; Hoff et al., 2019; Kalavrouziotis et al., 2015;
Lequette et al., 2020; Martinez-Blanco et al., 2013;
Pulighe et al., 2019). A large fraction of water is used
throughout the energy industry for cooling thermal
power plants, so more efficient cooling technologies
are critical for the water-energy supply-demand
balance (Qin et al., 2015; van Vliet et al., 2016).
Smart water management, precision agriculture,
water conservation and using integrated water
management principles and practices may ensure
water security in the Mediterranean (Papadopoulou
et al.,, 2022). Implementing renewable energies in
the Mediterranean region also benefits the water,
ecosystem, food and energy pillars when it does
not involve high environmental costs or resource
degradation (e.g. Adamovic et al., 2019; Karabulut et
al., 2019; Lange, 2019; Malago et al., 2021; Pacetti
et al., 2015). Behavioural solutions, such as adoption
of the Mediterranean diet, including reducing meat
consumption with differences among Mediterranean
countries, and generally reduced consumption, have
shown a high potential for adaptation and mitigation
(Capone et al., 2014; El Bilali et al., 2017; Garcia et
al., 2023). Finally, digital solutions, like early warning

6 Marginal land is land that is of little agricultural or developmental value because crops produced from the area would be worth less than any rent paid

for access to the area.




systems and climate services, have also shown
broad applicability across various sectors in the
Mediterranean (Cramer et al., 2018; de Roo et al,,
2021; Dell'Aquila et al., 2023; Koutroulis et al., 2016;
Marcos-Matamoros et al., 2020; Sanchez-Garcia
et al., 2022; Terrado et al., 2014). A model-based
nexus approach assessment based on different
climate, socio-economic and demographic change
scenarios may finally help assessing the resilience
level of sustainable development options and avoid
maladaptation and unanticipated effects when
changing variables in the system. This should be
considered when designing integrated policies (e.g.
Fader et al., 2016; Kebede et al., 2021; Khan et al.,
2016; Martinez et al., 2018; van Vliet et al., 2016).

In water-scarce regions like the Mediterranean
Basin, water, food and energy are often not
priced or allocated efficiently, so that resource
use is not optimised (Wichelns, 2017). Several
regional organisations in the region have launched
programmes and initiatives to build mechanisms
for supporting the WEFE nexus approach at
various levels (Aboelnga et al., 2018). Upscaling the
nexus approach from local experiments to global
implementation however encounters difficulties.
There is still a lack of concrete examples of global
implementation of this approach, with many
measures still designed in “silos” (Lange, 2019;
Malagé et al., 2021; Zarei, 2020). This limited effective
implementation of WEFE nexus approaches in the
region is attributed to insufficient understanding of
nexus trade-offs within science-policy-stakeholder
interactions, insufficient incentives and limited
vision, knowledge, development and investment
(Hoff et al., 2019). The WEFE nexus approach also
requires collaborative governance and involvement
of stakeholders to develop meaningful policy
objectives based on the principle of equity and
social inclusion (Abaza, 2017; Ghodsvali et al., 2022;
Halbe et al., 2015; Hoff et al., 2019; Jalonen et al.,
2022; Karabulut et al., 2019; Susnik et al., 2018). It
also requires intra-Mediterranean trans-national
collaboration to face the climate emergency and
promote equitable sharing of the risks and burdens
associated with sustainable development through
the nexus approach (Bremberg et al., 2022; Lange,
2019; Malago et al., 2021).

1.4 Report structure

In this report, the Water-Energy-Food-Ecosystem
(WEFE) nexus is addressed as a key concept for a
more resilient adaptation to the climate crisis in the
Mediterranean region. It addresses the interlinked
issues of water, energy and food security — and
their connection with the surrounding ecosystems.
Security issues, and therefore adaptation actions,
are thus the key focus of this report, leaving the
mitigation consequences of the nexus approach
as potential synergies and trade-offs derived from
the interconnections between WEFE components.
The emphasis is on the nexus between water,
energy and food security extending to the coasts
of the Mediterranean Sea, and it does not focus on
the details of the marine environment, including
ecosystems, and the impact of other factors on its
services. The following chapters detail and develop
this introduction. The outline for this report was
agreed upon by the Coordinating Lead Authors
during the meeting in Barcelona (Spain) in June 2022
and underwent consultation with policymakers and
stakeholders in December 2022. The report consists
of a Summary for Policymakers (SPMJ, five main
chapters and several annexes, as follows:

e Summary for Policymakers, including an Executive
Summary.

e Chapter 1, “Introduction: The Water-Energy-
Food-Ecosystems (WEFE) nexus concept in the
Mediterranean region”, frames the motivation
and main components of the MedECC WEFE nexus
report.

