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Foreword

Since its inception in 1975, the Mediterranean Action Plan of the United Nations Environment Programme (UNEP/MAP) has
equipped Contracting Parties with a solid understanding—distilled by the Plan Bleu Regional Activity Centre— of the state,
dynamics and interactions of environment and development in the Mediterranean. In the last four decades, a growing wealth
of knowledge generated by Plan Bleu has benefited stakeholders in the region in an inclusive manner, and many have used
it for evidence-based decision-making. The present State of the Environment and Development in the Mediterranean (SoED)
report continues in this tradition, providing recent information on a broad range of interconnected topics and insight for
priority action. Prepared in collaboration with over 150 contributors and reviewers, it is a major milestone in our constant
effort to strengthen dialogue between science, policy and practice.

This report comes at a historical turning point for the region and the world. In the first half of 2020, COVID-19 has spiraled into
a pandemic, compounding a set of intersecting crises already affecting the Mediterranean region. The pandemic is taking a
hefty toll through loss of life, human suffering and massive economic disruptions in our region, with much of its medium- and
long-term impacts yet to be fully apprehended. As we launch the SoED and in response to the socio-economic crisis caused
by COVID-19, Mediterranean countries are in the process of introducing policies, measures and stimulus packages to support
recovery. Millions of jobs are on the line and according to initial estimates, the crisis has knocked several percentage points
off national income. There is no silver lining to be found in the COVID-19 pandemic, but we believe that our region must seize
a historic opportunity to recover in a smart, evidence-based green fashion.

The SoED brings to the decision-makers’ fingertips a timely compilation and analysis of the most comprehensive and up-
to-date knowledge available on the environment and development in the Mediterranean. This will be crucial for informed
decision-making in this period of high uncertainty. If Mediterranean countries are to seize the historical opportunity to build
back greener in the recovery from COVID-19, the SoED offers the possibility of drawing lessons from the mistakes of the
past and evidence of the toll they have taken on the health of the environment and human wellbeing. Such lessons would be
crucial in turning the tide on the unsustainable business-as usual and in scaling up adequate sustainable consumption and
production models.

Building back better entails revisiting our relationship with nature. It calls for prioritizing green jobs, renewable energy,
integrated water resource management, organic agriculture, sustainable fisheries and aquaculture, alternative tourism, low
carbon shipping, solutions with limited resource intensity; and recognizing the potential of all generations and genders, to
shape our collective future in the Mediterranean region.

At their 215 Ordinary Meeting [COP 21 - Naples, December 2019), the 21 countries bordering the Mediterranean Sea and
the European Union - as Contracting Parties to the Barcelona Convention - approved the SoED Summary for Decision
Makers and Key Messages, as important inputs for the definition of the UNEP/MAP Medium-Term Strategy 2022-2027 and
other relevant policy and strategy developments of the system. The COP 21 Decision 1G.24/4 invited Contracting Parties to
take concrete steps to incorporate the concerns raised in their policies; encouraged all possible efforts to overcome the
knowledge gaps identified in the SoED; and requested the UNEP/MAP-Barcelona Convention Secretariat to undertake an
extensive dissemination and communication campaign on the report findings.

By highlighting the gaps between the objectives that Contracting Parties have collectively set and committed to and current
trajectories, the SoED makes the case for renewed ambition towards environmental sustainability and inclusive socio-
economic development. The report’s findings warrant radical policy changes in production and consumption patterns, as
well as land and sea use.

The UNEP/MAP-Barcelona Convention system continues to offer the enabling legal and implementation framework to enact
the required changes. In fact, much remains to be done on compliance with the Barcelona Convention and its Protocols,
notably to ensure that all commitments are translated into action with stakeholders on the ground, including local authorities,
civil society organizations, the private sector; maintained over time; and effectively enforced. While ambitious environmental
measures are discussed and often approved within specialized communities of individuals and institutions, integration of
environmental objectives and actions into all sectoral policies and private decisions falls far behind what would be needed for
a sustainable and inclusive future. The SoED has the potential to help initiatives, projects, institutions, and resources in and
for our region to work together towards reversing unsustainable trends.

4 | SoED 2020



Priority actions identified in the report can help regional and national institutions draw blueprints for post COVID-19 recovery,
based on partnerships and coordination among countries, with the continued support of all UNEP/MAP Components, the
Mediterranean Commission on Sustainable Development, sister United Nations agencies and Multilateral Environmental
Agreements, and Partners, including representatives of the vibrant Mediterranean civil society.

In the spirit of the 2030 Agenda for Sustainable Development, it is our collective responsibility to respond without any further
delay to the new generations’ call for action - action to end poverty, protect the planet and improve the lives and prospects
of everyone, everywhere. The SoED is our contribution to the knowledge needed to do so in this magnificent region that we
call home.

Gaetano LEONE
Coordinator, UNEP/MAP - Barcelona Convention Secretariat
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Preface

The Mediterranean Sea and its region are very complex; reporting on the Mediterranean environment and development is
therefore a challenge. However, this report rises up to this challenge by being:

e evidence-based, with data and facts on major and lasting features of the regional environment. The report stresses the
overall unsatisfactory state of the regional environment regarding air pollution, quality and quantity of water resources, waste
management and nature protection;

e action-oriented, identifying - out of the Mediterranean complexity - the actions required for transitioning towards a
sustainable and inclusive future, with particular focus on relieving key sectors’ pressures on the environment. Such actions
are sought from individual governments or private companies, or based on international environmental agreements.

The report recognizes differences among riparian countries and sub-regions (e.g. north, south, east Mediterranean). Since
Plan Bleu's 2005 report, A sustainable future for the Mediterranean: the Blue Plan’s environment and development outlook”,
differences remain in human development, demographic trends, access to natural resources, and environmental protection.
Riparian countries and the Mediterranean Sea itself benefit and are affected by major flows of people (e.g. from migration
and tourism), as well as intense flows of goods and services (e.g. fossil fuels, agricultural products, manufactured goods).
The Mediterranean is linked with the rest of the world through major straits or canals (Gibraltar, Turkish straits, Suez Canall.
The region is also subject to important environmental risks. Differences among the Mediterranean countries further induce
inequalities in resilience, as well as adaptation or prevention capacities to deal with ongoing or future challenges.

EIGHT SELECTED MAJOR THREATS FOR THE MEDITERRANEAN ENVIRONMENT

1. Climate change affects the Mediterranean significantly more than the world average, particularly with warmer air and sea
surface temperatures all year round. While the average air temperature is worldwide about 1.1°C higher than pre-industrial
times, the Mediterranean temperatures are above to 1.5°C higher. The Intergovernmental Panel on Climate Change (IPCC)
further expects temperature increases in the region of 2 to 3°C by 2050, and 3 to 5°C by 2100.

2. Population densities in coastal areas have continued to increase at unsustainable rates over the last decade. Over 1965-
2015, urban pressures increased in 75% of Mediterranean countries; particularly, built areas doubled or more than doubled
within one kilometre from the sea. Consequently, biodiversity and especially natural coastal ecosystems and their services
(e.g. carbon capture, flood control) decreased in contradiction with the Barcelona Convention Integrated Coastal Zone
Management Protocol. Urbanization also resulted in the loss of agricultural land.

3. Health impacts from atmospheric pollution are most severe in urban and port areas, with pollution measured well beyond
WHO recommended standards. The low quality of fuels in some countries, emissions from ships, and high shares of aged
vehicles in motor vehicle stocks contribute to explain the annual 228,000 early deaths from air pollution in Mediterranean
countries.

4. Health impacts from lack of water supply and wastewater treatment facilities, particularly on the southern and eastern
rims of the region, contribute to a range of diseases, undermining population well-being and labour productivity.

5. Waste and its management remains a challenge in many countries. Around 730 tonnes of plastic waste end up daily in the
Mediterranean Sea. Plastic waste represents 95 to 100% of marine floating waste and 50% of litter on sea beds. In tonnage,
plastic could outweigh fish stocks in the near future. Many coastal uncontrolled landfill sites are found, particularly on
eastern and southern shores.

6.Fisheries practices threaten fish resources: 78% of assessed stocks are over-fished, while 18% of the catches are discarded.
Fisheries represent the number one threat to fish populations in the Mediterranean Sea. Aquaculture is growing fast with
high dependency on fish meal from sea catches, large nitrate and phosphorus effluents, as well as genetic modification of
natural fish stocks.

7. Fossil fuels overall dominate energy supply in the Mediterranean region, with heavy environmental and health impacts
(e.g. CO2, water acidification, particulate matters). An energy transition is imperative, focusing on energy efficiency and larger
shares of renewable sources in the energy mix, in line with international agreements.

8. Excessive use of chemical and pharmaceutical products generate increasing concerns, particularly in northern
Mediterranean countries. Only about 700 out of 70,000 chemical substances on the market have been studied for their

6 | SoED 2020



risk impacts, with focus on those used with ‘high tonnage’. Endocrine disruptors penetrate the environment directly (e.g.
herbicides, insecticides and fungicides) or indirectly [e.g. metabolic degradation of pharmaceuticals through treated
wastewater). They have effects on fish and amphibians, as well as on children and human reproductive health.

EIGHT AREAS FOR ACTIONS AND TRANSITIONS

1. Major changes in production and consumption patterns are urgently needed in the Mediterranean region to progress
decisively towards inclusive sustainable development, with focus on climate change concerns, biodiversity protection and
restoration, circular economy, and transition towards blue/green economy. These goals are consistent with the UN 2030
Agenda for Sustainable Development and its Sustainable Development Goals (SDGs), as well as the Mediterranean Strategy
for Sustainable Development 2016-2025.

2. Inclusive development must address inequalities and involve civil society in decision and action. Women can play a
major role: i) in promoting sustainable household consumption and investment (e.q. in food/agriculture, energy), and i) in
entrepreneurship and economic development. Younger generations and their demands and potential for action are central to
short-and long-term progress, including in countries with strong population increases.

3. Moving towards food and water security is key for inclusive sustainable development and requires: integrated water
resources management, the use of new non-conventional water resources, water demand management with proper pricing
le.g. in agriculture), quantity and quality of food with attention to their health impacts.

4. Moving towards energy efficiency and reliance on low-carbon energy solutions is also key. The energy sector is too
often supported by considerable fossil fuel subsidies, going well beyond those needed for social purpose. Its environmental
impacts are to be addressed at energy facilities, including primary production, electricity production plants, and refineries.

5. Moving towards sustainable tourism requires the cooperation of the multiple actors in the sector. Their commitments to
more sustainable models are required to capture economic, social and environmental benefits. This is particularly important
in Mediterranean countries, which host about one third of world tourism.

6. Moving towards a sustainable transport sector requires attention to address the environmental impacts of infrastructure,
vehicles and traffic management. This includes investment and maintenance in road, rail, port and airport facilities; pollution
control of new and in use vehicles, transition to electric and/or hydrogen technologies; reduction of the environmental
impacts of civilian and military maritime transport with riparian and non-riparian flags at port and at sea; urban traffic
police, urban public transport, control of straights and canals; legal and illegal movements of maritime transport of freight
and passengers, etc.

7. Industry and mining should improve: i) resource use in the context of a circular economy with reduction, reuse and
recycling of waste, ii) attention to the production and use of chemicals and their impacts on humans and the environment.

8. The blue economy is sometimes considered a new frontier for economic development, to be managed in phase with the
Sustainable Development Goal 14 which targets the conservation and sustainable use of oceans, seas and marine resources.
Growth is expected in marine aquaculture, offshore energy, fish processing, shipbuilding repair and dismantling, maritime
equipment and ports, maritime and coastal tourism. The economic benefits of the blue economy are accompanied by threats
to the health of marine and coastal ecosystems through: i) sea water acidification, sea temperature and level increases, shifts
in currents, biodiversity and habitat losses, ii) pollution (e.g. from agriculture and industry, chemicals, nutrients and plastics]
and iii) overfishing, and other resource sustainability and efficiency issues. The implementation of Marine Spatial Planning
and Integrated Coastal Zone Management needs to be rigorously strengthened to allow for a sustainable blue economy
compatible with the restoration of the health of strained ecosystems and halting the relentless encroachment on the marine
and coastal environment.

STRENGHTENING GOVERNANCE OF NATIONAL AND INTERNATIONAL FRAMEWORKS FOR TRANSFORMATIVE CHANGE

Mediterranean countries, individually and collectively, should capture potential economic, social and environmental benefits
associated with progress not only in sectors such as agriculture and fisheries, energy, tourism, transport, industry and
mining, but also in new sustainable development frontiers through aid, foreign direct investment, international trade and the
blue economy. While capturing the related benefits, attention needs to be paid to the negative impacts of emerging and fast-
growing sectors on the health of the sea and its coastal areas. Such sectors are strongly influenced in the Mediterranean by
world trends and changes.

To ensure the necessary transition towards a sustainable and inclusive future, governments and enterprises in the
Mediterranean region should build on: i) a mix of regulatory and economic instruments, with attention to proper prices,
taxes and subsidies; ii) technological and social innovations; iii) multiple financing sources (in line with the 2015 Addis Ababa
agreement] that target sustainable investments and walk-out on funding of polluting activities: national and international,
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public and private, conventional and non-conventional, micro-credit; and iv) monitoring factual progress, with tools such as
indicators and data.

At this point in time, legislative and regulatory shartcomings, difficulties in controlling economic activities and budgetary
restrictions explain the gaps between commitments and implementation of public policies in the Mediterranean region.

Countries need to strengthen active alliances of governments, enterprises and opinion leaders to:
e implement and enforce national environmental laws and regulations,

e implementandenforce internationalagreementsand associated commitments, at transboundary level, at Mediterranean
level (e.g. Barcelona Convention, Mediterranean Strategy for Sustainable Development 2016-2025), and at global level
(e.g. Climate Convention and agreements, Biodiversity Convention and protocols, Law of the Sea, UN 2030 development
agenda).

In particular, the Barcelona Convention and its Protocols need to be better translated into national laws and fully implemented
and made operational.

-

P ————
Christian AVEROUS Thierry LAVOUX
Vice-president of Plan Bleu President of Plan Bleu
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Introduction - SOED Preparation Process

The Report on the State of the Environment and Development in the Mediterranean (SoED) is the
fulfilment of long-standing common goals among Mediterranean countries

Since the late 1970s, Mediterranean countries have set the common objectives to put ‘at the disposal of political leaders
and decision makers all information that will enable them to develop plans likely to ensure sustained optimal socioeconomic
development without degrading the environment” and help “governments of coastal states in the Mediterranean region to
increase their knowledge of the joint problems they have to face, both in the Mediterranean Sea and in their coastal areas” (Inter-
governmental Meeting, UNEP/IG.5/7, 1977).

This goal resulted in the publication of two reference reports by Plan Bleu, a United Nations Environment Programme/
Mediterranean Action Plan ([UNEP/MAP) Regional Activity Centre, in 1989" and 2005%, and a shorter update in 2009°.

Since then, Mediterranean countries have published reports on the state of their environment, often analysing the interactions
between environment and development issues. National reports* demonstrate progress associated with specific policy
measures (e.g. on health, education and habitat in Morocco; air pollution in France, Greece, Spain, etc.), and identify continuing
national challenges, including ones relevant for the Mediterranean environment [e.g. waste management in Lebanon,
Greece, etc.; waste generation in Malta; coastal zone management in Morocco; haphazard and rampant urbanization in
Lebanon; ground water quality in France; loss of common bird population on agricultural lands in France and Spain; land
degradation in most reports; ongoing air pollution challenges, including in countries where there is progress, etc.). The
impacts of climate change - which are of increasing concern - have started to be explicitly documented in national reports
(e.g. on water resources in Morocco; river systems in Spain; marine resources affected by acidification in France, etc.).

Mediterranean countries and stakeholders have demonstrated a constant need for and interest in updated information and
analyses on the environment and development, including maps, graphs and data, recent policies, and lessons learned. But
no such report had been produced at the Mediterranean level in the past 10 years.

The Report on the State of the Environment and Development (SoED) fills this gap. It has been prepared within the framework
of the UNEP/MAP - Barcelona Convention system, at the request of the 21 countries bordering the Mediterranean Sea and
the European Union, as Contracting Parties to the Convention for the Protection of the Marine Environment and the Coastal
Region of the Mediterranean (Barcelona Convention).

The SoED presents a comprehensive and updated assessment of the interactions between the environment and development
in the Mediterranean region. It intends to increase awareness and understanding of the environmental status and trends in the
Mediterranean, their driving forces and impacts, as well as current and potential responses. It facilitates the measurement
of progress made towards sustainable development, providing an up-to-date foundation for enhancing the implementation of
the MAP, 2030 Agenda for Sustainable Development, Sustainable Development Goals (SDGs) and the Mediterranean Strategy
for Sustainable Development 2016-2025 (MSSD).

The report builds on other UNEP/MAP reports, in particular the Mediterranean 2017 Quality Status Report (QSR 2017), which
addresses the quality status of the marine and coastal environment. The SoED also lays the groundwork for the MED 2050
foresight study on the future of the Mediterranean in 2050, which is currently under preparation. These three exercises will
jointly inform regional and national decision makers by identifying key areas requiring further joint or coordinated action, and
drawing out elements for the next UNEP/MAP Medium-Term Strategy (MTS) 2022-2027 and the forthcoming Mediterranean
2023 Quality Status Report (QSR 2023).

While important data gaps are acknowledged, the report seeks to demonstrate our capacity to monitor and analyse the state
of our environment, the impact of human activities on the environment, and the impact or potential impact of environmental

! Batisse, M., Grenon M. (1989). Futures for the Mediterranean Basin: the Blue Plan.

?Benoit, G., Comeau, A. (2005). A sustainable future for the Mediterranean: the Blue Plan’s environment and development outlook.
® UNEP/MAP-Plan Bleu (2009). State of the Environment and Development in the Mediterranean, UNEP/MAP-Plan Bleu, Athens.

“ Detailed references can be found at the end of the report.
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degradations on our well-being and activities. Besides informing public and private decision makers, the report will help
inform and communicate with the general public. As stated by the Spanish Minister for Ecological Transition in the recent
Environmental Profile of Spain, 2017: “transparency as regards what is being done and, equally, what has yet to be done but which
Is considered important to do, generates trust, and public trust in politicians provides the stimulus needed to keep working on the
commitments made”.

PREPARATION OF THE SOED WAS A LARGE COLLABORATIVE PROCESS

While Plan Bleu led the preparation of the SoED, its contents are the result of a large collaborative process. Other UNEP/MAP
components co-led the preparation of thematic chapters or sections, including the UNEP/MAP Coordinating Unit (Chapter
8 on governance), the Programme for the Assessment and Control of Marine Pollution in the Mediterranean - MED POL
(Chapter 7 on health and environment], the Regional Marine Pollution Emergency Response Centre for the Mediterranean
Sea - REMPEC (sections on maritime transport], the Priority Actions Programme Regional Activity Centre - PAP/RAC
(Chapter 5 on coastal zone management), the Regional Activity Centre for Specially Protected Areas - SPA/RAC (Chapter 3 on
biodiversity and ecosystem services), the Regional Activity Centre for Sustainable Consumption and Production - SCP/RAC
(Chapter 4 on economic activities and linked pressures).

Regional organizations and networks co-led other chapters: the International Center for Advanced Mediterranean Agronomic
Studies - CIHEAM (Chapter 6 on food and water security), the Center for Mediterranean Integration (CMI] through its World
Bank component (Chapter 1 on socioeconomic drivers and trends); the network of Mediterranean Experts on Climate and
Environmental Change (MedECC), bringing together 600 scientists (Chapter 2 on climate change).

In total, around 150 technical organizations and scientists co-authored the report, or reviewed specific sections, participating
in chapter working groups, including several national experts recommended by their countries. National and thematic Focal
Points in the UNEP/MAP - Barcelona Convention system and members of the Mediterranean Commission on Sustainable
Development (MCSD) were consulted at several stages of the report preparation process.

Finally, a Steering Committee supported the preparation of the report, in particular its most strategic components: the
Key Messages and Summary for Decision Makers. The committee included representatives of five volunteer Contracting
Parties (Algeria, France, Italy, Montenegro and Morocco), the MCSD, the UNEP/MAP Secretariat [MAP Coordinating Unit and
Components), and four technical partners: the European Environment Agency (EEA), CIHEAM, CMI, and MedECC.

DATA SOURCES ALIGN WITH INTERNATIONAL BEST PRACTICES

The report draws upon several available sources of information’, giving priority to UN system data. When not available in the
UN system, data was drawn from other recognized international and regional organizations, including the World Bank, the
Organisation for Economic Cooperation and Development [OECD), the Intergovernmental Panel on Climate Change (IPCC),
International Union for Conservation of Nature (IUCN), European Environment Agency (EEA), and at the regional level, the
Observatoire Méditerranéen de [énergie [OME), the Mediterranean Wetlands Initiative (MedWet), etc. On specific subjects
and case studies, the report also draws data from national statistics offices/observatories, national thematic agencies,
and national and local governments. Official data sources were supplemented, where required, by peer-reviewed scientific
articles, reports from research institutions, doctoral theses, and scientific books. Some industry data from recognized
industry organizations was used to describe specific sectors (e.g. MedCruise on the cruise sector]. Finally, case studies were
derived from project reports and interviews with project managers.

These data sources are in line with international best practices, the 2014 United Nations Secretary’s call for a Data Revolution
for Sustainable Development®, and the UNEP methodological recommendations in the context of the Global Environmental
Outlook 6 [UNEP, 2019].

THE FULL REPORT IS SUPPLEMENTED BY TWO SUMMARY DOCUMENTS

The full report is composed of eight thematic chapters. It is supplemented by two summary documents:

1. The Summary for Decision Makers provides a comprehensive overview of the state of the environment and development
in the Mediterranean, along the same structure as the main report. It is intended for a large audience.

2. The Key Messages compile evidence from the various chapters most closely connected to marine and coastal environmental
issues. They highlight interactions and combined impacts according to the Drivers-Pressures-State-Impacts-Responses
analytical framework (DPSIR]. The Key Messages expand on the larger significance of the findings, conveying policy-
relevant but not policy-prescriptive suggestions in the context of the UNEP/MAP - Barcelona Convention system, and
identify priority areas for further policy-oriented research.

®Sources exclude, among others: newspapers and magazines, blogs, social networking sites, broadcast media, and popular books.
¢ http://www.undatarevolution.org/wp-content/uploads/2014/11/execsum.pdf
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General principles for the use of data and other information in this report

The following types of data sources are used for the purpose of providing information relevant for the policy debate within this report:

o UN system data

* Data from international organizations (FU agencies, IPCC, IUCN, OECD, United Nations and related agencies and organisations,
World Bank, ..

* Data from national statistics offices/observatories, national thematic agencies, national and local governments

* Data from Mediterranean regional observatories and initiatives (MedWet, OME, ..)

o Scientific articles, reports from research institutions, PhD theses, scientific books

o Reports from industry in their relevant fields (MedCruise...)

o Relevant conference proceedings, project reports for case studies

The following types of information sources are not accepted:

o Newspapers and magazines

o Blogs, social networking sites
o Broadcast media

e Popular books

Emphasis is placed on the reliability of all cited literature. Use of this literature brings with it the responsibility to assess the validity of cited information.
This responsibility has been shared between authars, reviewers and editors.
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Countries along the Mediterranean Sea share a common
heritage, analogies in lifestyle and values, exposure to
climate and environmental risks and impacts, urbanization
and coastal erosion, and an increasing tourism pressure. The
contrasts are also significant: throughout the past decade,
gaps have persisted between Northern Mediterranean
Countries [NMCs) and Southern and Eastern Mediterranean
Countries (SEMCs) in terms of demographic dynamics,
human development, access to natural resources and
environmental protection. These differences lead to large
inequalities in resilience and adaptive capacity to deal with
current and projected environmental and climate changes.
Recent estimates of the cost of environmental degradation
attest to the magnitude of these impacts, which are
exacerbated in situations of conflict.

While facing contrasted situations, countries in the region
remain connected by intense flows of people (migration and
tourism), goods and energy products (especially via maritime
transport), financial resources (foreign investment),
information and social interaction (increase in mobile phone
subscriptions and the number of people using the Internet
and social media), as well as via environmental flows (river
flows, marine currents, migratory species, etc.). Globalization
and technological progress are accelerating connections
between individuals and certain strategic locations (large
cities, airports, industrial and logistics zones), and more
remote locations such as local markets’. Among other recent
trends, the emergence of regional and international powers,
including China, repositions the Mediterranean at the centre
of transnational influences and flows (Arrault, 2006). Such
interconnections call for strengthened collaboration on
sustainable development challenges.

The widespread urbanization and other shared phenomena
occurring atvarying levels of intensity [economic growth, cen-
tralization/decentralization and liberalization of public ac-
tion, demographic transition, internal and transnational mi-
grations, increased social mobilization at various levels, and
the local empowerment of populations) have also profoundly
changedthe contextandlifestylesofsocietiesintheregion.The
environmental impacts of such changes in lifestyles vary.
While current trends tend to scale up the negative environ-
mental impacts of unsustainable production and consump-
tion patterns, emerging alternative models and aspirations
also open a window to potential transformative changes.

This introductory chapter seeks to provide updated infor-
mation on some key drivers of environmental, social and
economic changes in the Mediterranean region. It acknowl-
edges both important interactions with continents beyond
Mediterranean boundaries, and subregional contrasts or
“complementary differences” among countries and subre-
gions. Important developments in environmental preferenc-
es and consumption patterns are described in greater detail
in Chapter 4.

1.1 Demographic contrasts: a young growing
South and aging North

The population of the States bordering the Mediterranean
Sea® amounted to approximately 512 million people in
2018 [UN DESA, 2019), representing 6.7% of the world
population. While the population has been stabilizing in the
north since 1980, the population in the south and east of the
basin has more than doubled over the same period (from
153 millionin 1980to 314 millionin 2018), and is expected to
increase by an additional 182 million inhabitants by 2050. In
2018, 39% of the Mediterranean countries’ population lived
onthe northern shoreand 61% on the southernand eastern
shores. In decreasing order, population growth rates
in the past decades have been highest in the State of
Palestine, Lebanon, Israel, Egypt, Algeria and the Syrian
Arab Republic. The most populated country is Egypt with
98 million people in 2018, followed by Turkey (82 million)
and France (67 million). 2018 population density was
highest in Monaco, Malta and the State of Palestine, and
lowest in Libya (ranging from 4 to almost 26,000 people per
km?) (UN DESA, 2019).

The demographic transition has been completed in two
thirds of Mediterranean countries and is ongoing in the
remaining ones. The demographic convergence with
Northern Mediterranean Countries (NMCs] is striking in
Lebanon, Tunisia and Turkey. In Morocco and Libya, where
fertility continues to decline, this convergence is only a
few years away. This trend is coherent with an increasing
urbanization, as, in demographic transition, fertility rates
generally decline fastest in urban areas and remain highest
in the most remotely settled and rural zones. Contrary to
earlier projections, the demographic transition seems to
have come to either a halt or a new increase in Algeria and
Egypt. All Southern and Eastern Mediterranean Countries
(SEMCs) have a fertility rate at or above the replacement
rate of 2.1, leading to population growth, except Lebanon
(1.7). In Egypt, Israel and the State of Palestine, fertility
rates exceed the symbolic threshold of three children
per woman. Fertility is below the replacement rate in all
NMCs, leading to population decrease and aging. Migration
impacts these dynamics.

The current and historic differences in fertility have led to
different age structures in Northern, Eastern and South-
ern countries, with a population in SEMCs on average 14
years younger than in the North. The average median age
in SEMCs ranges from 20 to 31, and in NMCs from 34 to 45.

Around 70% of the Mediterranean population lives in urban
areas. The urban population has continued to increase
throughout the region in the past decade with more than
half of the population living in urban areas in 2017 in all
countries except for Egypt (57% rural population), and
Bosnia and Herzegovina (52%). A new phenomenon is
the decline in absolute numbers of the rural population

’ For more information on the “inconspicuous spaces of globalization” and peripheral goods flows towards poor population categories in South-

ern and Northern countries, see Choplin & Pliez (2018).
¢ Including the State of Palestine.
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Stagnation or increase in fertility in Algeria, Egypt, Israel and Tunisia, and life expec-
tancy in the Syrian Arab Republic

The fertility decline dynamics in the SEMCs have been visible since the 1960s and seemed sufficiently strong to scientifically support the thesis of an
ongoing demographic transition. Data sources from various international institutions all agreed on 2020-2025 as the date for reaching a fertility rate similar
to that of the NMCs, i.e. around the replacement threshold of two children per women. Until the mid-2000s, the forecasts proved generally in keeping
with reality, with spectacular decreases in fertility recorded in Algeria, Egypt, Libya, Morocco, the Syrian Arab Republic and Tunisia. The disruption of these
trajectories since 2005, which in some of these countries has led to a stabilization or even a significant increase in fertility, has come as a surprise for the
community of demographers. Even if demagraphers seem to consider this inflection as temporary, they have put forward a number of potential arguments
to understand this “counter-transition”.
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Figure 1- Fertility rates in Algeria, Egypt, Israel and Tunisia, 1985-2017
(Source: United Nations, 2019)

In Egypt, fertility rates rose from around 3.0 in 2006 to almost 3.4 in 2013 and 2014, in a country particularly affected by limited living space, accelerating
natural resource depletion and a difficult labour market situation. Although there is currently no consensus among demographers on the explication of this
fertility increase, hypotheses include: poverty leading to overinvestment in future generations, difficulties for the female workforce on the labour market
leading to earlier motherhood (without necessarily having more children than older generations), economic support from expatriate Egyptians working in
the Gulf countries, which makes it economically feasible to have a higher number of children, etc.

Potential reasons to explain the rise in fertility in Algeria and the stagnation in Tunisia after a previous period of spectacular decline include (i) a slowdown
in the rise of the age of marriage, which has tended to stabilize at around 30 years old since 2000; and (ii) the stabilization, or decrease in Tunisia, of the
proportion of women using contraception. This increase in fertility is more significant in urban than rural areas and affects all social categories of women,
but especially educated women, including in rural areas, as fertility of the most highly-educated women in Algeria increased from 1.4 children per woman
in 2001 to 2.8 in 2007. In Israel, fertility rates have stagnated at around 3 children per woman.

In the Syrian Arab Republic, the recent conflict has brought about an eight-year reduction in life expectancy for men compared to a reduction of just over
one year for women (Loichinger, Goujon & Weber, 2016). This trend implies that women are increasingly likely to be widowed and have proportionally higher
dependency levels among the older age categories than men (UNDESA, 2017).

in Albania (-2.4%), Croatia (-1%), Montenegro (-1%), population ranges from 5% in Slovenia to 100% in island

Algeria (-0.4%), Slovenia (-0.5%), and Turkey (-0.5%), while
Egypt still registers an annual growth of 2% of its rural
population. Continuing urbanization is accompanied by an
increase in the number of inhabitants in Mediterranean
metropolises, which challenges urban planning, including
transport and environmental infrastructure.

In Mediterranean countries, one out of three people live in
a Mediterranean coastal region’. The share of the coastal

countries (Cyprus, Malta) and Monaco. Coastal urbanization
is partly driven by tourism, with Mediterranean countries
hosting around 360 million international tourist arrivals
(ITAs) per year, representing around 27% of world tourism
in 2017 (UNWTO, 2019), largely concentrated in coastal
zones and in the summer months.

? Plan Bleu calculations, national sources (referring to NUTS 3 or equivalent).
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Figure 2 - Age distribution of population in the Mediterranean

In the East Mediterranean, South Mediterranean and North Mediterranean, 1980, 2015 and 2050 forecast.

(Source: UNDESA, World Population Prospects, 2017)
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Population density by administrative region and main cities in the Mediterranean catchment area.
(Source: EUROSTAT, 2018; National statistics departments, 2011-2018; UNDESA, World Urbanization Prospects: The 2018 Revision)

1.2 A region of socioeconomic inequalities

1.2.1 Disparities in human development are
decreasing but remain, aggravated by
conflicts

The levels of development in the region, as measured
by the Human Development Index [(HDI), reflect the
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geographic and economic divide between NMCs and
SEMCs, with the exception of Israel. In European Union
(EU] countries, higherincome, coupled with social security
systems and investment in education, have increased life
expectancy at birth and the number of years of schooling.
The EU candidates are in an intermediate position, even
if Albania and Bosnia and Herzegovina have lower Gross
Domestic Product (GDP) per capita than Algeria, Lebanon
or Libya.
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Figure 4 - Human Development Index scores of Mediterranean countries, 2018

[Source: UNDP, 2018)

Despite demographic growth, geopolitical difficulties and
conflicts, human development, as measured by the HDI,
has experienced an upward trend throughout the last
decade, significantly increasing in almost all countries.
Most SEMCs have conducted policies to provide widespread
access to education in primary and secondary schools. The
expected number of years of schooling for new generations
are not far from European standards, with the exception
of tertiary education to which access remains unequal.
Girls" education has also improved with an increased
gender parity index for the enrolment rate in primary and
secondary schools in most Mediterranean countries.

The challenge lies in the quality of the education provided.
The World Economic Forum [(WEF) has produced a
human capital index that measures “the knowledge and
skills people possess that enable them to create value in
the global economic system”, for which most southern
Mediterranean countries are lagging behind, as indicated
in Figure 5 below.

1.2.2 Unemployment is a core issue, particularly
for women and young generations

In Mediterranean countries, 22.5 million people were
unemployed in 2018, more than 11% of the total labour force.
Unemployment rates vary from 4% in Malta to 26% in the
State of Palestine. The number of unemployed has reached
up to 3 million in Egypt, Turkey and Spain. Compared to
1995, the total rate of unemployment has decreased in
15 countries, mainly in Algeria and Montenegro (- 20%
and - 15% respectively), and increased in 6 countries,
mainly in the State of Palestine and Greece (+15% and 10%
respectively).

Youth unemployment is a major issue in all Mediterranean
countries. In most cases, the youth unemployment
rate is double to triple the total rate. In 2018, the youth
unemployment rate varied from 7% in Israel to 42% in the
State of Palestine and close to 50% in Libya.
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Figure 5 - Human Capital Index score and rank/130, 2017

(Source: World Economic Forum, 2017)
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Another trend in unemployment is that advanced educa-
tion does not seem to provide better protection against
unemployment in some countries. According to the Inter-
national Labour Organisation (ILOJ, unemployment rates
among individuals with advanced education (tertiary lev-
el) is higher than the national averages and reached 42%
in Tunisia in 2013, 30.8% in Egypt in 2016, and 54% in the
State of Palestine in 2017.

The situation for women on the labour market varies be-
tween countries. In 2017, the female unemployment rate

50 %

was higher than the male unemployment rate in most
Mediterranean countries, except in France and Albania.
The situation is very diverse, from less than 5% female
unemployment in Malta and Israel (similar to the male
rate) to 47% in the State of Palestine (more than double
the male rate]. The share of women in the labour force in
NMCs and Israel is above 33% and below 33% in SEMCs,
having slightly increased in almost all countries over the
past decade.
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Figure é - Unemployment rates 1995-2018 and youth unemployment rates in 2018
(Source: World Bank, 2019a, based on ILOSTAT, 2019)
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Left: Female and male unemployment rates in Mediterranean countries, 2017. (Source: ILOSTAT, 2019)
Right: Female labour force, as a percentage of total labour force. (Source: World Bank, 2019a)
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1.2.3 A significant gender gap remains a barrier
for inclusive environmental management

The gap betweeneconomicactivity rates of menandwomen
[Figure 7] cannot be explained by the (relatively small)
differences in educational attainment alone. Even higher
enrolment rates of women in tertiary education do not lead
to higher female employment (Sidto et al. 2017). Instead, the
main reasons for the discrepancies in activity rates of men

and women on the labour market include sociocultural
norms regarding women and their place in family, society
and work and the resulting discrimination in workplaces
and lack of work-life balance, as well as more practical
issues such as lack of safe, reliable and affordable ways
to commute to work or access to financing to start a
business [Sidto et al. 2017). In addition, time spent on
domestic work is much higher for women than for men in
all Mediterranean countries (Figure 9).

Figure 8 - Gross school enrollment in tertiary education, gender parity index
[Ratio of women to men enrolled at tertiary level in public and private schools] in Mediterranean countries.

[Source: World Bank, 2019a; *Malta National Statistics Office, 2020)
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Figure 9 - Proportion of time spent on unpaid domestic and care work, male and female in % of 24-hour day

[Source: World Bank, 2019a)
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The Global Gender Gap Index (World Economic Forum, 2020)
has been conceived to capture the magnitude of gender-
based disparities. It benchmarks national gender gaps on
economic, education, health and political criteria to create
global awareness of the challenges posed by gender gaps
and the opportunities created by reducing them.

In all Mediterranean countries, just as at the global level,
gender parity, as assessed by the Global Gender Gap
Index, is far from being achieved (Figure 10]. The gender
gap to be closed in Mediterranean countries ranges from
20 to 43%, compared to 31% at the global level. In all
SEMCs except Israel, the gender parity gap is larger than
at the global level, while all NMCs and Israel are closer to
gender parity than the world average.

Mediterranean countries score particularly well in educa-
tional attainment, with only two countries [Morocco and
Syrian Arab Republic) showing a larger gender gap than the
global average and four countries (France, Israel, Malta,
Slovenia) having achieved full gender parity for educational
attainment. All Mediterranean countries are less than 4,5%
away from closing the gender gap for this indicator.

When it comes to the survival and health parity index, the
maximum gap to be closed in any of the Mediterranean
countries is 4%, which is close to the global average of
3%. Economic participation and opportunity for women
remains much lower than for men in all Mediterranean
countries. The gender gap to be closed is between 20 and
75%, being larger in most SEMCs than the global average
of 42% and around the world average or narrower in
NMCs.

At the global level, the gender gap is by far highest
when it comes to political empowerment of women:
75% of this gender gap still is to be closed. The situation
is particularly difficult for women in Mediterranean
countries, where the gap is between 47 and 91%. 75% of
Mediterranean countries have a larger gender gap than
the global average and only five countries (Albania, Bosnia
and Herzegovina, France, ltaly and Spain) score better
than the global average.

These socially constructed gender roles result in different
attitudes of women and men in relation to the environment
and different possibilities to act as agents of environmental
change. As illustrated by the United Nations Environment
Programme (UNEP] Global Gender and Environment
Outlook (UNEP, 2016 “[...] if many men drive to work in
a private car and most women use public transportation,
they will inevitably have different sets of environmental
knowledge and experience. This different environmental
positioning may mean women and men have exposures
to very different environmental problems and risks, along
with different perspectives on the degree of seriousness of
environmental problems and on appropriate interventions,
adaptations and solutions. Further, because of the social
construction of gender roles, women and men may have
different - usually unequal - capacities and approaches

40 | SoED 2020

ME

S|

SY
|

TR

| |
World !

™ |
|
|
|

Educational Attainment
B Health and Survival
W Economic Participation and Opportunity
W Political Empowerment
W Total Gender Gap

Figure 10 - Gender gap index in Mediterranean countries
and globally in 2020
(Source: World Economic Forum, 2020)

for acting as agents of environmental interpretation and
change” (UNEP, 2016).

Achieving gender equality and empowerment of women
and girls as agents of change, as reflected in the 2030
Agenda for Sustainable Development, is critical on the
way towards transformative change for sustainability
(United Nations Environment Assembly of the United
Nations Environment Programme, 2019).




40,000

30,000 |

20,000 |

10,000 |

& & S e v & s §

SR R TR R I SR\ R IR\ S

2000 mW2017
Figure 11 - Gross Domestic Product (GDP] per capita, 2000 and 2017, PPP in 2011 constant US dollars
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1.2.4 Disparities persist in economic wealth

Economic wealth creation, expressed as the Gross Do-
mestic Product (GDP), varies largely among Mediterra-
nean countries, with a persisting gap between NMCs and
most SEMCs. The EU Mediterranean countries account
for 60% of the total GDP generated by Mediterranean
countries. In 2017, the average GDP per capita in SEMCs
was three times lower than the average income in the EU
Mediterranean countries. The Mediterranean countries’
economy grew less than the world average between 2000
and 2017, leading to a decreasing share of the Mediterra-
nean GDP in the world GDP: from 12.9% in 2000 to 11% in
2010 and 9.8% in 2017. During the same period, the share
of the Mediterranean population has remained constant
at around 7% of the world population.

