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Foreword

Symposium on the Oceans and the Seas, hosted by the Royal Institute for
Strategic Studies (IRES), on February 19, 2020, stems from strong interest for the
upcoming "“International Decade of Ocean Sciences 2021-2030", scheduled for launch
in January 2021. It seeks to contribute to the global debate on ocean sciences
development to better comprehend the impact of stress affecting ocean ecosystems
and identify sustainable solutions.

This meeting is a part of IRES' ongoing work on global strategic issues, including
ocean-related issues, to which IRES devotes its 2021 annual strategic report. These
builds-on events previously held by the Institute, including:

e the International Meeting on "The Strait of Gibraltar: Issues, Challenges and
Stakeholder Approaches”, held on September 24, 2018,

e the International Meeting on "Geostrategic challenges of maritime spaces", held
on November 30, 2015,

e the Roundtable presentation of Hassania CHERKAOUI's book "Moroccan and
comparative maritime law"; held on November 25, 2014.

Along with active contributions from academics spanning a variety of disciplines
(e.g. maritime law, marine geology, marine hydrology and oceanography), the meeting
was broadly attended by maritime affairs national institution representatives, including
the Ministry of Energy, Mines and Environment, the Department of Maritime Fisheries,
the Department of National Planning, the Royal Navy, the Royal Center for Remote
Sensing (CRTS), the National Office of Hydrocarbons and Mines (ONHYM) and the
National Institute of Fisheries Research (INRH).

This symposium sought to identify national maritime issues, current and future,
present good national-level practices in maritime management and solutions for
sustainable development of marine and coastal areas by 2040. The meeting closed
with a set of prospective workshops aimed at prioritizing global and Moroccan issues
and discussing potential solutions, as presented throughout the day.

This report is a synthesis of the day's findings, encompassing presentations,
debates and workshops.






Introduction

Oceanic water bodies consist of uninterrupted water expanses surrounding the
continents. Physically, they constitute a single "Ocean”, although five oceans are
distinguishable (Atlantic, Pacific, Indian, Arctic and Southern). This global ocean as a
whole, covers 71% of Earth's surface. This continuous oceanic water body effectively
enables thermal, hydric and biological exchanges and constitutes a vector for pollution
dissemination.

The ocean is global and is a shared heritage to all humanity. Indeed, It effectively:

e serves as a medium of exchange (90% of world trade), communication and
globalization,

e provides a substantial portion of human food supply: seafood is the primary source
of protein for over one billion people and accounts for 60% of food supply in
tropical developing countries,

e s the origin of life and a reservoir of biodiversity and wealth’,

e is the principal global climate and meteorology regulator because of its ability to
absorb CO2 emissions and store and redistribute solar heat,

e absorbs 30% of carbon dioxide through photosynthesis by plant plankton and
produces over 50% of the world's oxygen.

Yet, despite oceanographic studies starting as early as 1872 with the Challenger
oceanographic expedition?, much of ocean floors remain unexplored. The Global
Status Report on Ocean Sciences® highlights worldwide capacity deficiencies in this
area.

The first comprehensive global marine assessment, published by the United
Nations in 2015% showed significant degradation in ocean health, as evidenced by
increased tropical cyclone and monsoon frequency, as well as increased acidification
and declining oxygen levels.

These phenomena, which are often irreversible and difficult to regulate, severely
impact the life and balance of ecosystems (living resources, food chains, reduction of
biodiversity), human health and the integrity of infrastructures and physical assets.



For all of these reasons, the United Nations General Assembly proclaimed 2021-
2030 as the "International Decade of Ocean Sciences" in its 72nd session in 2017.
Launched in January 2021, the initiative seeks to rally both the science community and
policy makers to advance ocean science to better comprehend the impact of ongoing
stress on our oceans and identify sustainable solutions.

Oceans are everyone's responsibility, as enshrined in international conventions
that call on States to ensure its integrity as an ecosystem and protect its biodiversity.

Morocco, a maritime country par excellence, is impacted in more than one way.
The country boasts fagades on three different marine domains: the Mediterranean Sea,
the Strait of Gibraltar and the Atlantic Ocean, spanning 3500 km in length. Nine of the
twelve regions outlined in the latest advanced regionalization plan have a coastline®.
The Exclusive Economic Zone (EEZ)® covers over 1 million km2. These maritime areas
are the seat of major geopolitical, socio-economic, cultural and historical,
environmental, scientific and ecological issues.