Chapter 2, “Drivers of change and their impacts
on the WEFE nexus in the Mediterranean region”,
focuses on the physical, biochemical and human
drivers of changes to the WEFE components and
how the changes cascade through the various

components of the WEFE, sometimes with
feedback on the drivers of change (Figure 1.7).
e Chapter 3, "“WEFE nexus adaptation and

mitigation strategies”, based on the analysis of
the interactions between the various components
of the WEFE nexus in Chapter 2, reviews the
adaptation and mitigation measures adopted in
the Mediterranean based on the nexus approach.
It also identifies the challenges of mitigation and
adaptation interventions (Figure 1.7).

Chapter 4, “Contributions of the WEFE nexus to
sustainability”, focuses on the link between the
WEFE nexus approach and the United Nations (UN)
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Sustainable Development Goals (SDG), especially governance bodies to support the nexus approach in

SDG 6 (clean water and sanitation), SDG 7 Mediterranean countries, policies implemented and
(affordable and clean energy), SDG 2 (zero hunger), research options for the WEFE nexus (Figure 1.7).
SDG 14 (life below water) and SDG 15 (life on land) e Supplementary information is given in the annexes.
(Figure 1.1).

e Chapter 5, “Governance, policies and research
options for the WEFE nexus”, reviews the
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Executive Summary

The Mediterranean region faces a variety of drivers
of change that operate at different spatial scales.
These include climate change, land use changes,
habitat alterations, air, soil and water pollution,
population growth, industrialisation, urbanisation,
lifestyle changes and conflicts (war). These drivers
collectively impact the region’s ecological and
societal dynamics, including all the components of
the WEFE nexus. Since the WEFE components follow
complex hierarchical links and feedback, changes in
one component can have cascading effects on other
interconnected components, creating a complex web
of interactions. To reduce the negative impacts of
the drivers of change, the interlinkages among the
WEFE components must be thoroughly evaluated at
local scale, under a holistic view, to enable better-
informed decisions and effective and more robust
management policies. This chapter underscores the
importance of recognising the interconnectedness
of water, energy, food, and ecosystems in the
Mediterraneanregionandtheneedforcomprehensive
assessment and management strategies to address
the challenges posed by external environmental and
social stressors.

Water security in the Mediterranean faces a
multifaceted challenge stemming from a blend of
factors, such as climate change, rapid population
expansion in urban areas, unsustainable resource
management and land use, and agricultural
practices. The impacts of the drivers of change have
negative effects on the availability and quality of
water resources, but this effect will cascade, through
a series of interactions, on the other components of
the WEFE nexus, including crop vyield reductions,
alterations of agricultural commodity prices,
reduction of electricity production and generation
efficiency, desertification, habitat loss, and affecting
vulnerable species.

Climate change, pollution, changes in diets,
population growth, and urbanisation are inter-
connected and contribute to the emergence of
vulnerabilities through impacts on food availability,
access and quality. There are substantial differences
in terms of food security between Southern Europe
and North Africa. Business as usual responses to
address food security related challenges through

industrialisation can lead to adverse effects on
other WEFE components, such as increased soil and
water pollution and GHG emissions, degradation of
underground water resources, salinisation, loss of
agrobiodiversity, and increase of energy demand and
further greenhouse gas emissions.

The energy security of the Mediterranean region is
significantly affected by a multitude of challenges
from both the offer and demand sides. The escalating
energy demands in the Mediterranean region are
attributed to population growth, urbanisation and
industrialisation. Moreover, addressing energy
inequality is essential, as certain population
segments have abundant energy access while
others face deprivation. The dependence of the
area on power generation methods that require
significant amounts of water exposes them to the
risk of decreased water availability and difficulties
in managing water resources, due to the effects
of climate change and the competition with other
sectors. Similarly, competition for other resources
to produce solar or wind energy, such as land for
agricultural purposes and ecosystem services,
further exacerbates the complex interplay within
the nexus framework, showing the need to promote
holistic analyses to address such challenge.

The  pressures exerted on Mediterranean
ecosystems impact their health resulting in
ecosystem degradation, loss of biodiversity among
others. These modifications disrupt the provision of
multiple ecosystem services (namely, provisioning,
regulating, and cultural) which subsequently have
direct impacts on WEFE components as well as
further cascading effects on other components of
the WEFE.
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2.1 The complexity of assessing the impacts
of drivers of change on the WEFE nexus:
the rationale of the approach

The ecosystems of the Mediterranean region provide
many important resources and advantages, such as
the ability to grow food for human consumption and
industrial use, to enjoy the outdoors, and to foster
artistic, cultural, and recreational pursuits. However,
the physical parameters of the region, combined
with the region’s complex geographical (e.g. coastal
vulnerability, water scarcity)] and political issues
(e.g. migration and refugee crises, territorial
disputes), make it difficult to achieve environmental
goals. Like other global ecosystems, the state of
WEFE components and interdependencies between
them serve as the defining characteristics of the
Mediterranean ecosystem. Despite this, the spatial
and temporal configuration of the WEFE nexus is
undergoing substantial shifts linked to the drivers of
change.