The past decade was marked by economic instabilities.
The 2008 financial crisis did not affect all Mediterranean

10 %

countries equally. Members of the EU experienced a
double-dip recession, first due to the 2008 crisis and then
linked to the European sovereign debt crisis. Recently, the
economies of southern EU countries have been slowly
recovering: their GDP growth is now above 2%, but GDP
per capita has hardly recovered its pre-crisis level and
unemployment remains high, especially among youth
(particularly in Spain and Greece). Economies in the
western Balkans and Turkey also plummeted in 2008.
Although they were less hit by the 2012 crisis since
they were not part of the EU, they still felt the negative
spillover effects from their weakened partners. Southern
Mediterranean countries have shown a relative resilience
to the 2008 crisis, but the added political instability and
conflicts since the Arab Springs have left the region with
a growth of 2 to 3% which is by far insufficient to absorb
the high levels of unemployment given the demographic
dynamics.
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Figure 12 - GDP growth by country group in the Mediterranean, 2000-2017

[Source: World Bank, 2019a)
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The continuing presence of a significant informal sec-
tor is another important characteristic of many Mediter-
ranean economies. According to calculations by the Inter-
national Labour Organization (ILO)", the share of informal
employment in total employment is above 15% in all of
the Mediterranean countries documented but 4 (Croatia,
Cyprus, France and Malta). Informal employment is close
to or above 60% in Albania, Egypt, Morocco, the Syrian
Arab Republic, and Tunisia (59%), reaching 80% in Moroc-
co. Such high levels of informal activities restrict govern-
ment capacities to regulate environmental impacts and
invest in sustainable development programmes. Women
and youth are disproportionately represented among in-
formal and precarious workers, limiting their capacity to
access credit, innovate and build an ambitious future.

In southern Europe, the public bailout of the financial
system, coupled with revenue loss from taxes and
increased social spending, have significantly deteriorated
the health of public finance, and the coordinated fiscal
consolidation that followed did not work as expected to
stabilize government debt because of their recessionary
effect.

200

The share of agricultural and industrial value added has
continued to decrease in Mediterranean economies in fa-
vour of services, but significant disparities between coun-
tries remain. The contribution of the agricultural sector
to GDP, in particular, has declined in most countries, but
remains very disparate (between 1and 19% in 2017 com-
pared to more than 1.5 to 57% in 1995).

In SEMCs, the contribution of agriculture to GDP is
between 9% and 13% in Algeria, Egypt, Morocco and
Tunisia, and does not exceed 4% of GDP in Israel,
Lebanon and the State of Palestine. Compared to 1995,
the contribution of agriculture to GDP has fallen in the
State of Palestine, Turkey, Lebanon and, to a lesser extent,
Morocco. Only Algeria has seen this contribution increase
significantly. In the Balkan countries, the share of agricul-
tural value added in GDP has fallen. Albania is the country
where agriculture contributes the most to GDP, with
a share of more than 56% in 1995, and still 19% in 2017.
In Bosnia and Herzegovina and Montenegro, the share
in 2017 was between 5% and 7%. In EU Mediterranean
countries, the share of agriculture in GDP in 2017 was
between 1 and 3.5%, with a strong decrease in most
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Figure 13 - General Government Gross Debt, % of GDP, 2007 and 2016

(Source: IMF, 2018)

The individual situations in other Mediterranean countries
are mixed, but levels of government debt (Figure 13/ have
generally increased and now represent a challenge in
terms of the countries” ability to make necessary public
investments in education, health, infrastructure and the
environmental transition.

1.2.5 Mediterranean economies continue their
tertiarization with unequal opportunities
for growth

countries and especially in Cyprus and Malta (less than
half of the 1995 value).

The share of industrial value added in GDP fell in most
Mediterranean countries over the 1995-2017 period,
except in Egypt. In SEMCs, Algeria [with a highly
gas- and oil-dependent economy), Egypt [the only
Mediterranean country that experienced a notable
increase in the contribution of industry to GDP] and
Turkey had an industry contribution to GDP around,

1 Calculations based on micro-datasets from household surveys, with latest data ranging from 2012 to 2017 (2003 for the Syrian Arab Republic).
https://www.ilo.org/re-Search/informality/map1_en.html; data retrieved from ILO website in October 2019.

42 | SoED 2020


https://www.ilo.org/re-Search/informality/map1_en.html;

MT

FR
Sl
Cy

ES
HR
PS
GR
LB
BA
TR |
ME —

TN —

EG

Dz

MA

30 40 50 60

AL

sy |

m1995 w2017

Figure 14 - Contribution of agricultural sector value added to GDP in 1995 and 2017
(Source: World Bank, 2019a). Note: Israel, State of Palestine and Tunisia: 2016 data.

or greater than, 30% in 2017. Israel and Lebanon are
the SEMCs where industry contributes the least to GDP
(19% and 12%), showing that these are service-oriented
economies in 2017. In the Balkans, industry accounted for
24% of value added in GDP in Bosnia and Herzegovina
and 16% in Montenegro in 2017. Slovenia is the EU
country with the largest industrial share of GDP (29%),
followed by Croatia [23%). Malta with only 12% in 2017
is the country with the greatest decline, with a two-fold
reduction over the past 20 years.

The share of value added generated by services has been
increasing or remained stable over the past decade in al-
most all Mediterranean countries. Notable decreases of
the share of services in GDP between 2010 and 2018 took
place only in Slovenia (from 59 to 56%) and Greece (from
62 to 58%). Services accounted for less or around 50%
of GDP in Albania (48%), Algeria (46%), Egypt (51%), and
Morocco (51%), 54% in Turkey, 56% in Bosnia and Herze-
govina, 58% in Croatia and 59% in Montenegro. All other
Mediterranean countries register a share of services at
or above two thirds of their national GDP, with particularly
high rates in Lebanon and Malta (both 75%) and Monaco
(more than 80%).

At first sight, the transition to a mainly service-based
economy may seem to be a development that favours
less resource and material consumption and less pollu-
tion. However, service-based economies continue to rely
on significant and varying amounts of resources and emit
different types of pollution. The relationship between the
transition towards the tertiary sector and environmental
impact is, in reality, complex and ambiguous. In addition,
it is associated with a displacement of environmental im-

pacts to countries with larger manufacturing and agricul-
tural sectors from which goods are imported.

1.3 Flows, nodes and powers:
the Mediterranean in the global system

One of the main hopes in bridging some of the gaps des-
cribed above laid in stronger integration between Medi-
terranean countries and the rest of the world. The ac-
celeration and intensification of trade have historically
created periods of closer commercial and cultural ties
between the different continents of the Mediterranean.
Does the Mediterranean Sea still play this role of a “junc-
tion”, as Elisée Reclus stated in the 19th century (Deprest,
2002)? What do current goods, capital, resource and hu-
man flows reveal about its level of regional integration?
On a global scale, is it still on the periphery of globaliza-
tion? Or, on the contrary, do the initial signs point to the
fact that the region is reopening its geographical horizons
following the rise of new countries on the world stage?

1.3.1 Trade patterns show continued North-
South asymmetry but also new emerging
routes in the South and East

After several years of growth, trade peaked for all
Mediterranean countries in 2008, with disparities at a
regional level. Mediterranean imports accounted for
just 11% of world trade (USD 2,000 billion of a total of
USD 18,000 billion in 2017 [UNCTAD, 2019)). Exports
between Mediterranean countries fell slightly between
2001 and 2016 (from 31 to 29%) (Tozy, Trifaia & London,
2018). Exports and imports remain strongly concentrated
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in European countries, which control around 80% of
regional trade. Southern countries (Morocco, Algeria,
Tunisia, Libya, Egyptl, Eastern countries [lsrael,
Turkey, Lebanon) and the Balkans (Albania, Bosnia and
Herzegovina, Croatia, Montenegro] respectively hold a
10.1%, 8.4% and 2% share of regional import and export
flows.

The amount, origin and destination of Foreign Direct
Investment [FDI) show the effects of double geographical

700

Mediterranean free trade area, which, in reality, has
more modestly resulted in an increased number of
bilateral agreements'’, and the low level of intra- and
extra-Mediterranean trade integration. The first reason is
structural, as the economic structure of SEMCs (except
for Israel] is still based, to a greater extent, on the
agricultural and industrial sectors and is less competitive
than in European countries. There are also a number of
contextual factors, including the 2008 economic crisis,
the Arab Springs from 2010, and the development of
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Figure 15 - Total exports by subregion towards the Mediterranean region, in billions of USD

[Source: Intracen, 2018)

marginalization. FDI in the Mediterranean region
increased by 23% between 2012 and 2016, significantly
below the global average increase of 39%. Despite the net
growth of FDI recorded over the same period by Turkey
(+87%, 20th country in the ranking of economies attracting
the most FDI in 2015), Egypt (+49%) and Morocco (+46%),
and the significant decline in some countries like Greece
(-42%), the EU countries have retained their dominant
position in absolute terms as FDI senders and recipients
in the region.

It is difficult to explain the paradox between the strong
political will since the 1990s to create a large Euro-

tax measures, anti-dumping measures, quotas, etc.
primarily targeting agricultural produce and the steel and
iron industry.

Since the 2000s, there has been a clear trend towards an
economic diversification of SEMCs. The industrialization
policy of boosting the manufacturing sectors™ and
offsetting imports followed by Turkey and, to a lesser
extent, North African countries, has opened new trade
routes. There has been a sharp decline in textile exports
in these countries, making way for higher added-
value sectors like the automotive industry, electrical
goods, chemicals, and information and communication

" Mainly between the EU and other countries (the most recent agreements were Deep and Comprehensive Free Trade Areas (DCFTAs) between
the EU and Tunisia in 2013, and the EU and Morocco in 2015). Recently, subregional agreements have been drawn up between southern and
eastern countries, such as the Greater Arab Free Trade Area (GAFTA) in 2005, and the Agadir Agreements in force since 2007, including
Morocco, Egypt, Tunisia and Jordan. Turkey has developed its own trade network, entering into bilateral agreements with various Arab
countries (Egypt, Tunisia, Morocco) and Balkan countries (Albania, Bosnia and Herzegovina, Montenegro, Serbia).

12 Sectors can be boosted via an industrialization strategy that involves gradually changing the specialization, from manufacturing with low
technological content (requiring poorly qualified labour] towards manufacturing with higher added value, which requires increasingly qualified
labour to manufacture increasingly complex goods that use new technologies.
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technologies (ICT). Tunisian and Moroccan ICT exports
to European countries [primarily Spain, Italy and France)
rose from around 10 to 15% between 2000 and 2007 to 25
to 30% of their total exports between 2012 and 2016. It
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significant public/private investments, and are located
in Turkey (Marmara, Izmir and Mersin), Egypt (Port
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(Source: UN-COMTRADE, 2018, calculations by COFACE)

is no longer rare to find cars manufactured in Turkey or
Turkish brand electrical goods on the European and Arab
markets.

International trade represents over 70% of maritime
traffic in the Mediterranean and maritime transport
has experienced strong growth. The region’s transit
capacity increased by 58% between the 1990s and 2000s,
in addition to an average 30% increase in ship size over
the same period. Maritime transport has continued
to rise with an average annual growth rate of 4% up to
2018 (AGAM, 2013; Piante & 0Ody, 2015). The extension of
the Suez Canal in 2015 has allowed ships to sail in both
directions at the same time. Over 17,000 ships used the
Canal in 2017 (compared to 14,000 in 2001, transporting
over 1 billion tonnes of goods (compared to 500 million
tonnes in 2001) (Doceul & Tabarly, 2018). The “Kanal
Istanbul” project (Morvan, 2011) aims to enhance transit
capacity between the Mediterranean and the Black Sea.

Despite the growth of ports in SEMCs, the largest ports
are still mainly located in the North. SEMCs are home to
just three (Arzew-Bethioua, Izmit and Alexandria) of the
12 largest ports in terms of tonnage [alongside Marseille,
Algeciras, Valencia, Genoa, Trieste, Barcelona, Gioia
Tauro, Taranto and Tarragona). This situation has led to
the development of new hubs since the 2000s. The largest
ports are the products of ambitious national policies and

1.3.2 While the submarine cable network
densifies, the digital divide remains
important across the Mediterranean

It is easy to forget that the extensive networks drawn
across land and sea by trade lines and hubs are
mirrored by a less visible footprint of globalization. In
the Mediterranean, the seabeds are carpeted with digital
cables and bundles of fibre optic cables through which an
enormous mass of data is continually transiting. Without
these hidden hard connections and the data centres to
which the entire network is connected, the Internet could
never have developed worldwide. Since the mid-2000s,
Internet traffic and access have soared, boosted by new
digital uses (audiovisual media, social media, cloud
storage, etc.). For the main global telecommunications
operators, and more recently the GAFA (Google, Amazon,
Facebook, Apple], the Mediterranean seems to be a key
location for laying cables to satisfy the rising demand
of national customers and interconnect with the
“intangible” flows of a globalized economy. With dozens
of connections with North Africa, the Middle East and
Asia, Marseille has successfully established itself as the
new connection platform for the Mediterranean, which
may result in the reorganization of its urban economy
around digital activities.
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Figure 17 - Submarine cables in the Mediterranean, 2019

(Source: International Telecommunications Union, 2019; TeleGeography, 2019)

The imbalanced deployment of submarine cables, which
promotes the connection of the most developed regions
of the world, maintains a digital divide in SEMCs. Large
swathes of their populations are still excluded from the
opportunities of ICT, either because they cannot access
technologies (telephones, Internet, computers) or because
they do not have the skills to use them. Massive and rapid
progress can nevertheless be seen, as demonstrated by
the spectacular increase in the number of Internet users
between 2000 and 2019 across all North African and Eastern
Mediterranean countries. The digital transition seems
slower, more encumbered and almost certainly mainly
focused on urban areas in Algeria, Egypt, Libya, Tunisia and
the Syrian Arab Republic, compared to the near-universal
mobile telephone and Internet service and equipment in
Morocco, Lebanon and Turkey. During the Arab Springs,
social media and mobile phones played a decisive role in

accessing sources of information, communicating with
people overseas [primarily in Europe and North America
rather than in the Near and Middle East) and organizing
local activities. These events demonstrated the power of the
effects of a social transformation, particularly among the
younger generations, due to the digitalization of developing
economies, and highlighted the influence of these social
and material dynamics.

The digital revolution also raises climate and energy
issues. Digital technologies are estimated to cause 4%
of greenhouse gas emissions worldwide, which is more
than civil aviation. This rate could reach 8% by 2025 (The
Shift Project, 2019). The practice of watching videos online
has massively increased in recent years and generated
worldwide over 300 Mt of CO2 in 2018, accounting for 1%
of global greenhouse gases (Efoui-Hess, 2019). Given the

Key ICT Indicators Algeria Lebanon Morocco | Arab Tunisia
Republic
_ 103.6 120.4 Th.b 120.7 105.5 84.4 94.4 122.9 85.7 124.3 96.4
<6 Coveraeel i 879 983 627 0 987 9 781 9% 82 88 974
population) - 2017
54.7 80.6 19.4 40.3 49.2 84.4 23.7 70.2 45 50.1 80.7

Number of Internet 4422M  T719M 525 M 21M 49.2M 55M 38M 22.5M 6.3M 78M 69.1M

users in 2019 and growth
compared to 2000 +1,125% +585% +11,533% +41,900% +10,800%

+37,000%  +22,467 % +7,798 %

2,146M  340M 204 M 19 M 35M 3.6 M 3.5M 15M 49 M 6.4 M 44 M

Table 1- Deployment of Information and Communication Technologies in some SEMCs, 2017
(Source: International Telecommunications Unit, 2018; and Internet World Stats, 2019)
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magnitude of this climate impact, there is an urgent need
for debate on how to moderate digital use. Energy security
of digital infrastructure is another issue, given the growth
in electricity needs caused by the anticipated growth in data
centres (a huge number of which are currently powered via
fossil fuel generators) and networks (cables, optical fibres,
modems, mobile network antennas). In SEMCs, future
sociotechnical approaches will be all the more significant
as their energy system is already under pressure to deal
with the more widespread access to electrical devices
(computers, smartphones, televisions, etc.).

1.3.3 The increase in energy demand in SEMCs
requires cooperation on energy in order to
move towards a new geopolitical approach
to the carbon-based energy sectors

Primary energy demand is expected to increase by 50% in
SEMCs by 2040. This would mark a turning point, as energy
demand in SEMCs would then exceed that of NMCs.

In this context of increasing demand, the priority given to
energy security has created a race for fossil fuel supplies,
which largely dominate the energy mix now, and will
continue to do so over the coming decades, despite the
possibilities of massively increasing the use of renewable
energies presented in proactive energy transition scenarios.
Energy trading between Mediterranean countries moves
almost exclusively from South to North. Around 60% of
oil and more than 80% of the natural gas exported from
the Middle East and North Africa are consumed in the
European Union.

The increase in electricity needs in SEMCs have resulted in:

e reduced export volumes from oil-producing countries
(Egypt, Algeria, Libya) to meet the growth in internal
demand. The structure of energy trading flows in the
Mediterranean also seems to be changing with a decrease
in gas and oil exports in favour of refined products.
According to a Coface study, Greece and Malta have
established themselves as petrol/diesel export platforms,
primarily for Turkey, Lebanon, Egypt and Tunisia (Tozy,
Trifaia & London, 2018]);

diversification of natural gas import routes by the EU
to reduce and avoid dependency on Russia. The recent
construction of the TANAP (Trans-Anatolian Pipeline)
was supported by the European Commission and
identified Turkey as the Southern European gas corridor.
The TANAP will soon be connected to the TAP (Trans-
Adriatic Pipeline] to reach Greece and ltaly, and provide
the EU with access to the 16 billion m? of gas extracted by
Azerbaijan from the Caspian Sea every year;

a genuine “black gold rush” for offshore exploration, with
intensive prospection of gas fields over the past ten years
[see Chapter 4).

The Mediterranean Solar Plan

To reinforce the energy security of all countries around the Mediterranean,
an ambitious solution was structured around the “Mediterranean Solar
Plan”. This large-scale regional cooperation project has been led since 2008
by the Union for the Mediterranean and supported by the EU. Its aim is to
produce electricity (20 GW by 2020, 100 GW by 2050) and to transmit part
of it (5 GW) from the Southern to the Northern shores of the Mediterranean.
This plan aims to take advantage of the solar potential of the Sahara Desert
- which could cover 90% of the region's electricity needs for an estimated
price of 20 to 30% lower than current tariffs - by installing large thermal
and photovoltaic solar power stations. Responsibility for energy production
should have been taken up by the DIl industrial consortium (Desertec
Industry Initiative), created in 2009 on the initiative of German companies.
Meanwhile, the Medgrid consortium (formerly Transgreen), created in 2010 by
mainly French industrial companies, was tasked with creating a supergrid for
transmission and electrical interconnection between Mediterranean countries.
Just a few years after its launch, and despite some isolated initiatives,
the Mediterranean Solar Plan is at a standstill (Schmitt, 2018). Today, the
Desertec project is attempting to reinvent itself following the withdrawal of its
founding shareholders in 2013, while Medgrid ceased operations in 2015 since
the project to export solar energy flows was too expensive and abandoned.
Since 2015, the European Union has nevertheless been attempting to pursue
this objective of building an integrated intercontinental space for electricity
flows, through the Mediterranean Transmission System Operators association
(Med-TSO), which brings together Mediterranean electricity transmission grid
management authorities.

Without examining in detail all of the factors contributing to the failure of
the Mediterranean Solar Plan (slowing of economic growth, Arab Springs,
diplomatic and technical differences between countries, detrimental
effect of competition between many national and international renewable
energy development projects, asymmetrical power relations, etc. (De Souza
et al. 2018)), this large-scale project reveals one important factor: the
Mediterranean scale envisaged as the framework for political regulation
of energy flows is currently not able to merge into the frameworks for the
territorialization of electricity grids, which have historically been built on
a national scale. This requires international stakeholders responsible for
promoting the development of green technologies to better take into account
the specifics of the local contexts.

1.3.4 The Mediterranean region is part of a
global infrastructure network created by
the Chinese Belt and Road Initiative (BRI)

Although China has not developed a Mediterranean
strategic vision as such (Ekman, 2018), under its New Silk
Roads Belt and Road Initiative (BRI), the Mediterranean
is nevertheless a shipping zone of strategic importance.
Chinese policy in the Mediterranean mainly takes the form
of port investments, whether for the construction of new
infrastructure (El Hamdania in Algeria, Venice Offshore
Onshare Port Systems (VOOPS] in Italy), the modernization
of container terminals (Port-Said in Egypt] or the
acquisition of existing infrastructure (Piraeus in Greece,
Valencia in Spain, Damietta and the Suez Canal in Egypt).
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The New Silk Roads - the Chinese Belt and Road Initiative

The “Belt and Road Initiative” (BRI, referred to as “one belt, one road” between 2013 and 2017) was incorporated into the constitution of the Chinese Communist
Party in 2017. This initiative expresses a long-term strategic vision, reviving the ancient imagery of the old silk roads, with the aim of placing China at the centre of
an international trade network. Railway convoys now link the world’s second economic power with around fifteen European railway stations (Vénissieux, Hamburg,
Duishurg, London, Madrid, etc.), travelling 10,000 kilometres in 19 days, half the time taken by maritime transport. In a context where the country’s internal growth
is slowing, the main objective of the New Silk Roads for the Chinese government is to secure its trade routes and access growing markets on every continent. The
BRI willinitially be implemented on land, linking China to Eurape via Central Asia and Russia. In addition, the shipping route connects China to Eurape via the Indian
Ocean and the Suez Canal. Since 2018 the creation of new trade links in Africa, South America and via the Arctic Ocean has also been on the agenda. The BRI project
institutionalizes a pre-existing economic expansion strategy, in many different forms (bilateral and multilateral free trade agreements, transnational networks'),
which has enabled China to become the world leader in the international trade of manufactured goods.

In this context, the Chinese government is investing massively in infrastructure, via various financial networks that it controls (Asian Infrastructure Investment
Bank, Silk Road Sovereign Fund, Exim Bank, Chinese Development Bank). Since 2013, it has invested more than USD 70 billion, including USD 50 billion in the
energy sector (renewable energy systems (RES) or thermal power plants, electricity grids, pipelines), USD 15 billion in transport (airports, ports, motorways) and
USD 10 billion in digital (Eder & Mardell, 2019).

Chinese state companies have already planned investment accelerate the penetration of its products into the growing
in the ports of Zarzis (Tunisia), Rijeka (Croatia) and Italy on markets of Europe and the Middle East.

the Adriatic coast. In this way, China is seeking to develop

a "mesh of platforms” (Ekman, 2018 to redistribute and
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Figure 18 - New Silk Roads project: a worldwide tool for China to use, acquire and build roads, ports and pipelines
(Source: MERICS, 2018)

19 See Belguidoum & Pliez (2019) for more information.
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Casablanca ports - USD 530 M

Investors, Acquisition and Amount

China Merchants bought 49% of CMA CGM's activities with its affiliate Terminal Link in Marseille, Malta, Tangier and

China Ocean Shipping bought 51% of Noatum Ports (Valencia) - USD 230 M
China Railway Construction won a contract to build two highways - USD 260 M

China Railway Construction won a contract to build two major railway projects - USD 2,570 M

China State Construction Engineering Corporation (CSCEC) and China Harbour Engineering Company (CHEC) will be part of
the construction of the new ELl Hamdania port (70 km from Algiers] and will own 49% of the operating company - USD 1,720 M

China Railway Construction won the 2008 contract to build 352 km of coastal railway from Khoms to Sirte, with a later
addition of 172 km from Tripoli to Ras Ejder on the Tunisian border. The Chinese firm was also contracted to build an
800 km track between Misrata and Wadi Shatti near Sebha, an area rich in iron ore deposits - USD 2,600 M

China Harbour Engineering Company and China Communications Construction Company signed construction contracts

Algeria
016
2005 Cosco acquired 40% of the Maersk port terminal in Port Said.
2007 China Shipping took over 20% of the Damietta terminal.
Cosco acquired a stake in the Suez Canal container terminal.
2008
Egypt

for the eastern terminal of Port Said and Al Adabiya port, at the southern entrance of the Suez Canal - USD 380 M

2011 USD 290 M invested in the Egyptian shipping sector [no details found).

2015 China Railway Construction was awarded a USD 600 M contract to upgrade the Egyptian national railway.

A surrounding Cairo - USD 1,240 M

China’s AVIC International and China Railway Group will build a 66 km railway network with 11 stations in districts

- China Communications Construction won the bid to build a new port in Asdhod - USD 950 M
Shanghai International Port Group won the right to manage the newly-built port in Haifa.
China Railway Engineering will be part of the consortium to build tunnels and underground stations in the
western sector of the Tel Aviv Light Rail Red Line - USD 400 M

2005

Two rail contracts won by Chinese companies (no details found) - USD 880 M

China National Machinery Import and Export Corporation and China Railway Construction Corporation won the bid to

implement Turkey's Ankara-Istanbul high-speed railway.

Turkey

201 in Istanbul).

Cosco and China Merchants Holding acquired 65% of shares in the Kumport port (3rd Turkish container airport, located

- 35-year concession to operate Piraeus Pier no. 2 was given to Cosco - USD 5,800 M
- Cosco acquired 67% of shares in the fully-privatized Piraeus - USD 420 M

2015 A Chinese consortium won the bid to build VOOPS, which will serve three ports in Italy, one in Slovenia and one in Croatia.

Italy

2016 Cosco took the control of 49.9% of Vado Terminal in North Italy.

Table 2 - Chinese Shipping and Rail Investments in Mediterranean countries
(Source: American Enterprise Institute & Heritage Foundation, 2019; Hache & Mérigot, 2017)

Chinese involvement in infrastructure in the Mediterranean
region should be considered in context. Analysis of the
origin of 1994-2018 investments in infrastructure in low-
and medium-income Mediterranean countries fails to
demonstrate a massive influx of Chinese capital. On the
contrary, it is clear not only that the main investors in the
energy, transport and water/sewage sectors are national
governments or European companies, but also Chinese
companies are facing strong competition from the Gulf
states, and to a lesser extent, from Russia and Turkey.
These countries are also seeking to increase their sphere
of influence in the region (Blanc, 2010; Delanog, 2014;
Jabbour, 2014). In recent years, a number of countries
initially involved in the BRI have expressed concern about
the level of debt incurred with Chinese financial bodies and
China’s dominant role. Alternative initiatives have emerged:

in 2016 Japan presented the “Expanded Partnership for
Quality Infrastructure”, Japan and India also launched
the “Asia-Africa Growth Corridor” in 2017. Russia is
developing its own project called “Greater Eurasia”, with
the aim of including member states of the Commonwealth
of Independent States, the Shanghai Cooperation
Organization, and potentially, countries in the Association
of Southeast Asian Nations (ASEAN].

Another limit of the BRI project is that it raises serious
environmental issues, due to its scale and the priority
assigned to infrastructure development. No impact
assessment has yet been carried out at the scale of the
Mediterranean Basin. The World Wild Wide Fund for Nature
(WWF) has nonetheless expressed its concerns about the
threats of environmental damage posed by the project at
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the global scale with regards to biodiversity and natural
resources in the different corridors for land- and sea-based
transport defined in the initial project. Based on a spatial
analysis, the WWF study (WWF, 2017) concludes that:

* BRI corridors overlap with the range of 265 threatened
animal species;

BRI corridors overlap with 1,739 Key Biodiversity Areas
or important bird areas and 46 biodiversity hotspots or
Global 200 Ecoregions;

* 32% of the total area of all protected areas in 64 countries
crossed by BRI corridors are potentially affected;

* BRI increases pressure on water-related ecosystem
services and the associated risks of large floods.

1.3.5 The Mediterranean region is a hotspot for
population flows

The Mediterranean region is also a global hotspot
for voluntary and forced migration, much of it due to
geopolitical instability. This issue is associated with
environmental pressures and needs, and significantly
impacts human development. Meeting the basic human
needs of incoming migrants requires a flexible and effective
response in the host countries. Access to water, food and

sanitation services, as well as waste management, are of
specific concern in refugee camp operation.

Among others, environmental and climate changes are
considered important drivers of migration, especially for
water-scarce countries and in vulnerable areas (e.g. rainfed
farmland, water-contaminated sites and urban slums).
Although attributing direct causality is controversial (Selby
et al. 2017), climate change is likely to have played a role
in triggering the Syrian crisis as the country was struck by
the longest and most intense drought in the last 900 years
when the crisis began (Cook et al. 2015).

Figure 20 shows net migration over 5 years in 2012 and 2017
in Mediterranean countries and the share of immigrants in
the national population. Net migration is clearly negative
in the case of the Syrian Arab Republic and, to a lesser
extent Libya, as a result of crises, but positive in the case
of Lebanon and Turkey, which have received high numbers
of immigrants. The stock of immigrants as a percentage of
the total population is particularly high in Lebanon {many
immigrants from forced displacement), but even more so in
Monaco (generally not from forced displacement]™. These
numbers do not take into account all irregular migrants
(e.g. migrants working in the informal economy of host
countries), as well as asylum seekers and refugees, which
would significantly raise the share of migrants with regard
to the countries” population in some countries.

'“Monaco is an exceptional case with regard to migration, counting almost exclusively non-forced cases of migration. The top five countries of
origin of immigrants to Monaco are France, Italy, the United Kingdom, Switzerland and Germany.
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Mediterranean geopolitics have been shaken by tensions and instabilities, and the
region has become a global hotspot of forced displacement of people

Over the past decade, a number of countries have witnessed disruptive social and political transformations. In NMCs, the rise of populist demands has turned the
threat of fragmentation of the Eurapean Union into a plausible future scenario (among others). The rise of democratic aspirations in large parts of the population
in SEMCs and the upsurge of extremism has led to turmoil and a series of upheavals, with severe consequences and uncertainties for the region’s economies and
societies. Tensions have escalated in several areas in the region, such as in Libya and the Syrian Arab Republic, where civil uprisings have unfolded into ongoing
international armed conflicts (Ayadi & Sessa, 2017).

In this context, forced displacement has made the Mediterranean a global hotspot of refugees, with three global records (UNHCR, 2017):

o Turkey hosts the highest number of refugees worldwide, estimated at 3.54 million people, and counts more than 300,000 asylum seekers (UNHCR, 2017);

* Lebanon has the highest proportion of refugees in the world (16.4% of total population) (UNHCR, 2017); and

o The Syrian Arab Republic is the country from which the highest number of refugees originate in the world, with an estimated 34.5% of its population having left
the country.

There was an unprecedented peak in the number of refugees and migrants who entered Europe via the Western (Spain), Central (Italy) and Eastern (Greece)
Mediterranean routes in 2015; with more than 1 million arrivals that year, compared to around 370,000 in 2016, 185,000 in 2017 and 140,000 in 2018 (UNHCR, 2019).
The main countries of origin include the Syrian Arab Republic, the State of Palestine, Maghreb countries and Sub-Saharan African countries. In Euro-Mediterranean
countries, the inflow of migrants has led to dialogue between countries and institutional capacity challenges (Werz & Hoffman, 2017), with the EU struggling to
find a satisfactory common response to this ongoing refugee crisis. Meeting the basic human needs of incoming migrants requires responses in the host countries.
Access to water, food and sanitation services, as well as waste management, are core concerns for operating refugee camps and require strong connections to local
infrastructure and planning.

Availability and comparability of data on refugees is difficult the UN Refugee Agency (UNHCR] or the United Nations
in the region. When available, data on refugees is often Relief and Works Agency for Palestine Refugees in the Near
based on successful asylum applications, and therefore East (UNRWA).

fails to take into account those who have not been granted

refugee status, or those who have not registered through
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Figure 20 - Net migration over 5 years, 2012 and 2017 [left) - Stock of immigrants as a % of the total population, 2018
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(created by CMI based on United Nations, 2019)
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Figure 21 - SDG dashboard and trends for Mediterranean countries
(Source: Sachs et al. 2019)

Industry, innovation and infrastructure

' Historic data (2015-2018, i.e. since SDG adoption) is used to estimate how fast a country has been progressing towards an SDG and to deter-
mine whether - if extrapolated into the future - this pace will be sufficient to achieve the SDG by 2030.
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1.4 An unsustainable socioeconomic system,
relying on resource consumption and
fossil fuels

Despite progress, the economic and social trends described
above are not sustainable.

1.4.1 Mediterranean countries are not on track
to achieve the SDGs

A recent report from the Sustainable Development
Solutions Network (SDSN; Sachs et al. 2019) shows that all
Mediterranean countries are currently far from achieving
the SDGs and that no promising trend can be identified
in any Mediterranean country that suggests they will
be achieved by 2030 (Figure 21). Nine of the 21 countries
had not achieved any of the SDGs in 2019, and for almost
two thirds of the SDGs, significant or major challenges
remain for their achievement. In most situations, efforts
undertaken since 2015 have brought about positive
developments, but changes have occurred at a level and/
or pace that is insufficient for achievement of the SDGs
by 2030. The situation is particularly critical for SDG 2
on hunger, nutrition and sustainable agriculture, SDG
5 on gender equality, SDG 11 on sustainable cities and
communities and SDG 14 life below water - which is most
relevant to the Barcelona Convention - for which none of
the Mediterranean countries are considered to be on track
to reach the SDG targets by 2030.

NMCs are generally closer to achieving the SDGs than
SEMCs. France obtained the highest 2019 SDG score |(a
score of 81.5/100 but still only one SDG had been achieved,
with promising trends for the achievement of 4 other SDGs
by 2030), while the Syrian Arab Republic has the greatest
difficulty (score of 58.1/100, no SDG achieved so far and only
one SDG on track for achievement by 2030) and Libya has
too large of a data gap to calculate its SDG score.
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The SDSN report also presents a “spillover score”,
which measures a country's impact on the ability of
other countries to meet the SDGs. Mediterranean high-
income countries generate significant socioeconomic
and environmental spillover effects by exporting a large
amount of pollution, waste and other negative externalities.
These can limit the ability of other countries to achieve
sustainable development (Sachs et al. 2019]. Critical issues
that especially affect lower-income countries in and outside
of the Mediterranean region include: international demand
for palm oil and other commodities which fuel tropical
deforestation, tax havens leading to difficulties raising
public revenue to finance the SDGs, and tolerance for poor
labour and environmental standards in international supply
chains, etc.

1.4.2 Energy use and material consumption
are growing more slowly than national
economies, but ecological footprints in
the Mediterranean remain higher than the
world average and exceed biocapacity

In the Mediterranean region in 2015, the energy intensity
varied from 1.8 MJ/USD 2011 Purchasing Power Parity
(PPP) in Malta to 4.6 MJ/USD 2011 PPP in Slovenia and
8.7 MJ/USD 2011 PPP in Bosnia and Herzegovina. In most
Mediterranean countries (in 18 countries out of 21, the
energy intensity decreased between 1997 and 2015. The
value in 2015 was less than half that of 1997 in Malta,
while it increased in Algeria, Bosnia and Herzegovina
and the State of Palestine. Although a decrease of the
energy intensity of Mediterranean countries is a positive
development towards an environmental transition of the
regional economy, this must be put into perspective with
the dominant consumption of fossil fuels. Mediterranean
economies remain highly dependent on fossil fuels, which
represented more than 90% of the total fuel consumption
(World Bank, 2019a).
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Figure 22 - Changes to energy intensity (ratio between energy supply and GDP at PPP) between 1997 and 2015 in

MJ/GDP in USD 2011 PPP
(Source: World Bank, 2019a)
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In line with the overall decreasing energy intensity, the
Mediterranean economy achieved a “relative decoupling” of
economic growth from resource use (fossil fuels, metal ores,
industrial and construction minerals, biomass] in the 2000-
2017 period, which means that the income or GDP of most
Mediterranean countries increased faster than the amount
of materials used [UNEP IRP, 2018). This is not the case in
Algeria, Libya and the Syrian Arab Republic, where material
consumption per unit of GDP increased significantly over
the same period. In Albania, Bosnia and Herzegovina and
Lebanon, itis less clear whether or not a relative decoupling
has been achieved. Regarding Turkey, the Organisation for
Economic Cooperation and Development (OECD] concluded

in 2019 that “Since 2008, Turkey's strong economic growth
has been relatively decoupled from air emissions, energy use,
waste generation and water consumption. However, the high
resource intensity of Turkey's economy and its heavy reliance
on fossil fuels will continue to increase these environmental
pressures in absolute terms. More progress is needed in the
transition to a low-carbon, circular economy to improve the
country’s environmental performance.” (0ECD, 2019).

From 2010 to 2014, the ecological footprint per capita
decreased in most Mediterranean countries. However, the
Mediterranean ecological footprint (3.2 gha per capita) is
higher than the global ecological footprint (2.8 gha per
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Figure 23 - Domestic material consumption per unit of GDP, in kg per constant 2010 US dollars, 2000, 2010, 2017

(Source: UNEP IRP, 2018)
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Figure 24 - Ecological footprint per capita, 2000 - 2014 in Global hectares per capita

(Source: Global Footprint Network, 2018)
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capita) and the Mediterranean’s ecological deficit (2.02 gha
per capita is twice as high as the world's ecological deficit
(1.1 gha per capital.

The ecological footprint of NMCs has decreased in recent
years (from 5 gha per capita in 2010 to 4.2 gha per capita
in 2014). This is mostly due to the effects of the economic
crisis, which slowed down resource consumption and,
primarily, COz emissions.

The ecological footprint per unit of GDP is less than 160 gha
per million USD in most northern countries, except in the
Balkan countries (316 in Bosnia and Herzegovina). In the
southern countries, the maximum values are for Libya (254
gha per million USD) and Lebanon (231).

1.4.3 Environmental changes impact national
economies and well-being

Environmental changes strongly impact critical sectors in
the Mediterranean region and put impede local economies
under stress.

A report on the cost of environmental degradation in
Morocco in 2014 (requested by the Government of Morocco
and published by the World Bank in 2017) estimated the
total cost of environmental degradation to Moroccan
society at approximately 3.5% of national GDP (Figure 25).
The cost associated with water degradation alone
represented around 1.6% of Moroccan GDP, followed by
air pollution at 1.05% of GDP. Costs of land degradation
are associated with erosion issues and the conversion and
desertification of rangeland. The report also states that
damage to the coastal zone is considerably underestimated,
asitis largely captured under other categories (air pollution,
land and water degradation). In addition to national impacts,
greenhouse gas emissions cause damage to the global
community, which was estimated at 1.6% of GDP in 2014.
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Figure 25 - Cost of environmental degradation in
Morocco in 2014
(Source: Croitoru & Sarraf, 2017)

Earlier studies in Lebanon and Tunisia (Croitoru & Sarraf,
2010) estimated the overall cost of water degradation and
groundwater overexploitation in Tunisia at 0.6% of GDP
in 2004, with the greatest cost in the agricultural sector,
mainly because of the impacts of salinity and waterlogging
on irrigated agriculture. Groundwater overexploitation was
the second largest cost due to the expense of pumping
additional water and building new wells. Tourism, health
and fishing were also significantly impacted. In Lebanon,
damages associated with the oil spill and waste caused
by the 2006 hostilities were estimated at 3.6% of GDP in
2006. This degradation, associated with a 34-day conflict, is
higher than the degradation caused in a whole year during
peacetime, which was estimated a few years earlier at 3.4%
of GDP (Sarraf, Larsen & Owaygen, 2004).
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Climate change is exacerbating existing environmental
fragilities and degradations in the Mediterranean basin.
The region is considered a hotspot for climate change due
in particular to more rapid warming in both the air and
the sea than the global average and by changes in water
regimes in a region where water scarcity is already a
reality. COz2-induced acidification is further threatening its
marine ecosystems. The region is also vulnerable to the
impacts of sea level rise with dense human settlements,
infrastructure and heritage sites situated close to the
shore and often limited adaptive capacity. Mediterranean
countries are engaging in a multitude of commitments
and efforts to mitigate and adapt to climate change, at the
international, regional, national and local levels. These
efforts need to be enforced and their ambition further
increased in a multi-stakeholder context, by, for example,
minimizing and adapting to the “multiple stresses and
systemic failures” related to climate change forecast for
the Mediterranean (IPCC, 2014).