This report summarizes the findings of the symposium on the oceans and the
seas. It consists of four parts: the first part reviews current and future national maritime
issues. The second part presents national good practices in managing marine and
coastal areas. The third part identifies avenues and solutions for the sustainable
development of these areas. The fourth part presents global and national priority issues
and potential solutions.



1. Mapping national maritime issues
1.1. Geopolitical issues

Morocco is a maritime country, perhaps even a maritime power unaware of itself.
Ancient Arabs referred to Morocco as the peninsula of the Orient's Far West. Atlantic,
Mediterranean and Gibraltar, the Kingdom enjoys a unique geostrategic position
because of its "tri-oceanic” location.

Morocco's maritime territories are of major geostrategic significance and have
role to play as key interfaces in a globalized world. These territories bridge a number
of geopolitical areas, including the Mediterranean, Europe with 23 coastal states, Africa
with 37 coastal states, Latin America with 10 coastal states and North America with 2
coastal states. The Kingdom also faces the Strait of Gibraltar, a crucial global maritime
route. Its’ exclusive economic zone (EEZ) borders those of Spain, Portugal, Mauritania
and Cape Verde. Its Atlantic continental shelf is adjacent to those of Portugal and Spain
to the North and to those of Atlantic West African countries to the South.

Security is a concern for Morocco. Indeed, Moroccan maritime areas lie at a
crossroads of shipping routes. The country is therefore called upon to prevent and
combat: 1) illegal migration; 2) illegal and unauthorized fishing; 3) terrorism and illegal
activities (trafficking in drugs, arms and other goods); and 4) oil spills and the discharge
of hazardous waste at sea.

Aware of these challenges, Morocco has embarked on a strategy of regional and
international cooperation. It actively contributes to a number of international
organizations, including UNESCO's Intergovernmental Oceanographic Commission
(10C)’, where it sits on the Executive Council since 2015, the International Maritime
Organization (IMO)® where it is a member since 1962. Regularly re-elected as a
member of the Council since 2011, it is also active within the Food and Agriculture
Organization of the United Nations (FAO), the International Commission for the
Conservation of Tuna (ICCAT), the General Fisheries Commission for the Mediterranean
(GFCM) and the Fishery Committee for the Eastern Central Atlantic (CECAF).

Morocco ratified a number of international conventions on maritime
environment, waste and hazardous chemicals, fauna, flora and environmental
protection. It is a State Party to the United Nations Convention on the Law of the Sea
(UNCLOS)°. In accordance with Article 76 of this Convention, it began the process for
extending its continental shelf beyond 200 miles.



Morocco’s Permanent Mission to the United Nations submitted a report to this
end in July 2015. Morocco also signed or ratified a number of international
conventions including:

e the Barcelona Convention and its 7 protocols on the Protection of the Marine
Environment and Coastal Regions of the Mediterranean®,

e the International Convention on the Establishment of an International Fund for
Compensation for Oil Pollution Damage (F.I.P.O.L.), 19927,

e the International Convention for the Prevention of Pollution of the Sea by Qil'?,
e the International Convention on Intervention on the High Seas in Cases of Oil
Pollution Casualties',

e the Convention on International Regulations for Preventing Collisions at Sea and its
annexes',

e the United Nations Convention on the Carriage of Goods by Sea (The Hamburg
Rules)™.

Finally, it actively contributes to international efforts to combat global warming
via a range of actions, events and programs, including:

e the "Tangier Appeal”, for united and decisive action on climate change, signed by
His Majesty King Mohammed VI and President Francois Hollande,

e the implementation of solar and wind energy production projects to account for
52% of installed electrical capacity by 2030 and 52% of energy production by 2050,

e the hosting of the COP 22 in November 2016 in Marrakech,

e climate change mitigation programs and action plans.

Domestically, Morocco strengthened its legal arsenal to assert sovereignty over
maritime territories and ensure their regulation. It thus adopted the "Maritime Trade
Code" as early as 1919 (Official Bulletin of May 26, 1919 and amendment of August
15, 1930), supplemented and amended by Law No. 16-07 of July 16, 2010 and Law No.
46-12 of April 27, 2016.