Drivers of change refer to all those factors that affect
nature, anthropogenic assets, nature’s contributions
to people, and a good quality of life (Pdrtner et
al., 2021). A direct driver exerts immediate and
noticeable impacts on the WEFE system, and can
involve both natural change, such as earthquakes
and volcanic eruptions, and anthropogenic factors
like climate change, alterations in land and sea
use, and air, water, and soil pollution (Sharif et al.,
2020). On the other hand, indirect drivers of change
are those that alter and influence direct drivers
as well as other indirect drivers (also referred
to as “underlying causes”) and include, among
others, demographic trends (population growth,
urbanisation), technological innovations, lifestyle
changes, and war (Odada et al., 2009). The impacts on
the WEFE componentsare notisolated butarealsothe
result of various interactions between two, three, or
even all four WEFE components, such as water-food,
energy-water, food-energy, ecosystems-water-food
or water-food-energy interactions, among others.
Within the WEFE system, cascading effects and
interactions transpire across various temporal and
spatial scales, ranging from local and short-term to
regional, global, and long-term. Those interactions
and cascading effects operate at a hierarchy of
spatio-temporal scales. The complexity of this web
of interactions is a big reason why the WEFE system
in the Mediterranean changes in ways that are hard
to predict. It should be noted here that, in the context

in the Mediterranean region

of the WEFE system, the establishment of precise
boundariesis of paramountimportance to conducting
a comprehensive assessment of the impacts of the
drivers of change as well as of potential solutions.
These ‘boundary conditions’ define the system’s
scope and spatial-temporal limits. The delineation
of the system encompasses key parameters,
including water resources, energy production,
food systems, environmental ecosystems, and the
geographic area or region under consideration.
These boundary conditions may extend to include
policy and governance structures that impact the
WEFE system. In defining these boundaries, it is
imperative to create a structured framework for
understanding the interplay of drivers, components,
and influences within the WEFE system, ensuring a
comprehensive and contextually relevant evaluation.
Also, understanding the complex interactions
between the nexus components and how they can
change and impact each other under different
scenarios is crucial for identifying both positive
synergies (e.qg. sustainable land use and biodiversity)
and negative trade-offs (e.g. hydropower dams
and ecosystems) between these components. This
approach makes it possible to design cross-sectoral
adaptations, as shown by Kebede et al. (2021).
Furthermore, it enhances our understanding of how
these interactions impact the long-term health and
productivity of ecosystems.

The Mediterranean is situated in a transitional zone
between the mid-latitude and sub-tropics. The
Mediterranean region has been labelled a “hotspot”
for climate change due to its predicted warming and
drying (Diffenbaugh et al., 2007; Giorgi & Lionello,
2008; Lionello & Scarascia, 2018). There is strong
evidence that the twentieth century was marked by a
generalwarming and by a more pronounced summer
warming (El Kenawy et al., 2012; El Kenawy et al.,
2019; Pfahl, 2014; Ulbrich et al., 2012). The observed
rates of climate change are higher than global
trends for most variables (Figure 2.7). Similarly,
since 1950, heatwaves have become more frequent
(Baldi et al., 2006; Ibrahim et al., 2021; Kuglitsch
et al., 2010). Also, both the frequency and severity
of droughts have increased (Cook et al., 2016;
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Figure 2.1 | Climate and environmental change in the Mediterranean.

Source: UNEP/MAP & Plan Bleu (2020).

Hoerling et al., 2012; Sousa et al., 2011; Tramblay et
al., 2020a; Vicente-Serrano, 2007). These observed
changes have been in line with global trends and can
be attributed in part to decadal variability associated
with circulation patterns like the North Atlantic
Oscillation (NAQ) (Meyssignac et al., 2011; Ozgenc
Aksoy, 2017; Raymond et al., 2018; Tsimplis et al.,
2013).