2.1 Introduction: Greenhouse gas emission
reductions fall behind global ambitions

Carbon dioxide (CO2) is the most prominent greenhouse
gas, which - along with other greenhouse gases, such as
methane (CHa), halocarbons and nitrous oxide (N20) - plays
a key role in sustaining a habitable temperature on earth.
Since the Industrial Revolution, consumption of fossil fuels
has led to a rapid increase in CO2 emissions, disrupting
the global carbon cycle and leading to planetary warming,
modification of rainfall patterns, changed extreme events,
sea level rise and ocean acidification. CO2 emissions
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from Mediterranean countries accounted for around 5%
(1,954 Mt) of annual world emissions in 2014 (World Bank,
2019a), while the total population of Mediterranean rim
countries represents around 6.7% of the world population.

Northern Mediterranean Countries [NMCs] are responsible
forhigher COzemissionsthan South-Eastern Mediterranean
Countries (SEMCs). Emissions reached a peak in 2005 in
NMCs and have since decreased (Figure 26). CO2 emissions
from SEMCs, driven by population growth and economic
development, have been increasing continuously since the
1960s, and are now catching up with those of NMCs. Both
were responsible for around 1 Gt of CO2 emissions in 2014.

Between 2000 and 2014, total CO2 emissions from Medi-
terranean countries experienced an upward trend which
peaked in 2007 and was followed by a downward trend that
began in 2008 at the time of the global economic and finan-
cial crisis', bringing CO2 emissions in 2014 back to the level
of emissions in 2000. Comparable data covering emissions
from all Mediterranean countries after 2014 is not availa-
ble. However, Greenhouse gas emission data is available
for many NMCs'". This data shows that since 2014, there
has been an upward turn in greenhouse gas emissions in
these countries (Figure 27], probably linked to the econo-
my catching up. Given this recent increase in emissions in
NMCs, and the continuously increasing trend of emissions
in SEMCs, the 2007 CO2 emission peak is unlikely to repre-
sent a historical trend inversion.

According to the Paris Agreement, net CO2 emissions must

significantly decline, and that includes the Mediterranean
region. At a global level, a reduction in COz emissions by

1990 1995 2000 2005 2010 2015

North —=South& East

Figure 26 - COz emissions of Northern and South-Eastern Mediterranean countries and total COz emissions of

Mediterranean countries

(Source: Carbon Dioxide Information Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory, Tennessee, United

States; data taken from World Bank, 2019b)

1®In 2014, GDP in most NMCs (Croatia, Cyprus, Greece, ltaly, Slovenia, Spain) was still below the 2007 (pre-crisis) level (World Bank database,

GDP in constant USD).

7 Croatia, Cyprus, France, Greece, ltaly, Malta, Monaco, Slovenia, Spain.
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2030 of about 45% from 2010 levels would be needed for
compatibility with a 1.5°C warming scenario (IPCC, 2018).
A unique case is Morocco'®, one of the only two countries
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in the world for which current climate action pledges and
policies appear to be compatible with the global 1.5°C
warming objective of the Paris Agreement’.

e
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e CHG emissions, in kt CO, equivalent

Figure 27 - Greenhouse gas emissions in kt COz equivalent, total of Croatia, Cyprus, France, Greece, Italy, Malta, Monaco,

Slovenia and Spain, 2007-2017
[Source: UNFCCC, consulted in September 2019)

The French carbon footprint

National greenhouse gas emissions do not cover the full respansibility of a
country. This is why the “carbon footprint” concept is also used, referring to
the sum of all CO2 equivalent emissions associated with all the products
and services consumed by a country. The French High Council for Climate
(Box 12 assessed the French carbon footprint in 2017. The Council found
that France’s carbon footprint (749 Mt of C02 equivalent] is much higher than
its emission production (465 Mt), due to high emission imports (421 Mt), as
shown in Figure 26.

The Council also found that, while national greenhouse gas emissions have
been decreasing since 2005, the national carbon footprint is not following the
same trend (Figure 29).

700
500
300
100

0

1995 2000 2005 2010 2015

Millions of tons of CO, équivalent

M National emissions I Carbon footprint

'8 Along with the Gambia.
1? Climate Action Tracker, referred to in Sachs et al (2019).

Consumed
Imported and consumed
i 749

Figure 28 - Calculating the French carbon footprint, in
millions of tons of CO: equivalent, 2017
[Source: Fontan et al. 2019)

Figure 29 - National emissions and carbon footprint of
France, in millions of tons of COz equivalent, 1995-2015
[Source: Fontan et al. 2019)
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CO2 emissions vary greatly among Mediterranean coun-
tries, with the highest per capita COz emissions in Libya and
Israel (Figure 30] and largest emissions per year in Turkey,
Italy and France in decreasing order (Figure 31).

industries and construction (20%) (World Bank, 2014).
The economic growth of these sectors is linked to CO:
emissions. Globally, CO2 intensity (amount of CO2 emitted
per unit of GDP) has steadily decreased since 1990 [see

Emissions per capita Emissions per energy use

t/ capita t C0,/t oil equivalent
1.6-246 e 12
B 2446 ® 224
B -2
2.4-29
292
- No data

‘ 29-32

® Nodata

Source: Carbon Dioxide Information Analysis
Center, 2018; UNFCCC Data Interface, 2019.

Figure 30 - Carbon dioxide emissions of Mediterranean countries, 2014
(Sources: Carbon Dioxide Information Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory, Tennessee, United
States; data taken from World Bank, 2019b: UNFCCC Data Interface, 2019)
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Figure 31 - CO2 emissions by country in 2000, 2010 and 2014

(Source: Carbon Dioxide Information Analysis Center; World Bank, 2019b)

Annual CO2 emissions from fuel combustion per capita
average around 4 tonnes, ranging between 0.5 t per capita
in the State of Palestine to 9.2 t per capita in Libya in 2014
[Figure 32).

Globally, CO2 emissions from fuel combustion derive

principally from the electricity and heat production sector
(50%), followed by transport (20%), and manufacturing
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chapter 1), as a result of the increase in the relative share of
renewables, improved energy and technology efficiency and
increasing capacity of renewable energy sources. Despite
the declining trend in the carbon intensity of national
economies, economic growth continues to be coupled with
further CO2 emissions. Decarbonization efforts need to be
further strengthened, as current trends and efforts are not
sufficient to meet global climate targets.
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Figure 32 - C0Oz emissions from consumption of solid, liquid, and gas fuels and gas flaring, per capita by country in 2014
(Source: Plan Bleu calculations based on country CO2 emissions and population estimates)
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The contribution of maritime transport to climate change

Shipping contributes to around 2.6% of total global greenhouse gas emissions, a figure that could more than triple by 2050 (IMO, 2015). According to the

International Transport Forum (ITF), carbon emissions from global shipping are projected to reach approximately 1090 million tonnes by 2035 under a baseline

scenario with no new policy measure. This would represent 23% growth from 2015 to 2035 (OECD/ITF, 2018a). Figure 33 presents CO2 emission projections across

shipping routes for 2035.

Several measures that could decarbonize international shipping by 2035 have been identified (OECD/ITF, 2018b):

* Alternative fuels and renewable energy (e.g., biofuels, complemented by other natural or synthetic fuels such as methanol, ammonia and hydrogen, and wind
assistance and electric propulsion),

o Technological measures to improve ships” energy efficiency such as hull design improvements, air lubrication and bulbous bows,

o Operational improvements such as slower ship speeds, smoother ship-port coordination and use of larger, more efficient ships, and

o Port solutions, such as green port fees (i.e., fees based on environmental performance of ships), alternative energy/clean burning fuels incentives, green
procurement and shore power facilities.

Unlike for other sectors, at the global level, no greenhouse gas emission reduction target has
been established for maritime transport, under the United Nations Framework Convention on
Climate Change (UNFCCC). In 2011, the International Maritime Organization (IMO) adopted
mandatory energy-efficiency measures for shipping that entered into force in 2013. These
consist of technical, design and operational requirements for new and existing vessels.
According to these regulations, by 2025, new ships must be 30% more energy efficient than
those built in 2014. Statistical analysis based on IMO data concluded that a substantial share
of the new build fleet already complies with or exceeds current and future (2025) design
efficiency requirements (Transport & Environment, 2017).

In addition, a mandatory data collection system for fuel il consumption of ships was adopted
atIM0 and entered into force in March 2018. This initiative aims to provide robust data to serve
as a basis for future policy decisions on additional reductions. In April 2018, IMO adopted a
strategy to reduce greenhouse gas emissions. Under this strategy, IMO members™ goal is to
reduce total annual greenhouse gas emissions by at least 50% by 2050 compared to 2008. This
strategy is due to be revised by 2023. It is also expected that the implementation of shipping
greenhouse gas emissions reduction measures will be supported by international technical
cooperation projects, such as the IMO Global Maritime Energy Efficiency Partnerships

(6loMEEP) Project (https://glomeep.imo.org).
More information about maritime transport in the Mediterranean can be found in chapter 4.

Figure 33 - COz emission projections across
shipping routes for 2035
(Source: OECD/ITF, 2018a)
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2.2 Climate change impacts, vulnerabilities
and risks

2.2.1 The Mediterranean Basin - a climate
change hotspot

The Mediterranean Basin benefits from climatic conditions
that have allowed the development of rich landscapes
with high biodiversity and sophisticated land use systems,
providing numerous services to people, such as a broad
variety of some of the world’s most nutritious and healthy
food products. A key characteristic of the Mediterranean
climate is hot and dry summers, creating water-stressed
conditions that mean that vegetation can only develop via
the substantial replenishment of groundwater resources
from heavy rainfall in winter in the coastal regions and
the melting of snow and ice in the high mountains during
summer. These unusual conditions occur in just a few
regions of the world.

The Mediterranean Basin has been affected by recent cli-
mate change at rates exceeding global averages, in par-
ticular by more rapid warming during all seasons, in the
air and sea. There is an unequivocal trend towards drier
conditions, with the noticeable specificity that most climate
models are in stronger agreement about expected rainfall
changes in the Mediterranean than they are anywhere else
in the world. Economic activities (agriculture, fisheries,
tourism, etc.) and supporting infrastructure (cities, ports,
agriculture in low-lying river deltas, etc.) are tightly tuned
to recent climatic and environmental conditions, particu-
larly the precise current level of the sea surface, making
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Mediterranean countries highly vulnerable to changes in
these conditions. Many Mediterranean countries (in the
South and the East] are living under high economic pres-
sure with little budget available for adaptation. All these
factors together make the Mediterranean Basin a climate
change hotspot. It is certainly not the only place on earth
where large populations are victims of climate change im-
pacts already now and in the very near future, but it is one
of the most exposed.

2.2.1.1 Air temperature: a faster increase
than global average

Recent climate change in the Mediterranean exceeds
global trends for a number of variables. While global mean
surface temperature is now about 1.1°C (+0.10°C likely
range, IPCC, 2019a) above pre-industrial values, the
Mediterranean region approaches 1.54°C [Figure 34),
Cramer et al. 2018). Given the present global trend of
0.02+0.01°C per year, the 1.5°C global warming threshold
will likely be passed globally at around 2040. In the Mediter-
ranean region, the trend is about 0.03°C per year, implying
that, when the world passes the 1.5°C level identified in the
Paris Agreement, the region will already have warmed by
+2.2°C?%.

Since the mid-20th century, the major cause of air tem-
perature increase in the Mediterranean region is anthro-
pogenic forcing? (Adloff et al. 2015). This also includes the
observed increases in hot extremes and decreases in cold
extremes (Bindoff et al. 2013; Schleussner, Pfleiderer &
Fischer, 2017). Summer months have warmed more than

1960 1980 2000 2020

Year

Figure 34 - Historic warming of the atmosphere, globally and in the Mediterranean Basin
Annual mean air temperature anomalies are shown with respect to the period 1880-18%99, with the Mediterranean Basin
[blue] and the planet (green] presented with and without smoothing.

(Source: Data from Berkeley Earth cited in Cramer et al. 2018)

2 Daytime maxima.

2 Anthropogenic forcing is a change in the Earth’s energy balance due to human economic activities.
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Figure 35 - Recent (1961-1990) and expected end-of-
century (2070-2099] temperature anomalies for selected
cities in the Mediterranean region

The model calculated frequencies (%) of summer daytime maximum
temperature anomalies relative to the period 1961-1990, based on
the A1B scenario which assumes a rapid economic growth with CO2
concentration increasing to 600 ppmv in 2100 (current concentration
is about 400 ppmv]. Dark blue bars for the period 1961-1990 (hence
centred on 0°C) and light blue bars for the period 2070-2099
[Lelieveld et al. 2013).

winter months. The annual maximum daily high temper-
ature has already increased by 2°C, the annual minimum
daily low temperature by only 1°C. For any year, the longest
consecutive period with daily maximum temperature above
the 90% quantile of the 1960-1979 reference period has
reached 12 days. In southern Europe, heatwaves have been
occurring more frequently since 1960 and the increase is
also stronger than at the global level (Jacob et al. 2014). In
the eastern Mediterranean, heatwave return periods (mean
time interval between two occurrences) have changed from

once every 2 years to multiple occurrences per year [Zittis
et al. 2016). The summer amplification of daily tempera-
ture ranges is further amplified in cities by the “urban heat
island"? effect, as shown in Figure 35. This figure shows
that the probability distributions of temperatures in most
Mediterranean cities at the end of the 20th and 21st cen-
turies are completely separated, implying that the current
warmest years are colder than the future coldest ones (with
a scenario of 600 ppmv in 2100).

2.2.1.2 Precipitation: towards drier
conditions and more heavy rainfall
events

Observed precipitation varies very strongly from year to
year and also between regions - it is therefore not possible
to assume a reduction in rainfall across the whole Mediter-
ranean. But the frequency and intensity of droughts have
increased since 1950 (Kelley et al. 2015; Vicente-Serrano et
al. 2014). Heavy precipitation events have changed signif-
icantly during the period 1991-2010 compared with 1960-
1979 (Schleussner et al. 2017).

For the future, global warming of 2°C will likely be accom-
panied by a reduction in summer precipitation of about
10-15% in Southern France, North-western Spain and the
Balkans and up to 30% in Turkey (Jacob et al. 2018; Vautard
et al. 2014). Still warmer scenarios with 2 to 4°C increases
in the 2080s for Southern Europe would imply widespread
decreases in precipitation of up to 30% (especially in spring
and summer months) (Forzieri et al. 2014). For each de-
gree of global warming, mean rainfall will likely decrease
by about 4% in much of the region (Lionello & Sciarascia,
2018) [Figure 36), particularly in the south, lengthening dry
spells by 7% for 1.5°C global average warming (Schleuss-
ner et al. 20164). Heavy rainfall events are likely to intensify
by 10 to 20% in all seasons except the summer (Toreti et al.
2013: Toreti & Naveau, 2015).

Temperature (K)

-30 -20 -10 0 10 20 30
Precipitation (%)

Figure 36 - Evolution of the Mediterranean regional
climate towards warmer and drier conditions

(Temperature anomalies as a function of precipitation anomalies).
The grey lines represent the evolution of the individual models

(28 CMIP5 global simulations] and the red line represents the

mean evolution [the ensemble mean as a function of global mean
temperature change denoted in the red circles (K or °C}). All values
are anomalies with respect to the corresponding 1971-2000 mean.
(Source: redrawn from Lionello & Scarascia 2018; Cramer et al. 2018)

2 An urban heat island is an urban or metropolitan area that is significantly warmer than its surrounding rural areas due to human activities.
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2.2.1.3 Ocean temperature: accelerating
warming

In recent decades, the surface of the Mediterranean Sea
has warmed by around 0.4°C (Macias, Garcia-Gorriz &
Stips, 2013). Anthropogenic forcing has been the major
factor behind this warming since 1970 (Adloff et al. 2015).
Projections for 2100 vary between 1.8°C and 3.5°C [Adloff
et al. 2015), with high spatial heterogeneity (Figure 37) and
hot spots expected to the east of Spain and in the Eastern
Mediterranean.

Worldwide, marine heatwaves? have doubled in frequency
and last longer, are more intense and also more extensive.
Between 84 and 90% of marine heatwaves that occurred
between 2006 and 2015 are attributable to anthropogenic
warming (IPCC, 2019b). Simulations project at least one
long lasting marine heatwave every year by the end of the
21st century, much longer, more intense and more severe
than present-day events (Darmaraki et al. 2019). These
are expected to occur in the Mediterranean from June to
October and to affect the whole region at their peak.

Figure 37 - Composite of sea surface temperature
anomalies

Maxima (top] and minima (bottom) for the 2070-2099 period [vs.
1961-1990). The largest [maxima) or smaller (minima) anomaly
out of the é scenario simulations is represented at each grid
point. Units are in °C.

(Source: Adloff et al. 2015)

2.2.1.4 Sea level: uncertain scenarios, with
potentially serious concerns

Globally, mean sea level has been rising since the late 19th
century, reaching an overall rise of 0.16 m between 1902
and 2015 (IPCC, 2019b). In the last decade (2006-2015), the
rate of sea level rise has accelerated and has now reached
a level unprecedented in the last century of 3.6 mm per

year, about 2.5 times the 1901-1990 rate of 1.4 mm per
year (IPCC 2019). In the Mediterranean, sea level rise is
comparable to global trends (Tsimplis et al. 2013). The main
contributions to sea level rise are from thermal expansion
as well as from glacier and ice sheet mass loss, caused
primarily by anthropogenic forcing since 1970 (Slangen et
al. 2016).

Sea level changes in Venice and
Alexandria

Observations from tide gauge stations and results of modelling show the
increase in sea level in Venice (Italy) and Alexandria (Egypt).

Figure 38 - Observed from tide gauge stations (black]
and modelled (blue] relative sea level changes in Venice
and Alexandria, 1900-2015, in mm of sea surface height
(Source: IPCC, 2019b)

Current estimates of future sea level rise show a relatively
wide range from 0.43 m to 2.5 m by 2100, depending on
scenarios and projection methodology. Under a scenario
with sharp emission cuts that limits warming to well below
2°C, the IPCC suggests a rise of 0.43 m by 2100 compared
to 1986-2005 (IPCC, 2019b) and a rise of up to 1.1 m under
a less ambitious emissions reduction scenario. Other
studies suggest sea level rise of 1.9 m above present levels
(Vermeer & Rahmstorf, 2009), exceeding 2 m (Bamber et
al. 2019), and reaching even 2.5 m (Garner et al. 2018), all
by 2100. The IPCC projects sea level rise to continue by
between 4 and 15 mm per year in 2100 depending on the
emission scenario, indicating the importance of emission
reductions for limiting sea level rise (IPCC, 2019) and
pointing out the instabilities in Greenland and especially
Antarctic ice sheets possibly resulting in sea level rises of
several metres on centennial to millennial timescales. The
global rise will impact the Mediterranean Sea through the
transport of water through the Strait of Gibraltar (Adloff et

% A marine heatwave: defined as when the daily sea surface temperature exceeds the local 99th percentile over the period 1982 to 2016 (IPCC,

2019b).
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al. 2018; Jorda & Gomis 2013). For Mediterranean coasts,
local sea level is affected by regional changes in river
runoff, resultant salinity changes and also significant land
movements in the Eastern basin (Adloff et al. 2015). Such
changes could induce additional local differences in sea
surface height of up to 10 cm. The sum of these changes
will impact coasts throughout the basin substantially,
although few local studies exist. In Southern ltaly, for
example, substantial coastal inundation is expected by
2100 (Antonioli et al. 2017; Aucelli et al. 2017), as well as
along the Egyptian Mediterranean coast (Shaltout, Tonbol
& Omstedt, 2015). Significant shoreline modifications are
also expected elsewhere, such as in the Balearic Islands
(Enriquez et al. 2017).

2.2.1.5 Ocean acidification and oxygen loss:
following global trends

About 30% of COz emitted by human activities has been
absorbed by the ocean, where its increasing uptake is
leading to both an increase in the partial pressure of CO2
and total dissolved inorganic carbon as well as a decrease
in pH, a process commonly termed “ocean acidification”
(Stocker et al. 2013). Ocean pH has decreased by 0.1 units
since the pre-industrial period, an unprecedented change
over the last 65 million years (Ridgwell & Schmidt, 2010).
Globally, COz2 uptake by the oceans is expected to lead, by
2100, to acidification of 0.15-0.41 pH units below 1870-1899
levels [Magnan et al. 2016).

The Mediterranean Sea is an important carbon sink,
similar to other marginal seas (Lee et al. 2011) because
its water column holds more COz than many other oceanic
basins (Hassoun et al. 2015; Schneider et al. 2010). The fast
formation of deep water areas combined with the warm and
highly alkaline waters of the Mediterranean make these
waters more prone to absorb CO2 from the atmosphere and
to transport it to intermediate and deep layers via active
overturning circulation in this basin (Alvarez et al. 2014;
Krasakopoulou et al. 2009; Touratier et al. 2016). Since the
pre-industrial period, acidification in the Mediterranean
ranges from -0.055 to -0.156 units (Flecha et al. 2015;
Hassoun et al. 2015; Ingrosso et al. 2017; Palmiéri et al.
2015), with a rate of 0.09 to 0.028 pH units per decade
observed in the upper layers of both the Western
(Kapsenberg et al. 2017) and the Eastern Mediterranean
Sea [Hassoun et al. 2019).

2.2.1.6 Projected lower wave height
and fewer but more intense
extratropical cyclones

Average wave heights? are projected to decrease across
the Mediterranean Sea (IPCC, 2019b).

Marine heatwaves in the Mediterranean Sea may trigger
intense extratropical cyclones, referred to as “medicanes”
(Gonzalez-Aleman etal. 2019). Despite a projected decrease

in frequency (Michaelis et al. 2017; Zappa, Shaffrey &
Hodges, 2013), “medicanes” could become more hazardous
and destructive, because they are projected to last longer
and produce stronger winds and rainfall, mainly in autumn.

2.2.2 Impacts of climate change on the
terrestrial environment

Land ecosystems are affected by many environmental
parameters, but the climate (temperature, rainfall, and their
variability over short and long timescales] is a key factor.
The distribution of ecosystems in the Mediterranean Basin
reflects, in part, the main climatic gradients (including
those between coastal and inland areas, and lowland and
mountains), but also, often to a larger degree, land use, such
as agriculture, forestry, urbanization, etc. The biodiversity
of Mediterranean ecosystems is exceptionally high. For
example, although Mediterranean forests represent only
1.8% of world forest areas, they contain 290 wood species,
twice as much as the rest of Europe (Gauguelin et al. 2016).
Mediterranean ecosystems provide an exceptionally high
and diverse number of services to people, ranging from
numerous types of food, including medicinal and aromatic
plants, to fibre-based products and substantial other
benefits such as storage of carbon and water, purification
of water, spiritual values and opportunities for recreation.
Given the nature of the Mediterranean climate, many
species of plants and animals are well adapted to drought
conditions through various mechanisms such as thick
leaves or phenological avoidance of the hot summer
months, but there are limits to these adaptations.

2.2.2.1 Past and current changes: driven
by both changes in human practices
and climatic conditions

Most of the recent changes in Mediterranean ecosystems
and their biodiversity are linked with human activities,
which have changed many times through history since
the Neolithic period. A large share of Mediterranean
biodiversity is a consequence of human action (agriculture,
forestry, pastoralism, breeding of plants and animals, etc.]
and presents considerable value. Nevertheless, natural
climate variability has also played a role during past
millennia indicating potential limits to adaptation (Guiot &
Cramer, 2016). For many plant species in the Mediterranean
region, shifts in phenology, geographic range contraction
and decline in vigour have been observed and attributed to
decreased precipitation and warming (Settele et al. 2014).

2.2.2.2 Risks for the future: difference
between 1.5°C and 2°C warming is
highly significant

The drier and still warmer conditions expected during
coming decades directly affect the productivity of land
ecosystems and therefore put their functioning and

% The average height from trough to crest of the highest one-third of waves.
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survival at risk if certain thresholds are exceeded. The
expected continuation of the current increase in aridity,
due to reduced precipitation but also warming, is likely to
be among the most important threats to Mediterranean
land ecosystems (Duguy et al. 2013; Gouveia et al. 2017;
Penuelas et al. 2013, 2017; Santonja et al. 2017; Williams
et al. 2013). Under an optimistic climate scenario (global
temperatures below +1.5°C to +2°C above preindustrial
values), western Mediterranean forests may largely survive
under future climate conditions in most locations, except
for some sites dominated by conifers. With higher warming,
forests suffer strong reductions in growth and survival
(Gea-Izquierdo et al. 2017). This suggests that western
Mediterranean forests are vulnerable to a climate warmer
than +2°C unless the trees develop a strong fertilization
response to increased atmospheric CO2. Overall, for land
ecosystems in the Mediterranean region the difference
between 1.5°C and 2°C warming is highly significant (Guiot
& Cramer, 2016; Schleussner et al. 2016). Only if global
warming is constrained to 1.5°C can biogeographical shifts
unprecedented in the last 10,000 years be avoided - whilst
2°C warming results in a significant decrease (12-15%) of
the region’s capacity to support Mediterranean ecosystems.

Multi-Model Mean
(1971-2000)

Delta Multi-Model Mean
(2071-2100)

Other components of global change, such as the expansion
of high intensity land use, pollution and overexploitation
of resources, will likely continue or even accelerate.
Therefore, decreases in ecosystem integrity, biodiversity
and carbon storage capacity are expected, and these could
lead to soil erosion, soil fertility loss, and desertification
in some areas. The diversity of many forests, grasslands
and rural landscapes is threatened by urbanization,
habitat fragmentation, unsustainable tourism and unstable
practices in forestry and agriculture [e.q., overgrazing,
forest fires), sea level rise and biological invasions (Médail,
2017). The combination of these factors will likely reduce the
capacity of land ecosystems to provide important services
to people, including food production and the regulation of
water quality (Doblas-Miranda et al. 2017; Garcia-Nieto et
al. 2018]. Another important consequence of forest loss
would be a reduction of their role as carbon sink, especially
during drought years [Munoz-Rojas et al. 2015; Rambal et
al. 2014).

The agricultural sector has already been experiencing
negative impacts in the Mediterranean area (Olesen et al.
2011: Peltonen-Sainio et al. 2010). An overall reduction

Delta Multi-Model &
(2071-2100)

Figure 39 - Control (1971-2000] and future projections [delta, 2071-2100) of the Canadian Fire Weather Index (FWI]

[Source: Bedia et al. 2014)

Forests, wetlands and coastal ecosystems in the Medi-
terranean Basin will be affected by changes in extreme
weather conditions. Fire is a natural component of the dy-
namics of many Mediterranean forests, but higher fire risk,
longer fire seasons, and more frequent large and severe
fires are expected as a result of increasing heatwaves in
combination with drought and land use change (Duguy et
al. 2013; Ruffault et al. 2016; Turco et al. 2014) (Figure 39).
These fires are the result of fuel accumulation during the
wet season and increased droughts during the dry sum-
mer season. The large fires triggered by extreme climate
events, especially heatwaves, have caused record maxima
of burnt areas in some Mediterranean countries during the
last decades (Ganteaume et al. 2013; Ruffault et al. 2016).
These risks will increase along with an increase in the oc-
currence of high danger days and in fire season length.

In Mediterranean inland wetlands (Zacharias & Zamparias,
2010) and freshwater ecosystems, wildlife is impacted by
falling water levels and reduced water quality (both driven
by climate change, Hermoso & Clavero, 2011; Klausmeyer
& Shaw, 2009).

in crop productivity in large parts of the Southern
Mediterranean is expected over the next decades (lglesias
etal. 2012; Olesen et al. 2011). Depending on crop type and
region, there will be significant subregional differences in
terms of yield increase or decrease (Skuras & Psaltopoulos,
2012). Adecrease (invalue terms) of 21% by 2080 is expected
for the whole Mediterranean agricultural production, with a
peak of an almost 40% decrease in Morocco and Algeria
(UNEP/MAP PAP/RAC, 2015).

2.2.3 Impacts of climate change on the coastal
environment

The Mediterranean coastal environment is home to
about 150 million people®. Worldwide, sea level rise
and other oceanic climate changes are leading to
salinization, flooding and erosion. They also affect human
and ecological systems, including health, heritage,
freshwater, biodiversity, agriculture, fisheries and other
ecosystem goods and services. This is particularly true in
the Mediterranean region, where a small tidal range and
relatively limited storm surges have led to the development
of specific coastal infrastructure, land use systems and

% Plan Bleu calculations, national sources (based on NUTS 3 or equivalent).
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human settlements, all closer to mean sea level than in
most world regions (Becker et al. 2012). The city of Venice,
built into a shallow lagoon, is perhaps the most striking
example. Coastal zones frequently offer the ideal growing
conditions for a range of valuable crops (e.g., vegetables,
olives, and grapes), in addition to the primary activities
linked to fisheries and aquaculture, which are important
for the food security and economy of coastal communities.
As a consequence, the vulnerability of the Mediterranean
coastal zone to changes in climate and sea level is very
high. Past and current changes affect delta regions in
particular.

Loss of arable lands due to coastal erosion and salinization
due to sea level rise and flooding are starting to occur,
affecting agricultural production in coastal areas of the
Mediterranean. The link with climate change is not always
clear. All major river deltas are affected by reduced
sedimentation rates, caused by dams and changed
irrigation systems upstream. In Egypt, about 30% of
irrigated farmlands are affected by salt intrusion (Hegazy
et al. 2005). For cultivated land, 60% in the north and 20%
in both central and southern Delta regions are considered
to have salt-affected soil (Rubio et al. 2009). Seawater
intrusion is one of the geochemical processes governing
groundwater chemistry in the Western Nile delta area
(Salem & Osman, 2017). This environmental degradation
pushes an increasing population into more and more
concentrated areas [ACSAD, 2000).

The effects of sea level rise are expected to be high for
most low-lying coasts of the Mediterranean basin, even in
the areas where reduced marine storminess is expected
(Gualdi et al. 2013; Lionello et al. 20164). Marine storms,
“medicanes” and related storm surges represent a major
issue at the local scale for assessing coastal risk. The
uncertainty in the occurrence of disastrous events is one
key factor in assessing coastal vulnerability and managing
hazards related to marine storms (Gualdi et al. 2013).
Extreme rainfall and droughts also contribute to coastal
hazards and in particular to flooding and erosion risks.
Extreme precipitation combined with storm surges leads to
coastal flooding (Lian, Xu & Ma, 2013]. Runoff collected by
drainage systems flows directly or is pumped into the sea
or into coastal plains. Inland flooding, caused by extreme
precipitation, impacts the drainage capacity and may also
lead to backward flow, increasing the negative effects of
coastal flooding from marine storms. All these factors may
enhance coastal erosion which occurs where rivers which
have historically supplied beaches with sediment now have
a depleted sediment yield due to reduced runoff. River flow
may also be reduced due to the impact of droughts and thus
exacerbate coastal erosion (Bird & Lewis, 2015).

The potential socioeconomic consequences of climate
variability and change vary for the different key coastal
sectors in the Mediterranean subregions. Inundation
related to accelerated sea level rise increases the risk
of infrastructure damage including the flooding of roads,
railways, houses and other coastal structures. Storms

may impact maritime transport and ports (Travers, Elrick
& Kay, 2010). The risk of wave overtopping in Northern
Mediterranean ports increases [Paz & Tourre, 2010; Rohr
et al. 2011). Increasing property losses from more intense
cyclone events are not mitigated by possible reductions in
the frequency of such events (Handmer et al. 2012). The
relationship between intensity and damage is likely to be
exponential, with research suggesting a 30 to 40% increase
in damage linked to a wind speed increase of just 10%
(Strobl, 2012). These coastal risks are very high along the
Southern and Eastern shores (Karaca & Nicholls, 2008:
Frihy & El-Sayed, 2013; Snoussi, Ouchani & Niazi, 2008),
where monitoring systems are limited and the adaptive
capacity is generally lower than in the North. About 15 large
Mediterranean cities (port cities with a population greater
than 1 million in 2005 are at risk of flooding due to sea level
rise, unless further adaptation is undertaken (Hallegatte
et al. 2013; Hanson et al. 2011). These cities are at risk of
witnessing severe storm-surge flooding, rising sea and
local land subsidence [Nicholls & Amelung, 2008). By 2050,
for the lower sea level rise scenarios and current adaptation
measures, cities in the Mediterranean will account for half
of the 20 global cities with the highest increase in average
annual damages (Hallegatte et al. 2013).

Areas at extremely high risk are predominantly located in
the Southern and Eastern Mediterranean region including
Morocco, Algeria, Libya, Egypt, the State of Palestine, and
the Syrian Arab Republic (Satta et al. 2015). Some of these
countries are currently experiencing political instability, and
are often less able to deal with the additional environmental
pressures and associated challenges in their daily lives.
In North Africa, a sea level rise of Tm would impact
approximately 41,500 km? of land and at least 37 million
people (Tolba & Saab, 2009). It is not currently possible to
reconcile these estimates with European estimates (Ciscar
et al. 2005) for a full Mediterranean assessment, but they
indicate an order of magnitude of people impacted by
coastal risks.

With close to 20 million people living at less than 5m
above sea level within the 100 km Mediterranean coastal
belt [Schiavina, Freire & MacManus, 2019, the exposure of
the Mediterranean shoreline to the coastal risk of flooding
and erosion is a major challenge, in particular in Egypt
(Nile Delta) and Italy (Venice lagoon). In Egypt, more than
11.5 million people live at less than 5 m above sea level
within the 100 km Mediterranean coastal belt, while this
number is at around 2 million in Italy and around 1 million
in Spain, as well as in Tunisia and Turkey (Schiavina, Freire
& MacManus, 2019). Coastal erosion and flooding will also
generate loss of coastal land where important cultural
heritage sites are located (Reimann et al. 2018] (Figure 41).

2.2.4 Impacts of climate change on the marine
environment

The Mediterranean Sea hosts 4-18% of all identified
marine species in the world, while accounting for only
0.82% of the global ocean surface (Coll et al. 2010). The
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Figure 40 - Population living at less than 5 m above sea level within the 100 km Mediterranean coastal belt, per country
(Source: Schiavina, Freire & MacManus, 2019)
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Mediterranean also has a long history of highly diverse
fisheries, contributing substantially to the economy, health
and general well-being of the population.

2.2.4.1 Past and current changes: marine
biodiversity and human activities
are already affected

Increased water temperature has led to mass mortality
events, especially in coralligenous habitats (Coma et al.
2009], but also in sponges and molluscs (Garrabou et al.
2009). Coralligenous assemblages bleach under warm
temperature, because they expel the algae living in their
tissues. The most dramatic events occurred during the
summers of 1999 and 2003. Since 1999 mass mortality
events for different species have been reported in the
Mediterranean almost every year (Rivetti et al. 2014).

Seagrass is also vulnerable to seawater warming (Jorda,
Marba & Duarte, 2012) and heatwaves, with high risks
of diversity loss, alterations in ecosystem structure and
functioning (Chefaoui, Duarte & Serrao, 2018; Rilov, 2016)
and a reduction in general plant fitness. The migration of
tropical herbivores into Mediterranean seagrass meadows
is expected to cause an increasing intensity of herbivores
on seagrasses (Hyndes et al. 2016; Vergés et al. 2018).

1980 ‘o

©® 215

species (Calvo et al. 2011) at the expense of cold-affinity
species. This is well illustrated by the recent changes in
the geographic distribution of many native species. Due to
recentwarming, Mediterranean warmth-loving fish species,
like the blue runner (Caranx crysos), the Mediterranean
parrotfish (Sparisoma cretense), the common dolphinfish
[Coryphaena hippurus], the grey triggerfish (Balistes
capriscus] or the barracuda (Sphyraena viridensis) are all
moving northwards (Azzurro, Moschella & Maynou, 2011).
Over the last several decades, the extent and intensity of
jellyfish outbreaks have increased, probably in part due to
warming, in particular with outbreaks of Pelagia noctiluca, a
planktonic predator of fish larvae and of their zooplankton
prey (Licandro et al. 2010).

The effects of climate and environmental change are
particularly serious in areas where range shifts of species
are physically constrained such as in the Ligurian Sea, one
of the coldest sectors of the Mediterranean (Parravicini et
al. 2015). The replacement of species has been reported
in Mediterranean submarine caves, which are confined
biotopes. For endemic cave mysids [Crustacea), cold-water
stenothermal species (Hemimysis speluncola) are replaced
by closely related species with warmer affinities (Hemimysis
margale] (Chevaldonné & Lejeusne, 2003).
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Figure 42 - Non-indigenous species (NIS] in the Mediterranean Sea: size of pie charts proportional to number of NIS in a

country; proportion of Lessepsian species in blue
(Source: Galil, Marchini & Occhipinti-Ambrogi, 2018)

The 2003 heatwave resulted in large-scale mortality of the
seagrass Posidonia oceanica during flowering [Diaz-Almela,
Marba & Duarte, 2007). Around 70% of habitat loss of
Posidonia oceanica is projected by 2050 with a potential for
functional extinction by 2100 (IPCC, 2019b). For Cymodosea
nodosa, the seagrass species with the highest tolerance to
relatively higher temperatures (Sawa et al. 2018), warming
is expected to lead to a reduction of meadows by around
46% in the Mediterranean by 2100, potentially partly
compensated for by future expansion into the Atlantic
(Chefaoui, Duarte & Serrao, 2018).

Ocean warming already influences marine native species
causing a ‘meridionalization® of the biota, by favouring
warm-affinity native species and the arrival of foreign

The spread of alien species represents another stress
factor for marine ecosystems (Mannino, Balistreri &
Deidun, 2017). More than 1000 non-indigenous marine
plant and animal species have been recorded so far in
the Mediterranean [UNEP/MAP, 2017), many of which are
favoured by the warmer conditions (Azzurro, Moschella &
Maynou, 2011; Marba et al. 2015). Of these, more than 600
have established populations in the Mediterranean (Galil
et al. 2018). The number of species in the Mediterranean
coming from the Red Sea is rising, representing more
than 50% of non-indigenous species in the Mediterranean
[Figure 42]. The transport of alien species through corridors
and ballast water from ships increases dissemination.
The Eastern Mediterranean displays the most severe
environmental effects of invasive species. Some tropical

% Meridionalization refers to a northward range expansion of marine native species due to warming.
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invasive species have important consequences on
ecosystems, such as the tropical rabbitfish (Siganus spp)
devastating algal forests (Vergés et al. 2014).

Ocean acidification begins to impact a wide array of
organisms producing carbonate shells and skeletons
(Kapsenberg et al. 2017; Palmiéri et al. 2015). These effects
are biological (e.g., early stage survival] as well as ecological
(e.g., loss in biodiversity, changes in biomass and trophic
complexity] (Gattuso et al. 2015). Recent acidification in
the Mediterranean Sea has also led to a decrease in the
thickness of coccoliths, calcareous plates harboured by
some phytoplankton, between 1993 and 2005 (Meier et al.
2014). Overall, effects are highly species-dependent. At
the community level, modifications in species composition
and abundance shifting from assemblages dominated by
but not limited to calcifying species to non-carbonated
species (e.g., erect macroalgae) have been reported, even
under moderate decrease in pH [Hall-Spencer et al. 2008;
Kroeker et al. 2011; Linares et al. 2015).

2.2.4.2 Risks for the future: food webs are
likely to be impacted

In coming decades, synergies between warming and
acidification are likely to affect a large number of marine
species including commercial species such as mussels
(Rodrigues et al. 2015).