Then, in 1973, it enacted Dahir establishing Law 1-73-211 of 26 Moharam 1393
(March 2, 1973) fixing Moroccan territorial water boundaries and exclusive fishing
zones, amended and supplemented by Law No. 37. 17 (Official Bulletin of March 30,
2020) and in 1992, the Law on the search for and exploitation of hydrocarbon deposits
(Dahir No. 1-91-118 of 27, Official Bulletin No. 4146 of April 15, 1992) later amended
and supplemented by Law No. 27-99. It also set out to delimit its maritime territories

as follows:
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e Decree fixing base lines and geographical coordinates for measuring external limits
of maritime spaces (Decree No. 2-15-311 of July 21, 1915),

e Declaration of the 200 nautical mile EEZ (Dahir promulgating Law No. 1-81 of April
8, 1981) as amended and supplemented by Law No. 38.17 (Official Bulletin of March
30, 2020).

Maritime governance still suffers from a range of shortcomings, mainly stemming
from dispersion of responsibilities and absence of proper coordination among
stakeholders. This calls for creating a regulatory entity to oversee maritime action.
Establishing an inter-ministerial delegation in charge of maritime affairs is
therefore advisable. A truly integrated and comprehensive maritime strategy
embracing all facets of maritime State action, strengthening South-South cooperation
and developing marine sciences for African integration, is a critical requirement.

1.2. Socio-economic issues

Coastal and marine areas of Morocco are vital, they contribute greatly to the
country's reputation and economy (fishing, aquaculture, tourism, import/ export,
renewable energy production) and are home to substantial investment. Moreover,
they will play an even greater role in the future, as evidenced by the number of
ongoing projects and challenges ahead.

Maritime routes account for over 95% of global commercel®. Port activity
reported 137.5 million tons in total traffic and 5.4 million passengers in 2018, It is
projected to expand with continued economic integration with Europe and Africa,
development of free zones and commercial and industrial logistics, and
implementation of major port infrastructure projects in Nador, Kenitra, Safi, Jor Lasfar
and Dakhla.

The fishing sector is a significant component of the national economy. It accounts
for 2.5% of national GDP and generates 115,605 direct jobs at sea including 113,377
permanent jobs on board fishing vessels and 93,736 jobs on land, along with another
500,000 indirect jobs*®.

e National fishery production amounted to 1,372,000 million tons in 2018 at an
average annual growth rate of 2.3% for the 2010-2018 period, equivalent to MAD
11.6 billion in value, at an average annual growth rate of 7.2% for the same period®.
This productive capacity places Morocco at the top rank in Africa and 13th
worldwide for fish production in 20182%°.

e The fish processing industry counts 414 plants, processes 70% of catch and exports
85% of production. Total 2018 production amounted to 723,000 tons for MAD 20
billion in turnover?!,



e The sector serves both domestic and export markets, accounting for 8.2% of total
exports and 43% of agri-food exports. Seafood exports, in 2018, reached 723,000
tons for an estimated MAD 22.5 billion. Average annual growth rate for 2010-2018
stands at 6.9%.

The aquaculture sector comprises some twenty farms and five marine
aquaculture development stations. The sector produced 510 tons, for a turnover of
MAD 21 million in 2016, and employs 250 people?.

Seaweed harvesting (uncontrolled and intensive) is estimated at 6,950 tons in
2017 with exports of raw red seaweed at 1,520 tons and Agar Agar at 967 tons?.

Tourism is another priority economic sector. It contributes 7% to GDP and is a
significant employer with 550,000 direct jobs in 2019, accounting for nearly 5% of
overall employment?4. Seaside tourism is particularly significant. The coastline, offers
substantial opportunities for tourism development, owing to a variety of climates and
natural landscapes. It is home to 70% of hotels and is increasingly popular with
tourists. The sector continues to grow, although current numbers do not fully live up
to Morocco's potential as a tourist attraction. It posted 11.35 million tourists in 2017%°.