The Mediterranean region’s climate will likely
become warmer and drier in the twenty-first century
(high agreement; robust evidence, especially for air
temperature) (Drobinski et al., 2020b; Lionello &
Giorgi, 2007; Nashwan et al., 2020; Planton et al.,
2012; Taibi et al., 2019; Zittis et al., 2019). The results
show that future warming is expected to occur across
the year, with the effects being more pronounced
during summertime and on land, as opposed to the
ocean (El Kenawy et al., 2013; Giorgi & Lionello,
2008). More frequent high-temperature events and
heatwaves are thought to be linked to these increased

temperatures (Jacob et al., 2014). Summer rainfall is
expected to decrease by 10-15% in southern France,
northwestern Spain, and the Balkans as a result of a
global atmospheric temperature increase of 2°C and
by as much as 30% in Tirkiye and Portugal (Vautard et
al., 2014). In recent decades, summer temperatures
in the Mediterranean region have risen at a faster rate
than those observed in the Northern Hemisphere and
even more rapidly than the global mean, along with an
increase in the frequency of intense heat waves. It is
projected that future warming in the Mediterranean
region will be 25% faster than the global mean, with
summertime temperatures increasing 40% faster
than the global mean (Lionello & Scarascia, 2018).
The aforementioned consensus is established by
taking into account multiple lines of evidence—
observations, regional and global model projections,
and an extensive comprehension of the underlying
mechanisms—all of which contribute to a high level
of confidence regarding observed and projected
warming patterns in the Mediterranean region
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(Doblas-Reyes et al., 2021). With respect to the pre-
industrial period, average global warming of 1.5°C is
predicted to reduce mean rainfall by 4% in much of
the region, especially in the south, and increase the
length of dry spells by 7% (Lionello & Scarascia, 2018).
Reduction of precipitation will affect all seasons in
central and southern Mediterranean areas, with
maximum reduction for winter precipitation (-7% for
the southern Mediterranean region). The length of
meteorological dry spells (Schleussner et al., 2016)
and meteorological, hydrological, and agricultural
droughts is expected to increase significantly (IPCC,
2021; Kelley et al., 2015; Tsanis et al., 2011). In the
same context, by 2100, the coast of southern ltaly
is predicted to be severely flooded (Scardino et al.,
2022). Streamflow patterns are projected to shift, with
spring’s high flows diminishing earlier, summer’s
low flows becoming more intense, and winter’s
greater and more erratic discharge occurring earlier.
Flooding is more likely to happen in most of the
Mediterranean Basin because extreme rainfall is
expected to get worse and happen more often (e.g.
Drobinski et al., 2018; Tramblay & Somot, 2018). As
stormwater management systems are generally not
well planned in the Mediterranean, people who live in
flood-prone areas are more exposed and vulnerable
(Llasat et al., 2013).

Rising temperatures, coupled with drought and
land-use change, are predicted to increase fire risk,
lengthen fire seasons, and increase the frequency
of large, severe fires (Gouveia et al., 2017; Santonja
et al., 2017). It is also anticipated that future climate
change will exert significant and diverse effects
on marine ecosystems. Sea surface temperatures
in the Mediterranean demonstrate a complex
panorama of both regional and temporal variability
with a prevailing warming tendency in sea surface
temperature (SST), which is likely to continue
under future warming scenarios [(Axaopoulos &
Sofianos, 2010; Pastor et al.,, 2018; Shaltout &
Omstedt, 2014). In accordance with SST rise, a
consistent decrease in pH in the Mediterranean Sea
has been observed, signalling ocean acidification
(Flecha et al., 2015; Kapsenberg et al., 2017). This
phenomenon is attributed to the absorption of CO2
from the atmosphere (Kapsenberg et al., 2017;
Solidoro et al., 2022), with acidification particularly
pronounced in the Western basin (Hassoun et al.,
2015). Nevertheless, despite this acidification, the
Mediterranean Sea remains highly supersaturated in
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calcium carbonate minerals (Hassoun et al., 2015).
Projections indicate that acidification will persist,
with the Eastern Mediterranean facing particularly
acute effects (Reale et al.,, 2022a, 2022b). In the
high IPCC emission scenario SRES-A2, nitrates
are expected to build up in the seawater around the
Mediterranean, but phosphorus does not seem to be
changing. This means that low-phosphorus areas
will increase (Richon et al., 2019).

Due to recent and future climate change, changes in
the provision of ecosystem services may exacerbate
social conflict and cause people to be forced to
relocate (van der Geest et al., 2019). A representative
example is found in the Egyptian Delta, where
salinisation and erosion of agricultural lands forced
farmers to relocate (Ahmed et al., 2014). Climate
change and drought, in particular, have emerged
as substantial contributors to the Syrian conflict,
as they induced forced migration from the eastern
to mainland regions of the country (Butler, 2018;
Gilmore et al., 2018; Ide, 2018; Selby et al., 2017).
When resources are scarce, attempts to mitigate
one risk may weaken human communities or make
other risks worse. The Mediterranean Basin has a
long history of political and social unrest because
of its complex cultural, geopolitical, and economic
landscape. Extra climate-related stresses in the
Mediterranean Basin increase human insecurity by
making local communities there more susceptible
to harm. As such, there has been an increase
in vulnerability due to mismanagement and
overexploitation of natural resources over the past
century (Bremberg et al., 2022; Ide, 2018; Mycoo et
al., 2022).