Generally, seawater warming is expected to lead to a
shift in dominant species towards the smallest species
(picophytoplankton and nanoflagellates) and a decrease
in diatoms. Acidification may also result in a decrease
in the biomass of calcifying plankton organisms such as
coccolithophores [MerMex Group, 2011). The shifts in
plankton composition will likely cause changes in the
abundance of organisms feeding directly on plankton and
then on all levels of the food web. Primary production of
these organisms is critical to maintain biodiversity and
support fishery catches in the world’s oceans (Brown et al.
2010). Increasing water temperature provokes an increase
in the proportion of small-sized species, young age
classes and a decrease in size at age [Bergmann’s rule).
As a consequence, in the Mediterranean Sea, the average
maximum body weight of fish is expected to shrink by 4 to
49% between 2000 and 2050 due to water warming and
decreased oxygenation (Cheung et al. 2013).

Seawater acidification in the Mediterranean will have
further negative impacts on many pelagic and benthic
organisms with calcareous body parts, such as corals,
echinoderms, mussels, pteropods, sponges, cocco-
lithophores and foraminifers (Bramanti et al. 2013; CIESM,
2008; Dias et al. 2010; Goodwin et al. 2014; Martin et al.
2011; Meier et al. 2014) (Figure 44). Observations made near
natural, submarine CO2 vents show that a decrease from
pH 8.1 to 7.9 leads to a dramatic shift in highly diverse and
structurally complex habitats. Forests of Laminaria rodri-
guezii kelp replace the otherwise dominant habitats [i.e.,
coralligenous assemblages and rhodolith beds), which are
mainly characterized by calcifying organisms (Linares et al.
2015).

Marine storms, associated with strong winds, strong waves
and currents, as well as heavy rains and flash floods, are
known to damage marine and coastal ecosystems such as
Posidonia meadows (Gera et al. 2014). The effects of marine
storms decrease with depth and only affect the layers
above 50 m. At least 20% of Posidonia meadows on sandy
substrates at depths below 10 m are seriously damaged
and destroyed [Sanchez-Vidal et al. 2012).

Some particular marine species are also threatened by
sea level rise. This is the case for the calcified cushion-like
red alga Lithophyllum byssoides, which forms algal rims
highly resistant to waves and storms, but are dependent
on a stable or only slightly rising sea level. Today, these
algal rims have begun to be submerged and will be highly
threatened in the future (Thibaut, Blanfuné & Verlaque,
2013). Research also suggests a loss of 59% and 67%
of nesting areas for the Mediterranean green turtle
[Chelonia mydas) and the loggerhead turtle [Caretta caretta)
respectively undera 1.2 m sea level rise (Varela et al. 2019).

Surface water warming in the Mediterranean and the
consequent increase of water column stability may favour
the transformation of marine snow (small amorphous
aggregates with colloidal properties) into marine mucilage,
large marine aggregates representing an ephemeral
and extreme habitat (Danovaro et al. 2009). Three algae
(Nematochrysopsis  marina, Chrysonephos lewisii and
Acinetospora crinita) constitute the principal components
of the mucilaginous aggregate in the Mediterranean. The
production of mucilage by other species, such as Gonyaulax
fragilis as well as Cylindrotheca closterium, and Cylindrotheca

Aquaculture losses due to water warming in the Thau lagoon, France, 2018

In August 2018, unusually high water temperatures over an extended period (exceeding 29°C over eight days) combined with no wind led to radically reduced oxygen
levels (anoxia) in the Thau lagoon close to Montpellier on the French Mediterranean coast. These climatic conditions led to high mortality of shellfish farmed in the
lagoon, with mortality rates for oysters of between 30% and over 60% depending on the zone in the lagoon, and 100% for farmed mussels. Losses represented 2,703
tonnes of oysters, worth EUR 4.73 million, and 1,218 tonnes of mussels, worth EUR 1.22 million (Prefecture of the Hérault Department, France, 2018).

Shellfish aquaculture is one of the main economic activities in and around the Thau lagoon. It provides 10% of total French Pacific oyster (Crassostrea gigas)
production, involves around 500 companies, and provides direct employment for about 1,700 people (Lane, Chatain & Roque d'Orhcastel., 2018). To adapt to the
projected prolonged and more frequent heatwaves in the future, aguaculture in the Thau lagoon has to reinvent itself.
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fusiformis has also been observed (Pistocchi et al. 2005).
Mucilage is a threat to gorgonians (common names for a
subset of this order are sea fans or sea whips), because
they provide the best support for mucilage growth. Mucilage
becomes entangled in projecting branches and necrotizes
the coenenchyme below, leaving the axial skeleton bare.
C. lewisii mainly affects the yellow gorgonian (Eunicella
cavolini] and white gorgonian (Eunicella singularis) while A.
crinita mainly affects the purple gorgonian (Paramuricea
clavate), which colonizes greater depths (Giuliani et al.
2005).

Several species of toxic dinoflagellates (single-celled
eukaryotes usually considered algae) are warm-affinity
species. Their distribution range and abundance
therefore increase with rising water temperature in the
Mediterranean, like Gymnodinium catenatum (Gomez, 2003)
or Alexandrium catenella, paralytic shellfish poisoning
(PSP) toxin producers (Laabir et al. 2011), Ostreopsis
ovata, Prorocentrum lima and Coolia monotis. 0. ovata
can form floating clusters at the seawater surface and
releases marine aerosols, causing respiratory problems
and irritations. To date, the most extensive health-related
events have occurred in ltaly (2005-2006), Spain (2004),
Algeria (2009) and France (2006-2009) (Ben-Gharbia et al.
2016), presenting a risk not just for local populations but
also for economic activities, such as tourism.

2001-2008

The introduction and spread of a pathogenic Vibrio might
have been promoted by climate warming. Gorgonians were
among the most affected species during recent disease
outbreaks from infections with Vibrio in the north-western
Mediterranean (Bally & Garrabou 2007, Vezzulli et al. 2010).
In cases of temperature-induced disease in the starfish
Astropecten jonstoni near the coast of Sardinia, Vibrio was
associated with diseases of stressed marine invertebrates
(Staehli et al. 2009).

The influence of climate change on fisheries depends on
complex interactions between environmental factors,
use of resources and economic drivers (Daw et al. 2009).
Most fish stocks of commercial value are overexploited
in the Mediterranean Sea, making the fisheries sector
particularly vulnerable to further pressures. In many cases
it is difficult to distinguish between the effect of excessive
fishing and the impacts of climate change. Heatwaves and
acidification potentially cause impacts on populations of
less mobile species and on aquaculture. Such impacts
could involve negative consequences on fisheries and
aquaculture for some commercially important species of
gastropods, bivalves and crustaceans. Figure 45 shows
the observed impact and risk scenarios of global ocean
warming and acidification for important organisms and
critical ecosystem services.

2091-2098

Figure 43 - Impact mapping on the risk of mortality outbreak for the purple gorgonian (Paramuricea clavata)
at the beginning (Top] and end (Bottom] of the 21st century along the continental coastal strip north of 39°N in the NW-Mediterranean
Sea. The colour scale, from 1 to 4, corresponds to sub-lethal, moderate, high and extreme lethal impacts respectively

(Source: Bensoussan et al. 2013)

Figure 44 - Representative examples of marine species responding to climate change in the Mediterranean

(a) The natural distribution range of the Sphyraena viridensis barracuda has increased greatly over the last 30 years; [b] the Lessepsian
herbivorous rabbitfish Siganus rivulatus is affecting Eastern Mediterranean ecosystems, and its introduced range area is increasing. In
2008, it was found in the Gulf of Lions [Carry-le-Rouet, France); [c] a seascape of dead Paramuricea clavata sea fans after the 2003 thermal
anomaly in the NWM:; (d] the Hemimysis spp. crustacean mysids are a classic example of a species shift related to climate change.
Photographs [reproduced with permission] by T. Pérez (a), J.G. Harmelin (b) and R. Graille (c, d] (Source: Lejeusne et al. 2010)
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Figure 45 - Observed impact and risk scenarios of global ocean warming and acidification for important organisms and

critical ecosystem services

“Present- day” (grey dotted line] corresponds to the period from 2005 to 2014. Impact levels are for the year 2100 under the different
projections shown and do not take into account genetic adaptation, acclimatization, or human risk reduction strategies [mitigation and
societal adaptation). [A) Changes in global average sea surface temperature and pH versus cumulative fossil fuel emissions. (B] Risk
of impacts resulting from elevated COz on key organisms that are well documented in the literature. [C] Risk of impacts resulting from

elevated CO:z on critical ecosystem services.

[Source: Gattuso et al. 2015; note that this study is at the global level, but its conclusions also apply to the Mediterranean Sea)

2.3 Responses: climate change mitigation
policies

2.3.1 The existing global frameworks tackling
climate change

2.3.1.1 UNFCCC: From the Kyoto Protocol
to the Paris Agreement

The United Nations Framework Convention on Climate
Change (UNFCCC] was adopted in 1992 and entered into
force in 1994. It established a framework for global climate
action, and its main goal is to “[stabilize] greenhouse
gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the
climate system” (Art. 2). To date, there are 197 Parties (196
States and the European Union] to the UNFCCC? (UNFCCC
website). In 1995, international negotiations were launched
toimplement the Convention and strengthen global climate
action. In 1997, industrial countries formally committed
to reducing emissions under the Kyoto Protocol, with a
first commitment period running from 2008 to 2012. In
2012, the Parties adopted the Doha Amendment to the
Kyoto Protocol, launching a second commitment period
(2013-2020). While the Doha Amendment constitutes the
framework for increased ambitions before 2020, it has not
yet entered into force.

The first climate agreement bringing together all Parties
to the UNFCCC was adopted in 2015 (COP21, Paris). The
main difference between the Kyoto Protocol and the Paris
Agreement is a reversal of global climate governance
dynamics. The Agreement is based on a principle of reality,
advocating unified cooperation against climate change,
as well as on the principle of common but differentiated
responsibilities, and commits all countries to determining
their own contributions for its implementation. To that
extent, the Agreement requires the Parties to submit, upon
ratification, their Nationally Determined Contributions
(NDCs) - national climate action plans reflecting the
countries” ambition for emissions reduction and adaptation
to climate change, building upon their own circumstances
and capabilities. Through the aggregate effect of the NDCs,
the aim is to reach the long-term goal of the Agreement
by 2100, i.e., maintaining the increase in global average
temperatures to well below 2°C above pre-industrial levels,
while pursuing efforts to limit it to 1.5°C (Art. 2).

In 2019, 85% of the Contracting Parties to the Barcelona
Convention have already ratified the Paris Agreement
(only Lebanon, Libya, and Turkey are yet to do so)®, and
all of these countries as well as the State of Palestine
have submitted their first NDCs to the Secretariat of the
UNFCCC?.

77 Status of ratification of the UNFCCC as accessed on the UNFCCC website in April 2019.

% Paris Agreement ratification status as per UNFCCC website consulted in October 2019.

? UNFCCC NDC online registry consulted in October 2019. Note: The European Union (EU] submitted its NDC on behalf of its member coun-
tries, which means that Cyprus, Croatia, Bosnia and Herzegovina, France, Greece, Italy, Malta, Slovenia, Spain and the EU have a single NDC.
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Focus on the Paris Agreement

The Paris Agreement strengthens the global response to climate change in many ways. To reach its long-term temperature goal (Art. 2), it commits
countries to achieving global peaking and climate neutrality” by the second half of the century (Art. 4), by mitigating greenhouse gas emissions (Art. 3)
and conserving and enhancing sinks and reservoirs (Art. 5). It allows voluntary cooperation as well as market and non-market-based approaches (Art. 6).
The Agreement also establishes a global goal on adaptation (Art. 7) as well as a specific article related to loss and damage (Art. 8). Other mechanisms and
instruments relate to finance, technology and capacity-building support (Art. 9, 10 and 11), transparency (Art. 13), and implementation and compliance
(Art. 15). The Paris Agreement constitutes the main framework for global climate action after 2020. Countries negotiated its guidelines from 2016 to 2018,
which were then adopted at COP24 (Katowice, December 2018), to allow full implementation.

2.3.1.2 The Green Climate Fund (GCF) and
climate finance

With the Paris Agreement, countries established the ob-
jective of making finance flows consistent with a pathway
towards low greenhouse gas emissions and climate resilient
development” [Art. 2(c]). This goal builds on previous com-
mitments to finance climate action, including the objective
for developed countries to jointly provide USD 100 billion
annually by 2020 for climate change mitigation and adapta-
tion. The Paris Agreement thus commits developed coun-
tries to providing financial resources to assist developing
countries in continuation of their existing obligations under
the Convention, and encourages other countries to provide
such support voluntarily (Art. 9). The three main UNFCCC

S

COMMITTED

S)

billion

Figure 46 - GCF Portfolio, October 2019
[Source: Green Climate Fund online dashboard, 2019)

tion and adaptation. To date®, the GCF has validated 111
projects, for 310 million beneficiaries and 1.5 billion tons
of CO2 equivalent avoided. By target, the funding amounts
are shared between mitigation (39%), adaptation (25%) and
cross-cutting (36%) issues.

Climate finance is critical for ambitious climate action,
particularly within Southern Mediterranean countries.
A 2018 study by the European Investment Bank (EIB]
estimated the overall financial needs over the next 10
years for these countries at USD 250 billion (EIB, in
ENERGIES 2050, 2018a). A European Commission report
released at COP 23 (2017) showed that UNFCCC'’s financial
mechanisms approved USD 252 million of funding in 2016
in Mediterranean countries. Most came from the GCF

Vi Vi
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billion billion
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18.7

financial mechanisms are the Green Climate Fund (GCF),
the Global Environment Facility (GEF) and the Adaptation
Fund (AF). In years to come, the GCF is intended to become
the main UNFCCC financial mechanism. It was announced
at COP15 (2009) and its first investments were made
in 2015. 2016 was the GCF's first full year of operation,
resulting in a portfolio of 35 projects for a total of USD
1.5 billion (ENERGIES 2050, 2018a). The GCF works
through accredited entities and national designated
authorities. Investments can take the form of grants, and
loans and must be equitably distributed between mitiga-

% Green Climate Fund portfolio dashboard consulted in October 2019).

(USD 192 million), followed by the GEF (USD 49.97 million),
the AF (USD 9.23 million) and other financial mechanisms
such as the Clean Technology Fund (CTF) and the Forest
Investment Partnership (FIP). The report also states that
this USD 252 million only represented 5% of the total funds
approved the same year for climate-related projects and
programmes in these countries (European Commission,
in ENERGIES 2050, 2018a ). In conclusion, climate finance
needs to be scaled up to address countries’ needs and
strengthen unified climate action towards Paris Agreement
implementation over coming years.
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2.3.2 Regional responses to climate change
mitigation

The Mediterranean region has been at the heart of the In-
ternational Climate Agenda since 2015. Two Mediterra-
nean countries - France and Morocco - organized COP21
and COP22. Marseille and Tangier have hosted major con-
ventions for climate action in the Mediterranean, including
stakeholders from non-governmental organizations and
subnational governments, with MedCOP21 held in Marseille
in June 2015 and MedCOP Climate in July 2016 in Tangier.
The MedCOPs allowed Mediterranean countries to join forc-
es and improve coordination in preparing for the Conferenc-
es of the Parties to the UNFCCC. They led to other initiatives,
such as the creation of the Mediterranean Climate House
in Tangier, which held its first meetings in December 2017.
Such events provided, and continue to provide, opportunities
to consider national and regional specificities and realities
in the Mediterranean to help develop a shared, inclusive and
participatory action strategy (ENERGIES 2050, 2018a). At the
same time, regional organizations are fostering cooperation
between Mediterranean countries on climate change adap-
tation and/or mitigation policies. These include the Union
for the Mediterranean (UfM] with its Climate Change Expert
Group, and the United Nations Environment Programme/
Mediterranean Action Plan (UNEP/MAP) - Barcelona Con-
vention system which adopted the Regional Climate Change
Adaptation Framework for the Mediterranean Marine and
Coastal Areas (2016). Significant efforts have also been
made to bring together and mobilize scientists with the crea-
tion of the network of Mediterranean Experts on Climate and
Environmental Change [MedECC), which is preparing its first
report on the current state and risks of climate and envi-
ronmental changes in the Mediterranean, to be published in
2020. This network was a proposition of the Agenda of Solu-
tions of the Marseille MedCOP. Close collaboration between
this network, UfM and UNEP/MAP has created an important
science policy interface.

2.3.3 National responses to climate change
mitigation

2.3.3.1 Nationally determined
contributions (NDCs)

The NDCs are at the heart of the Paris Agreement. They
constitute the global response to climate change (Art. 3) and
allPartiesaretoundertakeandcommunicateambitiousefforts
asdefinedin Articles 4 [mitigation), 7 (adaptation), 9 [finance),
10 (technology), 11 (capacity building) and 13 [transparency).
NDCsaresubmittedbythePartiestotheParisAgreementupon
ratification, and represent a progression over time in order to
achieve the Agreement’s long-term goals, while recognizing
the need to support developing countries for effective imple-
mentation (Art. 3).

By 2019, 18 Parties to the Barcelona Convention have sub-
mitted their NDCs, and all of them contain a mitigation com-
ponent, aiming to limit or reduce greenhouse gas emissions
through (ENERGIES 2050, 2018b):

* an absolute emissions reduction target (11 NDCs: Cyprus,
Croatia, France, Greece, Italy, Malta, Montenegro, Monaco,
Slovenia, Spain and the EUJ;

* a derivation from a business-as-usual [BAU) scenario (4 NDCs:
Albania, Algeria, Bosnia and Herzegovina and Morocco):

e a carbon intensity reduction target (2 NDCs: Tunisia and
Israel);

o the introduction of mitigation policies and measures (1
NDC: Egypt).

Analysis of the Mediterranean countries’ NDCs (ENERGIES
2050, 2018b) shows that a range of sectors and domains are
targeted by priority policies and measures). Measures include
for example the use of market mechanisms, the development
of monitoring tools, links with the United Nations’ sustainable
development goals (SDGs) or other international conventions
(e.g., the 1992 Rio Conventions), etc.

Providing knowledge on Climate Change through a science policy interface, the

case of the MedECC

Gathering, updating and consolidating the best available scientific knowledge about climate and environmental changes in the Mediterranean basin and rendering
it accessible to policymakers, key stakeholders and citizens, are the main objectives of the network of Mediterranean Experts on Climate and environmental Change
(MedECC). MedECC was launched during a side event organized at the ‘Our Common Future under Climate Change’ (CFCC) conference in Paris, (France) in July 2015
and has since evolved into an open and independent network of more than 600 scientists working towards a regional science policy interface. Through its reports,
developed with key stakeholders, MedECC aims to contribute to the improvement of sustainability policies across the Mediterranean Basin. MedECC's work is fully
focused on the highest possible scientific standards, with full participation of experts from all Mediterranean regions and relevant scientific disciplines. It is inspired
by the Intergovernmental Panel on Climate Change (IPCC), which aims to provide the world with an objective, scientific view of climate change and its political and
economic impacts.

The Secretariat of the Union for the Mediterranean (UfM) and Plan Bleu (UNEP/MAP Regional Activity Centre) jointly support MedECC and rely on the network for the

assessment of climate and environmental impacts on the Mediterranean. Synergies with other policy dialogue structures are developed, especially with the UNEP/
MAP - Barcelona Convention system via the Mediterranean Commission on Sustainable Development (MCSD) and Plan Bleu Focal Points.
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parties

e Construction

e Industry
o Agriculture
¢ Transport

o Tourism

Table 3 - Overview of the mitigation policies and measures indicated in the NDCs of the Parties to the Barcelona
Convention by sector

Parties to the Barcelona Convention that have indicated policies and measures in this sector within their NDCs.

(Source: adapted from ENERGIES 2050, 2018b)

The French High Council for Climate and its first annual report

[Source: Fontan et al. 2019)

The French High Council for Climate was created by decree in May 2019. Its objective is to provide an independent opinion and recommendations concerning
the implementation of public policies and measures to reduce greenhouse gas emissions in France, in line with the country’s international commitments and
in particular the Paris Agreement and the country’s aim to reach carbon neutrality by 2050. The Council is asked to provide neutral information on the French
government's actions and associated socioeconomic and environmental impacts. The Council is currently composed of eleven members, appointed for five years and
chosen for their scientific, technical and economic expertise in the field of climate science.

In its first annual report, the High Council for Climate states that current efforts made by France are not sufficient to achieve the set objective of carbon neutrality

by 2050, especially in the building/housing and transport sectors. The report compares EUR 75 billion of public and private investments that are “unfavourable for

the climate” with EUR 41 billion of investments that are “climate-friendly” in the period 2015-2018. The seven main recommendations stemming from the report
are as follows:

. Ensure the compatibility of laws and major national projects with a low-carbon national strategy, because major projects or laws (e.g., laws on
mobility, housing, spatial planning or taxation) do not sufficiently take into account greenhouse gas emission reduction targets.

. Strengthen climate policy instruments (including standards, environmental taxes, subsidies, public investment, carbon market and information instruments),
because current climate policy instruments are insufficient to reach the targets.

. Identify and implement the necessary transformative changes to prepare the French economy and society for carbon neutrality (acting on the
development of cities and countryside, developing and financing new infrastructure, particularly for transportation, and strengthening education on the low-
carbon transition to change production and consumption patterns), because the profound transformations needed are not yet underway.

. Ensure a just transition (fair distribution of costs, efforts and benefits between households, businesses, local authorities and the State), because the social
and economic implications of emission reduction measures are currently not sufficiently taken into account.

. Coordinate the national low-carbon strategy at all levels: from local level to the international level, because there is a lack of consistency between
local, national and European policies.

. Systematically assess the greenhouse gas emission impact of policies and measures, because the potential or actual greenhouse gas emission impact
of policies and measures is not known.

. Strengthen the draft national low-carbon strategy (to also cover international transport and carbon imports and to make it the reference paint for all public
and private investments), because it does not currently cover all consumption-related emissions and is not at the centre of public action.
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2.3.3.2 Using market-based instruments
and funding mechanisms

Among other provisions, Article 6 of the Paris Agreement rec-
ognizes the importance of “market-based approaches” (Art.
6, para. 8) (OIF/IFDD, 2018). Five Contracting Parties to the
Barcelona Convention (Albania, Egypt, Montenegro, Morocco
and Tunisia) indicated in their NDCs that they would use the
Article 6 mechanism or other market-based mechanisms to
implement their mitigation targets. If not indicated, market
mechanisms could nonetheless be of a substantial use for
other Parties, such as the European Union and its Member
States. To achieve the EU’s overall greenhouse gas emissions
reduction target for 2030, the EU revised its Emissions Trad-
ing System (EU ETS), through Directive (EU) 2018/410, which
entered into force in April 2018. The revised Directive aims, in
the period 2021-2030, to reduce emissions by 43% compared
to 2005 levels in the sectors covered by the EU ETS through
a mix of interlinked measures (European Commission, 2019).

Climate financial mechanisms will be crucial for the imple-
mentation of a number of NDCs, particularly for developing
countries. In the Mediterranean, Algeria, Egypt, Morocco
and Tunisia indicated that they would need financial support
for a full implementation of their NDCs (ENERGIES 2050,
2018b). For example, Egypt assessed the initial costs of mit-
igation and adaptation measures at USD 73 billion. Morocco
indicated that USD 50 billion would be necessary to imple-
ment their mitigation targets, of which USD 24 billion to be
mobilized through international finance. Finally, Tunisia esti-
mated needs at USD 18 billion for mitigation activities.

European Bank for Reconstruction and Development (EBRD)
French Development Agency (AfD)

European Investment Bank (EIB)

International Bank for Reconstruction and Development (IBRD)
Green Climate Fund (GCF)

European Neighbourhood Instrument (ENI)

Global Environment Facility (GEF)

Adaptation Fund (AF)

Adaptation for Smallholder Agriculture Programme (ASAP)
French Facility for Global Environment (FFEM)

Clean Technology Fund (CTF)

Forest Investment Partnership (FIP)

2.3.3.3 Technology development

Article 10 of the Paris Agreement aims to strengthen co-
operative action on technology development and transfer
to improve resilience to climate change and reduce green-
house gas emissions. It establishes a technology framework
to support the implementation of the Agreement. Along with
finance and capacity building, technology will be crucial for
reaching NDC targets. Many Parties to the Barcelona Con-
vention have indicated policies and measures that would re-
quire technology developments in various sectors and fields.
Examples of detailed measures are the replacement of ex-
isting thermal power plants with 30% average efficiency with
new plants with approximately 40% average efficiency (Bos-
nia and Herzegovina); or the use of advanced locally appro-
priate and more efficient fossil fuel technologies, in addition
to new generations of nuclear power (Egypt).

As indicated in their NDCs, technology developments will be

decisive in various other sectors, e.q.:

* Renewable energy: By 2030, reach a 27% share of renewable
energy in electricity generation through the deployment
of photovoltaic and wind power as well as thermal solar
energy, along with the integration of cogeneration, biomass
and geothermal energy (Algeria);

e Industry: By 2030, construct co-generation plants fuelled
by wood chips and wood waste from the wood processing
industry, with a total power generation capacity of 70 MW
(Bosnia and Herzegovinal;

e Transport: 20% shift from private to public transportation
(Israel);
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Figure 47 - Climate finance from non-state actors in the Mediterranean region in million USD, 2018

(Source: ENERGIES 2050, 2018c)

Non-state players, including companies, cities, subnational
regions, investors and civil society organizations, can play
a significant role in climate change mitigation. UNFCCC
understood thataddressing climate change will take ambitious
and systemic action by all sectors of society, both public and
private, and launched the Global Climate Action (NAZCA)
portal in 2014. The portal allows non-state stakeholders to
display their climate ambition and commitments.
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e Waste management: By 2020, establish landfill and
recycling centres for domestic waste to benefit all urban
areas (Morocco;

e Urban development: By 2030, reach an overall urban
sewerage connection rate of 100% (Morocco).



Figure 48 - Climate action taken by non-state actors in Mediterranean countries
registered on the UNFCCC NAZCA database, (UNFCCC NAZCA database interactive map consulted on 6 August 2019; this database is
not necessarily representative of all actions taken and only shows actions that have been registered)

2.3.3.4 Local ecosystem-based approach
and Nature-based Solutions

The Paris Agreement highlights the importance of an
ecosystem-based approach and Nature-based Solutions to
reach its long-term temperature goal. It commits Parties
to achieving a balance between anthropogenic emissions by
sources and removals through carbon sinks in the second half
of this century (Art. 4.1), and to take action to conserve and
enhance, as appropriate, sinks and reservoirs of greenhouse
gas, including forests [Art. 5). The Paris Agreement also
strengthened REDD+ (OIF/IFDD, 2018). Another major step
was achieved at UNFCCC COP23 (Fiji/Bonn, November
2017), where Parties adopted a landmark agreement on
agriculture: the Koronivia Joint Work on Agriculture (KJWAJ",
The KJWA roadmap to 2020 addresses subjects such as:
improved soil carbon, soil health and soil fertility as well as
integrated systems, including water management; improved
nutrient use and manure management towards sustainable
and resilient agricultural systems; improved livestock
management systems; etc. (OIF/IFDD, 2018).

agricultural practices (Tunisia).

In their NDCs, the Contracting Parties to the Barcelona
Convention also show how important ecosystem-based
approaches and Nature-based Solutions are to achieving
their mitigation goals. Twelve Parties indicated policies and
measures in the Agricultural sector and 13 in the Forestry
sector. For both sectors, the EU and its Member States only
indicated in their NDC that a “Policy on how to include Land
Use, Land Use Change and Forestry in the 2030 greenhouse
gas mitigation framework will be established as soon as
technical conditions allow and in any case before 2020". Other
Parties detailed mitigation measures, with some examples
highlighted in Table 4.

2.3.3.5 Public participation, awareness,
education, and information systems

Article 12 of the Paris Agreement indicates that “Parties shall
cooperate in taking measures, as appropriate, to enhance
climate change education, training, public awareness, public
participation and public access to information, recognizing
the importance of these steps with respect to enhancing

Examples of policies and measures

Mitigation measures on enteric fermentation; manure management; rice cultivation; agricultural soils; field burning of
agricultural residues (Algeria); Improved use of natural resources and their sustainable management (Morocco); Low emis-
sions practices, e.g., optimizing the diets of domestic animals, promoting biological agriculture or conservation-oriented

Reforestation of 1,245,000 ha (Algerial; Maintain the forest sequestration capacity (app. 6,470 GgCO2 in 2015) (Bosnia and

Forestry

Herzegovinal; Planting of 447,000 hectares of olive trees in areas that are unfit for year-round crops to limit soil erosion and
improve small farmers” income (Moroccol; Intensify the CO2 absorption capacities of forestry and arboriculture by stepping

up reforestation and consolidating and increasing carbon reserves in forest and pastoral environments (Tunisial.

Table 4 - Example of policies and measures for agriculture and forestry sectors indicated in the NDCs of the Parties to the

Barcelona Convention

3" Decision 4/CP.23
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actions under this Agreement”. For example, the Algerian
NDCs indicate the implementation of information, awareness
and communication actions on issues and climate change
challenges and implementation of a national climate change
programme for education, training and research.

2.3.4 Priorities for action

Urgent action is required worldwide to mitigate climate
change. Although Mediterranean countries are not the
highest COz emitters in the world, they have the potential to
contribute to global mitigation efforts. In this sense, urgent
and systemic mainstreaming of climate change mitigation
into planning at all levels, into all economic sectors including
the financial sector, education systems and research will be
key. To achieve the objectives of the Paris Agreement, the
Agreement needs to be further applied and operationalized

at regional, national and local levels, by taking into account
the notion of carbon budget.

2.4 Responses: adaptation to climate change
- a necessary anticipation

2.4.1 The Regional Climate Change Adaptation
Framework for the Mediterranean Marine
and Coastal Zones

The overall risks of climate change impacts can be reduced
through mitigation, i.e. by limiting the rate and magnitude
of climate change. Under all mitigation scenarios, risks
from adverse climate impacts remain. Anticipation of and
adaptation to a wide range of climate-related risks are
therefore essential. To improve the overall resilience of the

Objectives Measures and Results

Governance

Evaluation

Funding

Improved coordination/cooperation through meetings of the working group on adap-
tation [each Member State has appointed a focal point).

2017-2018 Evaluation of EU Strategy on adaptation, Report from the Commission to
the European Parliament and the Council on the implementation of the EU Strategy on
adaptation to climate change, and information by country.

Financial Instrument - LIFE Programme.

European climate adaptation platform, providing access to information on

Climate-ADAPT adaptation.
Objective 2:
Better informed
decision-ma- Horizon 2020
king

Copernicus Climate Change
Service

Links with Covenant of Mayors and other platforms.

Fund dedicated to research and innovation - 35% of funds allocated to climate-
related research - Research of the Joint Research Centre (JRC).

EU programme on climate analysis and observation to support adaptation policies.

Water Framework Directive

Other directives

Table 5 - European Policy on adaptation.
(Source: European Environment Agency, 2016)

Presentation before 2015 of river basin management plans by each Member State,
including the climate issue.

Floods Directive requires that Member States conduct risk assessments and
implement prevention/protection plans.

EU Forest Strategy.
EU Biodiversity Strategy to 2020.

EU Green Infrastructure Strategy.

EU Environment Action Programmes.

78 | SoED 2020



Countries 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

National adaptation - National adaptation strategy and national and/or
strategy in place sectoral adaptation plans in place

No policy

Table 6 - Adoption of climate change adaptation strategies and plans in Mediterranean countries in the EU and Turkey

(Source: ENERGIES 2050, Institut de la Mediterranée & FEMISE (2018) based on European Environment Agency)

Egypt Adaptation measures for coastal areas, water resources and irrigation, agriculture, health, tourism and energy.

Lebanon forests and agriculture, water.

State of
Palestine

Sustainable development strategy under development which underscores adaptation. Actions intended for biodiversity,

National adaptation plan in all sectors [energy, agriculture, etc.) with a detailed cost assessment.

Table 7 - Adaptation in INDCs/NDCs in Southern and Eastern Mediterranean countries

(Source: ENERGIES 2050, Institut de la Méditerranée & FEMISE, 2018)

Mediterranean marine and coastal zone in particular, short-
term and reactive local emergency measures are insufficient
and costly. Building environmental and socioeconomic
resilience at the regional level requires proactive, long
term and integrated planning, and needs to address
existing aspects of unsustainable development as drivers
of vulnerability. As climate risks extend well past territorial
boundaries, a cross-border collaborative and coordinated
regional approach to adaptation is required, promoting
synergies with other initiatives and agreements.

In this context, the Regional Climate Change Adaptation
Framework for the Mediterranean Marine and Coastal Zones
was endorsed by the Contracting Parties to the Barcelona
Convention at their COP19 in Athens, Greece, 2016. The
Framework aims to define a regional strategic approach
to increasing the resilience of the Mediterranean marine
and coastal natural and socioeconomic systems to the
impacts of climate change, and to assist policy makers and
stakeholders across the Mediterranean in the development
and implementation of coherent and effective policies and
measures. The development of the Framework was guided
by a vision for the marine and coastal areas of Mediterranean

countries and their communities to have increased their
resilience to the adverse impacts of climate variability and
change, in the context of sustainable development, by 2025.
Common objectives, cooperation, solidarity, equity and
participatory governance are key to achieving this aim.

2.4.2 National adaptation responses

Adaptation in Northern Mediterranean countries: recent
yet active European commitment.

Climate change adaptation was taken into account in Europe
much later than mitigation (ENERGIES 2050, Institut de la
Mediterranée & FEMISE, 2018]. Work began in 2007 and
eventually led to a white paper in 2009, which became the
basis for the European Union adopting its first strategy for
adaptation to climate change in 2013).

This strategy is meant to complement and/or draw inspiration
from the actions of Member States, some of which had
already begun implementing formal adaption policies.
Although the EU was considered somewhat behind in this
field in the early 2000s, it is now relatively advanced. All EU
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Examples of resilience actions: adaptation projects supported by UNDP
(Source: ENERGIES 2050, 2018c)

The United Nations Development Programme (UNDP) supports a number of actions in Southern Mediterranean countries to improve resilience to climate change.

Lebanon “Strengthening disaster risk management capacities in Lebanon” project:

o Assessment of the risks and technical and institutional capacities to improve disaster preparedness and raise public awareness;

» Establishment of a Disaster Risk Reduction and Management Unit, a national Disaster Risk Reduction (DRR) coordination centre under the authority of the Prime
Minister;

o Establishment of the national emergency operations centre at a governate level and sectoral emergency response centres;

o Support for the National Council for Scientific Research of Lebanon through training and equipment;

e Public awareness campaign with the participation of government agencies and schools, including a campaign on the resilience of towns and cities in 300
municipalities.

In Tunisia, the “Enhancing community resilience and human security of vulnerable communities in urban settings” project focuses on the assessment of urban
risks, urban planning for DRR, technical capacity building and community preparedness. The project is funded by the United Nations Trust Fund for Human Security
(UNTFHS).

In the State of Palestine, with the support of Iceland, the “Resilience Against Natural Disasters™ project supported:

* 3 national institutional assessment to identify the main stakeholders affected by disaster and climate risk management;

* a national risk assessment to identify the main risks and vulnerable areas, towns/cities, infrastructure and populations;

o disaster preparedness, education and awareness;

® cross-border cooperation;

e integration of disaster and climate risk reduction in development and urban planning strategies;

o development of a national disaster management strategy focused on hydrometeorological and climate risks, such as floods, droughts and storms.

In Egypt, the aim of the “Adapting to risks of climate change associated with sea level rise in the Nile Delta through integrated coastal zone management” project
is to improve Egypt's resilience and reduce its vulnerability to the effects of climate change by adopting an adaptation capacity approach for human and natural
systems. The project has tested several low-cost dyke systems in order to protect the international coastal road crossing the Nile Delta from storms. The project
also set up a national oceanographic observation system in order to assess water levels and the impacts of climate change. Training in coastal engineering,
numerical modelling and dyke construction has also been organized.

Local projects

There have also been several local Euro-Mediterranean climate projects. The ENERGIES 2050, Institut de la Méditerranée & FEMISE (2018) report presents ClimaSouth,
which supports climate change adaptation and mitigation in 9 Southern Mediterranean countries (Algeria, Egypt, Israel, Jordan, Lebanon, Libya, Morocco, State of
Palestine and Tunisia). The project was launched in February 2013 under the European Neighbourhood Policy (ENP). It involves government technical and operational

services responsible for developing policies, the UNFCCC national focal points, decision makers, local authorities and representatives from civil society.

Mediterranean countries have a national adaptation strategy
or plan. A broad range of funding instruments also exist to
finance adaptation in Europe (European Commission website,
2018)* and the 2014-2020 multiannual financial framework
ensures that at least 20% of the European budget will be
allocated to climate-related spending. This will be increased
to 25% for the 2020-2025 budget (European Commission
website, 2019).

Adaptation in Southern Mediterranean countries: focus on
resilience

The Intended Nationally Determined Contributions (INDCs]
and NDCs of Southern and Eastern Mediterranean countries
all contain both mitigation and adaptation actions. These
countries are facing particularly significant vulnerabilities
due to their high exposure to climate change and lower
adaptation capacities than in the North.

An overview of Mediterranean commitments in national
climate plans under the Paris Agreement is provided in the
boxes below. Algeria, Egypt, Israel, Morocco, and Tunisia

have communicated policies and measures focused on the
resilience of the sectors most vulnerable to climate change
(e.g. agriculture, water, forestry, health, fisheries and
aquaculture). Some countries have indicated that national
adaptation plans are in the process of being prepared and
finalized (Algeria, Israel).

2.4.3 Priorities for action

The Regional Climate Change Adaptation Framework for
the Mediterranean Marine and Coastal Areas highlights
four priority strategic objectives (Table 8] set out in fourteen
strategic directions, which need to be urgently implemented
as part of a systemic approach to increase the Mediterranean
region’s resilience to climate change.

The integration of Nature-based Solutions [NbS] into
national climate change adaptation plans is a cross-cutting
objective across Mediterranean countries. In 2019, Plan Bleu
published a policy paper on the subject in collaboration with a
network of partners with broad experience in promoting and
implementing NbS (Plan Bleu, 2019). While the importance

2 |n particular, the Water Directive and Common Agricultural Policy include an important climate component.
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Paris Agreement and intended adaptation measures
(Source: ENERGIES 2050, 2018c)

To adapt to decreasing water resources or increasing Nile
flows:
i. Increasing water storage capacity,
ii. Improving irrigation and drainage systems,
iii. Changing cropping patterns and farm irrigation
systems,
iv. Desalination,
v. Increased use of deep groundwater reservoirs,
vi. Promoting best practice for rationalizing water use
and improving precipitation measurement networks.

Improve the capacities of private and institutional
stakeholders, particularly by disseminating best
management practices for planting, harvesting and
irrigation, and promoting the use of more crops that are
more tolerant to heat. Improve research to create a long-
term adaptation strategy.

Capacity building of Egyptian society by enhancing national
and local partnerships in managing risks related to
climate change.

Study to identify health risks resulting from climate
change and raise community awareness.

Projects to transfer and reuse treated wastewater and
to improve and secure the water supplies of large urban
centres, especially Greater Tunis,

Cap-bon and Sfax.

Capacity-building and institutional development measures,
including:
i. Adapting irrigated crops in the central regions,
ii. Adapting mixed farming-livestock production in
vulnerable regions,
iii. Updating the agricultural map,
iv. Introducing a climate monitoring and early warning
system, as well as an insurance mechanism against
climatic hazards

Rehabilitating coasts and preventing coastal erosion,
redeveloping and displacing coastal industrial zones,
rehabilitating and protecting existing infrastructure
against the risks of climatic impacts and developing farms
and aquaculture infrastructure.