Sea water desalination began with the Tarfaya station and a productive capacity
of 75m3/day in 1975 and the Boujdour station with a productive capacity of
250m3/day in 1977. The Laayoune station, with a production capacity of 7000m?3/day
came into service in 1995, followed by a second station with a capacity of
26,000m3/day in 2010 and construction of a new 2600m3/day-capacity station in
Boujdour in 2005. The Kingdom then built the Jorf Lasfar station in 2016, with a
production capacity of 25 million m3/year, scaling to 40 million m3/year by end 2021.
Other stations are planned in Agadir for a production capacity of 275,000 m3/day as
well as in Dakhla, Casablanca, Al Hoceima, Nador and Driouech. Seawater desalination
is projected to grow and expand to other regions to meet population growth and
water shortage risks arising in the event of intensified global warming.

Investment and economic development of Morocco's coastline expanded
continuously over recent decades. They are to experience continued sustained growth,
both in space and time, because of population growth and heavy urbanization. The
coastline concentrates the country's largest urban centers. It includes 45 new urban
centers and posts urbanization rates of 69% on the Atlantic coast and 49% on the
Mediterranean coast.
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It is also home to communication networks and major seaside resorts including
Mediterranea Saidia, Mazagan Beach Resort, Mogador Essaouira, Port Lixus and
Taghazout Bay, as well as developments in Mar Chica (Nador lagoon), Bouregreg Valley
and Rabat corniche. Fishing and aquaculture infrastructure also expanded significantly
(2 regional fishing ports, 9 local fishing ports, equipped disembarking points, fishing
villages and aquaculture stations), as did traffic and trade (13 commercial ports and 6
marinas).

According to the High Commission for Planning, the coastline is home to 82.6%
of industrial production, spanning textiles, leather, chemical and para-chemical
industries, food processing, mechanical, metallurgical and electrical industries, as well
as oil refining.

1.3. Oil exploration issues

The National Office of Hydrocarbons and Mines (ONHYM)?®, charged with the
development of the Kingdom's hydrocarbon resources and mines (except phosphates),
implemented an enhanced strategy to strengthen hydrocarbon exploration across all
Moroccan sedimentary basins, including those offshore.

It is noteworthy that Morocco's offshore of the Atlantic Ocean passive margin
covers 400,000 km? and that of the Mediterranean Sea active margin covers 50,000

km?2.

Offshore oil exploration began in the early 1960s and primarily occurs within the
200 nautical mile area of the Atlantic continental shelf. ONHYM currently disposes of
an extensive standard format dataset. To date, 44 boreholes were drilled (42 in the
Atlantic and 2 in the Mediterranean) over a total area of 94,040 km2. Most of these
were drilled in the 1960s off Agadir and Tarfaya.

ONHYM is determinedly exploring Morocco's offshore hydrocarbon potential by
means of a strategy based on:

e strengthening world market integration momentum and developing international
investors' partnerships to promote hydrocarbon potential,

e conducting surveys and assessments, as well as monitoring and supporting
partners (currently five companies operate offshore),

e promoting Morocco's oil potential and encouraging exploration by means of a
Hydrocarbon Code?” and attractive incentives.
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On the environmental front, ONHYM ensures compliance with best
environmental practices and, where appropriate, site restoration in the event of
damage. A set of environmental protection measures is in place to minimize oil
exploitation and production operations impacts and mitigate adverse effects on the
environment. Impact studies systematically precede project starts, with a specific
process for validating and ensuring result-acceptability. Furthermore, preventive
measures are in place through ecosystem-based oilfield management.

ONHYM is in charge of preparing technical documentation and contributes to the
preparation of the legal arguments as part of the Kingdom's continental shelf extension
project®. As Morocco ratified the International Convention on the Law of the Sea 2° in
2007%, it is bound to submit its request for extension of its continental shelf to the
United Nations Commission on the Limits of the Continental Shelf*". In addition to
socio-economic aspects, continental shelf extension is primarily, a geostrategic
consideration for Morocco, as it contributes to strengthening its role and position in
regional and international affairs.

1.4. Historical and cultural issues

The Moroccan coastline is an open-air museum, illustrating Morocco's cultural
diversity and rich history, dating back to the Paleolithic age®2. This land of memory and
history boasts exceptional archaeological and historical assets. It is dotted with
archeological layers, sites, cities, monuments and objects that testify to human activity
and successive civilizations throughout prehistory, antiquity, Islamic and contemporary
periods.