The high importance of Land Use and Land Cover
Changes (LULCC] is recognised by the UN for fields
ranging from biodiversity conservation to food
security, disaster risk reduction, climate change,
and sustainable development. The Mediterranean
region has inherited a mosaic-structured landscape
determined by heterogeneous topography, soils,
water resources and vegetation (Lana-Renault et
al., 2020). In this sense, there is a clear contrast in
LULCC trends between the northern Mediterranean
countries (225 million inhabitants) and the southern
and eastern countries (335 million inhabitants). The




land cover (LC) of an area is what is observed at
the surface, with either vegetation and naked areas
(e.g. from natural to agricultural ecosystems) or
anthropogenic constructions (e.g. urban surfaces).
Land Use (LU] is the management of those areas, to
maintain or change their cover. One of the main drivers
of LULCC is population dynamics, which show highly
contrasting patterns in the Mediterranean: northern
regions have seen population growth stabilised (FAO
& Plan Bleu, 2018; PRB, 2019), causing diverging
patterns of land use (i.e. land abandonment in low-
productive mountainous areas and concentration
of economic activity in valleys and coasts], and
population growth in the southern and eastern
regions has resulted in increasing demand for land
for agricultural production and livestock pastures
(FAO & Plan Bleu, 2018; Winkler et al., 2021).

A declining rural population in  northern
Mediterranean countries has led to the abandonment
of crops and farmland, and to the reduction of
livestock grazing, with the subsequent regeneration
of forests and scrublands (Debussche et al., 1999;
Garcia-Ruiz & Lana-Renault, 2011; Moreno-de-
las-Heras et al., 2019; Vicente-Serrano et al., 2019).
Additionally, extensive afforestation programmes
have been implemented in recent decades by
northern countries’ governments to enhance the
environmental value of abandoned farmlands in
the highlands and control hydrological and soil
erosion processes (Ortigosa et al., 1990; Vallauri et
al., 2002). Altogether, this has resulted in relevant
environmental consequences, including changes
in the water cycle (see Section 2.3.1.1), soil erosion
and hydrological connectivity alterations, and
biodiversity changes (see Section 2.5.1.2), among
others. Moreover, revegetation processes have
relevant implications regarding wildfire risks due
to increased fuel load and biomass volume (Lana-
Renault et al., 2020; Pausas & Fernandez-Munoz,
2012; Pausas & Millan, 2019). Intensive agriculture
experienced significant growth in the more populated
lowlands and coastal areas, with the goal of meeting
the demand of national and international markets
(Bellot etal., 2007; Serra et al., 2008). These changes
have led to a significant expansion of irrigated areas
in order to increase agricultural productivity and
favouring the cultivation of new crops with higher
requirements than the traditional Mediterranean
triad (grapes, grains, and olives) (Tanrivermis,
2003). The most remarkable example of this process

has been seen in Spain, where the extent of irrigated
areas has doubled over the last six decades, from
1.8 million hectares in 1961 to 3.7 million hectares
in 2019 (FAO, 2023). In the Southern Mediterranean,
countries with higher demographic pressure have
followed strategies based on land clearing, livestock
breeding and wood gathering for heating (Barrow
& Hicham, 2000; Johnson, 1996). These processes
resulted in smaller forest areas than the ecological
potential of southern and eastern countries (FAQ,
1994; Lana-Renault et al., 2020], where high human
pressure on forest ecosystems prevails in rural
and mountainous areas, resulting in woodland
degradation (Chebli et al., 2018; del Barrio et al.,
2016; Nsibi et al., 2006). Still, intense urbanisation
and associated expansion of agricultural areas are
the main causes of deforestation in southern and
eastern regions (Belaid, 2003; del Barrio et al.,
2016).

Tourism development is another key factor in
explaining LULCC trends. The Mediterranean region
ranks amongst the world’s top tourist destinations,
accounting for 30% of global tourist arrivals (UNWTO,
2017). International tourists grew from 58 million
in 1970 to 349 million in 2015, and these figures
are expected to grow to reach 500 million by 2030
(UNWTO, 2017). The spatial pattern of tourism
occupation is mainly concentrated in coastal areas,
where strong urbanisation has occurred across the
Mediterranean Basin (Shalaby & Tateishi, 2007;
Sonmez & Sari, 2007), leading to significant forest
regression and habitat fragmentation caused by
urban sprawl (Hepcan et al., 2012; Jomaa et al.,
2008) and a significant increase in water demand
(see Section 2.3.1.2).