Capacity-building and institutional support: i. Risk
assessment and prevention of a proliferation of respiratory
pathologies; ii. Introduction of a network to monitor the
main vector-borne diseases; iii. Strengthening of the
entomological monitoring network and efforts to fight
mosquitoes and sand flies; iv. Programme to adapt the
healthcare system to climate change, especially through
protection against water-borne diseases [training for
medical staff, etc.); v. Communication strategy for raising
awareness about health risks related to climate change.

i. Rehabilitation of forest nurseries and the expansion of
indigenous and multi-use species; ii. Holistic management
of cork oak forests in high-risk zones in the north-west
of the country; iii. Management of the degraded rough
grazing and esparto areas in the central and southern
regions; iv. Conservation of the ecological functions

of low-lying coastal areas; v. Integrated development

of vulnerable drainage basins, sub-drainage basins

and flood control; vi. Biological consolidation of work

to combat silting in the south of Tunisia and support

the implementation of regional action plans to counter
desertification.

i. Restoration of the Tunisian touristic sea coast and
protection of tourist areas against the advance of the
sea; ii. Definition of climatic and touristic regions and
adaptation of the division of ecotouristic circuits; iii.
Development of a range of services that are at once
alternative and complementary to seaside tourism,
particularly in terms of health, culture, sport and the
environment; iv. Launch and promotion of the concept
of ecological hotels; v. Optimization of the management
of water resources by the tourist sector and installation
of mini seawater desalination plants using renewable
energies.
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of NbS is largely recognized, in particular for the co-benefits
they provide, their implementation faces several bottlenecks
including: a higher level of uncertainty than human-
made infrastructure in particular for approaches highly
dependent on the local context or not fully tested; complex
bureaucratic processes to obtain necessary permits;
lack of technical guidance to prepare projects or review
applications; sometimes significant land requirements in a
context of complex land tenure situations or high pressure
on land; difficulty in obtaining funding for often relatively
small investments; ; management costs not always offset
by monetary revenues. The paper outlined the following key
policy recommendations:

i. “Within the framework of the Barcelona Convention, develop
a strategy to fully integrate NbS into national policies across
sectors so as to significantly enhance countries” climate
resilience by 2030.

ii. In particular, mainstream NbS into national plans for climate
mitigation and adaptation, such as the NDCs [(Nationally
Determined Contributions] and National Adaptation Plans

i

=

. Overall,

required under the Paris Agreement, and DRR (Disaster Risk
Reduction) plans under the Sendai Framework.

. Foster “Green City” schemes throughout the region to im-

prove citizens' resilience to heatwaves, flood surges and
coastal erosion, and possible water and food shortages.
Promote sustainable and biodiversity-friendly practices and
initiatives in the field of agriculture and aquaculture, such
as agroecology, local integrated nature-based production
systems and sustainable fisheries to secure food security,
rural and coastal livelihoods and employment opportunities.
Manage coastal and marine ecosystems, including wetlands,
in a sustainable manner to enhance their capacity as carbon
sinks and buffers, restore depleted fish stocks and protect
marine biodiversity.

implement adequate institutional  structures,
economic incentives and land tenure instruments to facilitate
the uptake and implementation of NbS and overcome existing
obstacles to their implementation with a view to moving
towards a blue-green and circular economy and ensure
society’s long-term resilience.”

Strategic Objectives Strategic Directions

reviewing progress.

special interest.

Development of best practices (inclu-
ding low regret measures) for effective
and sustainable adaptation to climate
change impacts

climate finance.

Enhancing awareness and engagement of key stakeholders on climate adaptation.
Promoting adequate institutional and policy frameworks.

Promoting a regional approach on Disaster Risk Management.

Improving implementation and effectiveness of adaptation policies through monitoring and

Integrating climate adaptation into local plans for the protection and management of areas of

Identifying adaptation needs and best practices.

Mainstreaming, exchanging and adopting best practices.

Prioritizing public spending relative to climate adaptation and mobilizing national sources of

Accessing international financing.

Building alliances with the banking and insurance sectors.

Understanding of the vulnerability of natural and socioeconomic systems and sectors and of

possible impacts.
Better informed decision-making
through research and scientific
cooperation and availability and use of
reliable data, information and tools

local levels.

Building capacities and promoting the use of vulnerability and risk assessment at regional to

Strengthening Science policy interface and accessibility of related knowledge.

Developing Regional climate information at a resolution suitable for adaptation planning.

Table 8 - Strategic Objectives and Directions for climate change adaptation in Mediterranean Marine and Coastal Areas
(Source: Regional Climate Change Adaptation Framework for the Mediterranean Marine and Coastal Areas, 2017)
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Biodiversity and
ecosystem services




Mediterranean Coastal and marine ecosystems have a high
level of biodiversity and endemism. The Mediterranean Sea
is considered a biodiversity hotspot, representing just 0.3%
of the global ocean volume while hosting 7% of identified
global marine species, with the highest rate of endemism
(20-30%) of marine species in the world.

Driven by human activities in recent decades, Mediterrane-
an biodiversity has experienced increasing human-induced
pressures such as pollution, the overexploitation of biolog-
ical resources, land-use change and coastal infrastructure
development, changes in fluvial dynamics, increasing sea
use and climate change effects. These pressures have
reduced the extent of wild areas and natural ecosystems
on land and at sea, and have altered the ecosystems’
capacity to provide ecosystem services that are vital to
humans. Around 11% of marine species and 14% of coast-
al terrestrial species are threatened with extinction, most
of which are endemic. Non-indigenous species are
increasingly present in the Mediterranean Sea, with a total
of more than 1,000 non-indigenous marine species record-
ed, of which more than 100 are invasive.

United Nations Environment Programme/Mediterranean
Action Plan (UNEP/MAP] has made biodiversity one of
the main pillars of its Ecosystem Approach, with the aim
of achieving Good Environmental Status (GES]) of the
Mediterranean Sea and supporting the development of
effective action to safeguard and restore biodiversity. Such
action must be undertaken urgently to avoid irreversible
losses in terms of ecosystem services and biodiversity. One
measure that has been proven effective, if implemented
correctly, consists in setting up Marine Protected Areas
(MPAs). MPA coverage has increased throughout the past
decade, and is close to the 10% coverage set as a 2020
objective in the Aichi Targets. However, management
effectiveness and enforcement remain challenging.

3.1 Introduction

Over recent decades, human activities in the Mediterranean
have increasingly reduced the extent of natural coastal
and marine ecosystems on land and at sea. Natural
wetlands, which are important feeding, breeding and
nursery grounds for terrestrial and marine species and
which offer many services to humans [e.g. flood protection,
groundwater replenishment, sediment retention), have
experienced a continuous decline in spatial extent, mostly
due to land conversion to agriculture. Forest areas seem
well conserved in protected areas, however other wooded
lands are in decline and forest fragmentation due to land
cover change [urban sprawl and infrastructure expansion)
and fire risks remain challenging throughout the region.
Other coastal ecosystems [beach, dune systems, muddy
environments, hard and soft rocky shores and cliffs)
have experienced a decline and degradation due to the
development of coastal structures and pollution, and the
services they provide (e.g. shoreline stabilization, buffering,
nutrient cycling) have therefore been weakened. Seagrass

84 | SoED 2020

meadow species Posidonia oceanica and Zostera marina are
regressing and coralligenous assemblages are strongly
impacted by fishing, invasive species, pollution, and
seawater temperature change and acidification.

The Mediterranean has low primary production with values
decreasing from the western part to the eastern part of
the basin. Nevertheless, some specific areas are known to
locally host high productivity, such as the Alboran Sea or
the northern zones of the Adriatic Sea.

Numerous coastal species, including endemic ones, are
threatened, especially in Spain, France, Italy and Morocco,
mainly due to tourism and recreation areas, urbanization,
agriculture, livestock, recreational activities and invasive
species.

Species encountered in the Mediterranean Sea can be
distinguished between (iJ endemic species, (il warm
temperate species of Atlantic origin, (iii) northern species
of Atlantic origin, (iv) subtropical species of Atlantic origin,
(v] species of broad oceanic distribution and (vi] Indo-Pacific
species (Bianchi & Morri, 2000). The variety of hydrological
and climate conditions and the existence of communication
and introduction paths and corridors for non-indigenous
species (Boudouresque, 2004) affect the distribution of
these different species (cold-affinity species in the northern
basin and warm-affinity species in the south). There is a
high species abundance and endemism in Mediterranean
marine ecosystems (especially in deeper, dark habitats for
the latter). The level of endemism in the Mediterranean Sea
(from 20 to 30% according to the authors] is the highest
in the world, with two particularly emblematic species:
red coral (Corallium rubrum, Metazoa, Opisthokont) and
Posidonia oceanica (Magnoliophyta, Viridiplantae, Plantae).
A high number of marine species are threatened with
extinction, especially in France, Spain, Italy and Greece,
and mostly due to fishing. There is also a large number of
invasive species, mostly introduced by maritime transport.

The knowledge about Mediterranean marine species and
ecosystems varies between countries, and between the
shallow and deep waters. The continental shelf (from 0
to 200 m depth] is better known than the deeper areas of
canyons, trenches and seamounts, reaching more than
5267 m deep in the lonian Sea.

With biodiversity selected as the theme of its first
Ecological Objective, the Ecosystem Approach (EcAp) to the
management of human activities with a view to conserving
natural marine heritage and protecting vital ecosystem
services recognizes the importance of habitats and species
for achieving Good Environmental Status.



3.2 Coastal ecosystems and biodiversity

3.2.1 Wetlands and coastal aquifers?

Wetlands® represent an estimated 6% of global land and
are among the most diverse and productive ecosystems
on the planet. The ecosystem services they provide [e.g.
protection against floods, filtration, carbon sequestration)
are disproportionately larger than their relative land
surface. In particular, coastal wetlands play a key role in
connecting salt and freshwater systems. The status and
trends of Mediterranean wetlands were assessed by the
Mediterranean Wetlands Observatory (MWQJ® in 2012
and 2018. Coastal aquifers contribute to the integrity and
functioning of the coastal and marine ecosystems through
the hydrological processes that commonly occur in this
land-sea interface.

3.2.1.1 Status and trends of wetlands and
coastal aquifers and associated
biodiversity

The Mediterranean basin hosts 19 to 26 million hectares
of wetlands (MWO, 2018). A sample of 400 Mediterranean
wetland sites lost, on average, 48% of their natural wetland
habitats between 1970 and 2013, far more than the average
on the three surrounding continents (Africa - 42%, Asia -
32% and Europe - 35%), or than the world overall (- 35%)
(Ramsar, 2018; UNEP-WCMC, 2017).

Within Mediterranean ecosystems, wetlands are important
for biodiversity. Although they occupy only around 2%
of the land area, they are home to more than 30% of the
basin’s vertebrate species, and there are twice as many
endangered species in wetlands than in Mediterranean
ecosystems as a whole. Coastal wetlands are crucial for
many species and ecosystem processes. Coastal lagoons
provide important feeding areas for many species of marine
origin and are therefore strongly involved in ensuring the
sustainability of fish stocks exploited at sea [e.g. the sea
bream: Sparus aurata). They are also a preferred habitat for
juveniles of the European eel [Anguilla anguilla), a migratory
fish, considered Critically Endangered by the International
Union for Conservation of Nature (IUCN) Red List (Jacoby &
Gollock, 2014). Several coastal rivers are characterized by
a high level of endemism, with a number of highly range-
restricted species [many freshwater molluscs and fish).
River deltas host tens of millions of migratory, wintering,
and breeding waterbirds travelling from as far as the
Arctic and Southern Africa. Figure 49 shows Mediterranean
wetlands of international importance for waterbirds, which
reqularly host more than 20,000 waterbirds and/or more
than 1% of the species population of the Mediterranean
flyway.

Populations of coastal wetlands specialist fish species
strongly declined between 1990 and 2013 (MWO, 2018;
Figure 50). Conversely, waterbird populations show a
general positive trend, most likely due to three reasons.

Figure 49 - Wetlands of international importance for waterbirds (black and red points)]

which regularly host more than 20,000 waterbirds and/or more than 1% of the species population of the Mediterranean flyway (based on
mid-January counts carried out during the 1991-2012 period). Sites in red (resp. black] are located less (resp. more] than 30 km away
from the coast. Grey points are the other wetlands sampled by the International Waterbird Census (Wetlands International)

(Source: Popoff et al. unpublished work shared by the author)

* Coastal aquifers are developed here only with regard to the biodiversity and the ecosystem services provided. Water resources are developed

in Chapter 6 of the report.

% The Ramsar Convention on Wetlands defines wetlands as: “areas of marsh, fen, peatland, or water, whether natural or artificial, permanent
or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does

not exceed six metres”.

% Encompassing countries bordering the Mediterranean Sea, in addition to Portugal, Andorra, Serbia, Bulgaria, Jordan and North Macedonia

(FYROMY.
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Figure 50 - Living Planet Index for birds and fish dependent on coastal wetlands in the Mediterranean basin

The index gives the relative abundance over time for populations of birds and fish for which data is available. The value of the index was

setas 1in 1990, meaning that values lower than 1 in later years indicate a significant reduction in the general abundance of the species

monitored [95% confidence intervals are shown as thinner lines). The bird index (green] is based on 10,611 time-series of 54 species and

the fish index (blue] is based on 2,171 time series of 18 species.
(Source: Galewski, unpublished work shared by the author)

First, many waterbirds have suffered massive destruction
in the past, resulting in a low baseline in 1990. Second,
specific protection laws (e.g. the EU Birds Directive) and
effective governance have led to a significant increase
of breeding populations in some countries (Gaget et al.
2018: MWO, 2018). Third, artificial water bodies have
also increased, providing additional habitats for some
waterbirds (MWO, 2018).

In the Mediterranean region, groundwater is an essential
source of water supply used in many socioeconomic sec-
tors. Excessive abstraction of groundwater for irrigated ag-
riculture is leading to a rapid depletion of aquifers [Dalin et
al. 2017), inducing significant environmental degradation,
such as land subsidence and seawater intrusion (Calé et
al. 2017; Custodio, 2018). Most groundwater conservation
and management efforts focus on protecting groundwa-
ter for drinking and other human uses, but tend to neglect
addressing the viability of groundwater biodiversity and
Groundwater-Dependent Ecosystems (GDEs). Neverthe-
less, trends of increased degradation of the health of coast-
al aquifers and GDEs have become major environmental
concerns in the Mediterranean basin (UNEP/MAP/MED
POL, 2004). Alterations of the quality (temperature, chem-
istry, etc.) and quantity of groundwater, as well as changes
to seasonal patterns, present a threat to GDEs, and conse-
quently to their biodiversity. The most important impacts on
the ecological values of underground aquifers affect inver-
tebrates, namely stygobites and oligochaetes [Achurra &
Rodriguez, 2008), as well as water quality and the ecosys-
tem goods and services provided by GDEs and connected
ecosystems, such as wetlands, springs, lagoons, rivers,
and lakes. Hydro-ecological approaches are essential cor-
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rective management schemes to reduce the implications of
anthropogenic disturbance (Abdul Malak et al. 2019).

3.2.1.2 Ecosystem services

Wetlands and coastal aquifers contribute in many different
ways to the well-being of people (MWO, 2018; Ramsar,
2011; Ramsar, 2018). Examples of the ecosystem services
provided include, and are not limited to: 1) purification of
water; 2] mitigation of floods and droughts; and 3) water
provision (Griebler & Avramov, 2015; Ramsar, 2011).
Water availability for people and nature is of particular
importance in the Mediterranean climate but is under
increasing pressure due to lower groundwater levels.
Even in coastal wetlands, many ecosystem services are
derived or supported by the presence of groundwater inflow
because of its role in regulating the hydrology (UNEP/MAP
& UNESCO-IH, 2015).

Ecosystem service contributions from wetlands and aquifers
are increasingly under pressure (Geijzendorffer et al. 2018;
MWOQ, 2018). The loss of natural wetland habitats reduces
the capacity of Mediterranean wetlands to provide services,
whereas the demand for and use of ecosystem services
have been rapidly increasing. Investments in management,
facilities and accessibility have led an increasing number
of people to visit and enjoy Mediterranean wetlands during
leisure time or for educational outings. However, the
continued loss of natural wetland habitats caused by dam
building or drainage creates enormous carbon emissions
and reduces the availability and quality of groundwater. In
particular, the capacity of wetlands to mitigate the impacts
of floods has been significantly reduced (by 20% between



Ichkeul Ecosystem Services

chkeul National Park in Northern Tunisia is a Ramsar site covering 12,600 hectares (ha), including 8,500 ha of lake and 2,700 ha of peripheral marshes. Highly
threatened in the 1990s due to water diversion and dam building on its tributaries, a change in management strategy, assisted by a series of wet years, avoided an
impending ecosystem collapse. The park is internationally important for its waterbird populations and also provides very diverse ecosystem services to local and
regional populations. These were recently assessed and quantified in 2015, and amounted to around USD 3.2 million per year, or USD 254 per hectare. Regulating
services accounted for the bulk of this value (73%), followed by provisioning services (18%) and cultural services (9%). In particular, protection against floods
(34%), groundwater replenishment (23%) and sediment retention (12%) were the specific services with the highest value, followed by grazing (10%), recreation/
tourism (9%) and fisheries (7%). Of the various habitats present, the lake had the highest value of services provided per hectare (USD 268 per ha per year). The total
value of annual services is almost 10 times the annual expenses for park management (i.e. USD 335,000 per year), which are therefore highly justified. Although the
share of the total value benefiting the local population is comparatively low (11%), the actual amount per household is far from negligible and amounts in average
to ca. USD 1,600 (resp. 1,000) per year for households located inside (resp. outside) the National Park. All these values will be used to argue for water releases
from upstream dams in order to maintain the wetlands and the services they deliver, and to communicate locally on the importance of the park for the economy in

order to obtain local support.
According to Daly-Hassen (2017).

1987 and 2016 in a sample of five Mediterranean coastal
watersheds), mainly due to the conversion of natural
wetland habitats into agricultural and urban zones, and
intense development of human activities in areas prone to
flooding (MWO, 2018).

3.2.1.3 Major pressures

Mediterranean coastal wetlands face many anthropogenic
pressures, including alteration of hydrological functioning,
water pollution, the conversion of wetlands to agricultural
and urban areas, overfishing and coastline retreat.

The Mediterranean Region is characterized by its water
stress situation, largely caused by population increase,
economicand social development, and irrigated agriculture,
but also climate change (Black, 2009), which impacts
coastal wetlands and aquifers. The intensive use of water
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in Mediterranean catchment areas to meet human demand
may lead to groundwater depletion and seawater intrusion.
The main consequences are the salinization of soils and
underground resources, and a trend for freshwater wetlands
to become more brackish. Several coastal aquifers along
the densely-populated Mediterranean coasts are already
suffering seawater intrusion (e.g. the Nile Delta aquifer
in Egypt, Akrotiri in Cyprus), and the problem is expected
to be exacerbated due to climate change (Kundzewicz
& Doll, 2009). Excessive water abstraction upstream
also reduces the duration and extent of flooding in many
wetlands downstream, and affects their overall ecological
functioning. Conversely, farmland irrigation can locally
increase water inputs to wetland habitats, increasing the
flooding period in naturally temporary habitats, leading to
eutrophication and to dramatic changes in plant and animal
communities [e.g., Alvarez—Roge et al. 2007; Chappuis,
Gacia & Ballesteros, 2011).

m210 coastal sites 92 inland sites

-50%

-100%
Urban areas Farmland

habitats

Natural terrestrial

Natural wetlands Human-made Sea

wetlands

Figure 51 - Rate of change between 1975-2005 of the main land-cover categories in coastal vs. inland sites

(Source: Perennou & Guelmami, unpublished work shared by the author)
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Agriculture and Mediterranean wetlands

While livestock and agricultural intensification have, in many cases, provided food security and agricultural employment, these models have also contributed to
exploiting more water resources, including groundwater, and to the pollution of many bodies of water, with sometimes serious and irreversible consequences on
the habitats and biodiversity of some natural wetlands (Ramsar, 2014). Indeed, the expansion of cultivated land is one of the main direct causes of wetland loss
in the Mediterranean: of 302 sites monitored by the MWO, more than 46% of the loss of natural wetland habitats is due to their conversion to agricultural areas.

Intensive agriculture also indirectly affects the ecological integrity of natural wetlands through a decrease in water inputs due to water overexploitation, particularly
following retention at upstream dams. This is especially true for Mediterranean regions characterized by a high concentration of irrigated agriculture, because
even if rainfed crops remain largely dominant in terms of area (approximately 80% of all exploited land), there has been a net increase in the total irrigated land
area over the past 3 decades (CIHEAM & Plan Bleu, 2009). The consequences of such practices can sometimes be catastrophic for natural wetlands, and may also
include a deterioration of water quality with pollution from pesticides, chemical fertilizers, antibiotics, disinfectants or animal waste and sediment from eroded
pastures (FAO, 2016). They can also disrupt wet ecosystems by introducing exotic and potentially invasive species, often for economic and / or aesthetic reasons.

Groundwater recharge is expected to be further reduced
in the Mediterranean, especially along the southern rim.
The situation will be further exacerbated because of water
quality degradation in coastal Mediterranean aquifers and
seawater intrusion, contributing to the ongoing salinization
of coastal areas, wetlands and agroecosystems (Hoff, 2013).
Groundwater-Dependent Ecosystems (GDEs] are under
pressure from excessive groundwater abstraction and land-
use activities that impact the amount or seasonal patterns
of groundwater flow or alter groundwater chemistry or
temperature. Threats also include the leaching of nitrate
and pesticides from agriculture, aggravated by the
increased production of biofuels, promoted by some EU
policies. Leaking sewage pipes, particularly in urban areas,
channel and introduce nitrates and other contaminants
that pollute groundwater and GDEs [Klove et al. 2011).

The most radical and frequent phenomenon affecting
wetlands, including coastal ones, is habitat loss. This often
starts with the conversion of a natural habitat to farmland,
then potentially to an urban area (MWO, 2014; MWO, 2018).
The MWO quantified this phenomenon by measuring
changes in 302 major wetland sites (210 coastal and 92
inland) throughout the Mediterranean basin. Between 1975
and 2005, more transformations took place in coastal than
in inland sites (Figure 57), with the exception of farmland
expansion. In both coastal and inland sites, natural wetland
habitats were converted predominantly into either farmland
or manmade wetlands, while conversions to other land-
cover types remained minimal. The south-eastern part
of the basin has seen by far the greatest changes in land
cover, followed by the Maghreb, the Balkans and South-
Western Europe (MWQ, 2018).

3.2.1.4 Management of wetlands and
coastal aquifers

Groundwater resources have generally not been managed
in an integrated way to date. As aquifer systems are difficult
to observe, they are mostly ignored in spatial planning

% Wetlands of International Importance.

decisions [Klove et al. 2011). The diversity of wetlands
and GDEs makes it difficult to provide a one-size-fits-all
management solution, since each ecosystem has different
ecological water requirements, contains different species,
fosters specific habitat conditions, and can face a variety of
threats from groundwater basin activities.

Through the EU Water Framework Directive (WFD), EU
Mediterranean countries adopted an Integrated Water
Resources Management (IWRM) approach focusing on
the recovery and conservation of the ecological status of
rivers, lakes, wetland and coastal waters. Furthermore, it
is mandatory under this legislation to take into account the
interaction of underground water resources with wetlands
and other water ecosystems, and to consider the water
cycle in a holistic way (GWP, 2000). The main obligations
of the WFD, and its associated Directive on Groundwater
Protection in relation to GDEs, refer to achieving good
groundwater status and preventing significant damage to
terrestrial ecosystems that directly depend on groundwater
bodies.

Overall in South-Western Europe, water quality has
improved in many water bodies, at least with regard to
nutrients and heavy metals, through the application of
the EU WFD. However, North African and Middle Eastern
countries which do not benefit from the WFD still witness
an overall degradation of their water quality and an
intensification of the overexploitation of water resources
(MWO, 2018).

At the international level, the Ramsar Convention is the
key instrument promoting wetland protection. The number
and surface of Ramsar sites® in the MedWet countries®
have steadily increased over time, with the designation of
397 sites covering 6.7 million hectares since 1971. In 2017,
44% of the Mediterranean Ramsar sites had management
plans, 30% of which had been implemented (MWO, 2018).

Other measures taken to manage wetlands include the
restoration of wetlands as Nature-based Solutions (NbS)

726 Mediterranean and peri-Mediterranean countries that are Parties to the Convention on Wetlands (Ramsar, Iran, 1971).
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Examples of the application of Nature-based Solutions to coastal urban ecosystems,
wetlands and seagrass meadows

At the 2016 World Conservation Congress, IUCN members adopted a resolution (WCC-2016-Res-069-EN) on a Definitional Framework for Nature-based Solutions,

with a set of eight preliminary principles:

Nature-based Solutions...

1. embrace nature conservation norms (and principles);

2. can be implemented alone or in an integrated manner with other solutions to societal challenges (e.g. technological and engineering solutions);

3. are determined by site-specific natural and cultural contexts that include traditional, local and scientific knowledge;

4. produce societal benefits in a fair and equitable way in a manner that promotes transparency and broad participation;

5. maintain biological and cultural diversity and the ability of ecosystems to evolve over time;

6. are applied at a landscape scale;

7. recognise and address the trade-offs between the production of a few immediate economic benefits for development, and future options for the production of
the full range of ecosystems services;

8. are an integral part of the overall design of policies, and measures or actions, to address a specific challenge”.

The resolution defines NbS as “actions to protect, sustainably manage, and restore natural or modified ecosystems that address societal challenges effectively and
adaptively, simultaneously providing human well-being and biodiversity benefits”.

As an umbrella and integrative concept, NbS have been further defined, adopted and applied differently by the IUCN and other organizations, such as the European
Commission and the World Bank. Despite the diversification of the concept, all share a common goal of contributing to all dimensions of sustainability, the
scientific, political and practical dimensions (Nesshéver et al. 2017).

Nature-based Solutions move beyond safeguarding nature and include people ‘s need to address societal challenges such as climate change, biodiversity loss,
food security, water security, disaster risk or health effects from changing conditions. They bring together established ecosystem-based approaches such as
ecosystem-based adaptation and ecological engineering with the social and economic dimension. NbS can be applied and adapted to all types of ecosystems, as
a wide range of NbS exists.

Despite the complexities, uncertainties and trade-offs in their implementation, NbS can provide multiple benefits and foster win-win situations. Examples of
successful implementation of the NbS concept can be found in the “Ecosystems Protecting Infrastructure and Communities” and “Water Infrastructure Solutions
from Ecosystem Services Underpinning Climate Resilient Policies and Programmes” (WISE-UP) projects.

Several institutions, such as the IUCN Centre for Mediterranean Cooperation, the IUCN French and Spanish National Committees, Plan Bleu, Tour du Valat, and
Conservatoire du Littoral, are promoting the dissemination and encouraging the implementation of NbS across the Mediterranean region through two main actions:
1) generating knowledge by collecting information from project implementation in the field and research on what benefits NbS can provide; 2) seeking government
and stakeholder engagement through participatory processes to achieve more integrated policies and guarantee NbS acceptance.

Examples of NbS application have been identified by the above institutions to represent the range of ecosystem services and societal challenges that can be
addressed by NbS operations. Building an evidence base for NbS is key in order to support future replication and the upscaling of these solutions in this rapidly-
changing, modern world. This evidence will provide conservation and development practitioners, policymakers, researchers, and NGOs with a useful basis for
understanding what NbS offer in terms of benefits for humans and nature. The Global Standard for the Design and Verification of Nature-based Solutions, under
development by the IUCN, will contribute to the consolidation of this innovative approach as of 2020.

Examples of NbS adapted to natural ecosystems

The Oristano area in Sardinia (Italy) is rich in wetlands, including the 6 Ramsar sites in the MARISTANIS project. The water and food sectors are strongly linked to
traditional fisheries, while livestock farming is a source of water pollution. Conflicts between stakeholders in ecosystem conservation and in the food sector have
arisen, since birds feed on fish and crop seed, especially in rice fields. The MARISTANIS project is looking into NbS, such as growing reed for improving water quality
and enhancing food production as a way to reducing the excess load of nutrients from agriculture.

The Ad’Apto project highlights the strategies of ten representative sites on the French coast, in order to demonstrate that flexible coastline management is feasible
and efficient regarding adaptation to climate change. The project to restore the Camargue salt flats, lagoons and marshes has a similar objective of restoring coastal
ecosystems for nature conservation and coastal protection.

Other marine habitats, such as seagrass meadows, are considered important habitats under the NbS criterion. The Life Blue Natura project aims to quantify the
carbon deposits and sequestration rates of marsh and seagrass meadows along the Andalusian coast. The aim of the project is to generate the tools necessary for
designing carbon offset projects that could be incorporated into the recently approved Climate Change Act of Andalusia, because no tools for marine ecosystems
exist to date. To this end, the most threatened areas and/or those with the most valuable blue carbon ecosystems (seagrass and coastal wetlands) will be identified
to implement conservation and revegetation projects, which contribute to climate change mitigation and coastal protection.
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to mitigate the impacts of flooding by rivers and the sea,
sustainable water use to ensure the sustainable provision of
water for ecosystems during droughts, and the protection of
remaining natural wetland habitats and their water quality.

There is great potential and opportunity for the
Mediterranean region to combine IWRM and Integrated
Coastal Zone Management (ICZM) approaches that would
contribute to Integrated Coastal Area and River Basin
Management (ICARM] in the Mediterranean.

A holistic and effective approach to the management
and conservation of GDEs is required, including the
prioritization of the most valuable ecosystems and
services. The management of groundwater and GDEs
should better consider the total economic value. Taking
into account the natural and social sciences can contribute
to a broader understanding of the relevant processes and
problems associated with GDE management and help
design consistent policies. These kinds of solutions that
use holistic management approaches in Mediterranean
coastal areas raise political challenges that must be dealt
with in order to reduce pressures on coastal wetlands and
groundwater aquifers, and consequently on the biodiversity
of their GDEs.

3.2.2 Forests

3.2.2.1 Status and trends of Mediterranean
forests

According to the Global Forest Resources Assessment
programme (FAQ, 2015), the forest area of Mediterranean
countries at a national scale has increased from
68 million hectares in 1990 to 82 million hectares in 2015,
representing an increase of 0.72% per year over 25 years
(Appendix 1). This moderate yet stable upward trend has
been accompanied by an increase in growing stock (from
6.3 billion m3 in 1990 to 9.2 billion m3 in 2015, i.e. + 1.56%
per year] and carbon storage (from 3.2 billion tonnes in
1990 to 4.6 billion tonnes in 2015, i.e. + 1.52% per year). The

Figure 52 - Esterel Park, South-East France

Typical Mediterranean forests are composed of both evergreen
and deciduous broad-leaved species, mainly oaks (e.g. Quercus
ilex, Q. suber, Q. coccifera) and conifers [e.g.: P. halepensis,

P. brutia, P. Pinea). The degradation of such forests has produced
low-density woody vegetation known as macchia and garrigue.
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0.86% net increase in forest area per year between 1990
and 2010 was largely the result of forest expansion (0.66%
per year), with reforestation contributing 0.25% per year
and deforestation remaining at a low level of 0.06% per
year (despite an upward trend). Figure 52 shows a typical
Mediterranean forest area.

Onespecificityofthe Mediterraneanregionisthe prominence
of other wooded lands, reflecting the importance of small
trees, shrubs and bushes in these dryland ecosystems. In
2015, these other wooded lands accounted for an additional
32 million hectares in Mediterranean countries. Contrary to
forests, the surface area of other wooded lands has been
constantly decreasing from 36 million hectares in 1990 to
32 million hectares in 2015 (- 0.45% per year over 25 years)
(Appendix 1.

Another specificity of the region is the preponderance
of trees outside forests, which are found in extensive
agroforestry systems, urban forests and as landscape
elements. In 2015, these trees outside forests covered
more than 8.2 million hectares in the Mediterranean, with
an area that increased between 2000 and 2010 (FAO & Plan
Bleu, 2018).

Because forest statistics are provided at country level
and not according to the biogeographical Mediterranean
region, some forest growth has taken place outside
the Mediterranean  biome. Geospatial information
supplementing country-level statistics [such as the
Copernicus High Resolution Layer Forest] are required
to locate forest areas and monitor their spatio-temporal
trends. Based on the global maps of forest cover change by
Hansen et al (2013), forests cover 9.1% of the Mediterranean
countries’ territory. When restricted to the Mediterranean
biome, this proportion increases to 18%. When further
restricted to coastal areas (land within 5 kilometres of
the coastline), this figure increases to 28% [(Appendix 1.
Therefore, forests are proportionally three times more
widespread in Mediterranean coastal areas within 5
kilometres of the coastline than at the country level.

Although forest coverage is showing increasing trends in
Mediterranean countries, forests are subjected to several
drivers of change that have impacts on their condition,
biological diversity and functional capacity.

Statistics on forest area and land-cover changes in
the Mediterranean region tell us little about forest
degradation. While new forests are generated from
ecological succession after land abandonment, or from
national afforestation programmes, Mediterranean forests
are subjected to fragmentation due to land-cover change,
including urban sprawl and the expansion of infrastructure.
It has been estimated that 80 million hectares of land in
the Mediterranean, including forests, have been degraded
(Martin-Ortega et al. 2017), thus making land degradation
a major issue for the region.

Short-term climate change effects are also visible,
where observed shifts in vegetation to the north of the



Mediterranean climate are likely to continue (Leliévre,
Sala & Volaire, 2010), with corresponding changes in
Mediterranean climate-adapted vegetation (Dreyfus, 2007).
In the longer term, projected trends in Mediterranean
forests are highly uncertain; on the one hand, because of
the uncertainty of vegetation models (Keenan et al. 2011)
and, on the other hand, because the response of vegetation
to climate change is intrinsically non-linear, with a gradual
change in climate potentially resulting in drastic switches in
vegetation once a tipping point has been reached (Scheffer
etal. 2001).

3.2.2.2 Ecosystem services

Based on an analysis of the total economic value, one
specificity of Mediterranean forests is that their value relies
more on non-wood forest products and services than on
wood products (Croitoru, 2007). At the same time, the value
of non-wood products and services in Mediterranean forests
is largely unrecognized or undervalued by decision makers,
leading to the paradox that Mediterranean forests have
become a sink of public resources, despite their potential
role as green infrastructure to address the challenges
faced by the region (Martinez de Arano, Garavaglia & Farcy,
2016).

Mediterranean forests deliver various ecosystem services
and contribute directly or indirectly to human well-being by
improving food, water and energy security, reducing risks,
being instrumental for local and global economies, and
playing an essential role for cultural identity and personal
development [FAO & Plan Bleu, 2018; Figure 53). Forest
ecosystem services associated with productive activities
include pollination, pest control and the supply of wood
and non-wood forest products, which can be especially
important for rural populations. Forests are important
providers of recreational, cultural and aesthetic services
close to urban centres. Ecosystem services provided
by trees in urban areas include improving air quality,
removing pollutants, providing green spaces for open-
air activities and recreational spaces in which people can
socialize and relax. Trees outside forests [scattered across
the landscape) also provide important ecosystem services
such as their role as ornamental and amenity trees, food

production, noise and/or air pollution filters, windbreaks
and rain gardens [for runoff management).

It is essential to raise the local population’s awareness of
the importance of their natural and cultural heritage and
conserving these unique habitats, such as Dehesas®, and
of their economic valuation.

Recognizing the goods and services provided by
Mediterranean forest ecosystems involves the assessment
of their economic value. Participatory approaches will be
key in the development of economic valuation methods.
The participation of local communities and stakeholders
in the valuation process itself can be beneficial in order to
observe the method in practice, provide information and
understand the results. The economic valuation of goods
and services is key in order to structure value chains in
the Mediterranean, especially the value chains of non-
wood forest products that are currently poorly understood,
with limited official information available concerning their
added value, stakeholders and inter-linkages (Vidale, Da Re
& Pettenella, 2015). Incentives from climate change policy
(wood products as substitutes for other products with a
carbon footprint, adaptation to climate change) will also
be key to promoting the ecosystem services provided by
Mediterranean forests.

3.2.2.3 Major pressures

Climate change and human population growth are two
overarching processes whose impacts (conversion from
forests to shrublands, wildfires, pest and pathogen
outbreaks, overgrazing and land abandonment] threaten
Mediterranean forests. For instance, the area burned by
wildfires in five southern European countries witnessed a
downward trend from 570,000 hectares per year between
1980 and 1985 to a minimum of around 320,000 hectares
in 2014, but has been rebounding in the last four years,
mainly because of increasing burned areas in Portugal. A
similar pattern of increasing burned areas in recent years
has also been observed in North Africa and the Middle
East, with a total burned area of 119,491 hectares in 2017
[mostly in Algeria and Tunisia), around three times the
amount recorded in 2016 (San-Miguel-Ayanz et al. 2018).

Ecosystem services Provisioning services Regulating services Cultural services

Products obtained from

Benefits Mediterranean forests.

-Food and energy security.

-Maintenance of local economies
(exportations, employment, etc.)

Ll s e -Population health.

Indirect benefits obtained Non-material benefits people
from the regulation of obtain from Mediterranean
Mediterranean forests forests.

processes.

-Good social relations and
positive living environments.
-Personal development.
-Cultural identity.
-Educational values.
-Population health.

-Protection from risks.
-Population health.
-Food security.

Figure 53 - Benefits derived from Mediterranean forest ecosystem services

(Source: FAQ & Plan Bleu, 2018)

*® Traditional pastures in Spain.
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Mediterranean forest ecosystems are resilient to wildfires,
with active prevention activities and grazing increasing this
resilience, but repeated or intense fire events are beyond
the coping capacity of most species, resulting in forest
degradation, the loss of biodiversity and ecosystem services
(Bradshaw et al. 2011) and emissions of large quantities of
CO2.

The consequences of forest degradation include the
alteration and pollution of water resources, land
degradation and fragmentation, forest dieback and the
decline of regeneration, soil erosion, biodiversity loss
and genetic erosion. Mediterranean forests are generally
located close to human settlements; untreated solid waste
landfills are therefore often established in forest areas,
with a negative impact on freshwater quality.

Impacts from soil erosion are serious in Mediterranean
forests where soils are thin and poor, particularly in
mountain areas following disturbance events (fires,
windstorms and pest outbreaks) (De Rigo et al. 2016).
European woodland landscapes, which account for 70%
of the subcontinent, are poorly connected (Estreguil et al.
2013), making them more vulnerable to fragmentation. The
combined effect of warming and drought has resulted in
several instances of forest decline or dieback of oak, fir,
spruce, beech and pine species in Spain, France, Italy and
Greece (e.g. Pefuelas et al. 2007). Forest dieback has also
occurred along the Mediterranean basin’s southern rim,
particularly impacting the Cedrus atlantica in Algeria, but
also other tree species, including pine, oak and juniper.

3.2.2.4 Forest management

All Mediterranean countries have policy documents on
forest management (FAO & Plan Bleu, 2018). National
forest policies vary and range from extensive documents
to declarative, long-term sectoral visions. Forest policies
in the region are affected by a number of legally-binding or

non-legally-binding international and regional agreements
and conventions, such as the United Nations Strategic Plan
for Forests 2017-2030, the three Rio Conventions, the Paris
Agreement (signed by all Mediterranean countries except
the Syrian Arab Republic), the Convention on International
Trade in Endangered Species of Wild Fauna and Flora
(CITES), the Ramsar Convention and the World Heritage
Convention. International commitments on forests are
particularly relevant for Mediterranean forests but, since
the average validity of national forest programmes is 20
to 25 years, the most recent international and regional
agreements may not yet be fully reflected in national forest
policy documents.

Sustainable forest management is consistently prioritized
in national forest policy programmes and statements
across Mediterranean countries. Other issues are not
systematically present in policy documents, such as
ecosystem services and wood and non-wood forest
products; forest restoration; biodiversity conservation;
climate change mitigation and adaptation; wildfire
prevention; and communication, coordination, cooperation
and capacity building. Biodiversity is integrated in forest
policies throughout the region, with a focus on the
biodiversity-climate change nexus (FAO & Plan Bleu, 2018).
Fifteen countries in the region and the European Union
have an action plan or a strategy in line with the Convention
on Biological Diversity (CBDJ. Nine countries have mapped
national targets against the Aichi Biodiversity Targets.