Morocco's coastline holds a number of prehistoric sites (the most famous of
which being the Hercules and Achekar caves near Tangier) and significant vestiges of
Phoenician and Roman occupations during antiquity, such as Chellah, Lexus and
Tamuda. It is also rich in monuments and cities built by the different dynasties that
followed one another (Idrissid, Almoravid, Alimohad, Merinid and Saadian), as well as
in vestiges and monuments from the Portuguese (in Boujdour, Agadir, El Jadida,
Casablanca and Kenitra) and Spanish occupations (in Tetouan, Ksar Seghir, Tangiers,
Asilah and Larache).

These sites, the oldest in North Africa, are exceptional and crucial archaeological
archives for both Moroccan prehistory and understanding the development and
distribution of human settlements in prehistoric North Africa. Human remains (Homo
erectus and Homo sapiens), as well as tools and engravings, help identify prehistoric
human groups, relevant chronologies from Lower Paleolithic (Acheulean) to Neolithic
as well as behaviors and environmental context of these settlements.
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Vestiges of ancient civilizations include the remains of cities, military
fortifications and trading posts, monuments, utilitarian and ornamental objects and
coins. These have been found across a number of coastal regions (Rebuffat, 1974; de
la Martiniere, 1912).

Apart from Cotta, near the Cave of Hercules and the most important Roman site
in the region of Tangier, most sites attest to both Phoenician and Roman occupation.
These include: Rusaddir in Melilla, Tamuda in the valley of Oued Martil, Kouass on the
right bank of Oued Ghrifa north of Asilah, Zilis, Zilil, Lulia and Constantia, in Dchar Jdid
13km northeast of Asilah, Lixus the oldest city in North Africa near Larache on the right
bank of Oued Loukkos, Thamusida near Kenitra on the estuary of Oued Sebou, Sala in
Chellah in Rabat, Anfa (today Casablanca), Azama (today Azemmour), Mogador Island
near Essaouira and Cerné in Dakhla.

Vestiges of the Islamic period (medinas, kasbahs, citadels, palaces, walls and
gates, monuments, mosques, zaouias, medersas, forts, harbors, and lighthouses)* are
found in many coastal cities: Ksar Seghir, Tangier, Mehdia, Salé, Rabat, Casablanca, El
Jadida, Safi, Essaouira and Agadir. They were erected by the Idrissides, the Almoravides,
the AlImohades, the Merinides, the Ouatassides, the Andalusians, the Saadians and the
Alaouites.

Monuments built during the Islamic period, include those of: 1) the Portuguese
occupation in Sebta, Ksar Seghir, Tangier, Asilah, Larache, Mehdia, Casablanca,
Azemour, El Jadida, Safi, Souira quedima, Essaouira, and Essaouira: Sebta, Ksar Seghir,
Tangier, Asilah, Larache, Mehdia, Casablanca, Azemour, El Jadida, Safi, Souira quedima,
Essaouira, Agadir and Boujdour and 2) the modern protectorate period with a
proliferation of Western architectural styles: Hispano-Moorish, art deco and modern
art in the coastal cities under Spanish protectorate (Tetouan, Tangier, Asilah, Larache)
and those under French protectorate (Rabat and Casa)

The post-independence period saw the construction of two great monuments
under the reign of His Majesty King Hassan Il. The Mohammed V Mausoleum in Rabat,
both a royal tomb and a place of meditation on the Hassan Tower esplanade on the
left bank of Oued Bouregreg. Built in Arab-Andalusian style, it is a jewel of Moroccan
architecture and one of Rabat's finest monuments. The Hassan || Mosque, the world's
second highest religious building, built, in part (two thirds) on the sea in Casablanca, is
both a religious and cultural complex and an architectural masterpiece.

This historical and cultural heritage plays an undeniable socio-economic role. It

contributes largely to tourism development in a number of coastal cities that have
become leading tourist destinations.
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It also plays a role in the cultural influence of Morocco, as history and socio-
economic structures combine. Furthermore, beyond its priceless value as part of the
country's cultural and historical legacy, this heritage bears witness to the spirit of
religious and cultural tolerance that prevailed in Morocco.