Past assessments and future predictions of LULCC
involve a high degree of uncertainty (Anav et al.,
2015). The future of forest cover in the Mediterranean
is uncertain, with climate change and human
activities posing significant challenges. Touhami
et al. (2023) highlights the impact of the projected
warming climate on forest ecosystems in Tunisia.
Donmez et al. (2011) provides specific climate and
productivity projections, providing estimations of net
primary productivity in Turkish pine forests. However,
numerous studies stress the need for mitigation and
adaptation strategies to sustain forest ecosystem
services in the face of changing land use and climate
(e.g. Appiagyei et al., 2023).
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Industrial pollution is a major environmental concern
in the region, as pressures from land-based sources
remain high (EEA, 2014). Attention is given to key
sectors: the production of energy, manufacture of
refined petroleum products, treatment of urban
wastewater, food packing, and manufacture of cement
and metals. In particular, the manufacture of refined
petroleum products is responsible for about 60 to
70% of nutrients and oxygen-depleting substances
present in pollution. Southern and eastern countries
are responsible for the largest share of biochemical
oxygen demand measured in a water sample during
5 days of incubation at 20°C (BOD5) emitted by this
sector for the whole Mediterranean. This means
that while energy commodities are traded around
the region, the adverse effects in terms of local
pollution are concentrated in few areas. Chromium
and cadmium emissions are also associated with
energy refining processes (EEA & UNEP/MAP,
2014). Instances of industrial emissions, particularly
in the Southern Mediterranean, have registered
levels exceeding 100 pg m= of fine particulate
matter (PM2.5), in stark contrast to the global
average of 39.6 yg m= and the European Union’s
average of 14.2 yg m= (UNEP/MAP & Plan Bleu,
2020). Alarmingly, two-thirds of Mediterranean
countries surpass the World Health Organization’s
recommended threshold for air pollution concerning
both particulate matter and ozone (UNEP/MAP &
Plan Bleu, 2020).

Disturbingly, nearly half (49%) of Mediterranean
water bodies fail to achieve a good environmental
status (EEA et al., 2020). The region generates a
staggering 184 million tonnes of solid waste annually,
characterised by low recycling rates. Additionally,
the presence of emerging contaminants, such as
pharmaceuticals, cosmetics, flame retardants, and
plastic additives, poses a significant threat. These
contaminants have poorly understood life cycles
and impacts, and are potentially toxic and resistant
to conventional wastewater treatment methods
(EEA et al., 2020). Pollution in the Mediterranean
is predominantly attributed to heavy metals,
exacerbated by the continuous discharge of both
treated and untreated wastewater. This pollution
stems from various sources, including the production
and processing of metals, energy production,
pulp and paper manufacturing, chemical industry
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activities, and intensive farming and aquaculture
practices (Ochoa-Hueso et al., 2017; Sicard et
al., 2023). Heavy metals and mineral oils are
responsible for approximately 60% of soil
contamination in the region (Ballabio et al,
2018; Ferreira et al., 2022; Panagos et al., 2013).
Nevertheless, the levels of heavy metals (cadmium,
mercury, and lead) in coastal waters, assessed
against Background Assessment Concentrations
(BAC) and Environmental Assessment Criteria
(EAC) through bivalves and fish, generally
demonstrate an environmentally acceptable status
(UNEP/MAP & Plan Bleu, 2020). On the other
hand, the Mediterranean region stands as one of
the most severely impacted areas globally in terms
of plastics, with an alarming 50% of marine litter
found on the seabed being composed of plastic.
Microplastic concentrations on the surface of the
Mediterranean Sea surpass acceptable Llimits,
exceeding 64 million floating particles per square
kilometre. Additionally, underwater noise pollution
is a growing environmental concern with significant
implications for marine life in the Mediterranean.

About 6% of the global population make home in the
Mediterranean region (UNEP/MAP, 2016). According
to World Bank data (Figure 2.2), total population
growth in the Mediterranean region has remained
at about 1% yr~', but with clear differences between
regions and countries, a change over the decades,
and a clear impact of the major conflicts that have
affected the region (World Bank, 2021). In absolute
terms, the Mediterranean population grew by
259 million inhabitants in fifty years (+84%), from
1970 to 2020, to reach 542 million people. Eighty-
five percent of this increase (216 million inhabitants)
occurred in the South and East Mediterranean,
as a result of improved economic conditions and
improved health services (World Bank, 2021). With
current demographic trends, the Mediterranean
population is expected to further grow by more than
100 million inhabitants until 2050 (UN DESA, 2022).
Again, most of this increase will be concentrated
in the South and East Mediterranean, in particular
in the two densely populated countries of Egypt
and Tirkiye, which together represent more than
one-third of the Mediterranean population. By
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Figure 2.2 | (A) Population growth rates in the countries of the Mediterranean region in recent decades
(based on World Bank, 2021) and (B) current and projected demographic trends in the Mediterranean up
to 2050 (OME based on UN DESA (2022).