Efforts on forest conservation have been made in the region
through protected areas. Over 42% of land area in protected
areas in the Mediterranean has tree cover of more than
10%, compared with 19% of land area in the Mediterranean
biome (including both protected and unprotected areas),
which shows that protected areas in the Mediterranean
are densely covered with forests. More efforts for regional
planning are needed to ensure connectivity between forests
by building green infrastructure and increasing forest
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Figure 54 - Area (in hal] burned by wildfires in four EU Mediterranean countries and Portugal
[Source: San-Miguel-Ayanz et al. 2018). Note: Annual data is smoothed using a local second-degree polynomial regression with a smoothing

parameter of 0.75.
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function and resilience, which are essential in order to
reduce the impact of climate change, pest outbreaks, etc.

Wildfire prevention is a priority in the Mediterranean.
Forest wildfires are often treated as an emergency rather
than as part of a continuous interaction between society
and the environment in the context of climate change.
At the national level, extinction generally receives much
greater attention and funding than prevention, while more
investment in prevention would reduce overall expenditure.
Figure 54 shows the area burned by wildfires in five EU
Mediterranean countries and Portugal.

Mediterranean countries have included pledges for
forest and landscape restoration and afforestation plans
in their policy documents. Restoration is the process of
regaining ecological functionality and enhancing human
well-being across degraded landscapes. For instance,
ten Mediterranean countries have adopted the Agadir
Commitment to support forest and landscape restoration,
with the target of restoring eight million hectares of
degraded lands in the Mediterranean by 2030 on a voluntary
basis.

Policies and instruments for climate change mitigation and
adaptation are in their initial phase in the Mediterranean
region. Nationally Determined Contributions (NDCs) and the
Paris Agreement are not mentioned in most forest policies.
The primary focus of forest policy in the Mediterranean
region is on researching the eco-physiological response of
forests to climate change. Policies are therefore oriented
towards an adaptive approach to climate change. In the
short run, revisions of forest policies are expected to take
place to include the role of forests in NDCs. In the longer
run, fostering the role of forests in a green low carbon
economy [e.q. as a renewable resource that can substitute
for products with a large carbon footprint] is expected to
take place.

3.2.3 Other coastal ecosystems: soft and rocky
shores

The Mediterranean coastline is a heterogeneous landscape,
influenced mostly by factors like winds and storm surges,
but also strongly affected by past and current human
activities. The tidal oscillation is generally small (of the
order of a few centimetres), except for the north Adriatic
Sea, the north Aegean Sea and the Gulf of Gabes where
tidal amplitudes can reach 1 metre during spring tides
(Tsimplis, Proctor & Flather, 1995).

The total length of the Mediterranean coastline is
approximately 46,000 kilometres, including 19,000
kilometres of island coastline (UNEP/MAP, 2012).
Approximately 54% of the Mediterranean coastline is
formed of sea cliffs and rocky shores [Furlani et al. 2014),
while the rest is comprised of soft sedimentary shores
made of beaches, fine-sediment estuarine shores, coarse-
sediment (shingle, gravels and coarse sand) shores in
the upper reaches of estuaries and muddy shores found

in association with coastal lagoons and river mouths.
The following describes these main four types of coastal
environments:

e Soft-sediment coasts: Beach and dune systems

e Soft-sediment coasts: Muddy environments

e Hard rock coast: Rocky shores and cliffs

e Soft sea cliffs and rocky shores

3.2.3.1 Status and trends

Soft-sediment coasts: Beach and dune systems

Mediterranean soft-sediment coasts, mostly formed by
sandy beaches backed by dunes, boulders or sandstone,
are dynamic ecosystems driven by diverse prominent
physical processes, notably wind incidence and storm
intensity, as well as wave exposure, shoreline orientation,
sediment supply and geology (Sabatier et al. 2009; Simeone
& De Falco, 2012). Sand and gravel supply is made from the
discharge of rivers. On Mediterranean coasts without rivers
or with low fluxes of particulate matter from the land to the
sea, the sand comes mostly from marine sedimentation or
a result of coastal erosion processes. Another particularity
of many sandy beaches along the Mediterranean is the
deposit of large volumes of Posidonia oceanica wrack
(leaves and rhizomes] forming a permanent or semi-
permanent structure on the beach, named banquettes
(Otero et al. 2018).

Although not as rich in species as other coastal habitats,
species in sandy shores show high adaptation to changes
in salinity and water levels. The beach habitat is home to
annual plants such as the European sea rocket (Cakile
maritima subsp. Aegyptica] and the tumbleweed Salsola
kali. On less-trampled beaches, some perennial plants
also occur, such as the knotgrass Polygonum maritimum
and the purple spurge Euphorbia peplis. It is also inhabited
by crustaceans able to live outside water, such as Talitrids
of the Orchestia genus, predator insects such as tiger
beetles (some species of the Cicindela genus), algal
grazers as shore flies (Ephydridae), beach flies (Tethinidae).
This habitat is used for nesting by the loggerhead turtle,
Caretta carett, and the green turtle, Chelonia mydas, in the
Eastern Mediterranean. Adjacent coastal dunes host highly
specialized fauna and plant communities, relatively few of
which are shared with other neighbouring environments.
Their dynamic nature includes a large proportion of bare
sand and young vegetation species that evolve into a more
stable ecosystem dominated by different stages of woody
shrubs and tree species (Grove, 2012).

Figure 55 - Cakile maritima and Caretta caretta
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There is no quantitative data on the total area and trends
of soft-sediment coastline in the Mediterranean. Some
estimates from EU countries indicate that sandy beaches
could represent around 8509 km? (Otero, 2016a), with
a loss of 30% of this particular habitat inferred from
the development of harbours, dykes and others coastal
structures over the past 50 years. Dams are the prime
reason for the loss of sand supply to the coastal environment
(and its beaches). For coastal dunes, habitat decline has
been estimated at more than 20% over the past 50 years
in EU Mediterranean countries, with a range of 10 to 40%
depending on the country (Acosta, 2015).

Soft-sediment coasts: Muddy environments

Muddy shores are present but not common in the four
sub-basins of the Mediterranean. These very rich habitats
in terms of biodiversity are typically found in association
with coastal lagoons and river mouths. They are feeding
grounds for several types of birds that feed on the high
variety of invertebrates that occur in these grounds. The
most extensive examples are found around the deltas of
the Ebro (Spain), the Rhéne (France) and the Po (ltaly),
while smaller, very localized pockets are present across the
region (Soldo, 2016).

Hard rock coasts: Rocky shores and cliffs

Cliff and rocky coasts represent more than 50% of the coast
in the Mediterranean. The interaction of waves, weathering
and relative sea level changes shaped these types of rocky
coastlines and their main landforms, including sloping and
horizontal shore platforms with flat rock surfaces, and
cliffs that sometimes are indented by rocky promontories,
bays, sea arches, inlets and coves. Limestone coasts are
also common features of many coastlines in the basin and
have further allowed the development of a rich set of karst
landforms in some areas.

Supralittoral rocky shores are typical habitats for maritime
communities of yellow and grey lichens, such as Xanthoria
parietina, Caloplaca marina, Lecanora atra and Ramalina
spp, and the black lichen Verrucaria maura is also present.
The higher parts of sea cliffs are colonized by disjunct
assemblages of salt-tolerant crevice plants [chasmophytes)
or by salt-tolerant grasslands.

In the surf zone on areas of bedrock, boulders and stones,
associated marine species are adapted to endure long
periods of emersion.

Mediterranean Sea cliffs harbour numerous endemic
species with extremely local occurrence. Some plant
species belonging to the Limonium genus, which comprises
at least 43 Mediterranean cliff species, are restricted to a
few localities. Several of these species are threatened, for
instance the Limonium remotispiculum of Southern Italy and
the Limonium strictissimum of Corsica and Caprera. Some
stable and high coastal cliffs are inhabited by the shrub
communities Ficus carica, Colutea arborescens and Ulmus
minor.
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At a few locations along the Mediterranean coastline,
unique bio-concretions made of reefs with the red algae
Lithophyllum byssoides and rim platforms formed by the
algae Neogoniolithon brassica-florida and the vermetid
gastropod Dendropoma petraeum develop just above the
mean sea level, where waves break. Their distribution
is restricted to the warmest part of the basin and only
in specific areas where the climatic, hydrological and
sedimentary conditions are suitable. This habitat has
experienced a continuing decline in spatial extent and biotic
quality, affecting 30% of the habitat over the past 20 years.
It is considered vulnerable on the EU Red List of Habitats
(Chemello & Otero, 2015).

Quantitative data on cliff retreat and the erosion of rocky
shore platforms is scarce and restricted to a few localities
(Furlani et al. 2014). The extent of this environment is
declining; it is estimated that approximately 20% has been
lost over the past 50 years in EU countries (Otero, 2016b).

Soft sea cliffs and rocky shores

Rocky coasts formed of soft materials along coastal
cliffs and slopes are less common in the Mediterranean
and have been less studied. The combination of the
local morphological setting, lithological features [e.g.
cliffs on marine conglomerates, cliffs on sandstone,
and cliffs on continental deposits), tectonic setting and
geomorphological processes produces the diverse
variability of landforms along these coastlines. These
coastlines are poorly resistant to the natural processes of
erosion and landslides, and retreat rates are highly variable
on the type of shore platforms formed. In general terms,
there is little information on their ecological and floristic
features or status. Soft rocky shores are more easily
colonized by vegetation. Erosion is much quicker than on
hard cliffs and vegetation is therefore restricted to pioneer
stages in many places. They may support scrubs similar
to the ones on dunes, with species like the Hippophae
rhamnoides, Juniperus spp. and Crataegus monogyna, as
well as breeding populations of vulnerable bird species
(e.g. the yelkouan shearwater Puffinus yelkouan (Tzoney,
2015al).

3.2.3.2 Ecosystem services

Coastal ecosystems provide shoreline stabilization and
buffering services. For example, seagrass banquettes on
beaches reduce erosion by mitigating wave impact, while
sandy and rocky shores serve as a first line of defence,
mitigating and responding to natural forces like waves and
storms (Boudouresque et al. 2016; Drius et al. 2019).

Many of the coastal ecosystems linked to soft-sediment
coasts (beach and dune systems or muddy environments)
also have outstanding ecological, socioeconomic and
cultural values, and play important roles in providing
a diversity of ecosystem services linked to the nutrient
and energy exchange in the coastal landscape. Several
studies have also demonstrated the role of soft-sediment



environments such as dunes in coastal defence,
groundwater storage and water purification, while their
importance in the nutrient cycling, soil formation and
climate regulation [for carbon sequestration] is less known
(e.g. Bazzichetto et al. 2016).

Obtaining further quantitative information concerning
the ecosystem capacity of these types of Mediterranean
ecosystems would be valuable in order to provide
management options and relevant information for decision-
making. The provision of these ecosystem services is
strongly linked to the distribution, size and conservation
status of the different natural habitats (Maes et al. 2012).
Table 9 shows an overview of ecosystem services provided
by some coastal habitats in the Mediterranean.

3.2.3.3 Major pressures

Like all coastal ecosystems, soft-sediment coasts and
rocky and soft cliffs and shores are subject to multiple
impacts that are often from inland sources (Orth et al.
2006). Accelerated erosion is a widespread phenomenon
around most of the basin, mainly because of anthropogenic

interventions, for example, the proliferation of marinas and
other urban and tourism infrastructure, sea level rise as a
result of global warming, reduced river sediment inputs as
a consequence of damming, river bed quarrying, land use
changes, harbours and other coastal defence structures
(Otero, 2016a).

The development of coastal projects (marinas, urban and
tourism infrastructure] and altered flow regimes have had
a significant effect on soft-sediment coasts with beaches
and coastal dunes by altering their quality and quantity,
and the erosion-accretion dynamics of the coastal zone.
In some countries, invasive non-native species such as
the succulent plant species, Carpobrotus acinaciformis
or C. edulis, also represent an important threat for this
ecosystem.

For rocky shores and cliffs, the main pressures and
threats are associated with substratum loss due to direct
destruction by human modifications of the coastline from
the development of harbours, dykes and other coastal
structures, and also from degraded water quality. Urban
and industrial wastewater discharged directly into the sea

Soft-sediment coasts

Habitat/refugium for coastal biodiversity

- dunes provide unique habitats for highly
specialized plant and animal species due to the
strong environmental sea-inland gradient.

The lower slopes of sand dunes with natural
vegetation such as Goat's Foot and Spinifex are
ideal nesting sites for turtles (Choudury et al.
2003).

Soil formation - Erosion

sand and other control.
Dunes )

minerals to Water

beaches. purification.

Recreation and tourism:
image of natural sand
dunes and beach fronts
as part of their marketing
packages.

Soft rocky shores

Soft sea cliffs and

Raw material.
rocky shores

Habitat/refugium for coastal biodiversity - sea
cliffs harbour a diversity of vegetation types
with variable maritime influence.

Tourism: nature watching.

Hard rocky coast

Table 9 - Ecosystem services provided by some coastal habitats in the Mediterranean
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in some areas and pollution with chemical contaminants
have led to the reduced growth of some associated species
and a general degradation of the habitat (Chemello &
Otero, 2015).

The major threats facing soft sea cliffs and rocky shores are
new urbanized areas and tourism development in coastal
areas, particularly the construction of homes, roads and
other infrastructure in erosion-prone areas. Additionally,
natural disasters and storm events could further drive
erosion (Tzonev, 2015b).

3.2.3.4 Management of soft and rocky
shores

There are various legal provisions and policies that relate
to the above-mentioned types of ecosystem landscapes at
a national level, an EU level [Habitat and Birds Directive,
the Marine Strategy Framework Directive (MSFD] and
Maritime Spatial Planning (MSP)], as well as under the
ICZM Protocol of the Barcelona Convention. Together,
these Mediterranean policies constitute a good umbrella
for the development of national policies and coastal and
marine area planning and management at a national and a
local level. In addition, other regional and national policies
aim to protect local coastal features while maintaining a
commitment to manage the development of coastal areas.

Soft-sediment coasts

For EU countries, most plant communities growing on
coastal dunes lining the Mediterranean have been listed
as Habitats of Community Interest in Annex | of the
Habitats Directive. EU countries are also encouraged
to designate Natura 2000 sites, and some beaches are
protected because of the presence of sea turtle breeding
sites. Nevertheless, it is important to highlight that, in
many situations, the coverage of Natura 2000 sites and
the designation of protected areas has focused on single
habitats, without considering the functional connectivity
between continuous habitats in the land-sea interface
(e.g. Otero et al. 2018). Improving the integration and
management of these connected habitats will reduce the
fragmentation and facilitate the ecological integrity of the
coastal environment.

Some Mediterranean countries have implemented strict
limits and a minimum distance from the coast for the
dredging of sand and gravel from beaches. Additional
beneficial actions could include the legal protection of
vulnerable habitats (dunes); better planning and limitation
of coastal development; preventing activities such as coastal
protection works that destabilize the habitat or interfere
with the natural dynamics; beach nourishment schemes
using appropriate materials; and developing management
practices for beach cleaning which avoid heavy machinery.
For muddy flats, estuaries or deltas, management and
mitigation measures could be improved and prioritized to
diminish land- and marine-based pollution sources such
as improved treatment of wastewater discharges, including
industrial effluents and agricultural runoff.
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Hard and soft rocky shores and cliffs

These types of ecosystem landscapes are not subject to
specific conservation measures, but they occur in some
protected areas, linked to the presence of endangered and
protected species, or as part of a larger area with multiple
objectives.

Beneficial priority actions could include measures to
improve water quality and the regulation of coastal
development in order to avoid both direct and indirect
damage. Establishing new protected sites and restoring
degraded coastal areas are also important actions to be
taken.

3.2.4 Genetic diversity and threatened species
of coastal ecosystems

Genetic diversity is one of three forms of biodiversity
recognized by the IUCN as deserving conservation, along
with species and ecosystem diversity (McNeely et al.
1990). High levels of genetic variability provide species
with a buffer against environmental change by increasing
the likelihood that at least some individuals will survive
(Pilczynska et al. 2016).

Many coastal habitats have isolated spatial patterns, highly
changing environmental conditions and strong influence
of the surrounding environment. The organisms that are
able to survive in these ecosystems frequently experience
strong selective pressures and constrictions on gene flow,
which could contribute to increased genetic divergence
among populations (Vergara-Chen et al. 2010). If natural
populations consist of reduced numbers of individuals, the
loss of genetic variability may dramatically influence the
populations themselves, since genetically impoverished
populations might fail to adapt to future environmental
changes, eventually causing their disappearance.

The fragmentation of formerly continuous sand dune
habitats is most likely leading to the local extinction
of species and the loss of genetic diversity (Frey et al.
2015). Although there are only a few studies on genetic
diversity for Mediterranean coastal species, an example
of such a case with low genetic diversity levels is the
Stachys maritima plant. It is a typical species of coastal
dunes that has been subjected to severe fragmentation
throughout the past century [(Masso et al. 2016).
Therefore, management programmes with the objective of
enhancing the conservation status of the species need to
consider connectivity patterns and gene exchange among
populations in their planning (Palumbi, 2003).

Currently, more than 6,000 species living in the
Mediterranean region, including all vertebrates and many
invertebrates and plants, have been registered on the [UCN
Red List of Threatened Species (IUCN RLTS). Among these,
around 1,247 species are recorded as native and occurring
in coastal terrestrial habitats, and 253 are endemic to the
Mediterranean region.
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Table 10 - Conservation status of species inhabiting Mediterranean coastal habitats

based on the results of the extinction risk assessments of the IUCN Red List at a global and Mediterranean regional level. The
IUCN Red List categories CR, EN and VU correspond to the number of species at risk of extinction. [UCN Red List categories: CR
Critically Endangered, EN Endangered, VU Vulnerable, NT Near Threatened, LC Least Concern, DD Data Deficient, RE Regionally

Extinct, EX Extinct.

*Mid-point [CR + EN + VU) / (assessed - EX - DD) Source: IUCN, 2018

At least 168 (14%) of the coastal species assessed in the
IUCN RLTS (IUCN, 2018] (101 of which are endemic] are
threatened with extinction at a global or regional level in
the Mediterranean region (Table 10). Half of the threatened
coastal species are animals (84 species), with birds and
insects (18 and 17 species) making up the greatest number
of threatened animals. The other half are plants accounting
for 84 threatened species.

In declining order, Spain, France, Italy and Morocco have
the highest number of threatened species living in coastal
habitats. Most of the threatened coastal birds are found
in France and Spain, a high number of freshwater fish
occur in Spain, and the highest number of threatened
amphibians and reptiles are found in Spain and lItaly. The
highest number of threatened invertebrates and plants are
also found in Spain and France. Table 11 shows numbers of
threatened coastal species by country.

3.2.4.1 Major pressures on coastal
biodiversity

Analysis of the threats affecting 163 Mediterranean coastal
species at risk of extinction in the IUCN Red List (IUCN, 2018
showed that tourism and recreation areas, urbanization,
agriculture, livestock, recreational activities and invasive
species are the main drivers of species extinction in coastal
areas (Figure 56).

In coastal lowlands, the Mediterranean has experienced
urbanization and development associated with tourism
for decades (Grenon & Batisse, 1989; Vogiatzakis et al.
2005). These include the reduction in plant diversity and the
deterioration or destruction of coastal dunes by tourism
infrastructure, the drainage of wetlands, which is leading to
a loss of habitat for migratory birds and many other aquatic
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Coastal taxa threatened in the Mediterranean region
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Table 11 - Number of threatened coastal species by country

6 2 22 63

5 3 28 62

1 4 2 19 49
1 4 1 14 48

1 12 39

1 2 9 36

1 1 2 34

1 4 29
1 3 27

1 1 2 26

1 b4 24

1 24

b 24

2 20

18

2 18

1 16

1 4 16

1 3 16
1 15

1 1 14

6

The highest number of threatened species (under IUCN Red List categories CR, EN and VU at global and/or Mediterranean level)

by taxonomic group in bold.
(Source: IUCN, 2018)

species. Water-related leisure activities damage aquatic
lant communities (seagrass and coralligenous species)
and sea turtle nesting areas.

=)

The prospects of short-term financial gain from tourism
often win out over securing biodiversity in the long term
and maintaining ecosystem services. Furthermore, some of
the endemic taxa in the hotspot are confined to islands and
small river catchments and have a narrow genetic base,
which reduces competitive abilities and limits dispersal
opportunities, thereby increasing their vulnerability.

The composition of coastal ecosystems may change as a
result of climate change, with a greater risk of extinction
of species, especially those with a restricted climatic
distribution, those that need highly specific habitats and/
or small populations that are naturally more vulnerable
to modifications to their habitats. Climate change is
lso expected to amplify biological invasions and the
proliferation of pathogens and diseases, fostered by the
rise in temperature of marine waters.

Q
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3.2.5 Invasive species in coastal ecosystems

Invasive Alien Species (IAS) are introduced species that
out-compete native species and cause economic and
ecological damage to natural ecosystems (IUCN SSC
Invasive Species Specialist Group, 2000). They have been
recognized as the second cause of species disappearance
at a global level, behind habitat loss and deterioration,
especially affecting islands and isolated ecosystems. The
globalization of markets has raised the rate of introduction
of non-indigenous species (NIS] everywhere, but only
a small number of introduced non-native species have
established themselves and caused detrimental ecological
impacts (Genovesi & Shine, 2004).

It is not certain exactly how many non-native coastal
species are present within the Mediterranean, although
this is much better known for the marine environment than
the terrestrial biome. On a regional scale, the number of
terrestrial non-native animal and plant species seems to
be quite low in comparison to the marine alien species
invasions. Among the best-known examples are the brown
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Figure 56 - Main threats affecting coastal species at risk of extinction (IUCN Red List Categories CR, EN and VU] in the

Mediterranean region

rat, Rattus norvegicus, with strong negative effects on native
fauna, particularly on islands; the red-eared slider turtle
Trachemys scripta elegans in ponds; or the Spartina patens
and S. densiflora cordgrass in Mediterranean marshes
(Duarte et al. 2018; MIO-ECSDE, 2013).

Even well managed protected areas suffer from the
introduction and settling of invasive alien species (Otero et
al. 2013). Their effects on the biodiversity and habitats of
the Mediterranean cannot be generalized, as alien species
can cause very diverse effects at different locations and
times, sometimes with a strong invasive component.

Several alien species are also affecting freshwater
communities in the Mediterranean, endangering native
species and altering ecosystem processes. [llustrative
examples are the stone morako fish, Pseudorasbora parva,
and the brook trout, Salvelinus fontinalis, which are among
the world’s 100 most invasive species. Others like the
tiger mosquito, Aedes albopictus, are also among the most
invasive alien species in the region (MIO-ECSDE, 2013).

3.3 Marine ecosystems and biodiversity

3.3.1 Marine ecosystems

The Mediterranean basin is a globally unique biodiversity
hotspot with high diversity and endemism of flora and
fauna. It represents 0.3% of the global oceans’ volume
and hosts 4 - 18% of the identified global marine species.
The complexity in the ecology of the Mediterranean Sea is
mainly attributed to its geological history, combined with
the diverse climate conditions prevailing in its different
zones. These have resulted in the coexistence of many
ecosystems with a wide range of extent and distribution.

Endemism, i.e. numerous species living exclusively in the
Mediterranean, is a marked feature of marine biodiversity in
the Mediterranean. It is greater in the Mediterranean than
in the Atlantic (Bianchi & Morri, 2000). At biogeographical
level, Mediterranean biota include 55 to 77% of Atlantic
species [present in the Atlantic and the Mediterranean),
3 to 10% of pantropical species (species from the globe’s
hot seas), 5% of Lessepsian species [species from the
Red Sea) and between 20 and 30% of endemics. This ratio
of endemism varies with taxonomic groups (Table 12):
18% for decapodal crustaceans, 27% for hydras, 40% for
Rhodobionta (Plantae), 46% for sponges, 50% for ascidians,
and 90% for nesting sea birds (Metazoa) [Boudouresque
et al. 2009; Zenetos et al. 2017). These are basically neo-
endemics such as the Cystoseira genus (Chromaobionta,
Stramenopiles), with over thirty species known in the
Mediterranean, 20 of which are endemic, and to a lesser
extent, paleo-endemics like species of the Rodriguezella
genus (Rhodobionta, Plantae), the red coral Corallium
rubrum [Metazoa, Opisthokont, and Posidonia oceanica
(Magnoliophyta, Viridiplantae, Plantae] (UNEP/MAP SPA/
RAC, 2010).

Figure 57 - Corallium rubrum and Posidonia oceanica
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Table 12 - Rate of endemism for some taxonomic groups in the Mediterranean

[Source: Boudouresque, 2004)

The most typical Mediterranean habitats lie in the
coastal strip. These include Lithophyllum byssoides [e.g.
L. lichenoides and L. tortuosum) rims in the medio-littoral
stage, seagrass meadows, notably Posidonia oceanica
meadows and Fucal forests (biocenoses with Cystoseira)
in the infra-littoral stage, and coralligenous assemblages
in the circa-littoral stage (Boudouresque, 2004; Zenetos
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et al. 2017). These habitats are also home to Vermetid
platforms and the Neogoniolithon brassica-florida concretion
(Boudouresque, 2004).

Seagrass meadows, coralligenous formations and beds
and dark habitats (habitats where the absence of light
precludes photosynthesis, from caves in the coastal strip
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Figure 58 - Coastline regression of Posidonia oceanica meadows over the last 50 years

[Source: Telesca et al. 2015)
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to deep seas in the open ocean) are among the components
that are considered particularly representative of
Mediterranean ecosystems. All of them are facing crucial
conservation challenges, which prompted the Contracting
Parties to the Barcelona Convention to adopt specific
Action Plans for their conservation within the framework of
joint coordinated efforts by all Mediterranean countries and
partner organizations (further developed below).

Marine systems play a crucial role in the global carbon
cycle by absorbing an important share of anthropogenic
CO2 from the atmosphere. The Mediterranean Sea acts
as a net carbon sink and is responsible for sequestrating
0.7% of the total yearly emissions of the neighbouring
countries (Melaku Canu et al. 2015). The value of the “blue
carbon” sequestration made possible by the biological
processes of the Mediterranean Sea is found to range
between Euro 100 to 1,500 million per year for the whole
basin. This represents a nature-based contribution to the
efforts of climate change mitigation in the Mediterranean.

3.3.2 Seagrass meadows

There are five strictly marine seagrass species in the
Mediterranean Sea: one is endemic (Posidonia oceanical,
three are also found in the Atlantic Ocean (Cymodocea
nodosa, Zostera marina and Zostera nolti) and one is a
Lessepsian migrant (Halophila stipulacea) (Pergent et al.
2012).

3.3.2.1 Status and trends of seagrass
meadows

Posidonia oceanica meadows are declining at alarming
rates, with widespread regression throughout the
Mediterranean Sea amounting to over 30% in the last 50
years (Telesca et al. 2015). The current spatial extent of
P. oceanica is estimated at 1,224,700 hectares, with data
gaps, especially in the south-eastern part of the basin.
The most extensive meadows are found in the Gulf of
Gabeés (Tunisia), the Hyeéres and Giens bays (France), the
eastern coast of Corsica, and the western coast of Sardinia
and Sicily (Boudouresque, 2004). The regression of the
meadows results from the impact of multiple anthropogenic
pressures such as mooring, fishing, excessive sand and
organic matter discharge and climate change (Pergent et
al. 2012; Telesca et al. 2015). Figure 58 shows the coastline
regression of P. oceanica meadows over the last 50 years.

Cymodocea nodosa covers the second largest area in the
Mediterranean Sea after P. oceanica and is found all over
the Mediterranean basin, in the Sea of Marmara and in the
Atlantic. Local regressions of Cymodocea nodosa have been
recorded, however the species has taken advantage of the
regression of P. oceanica in other areas, meaning that the
trend in the species distribution is not as clear as for P,
oceanica.

Zostera marina is the most widely distributed seagrass
species at the global level (Green, Short & Frederics,
2003), although it is relatively rare in the Mediterranean,

only growing very locally [mainly in the North-Western
Mediterranean, the Adriatic, and the Aegean Sea) (Pergent
et al. 2012). Zostera marina is a cold-affinity species and
is therefore expected to regress in the Mediterranean Sea
as a result of sea temperature increase. The species has
already shown some indication of retreat from certain sites
in the basin.

Zostera noltii in the Mediterranean is confined to coastal
lagoons, the innermost part of some sheltered bays and
small harbours, especially in the Western Mediterranean,
the Adriatic, Greece, the Syrian Arab Republic and Egypt]
(UNEP/MAP  SPA/RAC, 2010). Although this species
demonstrates high resilience, cases of regression have
been reported and related to changes in salinity or nutrient
enrichment (Bernard, Boudouresque & Picon, 2007; Shili
et al. 2007).

Halophila stipulacea has colonized a large part of the
Eastern Mediterranean basin (Fritsch, 1895).

3.3.2.2 Ecosystem services

When dried, seagrass meadows are used as a material
for roof isolation, industrial waste absorbent, food for
livestock or compost, and a bioindicator. They provide
other ecosystem services when in the sea, such as water
purification by filtration, coastline erosion protection,
habitat for species, water oxygenation, nutrient cycling and
carbon sequestration (Campagne et al. 2015). One of the
greatest values of P. oceanica is that it acts as a reservoir
for carbon accumulated over millennia, thereby mitigating
the impact of global climate change (Pergent et al. 2014).

3.3.2.3 Major pressures

The main regressions of marine seagrass meadows
recorded in the Mediterranean are related to shore
restructuring, the management of living resources
(fisheries and aquaculture], solid and liquid waste, the
development of pleasure boating and tourism (cruises)
and the introduction of exotic species. The rising water
temperature and sea level rise could explain certain
regressions (Marba & Duarte, 2010).

The ecological characteristics of seagrass species in
the Mediterranean enable them to cover a wide range of
conditions, and their sensitivity to anthropogenic pressures
also differs [Boudouresque et al. 2009). While Posidonia
oceanica constitutes the “climax” species for a large
proportion of Mediterranean shorelines, Cymodocea nodosa
and, to a lesser extent, Zostera noltii, can constitute pioneer
species in the succession, allowing for the settlement of
Posidonia oceanica meadows (Boudouresque et al. 2016).
Furthermore, when environmental conditions become
unfavourable for one species, it may be replaced by another.
However, while Posidonia oceanica can be replaced by native
species, it can also be replaced by “introduced” species
(Montefalcone et al. 2010). These substitutions by species
with weaker structuring capacities may trigger profound
changes within the communities.
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3.3.2.4 Management of seagrass meadows

There has been an increasing interest and effort by
Mediterranean countries over the last 20 years to protect
seagrass meadows, especially the endemic and emblematic
species P. oceanica. Seagrass meadow conservation is a
priority target in international environmental directives,
both at the Mediterranean level (Action Plan for the
Conservation of Marine Vegetation in the Mediterranean
Sea, SPA/RAC) and the European level (1992 Habitats
Directive and 2000 Water Framework Directive). Fishing
restrictions and sustainable alternative techniques for
mooring have been set up in parts of the basin. However,
stricter regulations and controls on trawling and mooring,
especially at sea, are needed to ensure recovery and
protection of the meadows. Pressure reduction, namely
when building coastal infrastructure (harbours, sea walls,
etc.) and discharging wastewater effluents, should take the
ecosystem services provided by seagrass meadows into
consideration. Successful examples of P. oceanica meadow
protection resulted from the efforts of the Posidonia
Surveillance Network established in the Provence-Alpes-
Cote d'Azur Region in France in 1984, with the dual objective
of (i) monitoring the long-term evolution of the state of
Posidonia meadows, and [ii) using these meadows as a
biological indicator of the overall quality of coastal waters.

3.3.3 Coralligenous ecosystems

3.3.3.1 State and trends of coralligenous
ecosystems and associated
biodiversity

Coralligenous assemblages are biological formations
that are one of the most representative components of
Mediterranean marine biodiversity. They are biogenic
constructions present in many Mediterranean areas.
The most recent estimates of their extent show that
coralligenous outcrops cover around 2,760 km? and the
maerl beds, another coralligenous component, cover
around 1,655 km?2 Knowledge of the distribution, species
composition and functioning of coralligenous and other
calcareous bio-concretions remained fragmentary for a
long time. Recent technical advances have made it possible
to acquire more data on coralligenous ecosystems.
Several coralligenous-rich sites have been identified

Figure 59 - Womersleyella setacea and Caulerpa taxifolia
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and inventoried as areas of interest for conservation. In
addition, it has been possible to highlight the negative
effect of certain human activities, which is expected to
be exacerbated by the interdependent effects of climate
change and growing human pressure. Considering the
ecological and natural heritage value of Mediterranean
coralligenous assemblages, several international bodies
have issued recommendations and adopted conservation
and management measures targeting these assemblages
(Barcelona and Bern Conventions).

3.3.3.2 Ecosystem services

Coralligenous assemblages contribute to carbon storage
and generate a remarkable natural productivity which con-
tributes to the maintenance and development of fisheries
resources. Numerous species [more than 1,700 species,
i.e. 15 to 20% of Mediterranean species) use coralligenous
environments as feeding, breeding or nursery grounds,
including species of commercial interest for fisheries and
endangered or threatened species. Furthermore, they are
attractive for scuba diving activities, thereby supporting, in
some Mediterranean areas, important recreational eco-
nomic activities whose existence depends on the presence
and the state of conservation of these assemblages.

3.3.3.3 Major pressures

The main pressure on coralligenous assemblages comes
from the destructive effect of some fishing gear, such as
bottom trawls or gill nets, as well as from boat anchoring
systems [anchors and anchor chains) that exert mechanical
aggression on coralligenous formations.

In addition, cases of invasion by invasive non-indigenous
species have been recorded in some Mediterranean areas,
where they covered the coralligenous beds, hindered their
normal development and thus caused the regression of the
assemblages. These invasive species include algae such as
Womersleyella setacea, Acrothamnion preissii, Asparagopsis
taxiformis and Caulerpa taxifolia.

Like the rest of the marine environment, coralligenous
assemblages are affected by pollution and climate change
(refer to chapter 2). Mass mortality events of species have
been reported in recent years in depths of 30 to 40 metres
and have been attributed by scientists to disturbances in
the position of the thermocline, under the influence of
marine water warming.

The simultaneous effects of multiple stressors - such as
pollution, siltation, destructive fishing practices, anchoring,
scuba diving, biological invasions, anomalies in the
seawater temperature regime, etc. - generate irreversible
consequences for these fragile biological formations.

3.3.3.4 Management of human activities
impacting coralligenous ecosystems

Given the relatively limited knowledge about the geograph-
ical distribution of coralligenous habitats, as well as about
the actual level of damages they undergo, priority should be



given to (i) improving current knowledge to fill gaps in infor-
mation about the occurrence of coralligenous communities
(ii) promoting the use of standard methods for the inventory
and monitoring of sites with coralligenous assemblages,
(iii) capacity building in Southern and Eastern Mediterrane-
an countries to improve skills in habitat mapping and {iv) in-
formation sharing /exchange among Mediterranean coun-
tries about the occurrence of invasive species that have the
potential to negatively impact coralligenous ecosystems.

The Action Plan for the Conservation of Coralligenous and

other Calcareous Bio-concretions in the Mediterranean

was adopted by the Contracting Parties to the Barcelona

Convention in 2016, including the following conservation

and management activities:

e Drafting of a reference list of species that are found in
coralligenous outcrops;

e Promotion of taxonomic identification of species
constituting these assemblages through an inventory of
taxonomist experts and researchers/institutions working
in the field;

e Drafting of standardized methods for the inventory and
monitoring of coralligenous assemblages;

e Mapping of sites with coralligenous formations, with a
view to establishing Marine Protected Areas.

3.3.4 Dark habitats

3.3.4.1 Status and trends of Dark habitats
and linked biodiversity

Dark habitats are one of the fragile components of
Mediterranean marine biodiversity. They occur in deep
zones as well as in areas with very limited luminosity, and
are usually associated with specific geomorphological
structures such as underwater caves, slopes and abyssal
plains.

Since the absence of photosynthetic processes in these
environments does not allow for the presence of herbivores,
the species forming the biocenosis in dark habitats are
mainly filter feeders, scavengers and carnivores. Unlike the
Atlantic, the Mediterranean deep waters are characterized
by the absence of typical deep-sea species (bathypelagic
species like the foraminifera, Xenophyophorea, the sponges,
Hexactinellidae, the sea cucumber of the Elasopodida order,
etc.) (Gianni, 2004; Zenetos et al. 2017). Mediterranean
deep-sea life forms are essentially eurybathic (wide
depth range] species. Other faunistic groups (decapodal
crustaceans, mysidacea, echinoderms and gastropods] are
much less represented in the deep sea. The macrofauna
of the Mediterranean deep sea is dominated by fish and
decapodal crustaceans. Differences exist between the
Western and Eastern Mediterranean in both specific
composition and abundance. The species of macrofauna are
typically smaller than those of the Atlantic. The meiofauna
is less abundant in the Eastern Mediterranean.

In the deep sea, the rate of endemism for many taxa (i.e.
48% for amphipods] is clearly higher than the average

endemism rate in the Mediterranean (UNEP/MAP SPA/
RAC, 2010).

In the Mediterranean, dark habitats are the least surveyed
elements of the marine environment, and the measures for
their conservation and management remain very limited,
in particular because of the substantial gaps in knowledge
about the distribution and the extent of these marine
habitats. Work published by the World Wide Fund for
Nature (WWF) and the IUCN (Gianni, 2004) presents a broad
overview of deep-sea ecosystems in the Mediterranean. The
bathyal and abyssal zones cover respectively approximately
60% and 10% of the total surface area of the Mediterranean
Sea (UNEP/MAP SPA/RAC, 2010). Deep-sea Mediterranean
habitats include underwater canyons, chemosynthetic
communities, cold water corals, seamounts and deep
hypersaline habitats (UNEP/MAP SPA/RAC, 2010).

Mediterranean underwater canyons represent, for many
species, places for reproduction and feeding [fish, cetaceans
like Grampus griseus and Physeter macrocephalus). They are
aremarkable reservoir of endemism (jellyfish, polychaetes).

Chemosynthetic communities are characterized by
symbiosis  between invertebrates and chemotrophic
bacteria, which can synthesize the first organic molecules
from carbonic gas and nutritive salts, using the energy freed
by the chemical transformation of certain compounds of
the hydrothermal fluid, in particular hydrogen sulphide, in
hydrothermal springs. Their interest lies in their originality
and rarity in the Mediterranean. These habitats are found in
Southern Crete, Southern Turkey (Anaximander Seamounts]
and off the coast of Egypt and Gaza (CIESM, 2003).

Cold water corals are habitats of great ecological value,
threatened by deep-sea trawling and the effects of global
warming (CIESM, 2003).

Seamounts are underwater mountains that emerge from
the seabed and represent essential habitats for the life
cycles of several species. They have high density levels
of macro- and megafauna and a high rate of endemism
i.e. hydrozoa). They are also feeding places for many fish
species and cetaceans. These habitats occur mainly in the
Alboran Sea (Spain), the Balearic Sea (Spain), the Gulf of
Lion (France) and in the abysses of the lonian Sea.

Deep hypersaline habitats, known as brine pools, are
important for biodiversity, particularly for extremophilic
bacteria and metazoan meiofaunal assemblages [Gianni,
2004). Little data exists on these habitats, but they are
considered to be important as they are specific to the
Mediterranean (CIESM, 2003).

3.3.4.2 Ecosystem services

Besides their importance as natural heritage, dark habitats
provide valuable services, in particular by supporting
commercial fishing resources and through their role in
the biogeochemical cycles sustaining the balance of the
marine trophic chain (cycles of nitrogen, phosphorus,
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carbon, sulphur, etc.). For example, marine canyons play
a very important role in the continents/oceans exchanges
and are one of the main paths for surface/bottom transfers
of energy and matter.

3.3.4.3 Major pressures

Land-based sources of pollution and other kinds of
pressures generate the major impacts on dark habitats
that may even reach those located in the deeper zone.
The coastal river inputs significantly contribute to nutrient
enrichment, marine acidification and the local disturbance
of seawater temperature recorded in some dark habitats.
The increasing oil and gas activities in Mediterranean
deep zones constitute other sources of pressures for
dark habitats, mainly drilling operations and the laying
of pipelines. Furthermore, recent deep-sea surveys
conducted in the Mediterranean revealed the increasing
pollution of these habitats by solid waste, including lost
or abandoned fishing gear and plastic containers/debris
of terrestrial origin (Fabri et al. 2014; and others cited by
Werner et al. 2016).