This collective memory constantly recalls both the need and value of "living
together", and serves as a foundation for present and future development. This
heritage is also world heritage. In fact, a number of these monuments are on UNESCO's
world heritage list34.

This cultural and historical heritage, already fragile by its very nature and the wear
and tear of time, now faces both the impact of anthropic activities and natural hazards.
Quaternary geological sets have yet to yield their full prehistoric and ancient evidence,
as archaeological exploration and geological surveys have yet to fully explore
Morocco's coastline. Hence, any work for the establishment of new buildings or
infrastructures can result in damage and even loss of unstudied and un-interpreted
prehistoric and historical remains.

Furthermore, development and growing, and at times anarchic, urbanization as
well as coastal sand extraction induces significant sedimentary imbalance. This
imbalance could in turn lead to the destruction of cliffs, receding coastlines, subsidence
of fixed dunes, migration of sand to the mainland and higher hydrodynamic energy.
Finally, yet importantly, coastal risks stemming from global warming, earthquakes and
tsunamis, could lead to flooding and erosion.

It is thus urgent to protect and enhance this heritage. Specifically, it is essential
to consider cultural and historical issues in coastal sustainable development policy and
integrated coastal zone management. To this end, it is recommended to:

e conduct a geo-referenced database survey, including spatialization, historical
context, technical characteristics, vulnerability and stakes for all identified heritage
sites, and current legislation,

e enhance archaeological, geological and coastal oceanology studies;
e archive this heritage in atlases,

e create local museums in cities with cultural and historical significance as well as a
National Museum of the Sea,

e rehabilitate and develop sites to ensure preservation and raise awareness among
local populations,
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e strengthen and especially enforce legislation and regulations on coastline
occupation and development and the protection of cultural and historical heritage
sites to ensure these are not destroyed, denatured or submerged in any form of
urbanization,

e continue inclusion of sites in national cultural heritage lists*> and in UNESCO's
world heritage list3®.

1.5. Environmental risks and challenges

Morocco's coastal areas are both an asset and a handicap. On one hand, they
significantly contribute to the country's economy, and on the other, they are vulnerable
to natural and anthropogenic risks.

As all coastal and marine environments, ecosystems of Moroccan ocean margins
are inherently fragile. Changes in these environments happen not only on a human
scale, butin a matter of seconds. Indeed, on the one hand, they depend on a range of
interdependent natural factors, and change in one factor can affect all others. On the
other hand, ecosystems making-up these environments are very closely
interconnected. Consequently, developments in one ecosystem affect all others.
Human activity and natural disasters are as many factors accelerating degradation of
these environments.

1.5.1. Natural risks

Coastal and marine areas face major natural hazards, including: rising sea levels,
earthquakes, tsunamis, landslides and corollary gas hydrate mud volcano eruptions.
These hazards stem from global warming, geotectonic context of Moroccan oceanic
margin and gas hydrates in the substratum of these margins.

> Global warming

The Intergovernmental Panel on Climate Change (IPCC) report®” of October 8,
2018, is more alarming than previous versions. It confirms that global warming is
indeed induced by greenhouse gas (GHG) emissions and is rising at a rate of 0.17°C
per decade since 1950. Temperatures have already increased 1°C and projected to rise
another 1.5°C between 2030 and 2052 and 3°C by the end of the century.

Global warming will cause a global rise in mean sea levels of 26 to 77 cm from
1986-2005 levels by 2100, according to a 2019 IPCC special report®.  Moreover,
TOPEX/POSEIDON?? data shows accelerated sea level rise, doubling in pace over the
past 20 years, to reach 3 mm/year.
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IPCC projections also predict an increase in temperature and acidification of
ocean waters as well as an intensification of cyclones and a change in ocean currents
and upwelling zones.

Global warming would therefore be catastrophic for biodiversity, as well as for
human health and survival. Biodiversity and living organism populations are vulnerable
to acidification, which results in:

e diminishing levels of carbonates essential for the formation of skeletons and shells,
e disappearance of living organisms with skeletons and limestone shells,

e change in composition and disappearance of zooplankton microorganisms (the
base of the food chain).