2050, the southern Mediterranean’s share in total reaching 75% of urban population share by 2050 (48%
Mediterranean population is projected to increase in 1960 and 68% in 2015).

to 70%, while the northern Mediterranean will see

its population ageing and its share decrease to 30%. Industrialisation and urbanisation are often analysed
In 2050 nearly half of the Mediterranean population as sub-processes of modernisation, which is also
is projected to be concentrated in three countries accompanied by lifestyle changes resulting primarily
(Algeria, Egypt, Tlrkiye] (Figure 2.2). Since 1960, the from technological development. The Mediterranean
rural population has increased at a lower rate in region has witnessed rapid urbanisation over the past
southern and eastern countries, with stabilisation few decades, especially in the northern African and
expected by 2030, and considerably decreased in the eastern Mediterranean regions, where data shows
northern countries (Lana-Renault et al., 2020; PRB, that the percentage of urban population in 2020 was
2019). Population growth in southern and eastern almost 60% (still lower than the 75% for the Northern
Mediterranean countries is expected to develop Mediterranean)], up from slightly above 30% in 1960
through urban growth, mainly in coastal areas, (World Bank, 2021). By 2050, the urban population
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is projected to exceed 70% in both regions, and 80%
in Southern Europe (World Bank, 2021). Taking into
account increasing population and urbanisation
trends, especially in coastal areas, southern
and eastern Mediterranean countries will face a
particular challenge in enabling sustainable urban
development policies. Lifestyle changes have been
accompanied by higher consumption of energy and
materials. This increase, especially among affluent
populations in the Global North, is accompanied by
anincrease in greenhouse gas emissions elsewhere,
and evidence shows that luxury consumption can be
more difficult to decarbonise than that of people
living at sufficiency level (Millward-Hopkins, 2022).
Rapid urbanisation in the Mediterranean region
has led to several challenges, including inadequate
housing, poor infrastructure, traffic congestion, and
air pollution (Battarra & Mazzeo, 2022; Tourret, 2006).
In addition, some urban residents in North Africa are
living in informal settlements, and in the Eastern
Mediterranean some urban areas have limited
access to basic services such as water and sanitation
(Mancuso et al., 2020). There is a growing awareness
of the need for sustainable urban development and
the adoption of smart technologies to improve urban
infrastructure, transportation, and energy systems
(Battarra & Mazzeo, 2022).

Migration plays a significant role in urbanisation
in the Mediterranean region. Many people migrate
from rural areas to cities in search of better job
opportunities, education, and healthcare (Miftah,
2018). In addition to internal migration, many North
Africans and sub-Saharans migrate to Europe,
including cities in Southern Europe, in search of
better economic opportunities (Schwan & Yu, 2018).
Urban areas in eastern Mediterranean countries
have been a major destination and transit point for
refugees and migrants from conflict-torn countries
like Afghanistan, lIrag, and Syria (Taghizadeh
Moghaddam et al., 2017). Migration is also linked to
geopolitical instability, which favours an increasing
flux of immigrants from sub-Saharan Africa to
Mediterranean countries, further stimulating the
demand for energy, food, and water, and thus, further
increasing the nexus challenges.

The period following the end of the Cold War has
been marked by several wars and conflicts in the
Mediterranean region, or in its direct vicinity, which
have had very significant repercussions in terms
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of human lives, and serious effects on health, the
economy, and the environment, all of them with
close connections to the WEFE nexus. The Arab
Spring had a major impact in the region, with effects
ranging from constitutional reforms in Morocco and
the overthrow of the regime in Tunisia and Egypt, to
much more devastating effects in Libya and Syria
(Muhammadsidigov, 2015). The civil wars in Libya,
in 2011, and then between 2014 and 2021, have
cost thousands of lives and displaced hundreds of
thousands of civilians (Miller-Funk, 2023). In Syria,
the death toll from the ongoing conflict is in the
hundreds of thousands, many of whom are civilians
(Ungor, 2023). The war in Syria has also caused the
destruction of the country’s infrastructure and the
displacement of millions of refugees to neighbouring
countries, Europe and elsewhere. Finally, the
Russo-Ukrainian conflict which started in 2022
represents another major challenge to regional and
global peace, and a significant economic impact.
Implications for the Mediterranean region include
heightened uncertainty and the redirection of public
spending towards security and rearmament (Fiott,
2022). WEFE is also impacted, for instance through
ecosystems degradation, gas supply problems (see
Section 2.4.1.5), especially for European countries,
and food security challenges (see Section 2.3.1.3) for
countries that depend on food imports from Ukraine
and Russia (Liadze et al., 2023), particularly in the
MENA region (Quagliarotti, 2023).