3.3.4.4 Management of human activities
impacting dark habitat ecosystems

For decades, dark habitats, particularly those located in
deep-seazonesin the Mediterranean, remained without any
conservation or management measures. Following alerts
from scientists and several conservation organizations,
there is a growing awareness of the need to preserve such
environments. One of the concrete measures taken was

the ban decided by the General Fisheries Commission for
the Mediterranean (GFCM] concerning the use of towed
fishing gear in depths exceeding one thousand meters.
Furthermore,

several field surveys were undertaken

Taxonomic Group NT LC

to collect data about marine canyons, which led to the
declaration of protected areas covering some of these sites;
the declaration processes are still underway for others.
Nevertheless, preserving dark habitats remains a crucial
challenge for the Mediterranean Sea. Its success requires
additional efforts to improve knowledge concerning these
environments and to overcome the technical and legal
challenges faced, in particular, in areas beyond national
jurisdictions.

3.3.5 Genetic diversity and threatened species
of marine ecosystems

The Mediterranean Sea counts more than 17,000 marine
species and contributes to an estimated 4 to 18% of the
world “s marine biodiversity (Bianchi & Morri, 2000; Coll et
al. 2010). Around 694 of the species assessed for the [UCN
Red List in the Mediterranean are native and occur in the
Mediterranean Sea, and 68 of them are endemic.

Past changes in oceanographic conditions in the
Mediterranean Sea have influenced the current patterns
of biodiversity and the genetic structure of species due to
changes in environmental conditions over time [Coll et al.
2010). Differences between the western and eastern basins
of the Mediterranean Sea, as the latter is more oligotrophic
and warmer but less biodiverse than the western basin,
coincide with the genetic boundaries described for various
species, including seagrasses [Alberto et al. 2008, Chefaoui,
Duarte & Serrao, 2017), fish (Bahri-Sfar et al. 2000, sea
cucumbers (Valente, Serrdo & Gonzalez-Wangiemert,
2015), and bivalves (Nikula & Vaingla 2003).

Recovery from fragmentation or mass mortality events,
whether natural or human induced, may be critical for
some species in the Mediterranean Sea®. This is the case

% estimated marine
species threatened
in the Mediterranean
region (Mid-point)*

Total of marine
EX threatened
taxa

Total marine
taxa assessed

0 25%
0 1" 455 3%
0 40 75 65%
0 7 18 64%
0 4 b4 75%

0%

N 1 R =1 1= e B = B

Table 13 - Conservation status of species inhabiting Mediterranean marine habitats

based on the results of the extinction risk assessments of the [UCN Red List at the global and Mediterranean regional level. [UCN Red List
categories CR, EN and VU correspond to the number of species at risk of extinction. [UCN Red List categories: CR Critically Endangered,
EN Endangered, VU Vulnerable, NT Near Threatened, LC Least Concern, DD Data Deficient, RE Regionally Extinct, EX Extinct.

*Mid-point [CR + EN + VU) / (assessed - EX - DD) Source: IUCN, 2018

¥ https://www.iucn.org/news/mediterraneo/201807/emergency-situation-pen-shells-mediterranean
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of the pen shell, Pinna nobilis, a listed endangered species
in the Mediterranean Sea (Barcelona Convention, SPA/
BD Protocol, Annex 2) that has recently experienced mass
mortality across the Mediterranean Sea. The high genetic
diversity and low inter-population differentiation have
strong consequences for the conservation of this species,
as they directly influence how the species could naturally
recover from the P. nobilis populations located elsewhere
(Wesselmann et al. 2018).

At least 78 (11%) of the marine species assessed in the
IUCN RLTS (68 of which are endemics) are threatened with
extinctionatthe globalor regional levelin the Mediterranean
region (Table 13). Cartilaginous fish constitute the group
with the highest number of threatened species (40 species),
followed by anthozoa with 17 threatened species. The
estimated percentages of threatened species by group
indicate that reptiles and cartilaginous fish have the
highest percentages of threatened species (75% and 65%
of species), followed by marine mammals (64%).

The highest numbers of threatened species living in
Mediterranean marine habitats are recorded in France,
Spain, ltaly and Greece, in decreasing order. Most of
the threatened cartilaginous and bony fish are found in
France. Threatened anthozoa are predominantly recorded
in Greece, while many threatened marine mammals
are found in Spain and Morocco (Table 14). Although the
assessed species represent an important percentage of
Mediterranean biodiversity, there is no certainty that the
high numbers of threatened species coincide exactly with
the true distribution of the various taxa in the Mediterranean,
and could instead be a function of the research efforts in
certain regions.

3.3.5.1 Major pressures to marine
biodiversity

Analysis of the threats affecting 77 Mediterranean marine
species at risk of extinction in the IUCN Red List (categories
CR, EN and VU] (IUCN, 2018) showed that fishing

Marine threatened taxa in Mediterranean region

7
_ 15 9 37 6 1 68
Greece 16 8 3 6 1 64
France 1 9 3 6 1 63
Croaa 1 8 30 6 1 56
Turkey 10 8 28 6 1 53
Table 14 - Number of marine threatened taxa by Mediterranean country

[Source: IUCN, 2018)
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Figure 60 - Main threats affecting Mediterranean marine species at risk of extinction (IUCN Red List Categories CR, EN

and VU] in the Mediterranean region

(overfishing, bycatch and impact damage on habitats] is
the main driver increasing the species extinction risk.
Other important threats are urbanization, pollution and
climate change (Figure 60). As human populations and
levels of consumption increase, overfishing presents a
growing threat to the region’s fish diversity, with potentially
significant indirect impacts on other species through, for
example, depletion of food supply. For example, bottom
trawling fisheries are identified as the main cause of the
decline of the Maltese skate, Leucoraja melitensis, or the

bamboo coral, Isidella elongata, by 80%, making both native
species critically endangered and at risk of extinction (Dulvy
et al. 2016; Dulvy & Walls, 2015; Otero et al. 2017).

3.3.5.2 Management

Under the Convention on Biological Diversity (CBD),
Ecologically or Biologically Significant Marine Areas
(EBSAs) are areas deserving management to ensure their
sustainability using seven scientific criteria. These criteria

EBSA name Countries

North Aegean

Northern Adriatic

Sicilian Channel

Akamas and Chrysochou Bay

East Levantine Canyons (ELCA)

Gulf of Sirte

Nile Delta Fan

Hellenic Trench

North-East Levantine Sea

Gulf of Gabes

North-western Mediterranean Benthic Ecosystems
Jabuka/Pomo Pit

North-western Mediterranean Pelagic Ecosystems
Central Aegean Sea

South Adriatic lonian Straight

Greece, Turkey

Italy, Slovenia, Croatia

Italy, Tunisia, Malta

Cyprus

Lebanon, Syrian Arab Republic
Libya

Egypt

Greece, Turkey

Greece, Turkey, Cyprus, Syrian Arab Republic
Tunisia

Spain, France, Monaco, Italy
Italy, Croatia

Spain, France, Italy

Greece, Turkey

Italy, Montenegro, Albania

Table 15 - Ecologically or Biologically Significant Marine Areas (EBSAs] considered by the CBD Conference of the Parties

in the Mediterranean Sea
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were adopted at the 9th Conference of the Parties to the
Convention on Biological Diversity in 2008%. The criteria
are (i) uniqueness or rarity, (i) special importance for life
history stages of species, (iii] importance for threatened,
endangered or declining species and/or habitats, |(iv)
vulnerability, fragility, sensitivity, or slow recovery, [v]
biological productivity, [vi] biological diversity, and, (vi]
naturalness. An EBSA process has been performed in the
Mediterranean and has provided a list of 17 defined areas,
15 of which have been agreed upon by the countries to
be officially listed in CBD Repository (Table 15/Figure é1).
In 2010, the 10th Conference of the Parties to the
Convention on Biological Diversity “Encourages Parties,
other Governments and competent intergovernmental
organizations to cooperate, as appropriate, collectively or
on a regional or subregional basis, to identify and adopt,
according to their competence, appropriate measures for
conservation and sustainable use in relation to ecologically
or biologically significant areas [..]4" .

The Vulnerable Marine Ecosystem [VME] concept emerged
from discussions at the United Nations General Assembly
(UNGAJ and gained momentum after UNGA Resolution
61/105 in 2006. The FAO International Guidelines for the
Management of Deep-sea Fisheries in the High Seas
(FAO DSF Guidelines) build on the resolution and provide

details on the VME concept for fisheries management. In
order to identify VMEs, five criteria have been agreed upon:
(i) uniqueness or rarity, (i) functional significance of the
habitat, (iii] fragility, (iv] life-history traits of component
species that make recovery difficult, and [v] structural
complexity.

For the Mediterranean, the General Fisheries Commission
for the Mediterranean (under the FAO) is developing a
process for identifying, recording, declaring and managing
VMEs in the region. A list of species that may contribute to
forming VMEs has been prepared and a protocol has been
proposed for VME identification and registration.

Concerning habitats, the IUCN is developing a methodology
similar to the Red List of Species that will provide a
classification of the status of ecosystems. Using this
methodology, a recent project (2016 to 2017) developed by
the European Union covered the Mediterranean waters of
European countries and provided a provisional assessment
of the existing benthic habitats on the continental platform
(0 to 200 m). For the 47 habitats considered, the study
indicates that none are critically endangered, 5 are
endangered, 10 are vulnerable, 5 are near threatened, 4 are
of least concern and 23 are data deficient. This last figure
confirms that knowledge about the Mediterranean is still

North-western
Mediterranean pelagic
ecosystem

North-western
Mediterranean benthic
ecosystem

0 125 250 500 km
-

Northern Adriatic

Jabukan /7 Pomo pit

Gulf of Gabes Sicilian
channel

Gulf of Sirte

South Adriatic lonan straight

North Aegean

Central Aegean sea
North-east Levantine sea

Hellenic trench Akamas and

Chrysochou bay East Levantine

canyons (ELCA)

Nile delta fan

©IUCN 2019

North-western Mediterranean benthic ecosystem [l North Aegean

[ North-western Mediterranean pelagic ecosystem

Central Aegean sea

[l Akamas and Chrysochou bay
Hellenic trench

[ Northern Adriatic B North-east Levantine sea Gulf of Sirte
B Jabukan / Pomo pit [T] East Levantine canyons (ELCA) | Sicilian channel
[ South Adriatic lonan straight B Nile delta fan [] Gulfof Gabes

Figure 61 - Ecologically or Biologically Significant Marine Areas [EBSAs] considered by the CBD Conference of the Parties

in the Mediterranean Sea

‘0 CBD Decision 1X/20, Annex I.
1 CBD Decision X/29, para. 32
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limited and that any assessment fails to represent the full
reality, supporting a precautionary approach.

Somespecializedorganizations, suchasthe Agreementonthe
Conservation of Cetaceans of the Black Sea, Mediterranean
Sea and contiguous Atlantic Area [ACCOBAMS), have
developed or are developing their own system for identifying
critical habitats for the survival of species, considering
the threats. Cetacean Critical Habitats (CCH] have been
described in the Mediterranean and are helping countries
to reduce the potential impacts by developing site-specific
conservation plans. A similar approach has been taken by
BirdLife for identifying Important Bird and Biodiversity Areas
(IBAs).

Concerning threatened and endangered species, Annexes ||
and Il of the SPA/BD Protocol of the Barcelona Convention
are considered as reference lists of species in need of
special care in the Mediterranean. These lists are regularly
reviewed and, where necessary, amended through a process
based on the expertise available at the national level as
well as with the relevant intergovernmental organizations
(IG0s) and non-governmental organizations  (NGOs).
The most recent amendment to these lists? concerns
endangered and threatened species in the Mediterranean,
including 163 species (Mammalia, Aves, Reptilia, Pisces,
Echinodermata, Crustacea, Mollusca, Bryozoa, Cnidaria,
Porifera, Rhodophyta, Heterokontophyta, Chlorophyta,
Magnoliophytal.

As remarked by Boero (2015) and Templado (2014), Medi-

terranean marine ecosystems are going through important
modifications with the following general trends:
e Tropicalization: non-indigenous species of warm-water
affinity (tropical) are becoming increasingly established;
e Meridionalization: species that usually thrive in the
southern part of the basin are expanding northwards,
adding to tropical ones in changing northern biota;
Impairment of cold-water engines: the FEastern
Mediterranean Transient showed that, in a period of
global warming, cold engines might fail to renew deep
Mediterranean waters, with vast consequences on
Mediterranean Sea ecosystems;
Changesin the phenology of species: reproductive patterns
are modified by different thermal conditions, whereby
species of warm-water affinity have greater opportunities
to grow and thrive than species of cold-water affinity;
Species extinction: cold-water species will be pushed into
deeper waters and their surface populations have already
suffered severe mass mortalities, with a risk of extinction,
although some of them may adapt to the new conditions
(Boero, 2013):
Less fish, more jellyfish and jellyfish eaters: the fish-
jellyfish transition is already happening at a world scale,
with a predicted potential increase in predators like sunfish
and sea turtles;
Habitat destruction: the cumulative effects of land-based
human activities, along the watershed [e.g. pollution) and
at the land-sea interface (e.g. maritime infrastructure]
greatly contribute to habitat destruction (Claudet &
Fraschetti, 2010).

The ACCOBAMS survey initiative, a Mediterranean large-scale survey for collecting
new data on cetaceans, marine macrofauna and marine litter

The Mediterranean Sea is exceptionally rich in marine megafauna, and regularly or occasionally hosts more than 20 species of cetaceans, about half of which are
considered threatened or with insufficient data.

Cetacean populations are subject to high anthropagenic pressures and benefit from particular attention from Mediterranean States willing to better coordinate
actions in their favour. Coordinated by the Permanent Secretariat of the Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and
contiguous Atlantic Area (ACCOBAMS), the ACCOBAMS Survey Initiative (ASI) aims to establish an integrated, collaborative and coordinated monitoring system
regarding the status of cetacean populations.

During the summer of 2018, an unprecedented large-scale synoptic survey combining visual and passive acoustic monitoring methods was conducted across the
whole Mediterranean (Figure 62). The ASI Survey represented a considerable logistical and administrative challenge, involving over 100 scientists from the region
and beyond, mobilizing 6 ships and 8 aircraft, and more than 30 national and international partners who collaborated in this very unique effort. The ASI survey
followed a multi-species approach, with cetaceans as primary targets, collecting data on elasmobranchii, sea turtles, seabirds and other mega-vertebrates, but
also on anthropogenic pressures such as marine litter.

Analysis of the ASI data was conducted collectively in 2019, with the aim of developing accurate mapping of cetacean population distribution and abundance. The
results of this survey will be cross-referenced with existing data on relevant indicators and will confirm existing areas of interest for cetacean conservation and
potentially identify new ones (Cetacean Critical Habitats, Important Marine Mammal Areas - IMMAs). The results of this large-scale survey will also support the
formulation and adoption of conservation actions, including MPAs. The ASI has proven to be a unifying project, bath in terms of biodiversity conservation and for
national capacity building around the Mediterranean. For the first time, all Mediterranean countries have collaborated in order to implement this unique biodiversity
conservation effort.

“2Through Decision 1623/10 that amended Annex Il of the SPA/BD Protocol.

108 | SoED 2020



0 125 250 500 NM
I T T T N T T |

N.B. Blank areas were surveyed by boat

Striped dolphin M Striped dolphin/Common dolphin Il Common dolphin @ Bottlenose dolphin @ @ = == Delphinidae sp. == Effort

Figure 62 - AS| aerial observations of small cetaceans [summer 2018]

3.3.6 Invasive species in marine ecosystems

The Ecosystem Approach (EcAp) recognizes that to achieve
good environmental status, “non-indigenous species
introduced by human activities [must be] at levels that do
not adversely alter the ecosystem”. A total of more than
1,000 non-indigenous marine species were recorded in the
Mediterranean, of which 618 are established (UNEP/MAP,
2017). Of those established species, 106 have been flagged
as invasive. These estimates exclude vagrant species and
species that have expanded their range without human
assistance through the Strait of Gibraltar. The increase
in the introduction rate goes back to recent decades
and is attributed by specialists to the intensification of
some human activities, such as shipping, and also to
the global changes that have started to result in more
favourable conditions that have facilitated the settlement
of viable populations of alien tropical marine species in the
Mediterranean.

Some of these non-native species proved to be invasive as
per the CBD definition®. An assessment published in 2014
(Katsanevakis et al. 2014) concluded that 64 invasive species
were reported to occur in the Mediterranean. The most
represented groups were crustaceans (23 species), followed
by molluscs (20 species) and macroalgae (16 species).

The introduction paths of non-native species to the
Mediterranean include natural communication openings,
but there is scientific evidence that most alien species
recorded in the Mediterranean entered through corridors.

Other introduction paths were also identified, in particular,
ballast water and aquaculture.

Besides their impacts on the ecosystems, several mac-
roalgae [e.g.: Codium fragile, Gracilaria vermiculophylla,
Grateloupia turuturu, Sargassum muticum, Undaria pinnat-
ifida) were reported to cause negative economic impacts
on aquaculture and fishing by fouling shellfish aquaculture
facilities, invading shellfish beds and obstructing dredges
and other towed fishing gear. Cases of decline in com-
mercial stocks due to direct predation or competition for
resources by invasive species were also reported and
affected several groups, such as decapods [(Homarus
americanus and Paralithodes camtschaticus), fish species
(Fistularia commersonii, Neogobius melastomus, Sauri-
da undosquamis, Liza haematoche, Siganus luridus and S.
rivulatus), bivalves (Crassostrea gigas and Pinctada imbrica-
ta radiata) and gastropods (Urosalpinx cinerea and Rapana
venosa). Table 16 shows the number of marine non-indig-
enous species reported to generate significant adverse
impacts on ecosystem services and biodiversity in 2014.

Management of invasive species

Given the seriousness of the issue of biological invasion
by marine non-indigenous species, in 2003, the countries
around the Mediterranean Sea adopted the Action Plan
concerning Species Introductions and Invasive Species
under the Barcelona Convention. To assist countries
in implementing the Action Plan, SPA/RAC worked in
consultation with Mediterranean experts to develop two

“¢ CBD Definition of Invasive Alien Species: plants, animals, pathogens and other organisms that are non-native to an ecosystem, and which may
cause economic or environmental harm or adversely affect human health. In particular, they impact adversely upon biodiversity, including de-
cline or elimination of native species - through competition, predation, or transmission of pathogens - and the disruption of local ecosystems

and ecosystem functions.
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Crustacea

Mollusca 18
Macroalgae 15
Fish 8
Polychaeta 9
Dinophyta (Myzozoa) 4
Ochrophyta 3

Phylum Number of species
18

Phylum Number of species
3

Cnidaria

Ascidiacea

3
Tracheophyta 3
Bryozoa 2

2

Ctenophora

Haptophyta 1

Table 16 - Number of marine non-indigenous species reported to generate significant adverse impacts on ecosystem

services and biodiversity
(Source: compiled from Katsanevakis et al. 2014)

technical tools: “Guidelines for controlling the vectors of
introduction into the Mediterranean of non-indigenous
species and invasive marine species’, and the “Guide for
risk analysis assessing the impacts of the introduction
of non-indigenous species”. Furthermore, the Regional

Marine Pollution Emergency Response Centre for the
Mediterranean Sea (REMPEC] and Regional Activity Centre
for Specially Protected Areas (SPA/RAC) collaborated
to develop the Mediterranean Strategy on Ships™ Ballast
Water Management, whose objective is to facilitate

Introduction of alien species via maritime transport

Shipping is a pathway for non-indigenous species introduction in the
Mediterranean Sea via both ships ballast water and hull biofouling.
Translocation via ships™ ballast water and sediments has been the focus of
action, and as mandatory IMO regulations have recently entered into force,
there is an expectation that the introduction of invasive species will be
minimized by 2024, when all ships globally will have to be equipped with
the required ballast water treatment systems. Biosafety risks from ship
biofouling have so far been neglected despite the fact that the relationship
between ship’s biofouling and non-indigenaus species introduction in marine
ecosystems has been known for a long time.

Studies suggest that vessel biofouling accounts for more than 40% of all
marine invasions and is therefore a major pathway for non-indigenous species
introduction. Specifically, it has been estimated that at least 55% of the
1,780 recognized non-indigenous species detected around the world have life
history characteristics that make them likely to be associated with biofouling
on vessel hulls (Hewitt & Campbell, 2010), as shown in Figure 63.

While international measures (International Convention for the Control
and Management of Ships™ Ballast Water and Sediments) entered into
force in September 2017, with a requirement for shipowners to equip
their ships with a ballast water treatment system, there is no mandatory
international framework to address marine bio-invasions from ship fouling.
IMO has adopted Biofouling Guidelines (2011 Guidelines for the control and
management of ships biofouling to minimize the transfer of invasive aguatic
species) that set out best practices to prevent, monitor and clean biofouling,
but these are voluntary, and implementation is left to the willingness of
countries and industry. This issue is gaining attention at IMO, given that some
countries have developed or are developing domestic regulations to address
bio-invasion risks from ship hull biofouling.
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implementation in the Mediterranean of the relevant
provisions of the International Convention for the Control
and Management of Ships" Ballast Water and Sediments
(BWM Convention] adopted in 2004 under the umbrella of
the International Maritime Qrganization (IMO).

3.4 Responses and priorities for action

The status of Mediterranean coastaland marine ecosystems
depicted above shows they are strongly impacted by
anthropogenic activities on land and at sea. Specific
management responses to ecosystems degradation and
loss include:

e Integrated Water Resources Management and the Water
Framework Directive, the conservation and rational use
of wetlands with the Ramsar Convention and Nature-
based Solutions for wetlands and coastal aquifers (see
Section 3.2.1.4),

Legally and non-legally binding global, regional and
national agreements and conventions/commitments for
the protection, conservation and restoration of forests
(see Section 3.2.2.4),

Legal provisions and policies such as the ICZM Protocol,
which limits the use of coastal areas in order to protect
soft-sediment coasts and rocky and soft cliffs and shores
(see Section 3.2.3.4),

The Action Plan for the Conservation of Marine Vegetation
in the Mediterranean Sea, SPA/RAC and 1992 Habitats
Directive (see Section 3.3.2.4),

For marine ecosystems, an Action Plan for the
Conservation of Coralligenous and Other Calcareous Bio-
constructions (see Section 3.3.3.4), fishing restrictions by
the GFCM (see Section 3.3.4.4), under the Convention
on Biological Diversity, Ecologically or Biologically
Significant Marine Areas, Vulnerable Marine Ecosystems
and Cetacean Critical Habitats deserving specific
management, classification of the status of ecosystems
by the IUCN, the SPA/BD Protocol for protecting marine
biodiversity, the ACCOBAMS Survey Initiative, as well as
at the EU level the Marine Strategy Framework Directive
(MSFD) and the Maritime Spatial Planning Directive
(MSPD) (see Section 3.3.5),

For fighting invasive species, the Action Plan concerning
Species Introductions and Invasive Species and the
associated SPA/RAC technical tools, the Mediterranean
Strategy on Ships’ Ballast Water Management, and the
Biofouling Guidelines (see Section 3.3.4).

In addition to these specific solutions, more general ones
are presented below.

3.4.1 Marine and coastal protected areas

A Protected Area is a clearly defined geographical space,
recognized, dedicated and managed through legal or other
effective means, to achieve the long-term conservation of
nature with associated ecosystem services and cultural
values (Dudley, 2008). In order to develop a coherent,
representative and well-managed network of Marine
Protected Areas [MPAs) or Other Effective Area-Based
Conservation Measures (OECMs), as recommended by

the CBD, and in particular, Aichi Target 11, as well as by
the UN Sustainable Development Goal 14 (SDG 14), to
preserve 10% of the waters under their jurisdiction by 2020,
Mediterranean countries have to develop a proper legal and
institutional system for the management and monitoring
of these areas. Most of them have, to-date, established a
system based on regulations related to the environment,
fisheries, ICZM, maritime spatial planning or other legal
tools, allowing for better implementation of management,
including control and surveillance, funding, fishing or
maritime transport.

Within the framework of the CBD, countries have to prepare
and adopt a National Biodiversity Strategy and Action Plan
(NBSAP). Most of them have done so, for a given period, and
are currently revising it. Others have adopted it until 2030
(Egypt and Algeria). These documents normally include a
section on Marine and Coastal Protected Areas (MCPAs). In
parallel, some of these countries have prepared or adopted
a national strategy or plan for MCPAs or for MPAs, such as
Albania, Algeria, Egypt, France, Lebanon and Libya.

At least, 251,690 km? of the Mediterranean Sea should
be covered by MPAs or OECMs by 2020 to reach Aichi
Target 11 and SDG 14. Based on MAPAMED (Box 20),
considering all the categories/labels, national and
international designations, and Other Effective Area-
Based Conservation Measures (OECMs] declared under
international governance instruments, the number of
MPAs and OECMs in the Mediterranean has reached 1,233.
The areas covered include national MPA declarations
(approximately 82,600 km?), the Natura 2000 declarations
for European countries (approximately 59,700 km?), the
Pelagos Sanctuary concerning three countries [France,
ltaly and Monaco, approximately 87,300 km?), the Strait of
Bonifacio Particularly Sensitive Sea Area (IMO] concerning
two countries (France and Italy, approximately 11,000 km?),
the Fisheries Restricted Areas (GFCM] with an objective to
conserve ecosystems or species in three countries (Cyprus,
Egypt and ltaly, approximately 15,700 km?), the Ramsar
sites (approximately 3,300 km?), the World Heritage
Sites (UNESCO, approximately 200 km?), the Biosphere
Reserves [UNESCO, approximately 1,600 km? and the
Specially Protected Areas of Mediterranean Importance -
SPAMIs (UNEP/MAP-Barcelona Convention, approximately
90,000 km?. The values are not cumulative since several
areas have multiple designations. Further recording of
areas attributable to OECMs under national legislations
might also increase total values.

In 2018, there was a strong boost towards achieving the
Aichi Target 11 and SDG 14 through the declaration of
the Spanish Cetacean Corridor MPA along the east coast
of Spain on 30 June 2018, encompassing 42,262.82 kmZ.
Following this, the marine area covered by conservation
measures (MPAs and OECMs) nearly reached 223,000 km?,
representing more than 8.9% of the Mediterranean Sea
surface. The over eight-fold enlargement of Cabrera
National Park and the SPAMI approved on January 2019,
also in Spain, with 807.73 km? of open sea, including the
deep sea, resulted in a Mediterranean national designation
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increase of 43,070.55 km?, for a total Mediterranean surface
up to just over 9%. Assuming the January 2019 coverage of
226,665 km?, an additional 25,025 km? are needed by 2020
to reach Aichi Target 11 and SDG 14, without taking into
account management effectiveness or whether regulations
are implemented, which is challenging but not impossible.

The national fishery reserves [more than 120 in the
Mediterranean) that aim to ensure the sustainable use
of fishing resources and the conservation of species or
ecosystems have not been considered, as it is necessary
to review each site declaration in order to identify their
specific objectives.

The MAPAMED Database

For the coming years, numerous areas are proposed [by
experts]) or considered by countries in their strategies for
declaration as MPAs or OECMs, representing 118 sites in
12 countries. National fishery reserves that aim to ensure
conservation of ecosystems, habitats or species are under
development in numerous countries and will be included in
the MAPAMED database in the future.

The legal and institutional aspects concerning the
participation of all stakeholders in the different components
of development and conservation, in particular for MPAs
or OECMs, are taken into consideration by all countries,
usually under the Environmental Impact Assessment (EIA)

MAPAMED, the Mediterranean database and Geographic Information System (GIS), including MPAs and Other Effective Area-Based Conservation Measures (OECMs)
of the region and covering the marine and coastal environment, is a database developed by SPA/RAC and MedPAN to assist countries in the registration and spatial
description of MPAs and OECMs in the region. As a database on sites of interest to the conservation of the marine environment in the Mediterranean Sea, MAPAMED

can be used by the countries for preparing reports and assessing their activities.

In the MAPAMED database, a “Marine Protected Area” is understood as “a clearly defined marine geographical space - including subtidal, intertidal and supratidal
terrain and coastal lakes/lagoons connected permanently or temporally to the sea, together with its overlying water - recognised, dedicated and managed,
through legal or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural values”. Figure 64 shows
Mediterranean Protected Areas and Ecologically and Biologically Significant Areas (EBSAs) in 2019.

P> Biosphere reserves

Cetacean Critical Habitats

Ecologically and Biologically Significant Areas
P> Fisheries Restrictes Areas (GFCM)
P> Nationally designated MPAs

Natura 2000 7 SPAMIs Ramsar sites

Figure 64 - Marine Protected Areas, Fisheries Restricted Areas, Particularly Sensitive Sea Areas and priority areas for
management [Ecologically and Biologically Significant Areas, Cetacean Critical Habitats], 2017

(Source: MAPAMED, 2017; Plan Bleu, 2019)
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process, complying with the principles of the United Nations
Economic Commission for Europe [UNECE) Convention on
Access to Information, Public Participation in Decision-
making and Access to Justice in Environmental Matters
(Aarhus Convention).

Most countries have included in their legislation the
obligation to adopt, implement and revise management
plans for protected areas. In some countries, specific
administrations have been identified for this purpose,
and others for training national staff on management,
enforcement or reqgulations. Nevertheless, management
remains one of the weakest points in the Mediterranean,
where it is estimated that only around 10% of existing MPAs
or OECMs [MedPAN et al. 2016) have properimplementation
of their management plans, with sufficient funds and
skilled staff for ensuring all the necessary management
and conservation tasks.

The main reasons behind these weaknesses are linked to
the lack of financial resources, with only 12% of the needs
for effective MPA management covered by regular financial
resources (Binet, Diazabakana & Hernandez, 2015), in
addition to a lack of skilled staff and gaps in the legislation
and requlations governing the management of protected
areas and the enforcement of conservation measures.

In line with all the proposals and recommendations made
over the past 20 years, in particular, the Tangier Declaration
and the updated 2020 Mediterranean MPA Roadmap
(Monbrison et al. 2016) prepared during the Mediterranean
MPA Forum of 2016, where all relevant stakeholders
joined their efforts for the continuous improvement of
conservation and the sustainable use of marine resources
in the region, the following aspects seem to be key for the
future of the Mediterranean region:
e Continuous efforts have to be made in specific countries
and outside territorial waters using all existing options,
including MPAs, OECMs or Fisheries Restricted Areas,
but also voluntary options by stakeholder groups such as
fishermen or local populations;
The coverage and implementation of no-entry, no-take
and no-fishing zones, within either existing or future
MPAs, need to be increased from the current coverage
of 0.04% of the Mediterranean Sea to reach at least 2% of
no-take zones by 2020, especially in key functional areas;
For the identification and declaration of new sites, it is
essential to focus on representativity and connectivity,
based on knowledge (including local communities),
research (including mapping) and permanent monitoring
of ecosystems, species and ecological conditions;
For management, which is the weakest point at the
present stage, various steps have to be taken, including:
- assessment of legislation, and not only environmental
legislation, but also looking at the fisheries, tourism,
maritime transport and enforcement (police, coast
guard, navy, using modern technologies) sectors. All
these aspects are important for both the administration
and MPA managers to fulfil their enforcement duties;
- national training of individuals at all levels, including

administrations, field staff, local stakeholders, as well
as public awareness and education;

- the development of co-management mechanisms, first
between the competent ministries listed above, but
also with local administrations and local communities,
NGOs and private initiatives;

- the need to establish national environmental funds
and/or other mechanisms for supporting conservation
actions and particularly MPA creation and management;

- work towards creating a win-win relationship for MPAs
with decision makers, donors and the private sector
interested in marine and maritime spatial planning,
integrated coastal zone management, blue growth
strategies, sustainable tourism and sustainable
fisheries policies, in order to respond to pressures
beyond MPA borders, while considering MPAs as
natural capital and a management instrument to reach
sustainability targets.

For all these elements, networks of managers at different
levels [i.e. national, regional and subregional) are and will
be essential for achieving the above targets. Knowledge
and capacity building, for a range of subjects, have
been facilitated by Network of Marine Protected Areas
managers in the Mediterranean (MedPAN). MedPAN has
been developing a series of training courses, tools and
experience-sharing between Mediterranean MPAs to
support MPA management. In this regard, MedPAN, SPA/
RAC and WWF have developed the long-term capacity-
building strategy for Mediterranean MPAs since 2012
to support MPA management. These activities will also
contribute to the objectives set in the “Regional Working
Programme for the Coastal and Marine Protected Areas
in the Mediterranean including the High Sea” and in the
“Roadmap for a Comprehensive Coherent Network of
Well-Managed Marine Protected Areas [MPAs] to Achieve
Aichi Target 11 in the Mediterranean” adopted by the
19th Meeting of the Contracting Parties to the Barcelona
Convention (Decision 16.22/13).

3.4.2 Regional regulatory tools, strategies and
action plans

The Ecosystem Approach (EcAp) is a process developed by
UNEP/MAP and adopted by the Parties to the Convention
on Biological Diversity, with the aim of achieving Good
Environmental Status (GES) of the Mediterranean Sea. It
is defined as “a strategy for the integrated management
of land, water and living resources that promotes
conservation and sustainable use in an equitable way".
Integrated ecosystem-based approaches replace and
supplement sectoral approaches, taking into account the
interactions among organisms and their environment
and recognizing that humans are an integral component
of ecosystems. The approach involves 7 steps [interactive
EcAp roadmap), including one which consists in preparing
the Integrated Monitoring and Assessment Programme
(IMAP). Through this process, 11 ecological objectives and
27 indicators were identified to monitor biodiversity, Non-
Indigenous Species [NIS), eutrophication, hydrography,
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coastal ecosystems and landscapes, contaminants, litter
and energy (Table 17). IMAP implementation is currently in
its initial phase (2016-2019).

Coralligenous and other Calcareous Bio-concretions, and
the Conservation of the Monk Seal and Turtles have been
developed and are being implemented by the Contracting
Parties.

The EU Marine Strategy Framework Directive (MSFD),
adopted in June 2008, aims to achieve Good Environmental
Status (GES) of the EU's marine waters (including the

In 2003, the Strategic Action Programme for the Conser-
vation of Biological Diversity in the Mediterranean Region

Ecological objective

Description

\ Biological diversity is maintained or enhanced. The quality and occurrence of coastal and
EO 1 Biodiversity marine habitats and the distribution and abundance of coastal and marine species are in
line with prevailing physiographic, hydrographic, geographic and climatic conditions.

Non-indigenous species introduced by human activities are at levels that do not adversely

EO 2 Non-indigenous species alter the ecosystem.

EO 3 Harvest of commercially
exploited fish and shellfish

Populations of selected commercially exploited fish and shellfish are within biologically safe
limits, exhibiting a population age and size distribution that is indicative of a healthy stock.

Alterations to components of marine food webs caused by resource extraction or human-in-
duced environmental changes do not have long-term adverse effects on food web dynamics
and related viability.

EO 4 Marine food webs

Human-induced eutrophication is prevented, especially the adverse effects thereof, such as

EO 5 Eutrophication losses in biodiversity, ecosystem degradation, harmful algal blooms and oxygen deficiency

in bottom waters.

EO 6 Sea floor integrity
EO 7 Hydrography tems

EO 8 Coastal ecosystems and
landscapes

EO 9 Pollution

capes are preserved.

EO 10 Marine litter

EO 11 Energy including
underwater noise

Table 17 - Ecological Objectives under the Mediterranean EcAp

[Source: UNEP/MAP, 2016)

Sea floor integrity is maintained, especially in priority benthic habitats.

Alteration of hydrographic conditions does not adversely affect coastal and marine ecosys-
The natural dynamics of coastal areas are maintained and coastal ecosystems and lands-

Contaminants cause no significant impact on coastal and marine ecosystems and human health.

Marine and coastal litter do not adversely affect the coastal and marine environment.

Noise from human activities causes no significant impact on marine and coastal ecosystems.

Mediterranean Sea) by 2020 and to protect the resource base
upon which marine-related economic and social activities
depend. In order to achieve GES by 2020, each Member
State is required to develop a strategy for its marine waters
(or Marine Strategyl, following detailed criteria and the
methodological standards of the MSFD. An important effort
was made to harmonize the EcAp process of the Barcelona
Convention with the implementation of MSFD.

The Protocol concerning Specially Protected Areas and
Biological Diversity in the Mediterranean (SPA/BD),
adopted in 1995, is the main tool for implementing the 1992
Convention on Biological Diversity in the Mediterranean. The
Protocol is centred on three main elements: the creation,
protection and management of Specially Protected Areas
(SPAs), the establishment of a list of Specially Protected
Areas of Mediterranean Importance [SPAMIs] and the
protection and conservation of species.

As part of the Protocol concerning Specially Protected Areas
and Biological Diversity in the Mediterranean (SPA/BD),
Regional Action Plans on Cartilaginous Fishes, Invasive
Species, Bird Species, Marine Vegetation, Dark Habitats,
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(SAP BIO) was adopted by the Contracting Parties to the
Barcelona Convention to respond to the regional chal-
lenges related to marine and coastal biodiversity. The pro-
gramme was launched in 2004 by SPA/RAC, announcing a
15-year programme to promote the diagnosis, consultation
and assessment of Mediterranean biodiversity at a national
and a regional level, which was then extended to 2020 to
match the CBD Strategic Plan for Biodiversity 2011-2020.

The fifth Meeting of National Correspondents of SAP BIO
took place in February 2019 in Marseille, France, and
consisted in reviewing an evaluation of the implementation
of SAP BIO with the status of implementation of all Priority
Actions and the main difficulties for implementation
(UNEP/MAP, 2019). SPA/RAC currently coordinates the
development of the new phase of SAP BIO (2021-2030).

As part of SAP BIO, National Action Plans (NAPs) and
Reports addressing issues of particular relevance for the
countries were prepared. Implementation remains limited
due to a lack of human and financial resources.



3.4.3 Economic and management tools
Sustainable financing of MPAs in the Mediterranean

In most developing or least-developed countries, MPAs
remain underfunded, resulting in a less efficient protection
of species and habitats. In the Mediterranean, MPAs also
face operational difficulties, especially in non-European
countries. According to a study lead by MedPAN, SPA/RAC
and WWF in 2015 (Binet et al. 2015), 86% of MPA managers
consider that their needs are not covered to effectively
manage their MPA. There is an urgent need to consider
an increase in current funding for existing MPAs in the
Mediterranean region, given that only 8% of the financing
needs for effective management of MPAs are covered by
current resources.

In general, existing MPAs suffer from a significant lack of
resources to finance recurring costs, including staff costs
but also costs of equipment, monitoring, research, train-
ing and management, boundary demarcation, effective
law enforcement and the provision of adequate park infra-
structure. Existing financial contributions are well below
requirements and reveal a strong disparity between the
northern and southern basin. This all affects the perfor-
mance of the protected areas and limits the setting up and
implementation of management plans. Establishing sus-
tainable financing for MPAs is therefore essential to help
an MPA obtain effective management. Strategic Objective
4 of the 2016 Roadmap towards a comprehensive, ecolog-
ically representative, effectively connected and efficiently
managed network of MPAs focuses on “increaseling] the
allocation of financial resources to establish and main-

tain an ecological network of effectively managed MPAs",
calling for the development and/or adaptation of funding
mechanisms in a Mediterranean context.

Currently, the main financial resources for MPAs come
from national and local public funds and multilateral
(Global Environment Facility - GEF) and bilateral
cooperation (French Facility for Global Environment -
FFEM, etc.). Other financial resources are: subregional
projects (MAVA Foundation, etc.), European financing
instruments (LIFE, Interreg MED, ENI MED, etc], but
also private funds [foundations, sponsorship, etc.), local
financing mechanisms and self-financing. As described
in Box 21, the Association for the Sustainable Financing
of Mediterranean Marine Protected Areas, supported the
creation of the MedFund in 2015 as a funding mechanism
for Mediterranean MPAs.

The 2016 Mediterranean MPA Forum Tangier Declaration
aims to:

e Encourage leverage mechanisms to support the
Contracting Parties to the Barcelona Convention and
other relevant organizations in guaranteeing the basic
funding needs of their national MPA systems.

e Encourage Official Development Assistance agencies and
private donors to invest in MPAs as a potential contributor
to achieving SDGs through food security, poverty
alleviation and climate change adaptation and mitigation.

e Support the development of small funding programmes
within MPAs as means, inter alia, to develop local project
management capacities and as a lever to attract new and
matching funding sources.

I\he Association for the Sustainable Financing of Mediterranean Marine Protected
reas

The 2012 Mediterranean MPA Forum (Antalya, Turkey) highlighted the need to establish a regional financial mechanism to support the sustainable financing of
the Mediterranean MPAs to help countries meet their commitments under the Barcelona Convention. Following this recommendation, France, Monaco, and Tunisia
launched a joint initiative in October 2013 to develop such a mechanism.

In 2015, the Association for the Sustainable Financing of Mediterranean MPAs (M2PA) was created to bring together States and civil society to lead the establishment
of this mechanism. The Association is a non-profit Monaco-based organization and a cooperation platform that aims to set up a regional conservation private-public
donor trust fund. Since 2015, the MedFund has been dedicated to promoting sustainable funding in order to contribute to the long-term financing needs of MPAs
and to cover their operational costs.

The founding members of the association are France, Monaco, Tunisia and the Prince Albert Il of Monaco Foundation. Active members are Morocco, Albania, Spain
and several organizations (Monaco Oceanographic Institute, UNEP-SPA/RAC, MedPAN, French Coastal Protection Agency, WWF-Med, IUCN Med, Mediterranean
Small Islands Organization, Critical Ecosystem Partnership Fund).

The association is currently supported by the FFEM, the Government of Monaco, the GEF, the Agence Francaise de Développement - French Development Agency (AFD),
the Prince Albert Il of Monaco Foundation, the Leonardo Di Caprio Foundation, Zoo Basel, the Oceanographic Institute Prince Albert | of Monaco.

The initiative received political support from the countries bordering the Mediterranean at the Union for the Mediterranean Ministerial Meeting on Environment and
Climate Change and from the Parties to the Barcelona Convention in 2016.

The MedFund has raised around one fourth of its 3-year financial endowment for supporting the management of 20 Mediterranean MPAs. The fund needs to be
further endowed to cover its objectives and expand to additional MPAs in the Mediterranean.
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e Support, asan example of innovative financial mechanism,
the establishment of the Trust Fund for Mediterranean
MPAs, MedFund, and welcome the recent progress made
in this regard.

e Support the creation of a permanent financing facility
to ensure, in case needed in times of crisis and during
limited periods, the continuity of management in certain
MPAs.

e a lack of data on soft and rocky cliffs and shore ecosys-
tems, their characteristics, the status of their retreat and
erosion and the associated impacts on human livelihoods;

e poor inventories of invasive species and their impact,
especially in coastal (terrestrial] ecosystems;

e limited information on the occurrence, distribution and
composition of coralligenous communities;

e a lack of monitoring of the biodiversity of deep/dark

habitats (canyons, trenches, seamounts).
3.4.4 Major knowledge gaps
These knowledge gaps should be filled by implementing
The major knowledge gaps highlighted throughout this national monitoring programmes in line with IMAP.

chapter are:

Difficulties in monitoring indicators of Good Environmental Status

Concerning the habitat distribution and the state of species and communities (CI1/EQ1), there are significant gaps in the Southern Mediterranean Countries
(SMCs) regarding the effects of the gelatinous macro zooplankton on the functioning ecosystems and more generally on deep Mediterranean systems and pelagic
habitats. There is a wide disparity in the overall distribution of research efforts for marine mammals and marine reptiles (CI3/EQ1). Indeed, most of the research is
concentrated in the north-western part of the Mediterranean basin, where long series of data are available and provide a reliable picture of the situation of these
species. In the absence of at least an equivalent effort in the SMCs, it is difficult to understand all the processes related to these species at the Mediterranean
level. In SMCs, information on the occurrence and distribution of species is sporadic and highly localized. When it comes to marine reptiles, the knowledge deficit
concerns several aspects, particularly the location of breeding / nesting sites, overwintering, feeding and development sites for adults, females and juveniles,
connectivity between different Mediterranean sites and the vulnerability / resilience of these sites.

For many Southern and Eastern Mediterranean Countries (SEMCs), as well as for some Adriatic countries, information on seabird breeding populations (Cl4 / E01) is
fragmented or absent. The same is true for the demography data of many populations of marine mammals, sea turtles and seabirds (CI5 / EO1).

Regarding non-native species introduced through human activities (C16/E02), the assessment of trends in both the abundance of these species and their spatial
distribution is particularly lacking in the SMCs. In addition, the deficit in these countries, in taxonomy experts has most likely led to neglect several of these
species. In the current state of knowledge acquired, it is difficult to have a detailed understanding of the processes of introduction, installation and adaptation of
these species.

The level of information regarding spawning stock biomass (CI7/E03) and fishing mortality (C19/E03) differs widely between countries on both sides of the
Mediterranean but also between species and geographical areas. This information relates to some commercially exploited stocks and stocks for which reference
points exist but are still very limited. In these conditions, it is difficult to give precise indications of current levels of biomass, especially considering the large
deficit of long time series. In addition, and given the specificity of the fisheries in the southern Mediterranean region, dominated by artisanal fisheries, it is very
difficult to have reliable data on total landings (CI8/E03). This situation is further complicated by the lack of reliable estimates of illegal and / or reported fishing
activities.

Regarding the location and extent of habitats directly impacted by hydrographic changes (E07), there is a lack of sound methodologies and assessments.
Assessments that estimate the extent of hydrographic alterations and intersections with marine habitats are currently rare in the Mediterranean, apart from local
environmental impact assessment (EIA) and strategic environmental assessment (SEA) studies. In countries on the southern shores of the Mediterranean, experts
with knowledge of the processes and methodologies used are not always available in sufficient numbers and quality.

Knowledge about the interactions and mechanisms that govern different biological and physical phenomena at the cross-border level, whether at the subregional
(South) or regional (Mediterranean) level, remains largely unknown and under-documented. Today, this deficit does not allow a complete and correct understanding
of the processes related to species migrations, introductions and biological invasions.

Until the early 2000s, most climate change studies and scenarios addressed the Mediterranean on a macro scale (IPCC group scale). This level of analysis provides
broad indications but does not allow for an understanding of changes and effects at national and local scales. Since the Paris Climate Agreement (2016), several
programs and research projects have been conducted to reduce the scale of observation in order to refine the analysis of climate processes and their effects on
the region. The downscaling has almost systematically enabled the countries on the northern shore of the Mediterranean to substantially improve understanding
of climate phenomena. On the other hand, due to lack of means and adequate resources and adapted local competences, important insufficiencies must be
highlighted concerning the effects of climate change on the ecosystems and economies of the southern Mediterranean countries, as well as on their level of
vulnerability and resilience.
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The 2017 MED Quality Status Report also identified
several knowledge gaps (Box 22). On coastal and marine
biodiversity, for example, data on marine habitats are still
scarce, fragmented and discounted in time and would
benefit from a complete mapping of the most significant
marine habitats in order to direct management measures.

3.4.5 Priorities for action

Analysis of the status and trends, ecosystem services, major
pressures and management of Mediterranean coastal and
marine ecosystems throughout this report leads to define
the following priorities for action:

e In the initial phase of IMAP (2016-2019), it is important
that the countries adopt monitoring programmes for
inventorying and mapping the coastal and marine
species and habitats within their territories, based on
the ecological objectives, targets and indicators proposed
in EcAp (Box 23 outlines tools for monitoring biological
effects);

Proper development and implementation of management
plans for MPAs and OECMs should be supported, namely
by increasing the operating and financing capacity of MPA
managers;

Mainstreaming of biodiversity considerations into sectoral
policies and planning at all levels;

The use of a hydro-ecology or eco-hydrology for the
management of coastal wetlands and other groundwater-
dependent ecosystems, in the form of Integrated Coastal
Areas and River Basins Management (ICARM] in the
Mediterranean, would help limit the degradation and loss
of these ecosystems;

As the functioning of wetlands, coastal aquifers and other
coastal ecosystems is strongly impaired by land activities,
there is a need to bear in mind the connectivity between
habitats at the land-sea interface;

Characterizing, valuing and prioritizing ecosystem
services (including climate change mitigation and
adaptation) should be considered as an essential
part of coastal and marine ecosystem management,
and integrated in policies/plans for development and
implementation, and;

Ecosystem preservation and restoration efforts at the
national and local levels should be increased, especially
through the development and implementation of
sustainable operational and financial mechanisms to
reduce land conversion and fragmentation.

Tools for monitoring biological
effects in the Mediterranean

Generalizing the tools for monitoring biological effects in SMCs through
the use of biomarkers (the lysosomal membrane stability (LMS) method:;
cetylcholinesterase (AChE) as a method for evaluating neurotoxic effects, and
Micronucleus (MN) testing as a tool for assessing cytogenetic / DNA damage
in marine animals).

Moving from habitat conservation approaches to biodiversity and ecosystem
functioning approaches is more appropriate for the management and
conservation of marine ecosystems. This shift calls for holistic, integrative
and ecosystem-based approaches, which are still under development and
will require a reassessment of how ocean monitoring, assessment and
management are approached.

The risk-based approach for monitoring should be implemented to assess
the distribution of marine mammals throughout the Mediterranean Sea.
Additional efforts should be devoted to less-guarded areas where there is a
risk. Species listed as those for which data are insufficient, according to the
red list criteria, should be considered a priority.

[tis vital to realise the importance of assimilating all the information on the
distribution of green turtles and loggerhead turtles in the Mediterranean on
breeding, foraging, development and wintering grounds in order to understand
the links that unite these areas in a management and conservation
perspective. In addition, parallel mitigation strategies are needed to
strengthen the resilience of existing populations.

Demographic information on key populations and sensitive and / or
commercially exploited species remains largely fragmented, often old, and
subject to potentially high biases. It is necessary to improve the demographic
knowledge of these populations.

Systematic and long-term photo-identification programs, coupled with the use
of appropriate instruments to measure observed animals, would be essential
tools for providing the basic knowledge of the population structure required
for conservation plans (Demographic Characteristics of Marine Mammals).

Strengthening skills, particularly in taxonomy in Southern Mediterranean
countries, to carry out and update national and regional inventories of exatic
species and to evaluate their trajectories and impacts in these countries.
The rate of introduction of new exotic species into the Mediterranean is
increasing. Corridors are the main pathways for new introductions into the
Mediterranean, followed by shipping and aguaculture. There is a need to
improve coordination at the national and subregional levels for monitoring
non-native species in order to achieve broad mapping for the Mediterranean
basin. Regular monitoring and a long time series will be needed to estimate
these trends in the future. The use of molecular approaches including bar
coding is often useful in addition to the traditional identification of species.

The reduction of fishing mortality requires the adoption of subregional
management plans under the GFCM, in addition to those already in place for
the small pelagic fisheries of the Adriatic and the demersal fisheries of the
Strait of Sicily, and the adoption of measures to manage fishing capacity.
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Appendix 1

Forested area as %
of land area

789 769 782 776 772 256 255 258 255 256

297%  288% 13.9%
1,667 1579 1,536 1,918 1,956 2063 2374 2529 2457 2569  0.7% 47%  29.9%

Forest area (x 1000 ha) Other wooded land (x 1000 ha)

N
N
o

2,185 2185 2185 2,185 500 549 549 549 549 57.0% 351%  48.5%

1850 1,885 1,903 1,920 1,922 2717 415 484 554 569 46.8%  32.6%  36.6%
172 173 173 173 195 214 214 213 213 201% 201%  20.1%

- | =
= | ES

59 67 70 73 20 20 20 20 20 09%  20.7% 22.4%
14,436 15289 15861 16,424 16,989 2,038 1,804 887 739 590 335%  491%  45.7%
3299 3,601 3,752 3903 4054 3212 2924 2780 2,636 2492 362% 35.7% 36.2%

132 153 155 194 165 34 3 B8 B8 60 2.3% 6.0% 4.9%

7590 8369 8759 9,028 9297 1,533 1,650 1,708 1,761 1813 349% 34.1%  25.5%

131 131 137 137 137 17 117 106 106 106 9.4% 9.4%  16.8%
217 217 217 217 217 330 330 330 330 330 0.0% 0.4% 1.0%

0 0 0 0 0 0.4% 0.4% 0.4%
0 0 0 0 0 0 0 0 0 0 22.%  22.4%  22.4%
626 626 626 827 827 118 118 118 137 137 51.9%  43.9%  56.3%

4,954 4,993 5401 5672 5,632 407 407 607 607 580 2.8% 30%  121%

~O

9 9 9 9 0 0 0 0 0 0.3% 0.3% 0.2%

1,188 1,233 1,243 1,247 1,248 41 38 29 25 23 67.4%  67.4%  32.8%
13,809 16,977 17,282 18247 18418 11997 10360 10,259 9278 9209  285% 23.0% 20.4%

w
~3
N

432 461 491 491 85 89 88 85 85 0.8% 29%  16.7%

o~
~
(%)

837 915 990 1,041 328 314 307 300 293 1.9% 2.9% 7.7%
9,622 10,183 10,662 11,203 11,715 10,946 10,679 10,586 10,334 10,130  16.6%  20.2%  30.1%

Total 68,195 | 74,098 | 76,495 | 79,926 | 81,599 | 35,732 | 34,048 | 33,314 | 32,066 | 31,893 17.8% | 27.8%

Note: Forest area is the area that complies with the FAQ definition of forests. Forested areas are areas with tree cover >10%. Coastal areas are land
areas within 5 kilometres of the coastline of the Mediterranean Sea.

Table 18 - Area of forests and other wooded lands in Mediterranean countries from 1990 to 2015, and forested area in 2000
[Source: FAQ, 2015 for forest area and other wooded land area; Hansen et al. 2013 for forested areas)
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Economic
activities and

linked pressures



Current consumption and production patterns, charac-
terized by high resource consumption combined with low
recycling rates and unsatisfactory waste management, are
unsustainable overall and lead to considerable environ-
mental degradation in the Mediterranean region, including
land take and degradation, water scarcity, noise, water and
air pollution, biodiversity loss and climate change.

Pressures resulting from agriculture, fisheries and ag-
uaculture, energy, tourism, transport and industries have
the potential to be mitigated to a certain extent. To reach
sustainability, they need to be accompanied by more
environmentally responsible overall consumer behav-
iour as well as by the circular, local and resource-effi-
cient production of goods and services. The transition to
sustainable economic sectors will both reduce pressures
on the environment and increase the resilience of econom-
ic activities that depend on quality natural environments,
while increasing overall human well-being. Mediterrane-
an countries have initiated many efforts and innovations
to foster a green and blue economy. Still, the dominant
pattern of economic activities in the Mediterranean re-
mains resource-intense (including carbon), linear (not
circular), and generates numerous types of pollution,
which are characteristic of market failures inherent to
common goods such as the environment. Transitioning
to sustainable economic activities requires urgent and
coordinated efforts both on production and consump-
tion. On the production side, economic activities must be
further regulated to correct the mentioned market failures
through targeted policy mixes, including market-based
instruments that favour environmentally friendly activi-
ties and disadvantage polluting ones. On the demand side,
decision makers need enhanced support from the social
and behavioural sciences to design measures that will lead
to needed radical changes in consumer behaviour.

4.1 Introduction: current consumption and
production patterns are not sustainable

4.1.1 Resource consumption patterns and
pressures on natural ecosystems

Multiple sociocultural, economic and demographic
factors need to be taken into account when looking at the
current trends of resource consumption patterns in the
Mediterranean region. First, since the start of the 20th
century, food consumption patterns in the Mediterranean
have been placing increasing pressure on natural resources
(Hachem et al. 2016). The gradual shift away from traditional
diets, which use local products, has evolved into a common
phenomenon in all Mediterranean countries (Hachem et al.
2016). With the acceleration of modernization, globalization
and urbanization, along with changes in demography and
lifestyles, environmental impacts on natural ecosystems
and biodiversity are considerable (Hachem et al. 2016).
These trends are further exacerbated by food loss and
waste, implying the massive losses of scarce resources,
such as water, land and energy, and inputs, such as
fertilizers (Lacirignola et al. 2014).

Secondly, this change in lifestyle also concerns the cansump-
tion of services. With the increase of living standards and
globalized mobility patterns, certain recreational activities
previously considered as luxurious have become increasingly
accessible within Mediterranean countries, or have a direct
effect on them as destination countries. For instance, coast-
al and maritime tourism has evolved from leisure activities
reserved to the wealthiest to more ‘democratic’ activities,
with the spread of the concepts of paid vacations and all-in-
clusive resorts as well as the growth of affordable means of
transportation (Honey & Krantz, 2007). Such activities involve
a high intensity of resource use (Lacirignola et al. 2014).
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Figure 65 - Ecological Footprint of consumption for 15 Mediterranean countries in 20104

(Source: Galli et al. 2017)

“ Note: categories with a low contribution to national Ecological Footprint values, such as “Health”, “Communication”, “Education”, “Restau-
rants and hotels”, and "Miscellaneous good and services”, have been grouped here under the category “Other”.
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The Mediterranean region is in a situation of severe
ecological deficit, consuming, on average, around 40% more
renewable natural resources and other ecosystem services
than it provides (Galli et al. 2017). A large proportion of the
pollution and intensive use of resources in the Mediterranean
is also caused by inefficient industrial processes and
unsustainable waste management in current production
patterns (Galli et al. 2017). Mediterranean residents and
tourists place multiple pressures on ecosystems within and
outside their region due to food production, distribution and
trade patterns, on top of final consumption patterns. Most
Mediterranean countries, first of all Malta and Greece, have
a daily food supply that is 20 to 40% higher than the average
FAO-determined minimum daily dietary energy requirement.

Overall, current consumption and production patterns in the
Mediterranean region lead to considerable environmental
degradation (Lacirignola et al. 2014). The environmental
footprints of these patterns show a precarious and
unsustainable natural resource-consumption nexus in the
regionthatlargely causesthe manyenvironmental challenges
facing the region, such as land degradation, water scarcity,
noise, water and air pollution, biodiversity loss as well as
climate change (Lacirignola et al. 2014). Unsustainable
consumption and production patterns, combined with low
recycling rates and inefficient waste treatment, increase
pressures on biological and social systems, implying high
ecological, carbon, and water footprints (MedReg, 2016) and
marine litter. To address such trends, green/blue practices
have been expanding in the region, tackling both the
behaviour of consumers and producers, and the adaptation
actions required.

4.1.2 The current contribution of the green and
blue economy to the regional economy

According to the United Nations Environment Programme
(UNEP), the green economy aims “to improve human
well-being and social equity, while significantly reducing
environmental risks and ecological scarcities” (Fosse et
al. 2016). The blue economy can be considered a “green
economy in a blue world” and is an approach promoted by
the UNEP flagship report on the subject. It recognizes the
crucial contribution of the seas and oceans to food, water
and energy provision, especially with the growing number of
people living in coastal areas and islands. This is particularly
true in the Mediterranean, which is home to a coastal
population of 150 million people, which doubles during the
tourist season (UfM, 2016). The Mediterranean accounts
for 20% of the “Global Marine Product” in an area which
makes up only 1% of the world's ocean surface (Randone
et al. 2017). The Mediterranean region is also the world's
second-largest destination for cruises. The Mediterranean
Sea is considered as a “superhighway of transport, trade
and cultural exchange”. The region boasts 450 ports and
terminals and represents one of the busiest traffic lanes
in the world, especially for oil traffic. Furthermore, the
potential of marine areas for the economic development

of Mediterranean countries is considerable. In the EU area
alone, the blue economy is expected to unlock an additional
two million jobs by 2020 (Randone et al. 2017).

The contribution of the blue economy to the regional economy
is mostly due to coastal and maritime tourism. Compared
to other sectors of the blue economy, tourism in coastal
areas has the highest Gross Value Added (GVAJ, representing
around 83% of the total blue economy’s GVA (EUR 169 billion),
and also the highest employment, representing around 79%
of the total blue economy jobs (4.2 million jobs) (UfM, 2017).
On the contrary, fishery and aquaculture, unlike common
perception, is a relatively small sector in the Mediterranean
blue economy, both in terms of GVA (less than 5%) and job
creation (less than 10%) (UfM, 2017).

The purpose of this chapter is to provide an overview
of the main macroeconomic features and indicators of
key economic sectors in the Mediterranean region with
significant interactions with the environment, highlighting
their key challenges, opportunities, trends, as well as their
potential for a sustainable transition towards a green, blue
and circular economy.

Although this chapter dedicates a separate section to each
sector, there are many relevant interlinkages between them
(tourism in sea areas requires maritime transport, etc.,
which highlights the importance of integration between
them and a cross-sectoral approach to deal with the
assessment of development strategies (UfM, 2017). In the
following sections, each key sector of the Mediterranean
region’s economy is assessed, presenting an overview of its
contributions to the economy, its impact on the environment
and natural resource use, and potential improvements
towards a sustainable economy.

4.2 Agriculture, fisheries and aquaculture

Agriculture [i.e. agriculture, fisheries and aquaculture]
represents a key sector within the framework of the United
Nations Environment Programme/Mediterranean Action
Plan (UNEP/MAP). The socioeconomic aspects of its
activities, including its importance in the Mediterranean
culture, as well as the considerable pressures generated
by this sector on natural resources and its environmental
impacts on coastal zones, make agriculture an extremely
relevant area of collaboration for Mediterranean countries.
This sector reveals potentialities for a sustainable blue
economy in the region, thereby reinforcing its role in
achieving the objectives of the Barcelona Convention.

4.2.1 Agriculture

4.2.1.1 Overview of the sector
The share of agriculture® in GDP and employment has been
steadily decreasing over time in almost all Mediterranean

countries, due to the tertiarization of national economies
(see Chapter 1). This downward trend, accompanied by an

“ As defined by the FAQ, the term “agriculture” and its derivatives include forestry, fisheries and aquaculture.
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Agricultural GDP (%) Employment in agriculture (%) Productivity per worker (constant US dollars)

Countries

18.9 70.3 54.0 40.7 2,013 3,015 5,442

Algeria 123 225 20.0 12.7 4,995 5,935 14,369
- 538 48.1 2.5 19.2 - 4591 6,037
Croatia 33 20.6 173 7.6 5481 8,230 16,470
Cyprus 1.8* 5.3 47 3.6 35,709 30,592 21,655
‘ CEgypt 115 34.0 309 25.6 3,290 3,777 5,100
France 15 46 3.6 29 30,695 41,301 52,472
Greece 35 204 122 124 11,983 18,856 18,026
Clsrael 2.1% 29 20 1.1 31,743 63,695 84,612
Caly 19 6.6 4.2 39 27,020 40,027 44,262
~Lebanon 35 33 3.4 3.2 45,846 33,478 23,481
CLibya 1.2% 91 8.7 16.8 - . .
Malta 1.1% 2.6 2.1 13 . . .
* Montenegro 7.2 14.0 8.6 7.6 20,516 24,232
Morocco 131 420 455 377 1,677 1929 3,150
Slovenia 18 104 9.1 5.0 8,814 9.872 20,790
Spain 2.0 9 53 42 21,333 30,065 47,281
- 19 5%+ 284 212 228 - : :
Tunisia 9.0% 25.8 208 13.7 3,024 4,931 8,526
Turkey 6.1 434 25.7 19.5 6,058 12,188 15,108
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Table 19 - Agricultural GDP, employment and productivity of agricultural labour
(Source: FAQ, 2018a)

increase in productivity per agricultural worker, is a relatively
old phenomenon in northern countries and more recent in
southern countries.

With the exception of Albania, where gross agricultural
production amounts to 18.9% of total GDP, in non-EU Balkan
countries, this rate is around 7.2% (Montenegro) and less
than 2% in Mediterranean EU countries (Malta, Cyprus,
Slovenia, France, Italy, Spain). A second group of countries,
in particular those with low natural potential in land or
water, show low rates, comparable to those of European
countries: State of Palestine (3.1%), Libya (1%), Lebanon
(3.5%) and Israel (2.1%). Agriculture contributes to around
10% of wealth creation in Tunisia, around 12% in Algeria and
Egypt, and more than 13% in Morocco. These rates are well
below those of the 1960s, when they amounted to nearly
three-quarters of GDP. This decline in the contribution of
agriculture to national (rural] economies can also be seen in
the evolution of agricultural employment.

Between 1995 and 2016, the share of agricultural employ-
ment declined in North Africa, whether in Algeria (from
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22.5% to 12.7%), Tunisia (from 25.8% to 13.7%] or a little
more modestly in Morocco and Egypt. It fell more drasti-
cally in the Mediterranean countries of Eastern Europe
(from 10.4% to 5% in Slovenia, and even in Albania where
the share of agricultural employment has decreased
from 70.3% to 40.7%). Turkey has seen its agriculture la-
bour force participation fall by half in relative terms from
43.4% in 1995 to 19.5% in 2016. A group of countries with
low agricultural potential (Malta, Cyprus, Israel, Leba-
non and the State of Palestine] has also been affected
by this downward trend in agricultural employment. In
the North, the share of agricultural workers decreased in
Spain from 30% in 1970 to just over 4% in 2016, in France
from 14% to 2.8% and in Italy from more than 15% to less
than 4%. This downward trend, which is currently contin-
uing at a rate of around 2% per year, is parallel to that of
the number of farms. Eurostat data (2017) indicates that
[taly, which counted more than 2.6 million farms in 1975,
had just over 1 million in 2013. In the case of France, the
number of farms fell from 1.3 million in 1975 to 472,000
in 2013.
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Figure 67 - Productivity per worker, in constant US dollars

(Source: FAO, 2018a)

Especially in Northern Mediterranean Countries (NMCs),
the economic and social transformations brought about by
agricultural modernization policies, conducted in the con-
text of a structural transition of economies (see Chapter
1], have resulted in significant progress in labour produc-
tivity. The productivity of labour in agriculture today shows
extreme differences between countries. The productivi-
ty of labour is USD 52,472 per worker in France and USD
47,281 per worker in Spain, while reaching only USD 3,150
per worker in Morocco and USD 5,100 per worker in Egypt.
Technical and scientific innovations, as well as the mobili-
zation of scarce water resources, make Israel the country
where the productivity of land per worker is the highest in
the region, at USD 84,612 per worker, more than 15 times
that of Egypt and more than 25 times that of Morocco.

4.2.1.2 Pressures on the environment

The most common pressure of agriculture on the marine
and coastal environment is the runoff of agricultural
substances, described in more detail below. Other
agricultural pressures are greenhouse gas emissions,
land-use change, and water use, as illustrated by Figure 75
and analysed in more detail in Chapter 6 "Water and Food
Security”.

Agricultural runoff: The main impacts of agriculture
on the marine environment are due to the runoff of
nutrients and agro-chemicals into the sea. Around 80% of
marine pollution comes from land-based sources, mainly
agriculture, industry, and municipal waste (Hildering,
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Coastal agriculture in the Mediterranean: the case of France, Spain and Italy

The majority of the coastline in Spain, France and Italy is urbanized and the area granted to agriculture is decreasing considerably due to demographic pressures
and the growth of competing coastal activities such as coastal and maritime tourism (Blanco, 2011). Data on coastal agriculture is extremely scarce - the latest
data is from the 2000s - but the trends seem to have been similar over the last two decades (Blanco, 2011).

Share of useful agricultural

National average share of useful
agricultural land in the total
surface area

land in the total surface area of Size of Mediterranean coastal farms

coastal municipalities

Countries

Much smaller than the national average with
useful agricultural land in coastal municipalities
51% representing only 0.6% of the national useful
agricultural land while hosting 1.2% of the total
national exploitations.

Extremely small, employ mostly family

41%
members.

41%
< 40% 85% of coastal farms < 5 hectares

Table 20 - Coastal agriculture in France, Italy, Spain, 2000
(Source: Adapted from Blanco, 2011)

Per area of cropland
kg/hectare

Total consumption
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Figure 68 - Agricultural use of fertilizers in Mediterranean countries, 2016
[Source: FAOSTAT, 2020: World Bank, 2020)

Keessen & van Rijswick, 2009). As disaggregation of the
impact from different sources of land-based pollution is
difficult, there is no quantitative data concerning the effect
of agriculture on the environment of the Mediterranean
Sea. The runoff of inorganic nitrogen and phosphorus
fertilizers leads to eutrophication, which in turn negatively
impacts marine ecosystems. The toxins from algal blooms

can also deplete local fish stocks. The runoff and infiltration
of pesticides into the sea affects the marine environment at
a slower pace by bioaccumulation higher up the food chain.

The average consumption of fertilizers* of countries in
the Mediterranean basin increased by 10% between 2002
and 2016, from 160 kg per hectare to 174 kg per hectare of

“ Fertilizers include nitrogen fertilizers, potash and phosphate (including natural lime phosphate fertilizers). Traditional nutrients, such as

animal and plant manure, are not included in this indicator.
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Figure 69 - Fertilizer consumption in the Mediterranean, in kilogram per hectare of arable land, compared to the global

average
[Source: World Bank, 2020)

arable land [World Bank, 2020]). This average is subject to
significant differences, ranging from 8 kg per hectare in the
Syrian Arab Republic to 649 kg per hectare in Egypt (World
Bank, 2020). Around one third of Mediterranean countries
show national consumptions of fertilizers above the global
average of 141 kg per hectare of arable land (World Bank,
2020).

The main Mediterranean coastal areas historically affected
by the inputs of nutrients are the Gulf of Lion, the Gulf of
Gabeés, the Adriatic, the Northern Aegean and the South-
East Mediterranean (UNEP/MAP, 2017a). Maps showing
the concentration of nitrate in the Mediterranean Sea and
nitrogen and phosphorus emissions by agricultural areas
illustrate coastal and marine areas potentially affected by
runoffs of agricultural emissions.

Figure 70 - Surface (a] and sub-surface [b, 0-150 m] maps of nitrate [mmol/m?] over the 2002-2014 period

(Source: Schuckmann et al. 2018)
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Figure 71 - Nitrogen emissions by agriculture area 2000-2010
(Source: Perseus, 2015)
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Figure 72 - Phosphorus emissions by agricultural areas in 2000s

(Source: Perseus, 2015)

The consumption of pesticides*” in the Mediterranean basin
varies largely between countries. In 2016, the average use
of pesticides in kilogram per hectare of cropland was below
or around the world average in most SEMCs except for
Israel, Lebanon and the State of Palestine, and generally
above the world average in NMCs.

Pesticides, especially if used irrationally, can lead to
animal and human health problems such as the inability
to reproduce normally in certain animal species, or cancer,
neurological effects, diabetes, respiratory diseases, foetal
diseases, and genetic disorders in humans who have

been directly or indirectly exposed to certain pesticides
(Andersson, Tago & Treich, 2014). Managing this type of
pollution is particularly difficult because of its diffuse
nature and largely unknown combined effects of multiple
types of pesticides and their life cycles in the environment.

4.2.1.3 Are we moving towards a green
economy?

The future sustainability of Mediterranean agriculture
highly depends on its capacity to adapt to climate change
and related impacts, including increased water scarcity,

“7 Pesticides are composed of insecticides, herbicides, fungicides and a number of other products [such as growth regulators).
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Figure 73 - Pesticide use per area of cropland in Mediterranean countries, in kg/hectare, 2006, 2011 and 2016

(Source: FAOSTAT, 2020)
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Figure 74 - Agricultural use of pesticides in Mediterranean countries, 2016

(Source: FAOSTAT, 2020)

aridity and soil degradation. Given the crucial role inherent
to agriculture in providing food and - indirectly by being the
highest water consuming sector - water security, which
are particularly challenging in the region [see Chapter
6), the agricultural sector and the people it employs are
in urgent need of solutions that provide more resilience.
The implementation of integrated approaches considering
the water-food-energy nexus as an interlinked system,
and Integrated Water Resources Management (IWRM]
could contribute to a more efficient use of resources (see
Chapters 2 and 6). Responses should also include the robust
management of riverrunoffs, and lead toa gradual reduction
in the use of fertilizers and pesticides, thus preventing the
release of nutrients and pollutants into the watersheds

and reaching the coast. Organic farming can provide a
contribution to this transition. Data from the International
Center for Advanced Mediterranean Agronomic Studies
(CIHEAM] shows that in non-EU CIHEAM countries [Algeria,
Egypt, Lebanon, Malta, Morocco, Tunisia, Turkey, and
Albania) land used in organic agriculture increased from
over 174,000 hectares to over 744,000 hectares (CIHEAM,
2017). Other sustainable agricultural practices, such as
agro-ecology, also have a significant potential to prevent
negative impacts on the environment, or even contribute to
restoring soil and store carbon.
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Figure 75 - Pressures exerted by agriculture on the marine and coastal environment

4.2.2 Fisheries and aquaculture

The Mediterranean has sustained important fisheries
activities, including the capture of wild fish and shellfish
as well as different ways of farming marine species, since
ancient times. Today, industrial, semi-industrial and small-
scale capture fisheries, as well as industrial and small-
scale farming coexist in the region, using a large variety
of techniques, fishing gear and farming mechanisms. In
contrast with other major fishing areas, Mediterranean
capture fisheries generally lack large mono-specific stocks,
and instead exploit a variety of benthic and pelagic stocks
of fish, as well as molluscs and crustaceans. Aquaculture
production in the Mediterranean includes different systems
and technologies, ranging from traditional activities, such
as extensive aquaculture in pond or lagoon areas and
small family farms cultivating mussels, to more intensive
offshore finfish cage farms. Both capture fisheries and
aquaculture depend on natural ecosystems; capture
fisheries, in particular, depend on the status of fisheries
resources, while aquaculture depends on water quality
and the appropriate spatial conditions to carry out these

activities. Since the Mediterranean is a semi-enclosed sea,
with reduced space for marine and maritime activities,
and is more susceptible to human impacts than the open
oceans, both capture fisheries and aquaculture activities
are particularly affected by anthropogenic impacts and are
limited by space. Impacts include fishing itself, but also
pollution, as well as indirect effects such as climate change
and the appearance and expansion of non-indigenous
species (refer to section 3.3.6).

4.2.2.1 Overview of capture fisheries and
aquaculture production and trends

Total production of fish and shellfish in recent years in the
Mediterranean from fisheries and aquaculture amounts
to approximately 2.4 million tonnes. Combined, fisheries
and aquaculture provide an economic output close to
USD 12 billion, including both the value at first sale and the
wider economic impact along the value chain.

The sector is estimated to provide direct and indirect
employment for at least one million people, including at

“ This section summarizes information regularly provided by the General Fisheries Commission for the Mediterranean (GFCM). For capture
fisheries, information is based on the report on the State of Mediterranean and Black Sea Fisheries (FAQ, 2018b), while information on ag-
uaculture comes from FishStat and the Information System for the Promotion of Aquaculture in the Mediterranean (SIPAM). Aquaculture
information refers to marine species and is compiled at the level of Mediterranean countries, therefore implying that land-based production
of marine species, including from other marine areas (such as the Black Sea in the case of Turkey), are included.
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least a quarter of a million people directly employed on
board capture fishing vessels.

This production is achieved by nearly 100,000 vessels,
including official statistics and the estimated number of
small boats, of which at least 83% are considered to be
small-scale, and more than 30,900 fish farms, almost all of
which are small- to medium-sized enterprises and family-
owned farms.

Landings from capture fisheries in the Mediterranean
reached their height in the 1990s and in the first decade
of the 2000s, with peaks of more than ane million tonnes.
After that, landings started to drop, reaching a minimum
of 760,000 tonnes in 2015, slightly increasing to 780,000
tonnes in 2017 (Figure 76).

Figure 77 - Main wild capture producers (accounting for

ltaly is the main contributor in terms of landings (22%), at least 5% of catches) in the Mediterranean Sea, average
followed by Tunisia, Algeria and Spain, respectively. Nine landings in 2014 - 2016

countries contribute to at least 5% of the total catches, to- (Source: FAO, 2018b)
gether reaching nearly 90% of landings in the area (Figure 77).
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Figure 76 - Landings in the Mediterranean Sea
(Source: updated from FAQ, 2018b)
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Figure 78 - Aquaculture production in Mediterranean countries, by environment
[All species and environments are included. Atlantic statistical area is excluded)
(Source: produced by GFCM based on Fishstat and SIPAM, 2019)
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Recreational and small-scale fisheries in the Mediterranean

In Europe there are almost 9 million practitioners of recreational fishing, who generate around EUR 6 billion annually for regional economies. There are several
environmental impacts associated with recreational fishing: impact on vulnerable species, disruption of trophic chains, fish welfare linked to catch-and-release,
potential introduction of exotic species used as bait, potential environmental impacts of fishing gear lost or abandoned at sea, damage to sensitive habitats, etc.
(Font & Lloret, 2014). Coastal, small-scale fisheries (SSFs), whether artisanal, recreational, subsistence or a combination thereof, play an important socioeconomic
role across the Mediterranean countries (Lloret et al. 2018. In the EU, artisanal SSF fishers provide direct employment for around 100,000 people (around 70,000 or
84% of the 25 EU Member State fleets can be considered SSFs). Because of the small-scale nature of SSFs (smaller catches, lower impact on habitats, less annual
fuel oil consumption, fewer bycatches and discards and less catch reduced to fishmeal and oil), they are often considered to have a lower ecological impact than
large-scale fisheries (Lloret et al. 2018). Coastal fisheries are currently undergoing a number of changes that have been far less studied and managed than those
affecting semi-industrial and industrial fisheries. The use of fishing gear that actively selects certain species, sizes and sexes, the deployment of fishing gear on
certain fragile habitats, the loss of fishing gear and the use of non-native species as bait are examples of how coastal fisheries can threaten the sustainability of
vulnerable coastal species and habitats in the Mediterranean (Lloret et al. 2018).

On the other hand, total aquaculture production in
Mediterranean States, considering all species and all
environments, has increased substantially during the last
20 years [Figure 78). Production in 1996 was estimated at
509,678 tonnes, while in the last ten years production has
increased from more than 1,198,000 tonnes in 2006 to more
than 2,082,800 tonnes in 2016 [an increase of 73.8%, with
an annual growth rate of approximately 7.4%). Considering
only the production of marine species in Mediterranean
countries, the production in 2016 was estimated at
1,616,041 tonnes.

This upward trend in aquaculture production has been
driven primarily by increased production in Egypt and
Turkey. Egypt, with a production of 1,133,439 tonnes in
2016, accounted for more than 71% of the total production
of marine species (all environments included). Egypt is
followed by Turkey (production of 148,730 tonnes*’; 9.3%
of total production), Greece [production of 121,154 tonnes;
7.6% of total production], Italy (production of 108,360
tonnes; 6.8% of total production), Spain (production of
17,902 tonnes; 1.1% of total production), France [production
of 16,400 tonnes; 1% of total production) and Tunisia

(production of 15,354 tonnes; 0.96% of total production]
(Figure 79].
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Figure 79 - Main aquaculture producers in the Mediterranean Sea in 2016, excluding Egypt

[Only marine species are included. Egypt, with a production of 1,133,439 tonnes is not shown in this graph for better
readability. Black Sea and Atlantic statistical areas are excluded.”)

(Source: produced by GFCM based on Fishstat and SIPAM, 2019)

#5010 2019, Turkey registered a production of 172,492 tonnes (Turkish Ministry of Agriculture and Forestry, Fisheries Statistics 2019).
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4.2.2.2 Status of resources

Eleven species each contribute to at least 1% of the
total Mediterranean capture fisheries production, but
all together these species only represent around 60% of
catches, with a large number of other species representing
the remaining 40%. Small pelagic species, in particular the
sardine and the anchovy (22 and 12% respectively) are the
most dominant species (Figure 80).

Today, around 50% of catches in the Mediterranean and
Black Sea are assessed. A considerable majority of the
stocks assessed - 78%, including stocks of all priority
species - are regarded as overexploited, which means
that more fish are being caught than the population can
naturally replace. As high as t