The WEFE nexus components and their spatio-
temporal interdependencies behave as complex
systems. These systems typically include multiple
loops and feedback paths between many interacting
entities - in this case, the nexus components -
together with inhibitory connections and preferential
reactions. The complex web of interactions
between WEFE components can therefore result
in feedback loops through which changes in one
WEFE component, mediated by the impacts of
drivers of change and associated responses, may
result in changes in other WEFE components, as
well as in the drivers of change themselves (Figure
2.3). For instance, changes in water availability due
to climate change (or other drivers of change) can
impact food production and energy generation.
Reduced food availability may require increasing
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Figure 2.3 | Schematic figure of the rationale of Chapter 2.

Orange outer boxes represent the indirect (right] and direct (left] drivers of change (Section 2.1). Inside the box
are the nexus components (WEFE] and examples of interactions between them, mediated through the drivers
of change [(in brackets). These interactions lead to feedback loops and cascading impacts through which nexus
components become drivers of change for other nexus components (Sections 2.2 and 2.5).

yields, which then requires more water, further
reducing the amount of water available for food,
energy, ecosystems, and other uses. Furthermore,
depending on the techniques used to increase yields,
it may result in more greenhouse gas emissions and
therefore reinforce climate change. It is important
to bear in mind that drivers of change also generate
those cascading effects between them. For instance,
industrialisation or lifestyle changes contribute to
climate change, while climate change may generate
conditions that facilitate conflicts for resources, rural
to urban migration and thus, increased urbanisation.

In line with this cascade rationale, in this chapter
we describe, for each nexus component (water, food,
energy, ecosystems), how the drivers of change
described in Section 2.1.1, impact each WEFE
component in particular (Sections 2.2.1, 2.3.1, 2.4.1
and 2.5.1). In a second step, we then analyse how
those impacts can trigger different interactions and
feedback loops between the WEFE components as

well as the drivers of change themselves (Sections
222, 232, 2.3.3, 2.4.2, 2.5.2, 2.5.3). We call these
interactions cascading impacts, that can occur
downstream and upstream. Given the endless
number of potential interactions between the drivers
of change and WEFE components, for illustrative
purposes and space constraints, we have assessed
the mechanisms at play related to one or two drivers
of change, for each component, with climate change
common to all of them. Figure 2.3 presents some
examples of interactions between WEFE components
which reflect the rationale of this chapter.

2.2 The WEFE cascade from the water
change perspective

Water security in the Mediterranean is threatened
by a combination of factors, including climate
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change, densely concentrated population growth,
and unsustainable resource management and
land use practices, among others (Daccache et
al., 2014; Fader et al., 2020; Scheffran & Brauch,
2014). Climate change has caused an increase in
temperature and more frequent and severe drought
conditions in many areas of the Mediterranean region
(Garcia-Ruiz et al., 2011; IPCC, 2022; Samaniego et
al., 2018). Population growth, economic development
and lifestyle changes have led to increased water
demand, resulting in water shortages and depletion
of water resources (Labrousse et al., 2022; Rico-
Amoros et al.,, 2009; Scheffran & Brauch, 2014;
Schilling et al,, 2012). Moreover, unsustainable
resource  management and inefficient irrigation
practices (Bousbih et al., 2018; Martinez-Granados
et al., 2011) have resulted in pollution of water
resources (Lutz et al., 2016), groundwater depletion
(Dalin et al., 2017; Garcia-Ruiz et al., 2011; Wada et
al., 2010). A combination of these factors has created
many uncertainties regarding water security in the
Mediterranean region that are set to increase during
the coming decades in the context of climate change
(IPCC, 2022; Malek et al., 2018).

Some inherent characteristics of the Mediterranean
climate (e.g. irregular spatio-temporal distribution
of precipitation, very high evaporative demand in
summer and high frequency of climate-related
extreme events (droughts and floods) (Caloiero et al.,
2018a; Deitch et al., 2017; Garcia-Ruiz et al., 2011;
Mateos et al., 2023) are being exacerbated by climate
change, considerably reducing water security in
the Mediterranean region on an increasing basis,
with climate change impacts projected to continue
occurring in the region with even more frequency
and intensity (IPCC, 2022; Noto et al., 2022). Under
a 2°C warming scenario, water resources in the
Mediterranean region are expected to decrease by 2
to 15% (Cramer et al., 2018) with a likely increase
in dry spell lengths (Noto et al., 2023; Raymond et
al., 2019; Schleussner et al., 2016). For instance,
the Water Scarcity Index is expected to be medium
or high for a large portion of the Mediterranean
region by 2050 (Caretta et al., 2022). Under future
climate change scenarios, per capita water
availability in Greece and Tirkiye may drop below
the generally accepted threshold for severe water
stress of 1000 m3 yr~' in 2030 (Ludwig et al., 2010).
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Decreasing water resources in the Mediterranean
region has been attributed