Rising temperatures also limit the activity of living organisms, which are normally
only active within specific temperature ranges. Even when adult forms tolerate large
temperature variations, reproduction and development of younger specimens requires
more stringent conditions. It is also responsible for rising occurrences of invasive
species (jellyfish) and algae blooms, as well as changing timing of phytoplankton
blooms, reproduction and migration.

Rising sea levels are responsible for an increase in extreme weather events,
changes in ocean flow and bathymetry, coastal erosion, flooding and even coastal and
continental loss, changes in the range and spread of marine species, loss of coastal
habitats and saline intrusions into freshwater habitats.

Global warming is already underway in Morocco, with the National Directorate of
Meteorology® reporting a correlation with global temperature increases and showing
higher average annual temperatures for all cities since 1971, ranging from 0.8°C in Al
Hoceima to 2.6°C in Oujda. It also forecasts a 1 to 1.5°C increase by 2100 in the best
case and 4 to 5°C in the worst case.

Morocco's geographical location leaves it doubly vulnerable to global warming.
First, vulnerability stemming from increased temperatures, which exacerbates pre-
existing physical, ecological and socio-economic stresses, as current climates range
from Mediterranean in the North to Saharan in the South. The second is a vulnerability
to submersion and flooding.

16



Climate change impacts are attested to by shorter snow cover durations in
mountain areas, temperature peak frequency and intensity of drought periods,
warming coastal waters and saline intrusions. They are further evidenced by surges
hitting the Atlantic coastline from Tangier to Laayoune in 2014 and damaging homes
and tourist and port infrastructure. A World Bank*' survey of 463 fishermen found a
range of impacts, including:

o fewer fishing days due to increased number of storms,
e shifting reproductive seasons,

e dwindling stocks and extinction of some species,

e displacement of small pelagic stocks southward,

e periodic appearance of jellyfish in the Mediterranean (Al-Hoceima, Nador and
Larache),

e proliferation of algae (observed in M'diq and Casablanca).
> Seismic risks and tsunamis

Morocco sits at the northwestern end of the African tectonic plate and, as such,
features a complex geodynamic environment with the following characteristics:

e A distensive regime in the Atlantic margin, caused by the divergence between the
African and American plates (opening of the Atlantic Ocean) and the South Atlas
Fault near Agadir.

e Compressive geodynamic conditions on the Mediterranean margin due to NNW-
SSE convergence of the African and Eurasian plates.

e Proximity of the "Azores-Gibraltar" transform fault, which forms the northern limit
of the African plate and extends to the Mid-Atlantic Ridge.

This geodynamic context is behind the seismicity of both Atlantic and
Mediterranean margins. The Mediterranean margin has moderate seismicity with
magnitudes of about 5.4, but can generate numerous aftershocks following a primary
tremor. Recent earthquakes in the region of Al-Hoceima are a direct such
consequence.

Furthermore, as Morocco is bordered by marine areas, it is not immune to
tsunamis triggered by earthquakes at sea. This applies to the North Atlantic shelf,
where earthquakes along the Azores-Gibraltar transform fault are generally above
seven in magnitude and generate tsunamis.
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The review of historical data and analysis of tectonic and geological data indicate
that the risk is real*?. In fact, a number of tsunamis have hit the Mediterranean and
Atlantic coasts since 218 BC, the most famous being the Lisbon earthquake of 8.5 to 9
magnitude in 1755, which hit the Atlantic coast of Morocco and the latest the
Mediterranean in 2003.

Tsunami impact assessments on the Tangier (Benchekroun et al, 2013) and
Atlantic coastlines (Atillah et al., 2011; Mellas et al., 2012), indicate strong tsunami risk
exposure along the Rabat-El Jadida urban corridor. The most vulnerable buildings are
those in the old medina and on the beach of Rabat. These would suffer significant
damage in case of tsunami.

> Risks of mud volcano reactivation

Mud volcano activity resulting from gas hydrate expulsion was identified on the
Moroccan shelf of the Gulf of Cadiz (Pinheiro et al., 2003; Henriet et al 2006), on the
Mediterranean Moroccan shelf (Comas et al. 2003) and on the southern shore of the
Strait of Gibraltar (Hamoumi, 2005, 2006). With global warming, the rise in temperature
of ocean masses could dissolve and release methane hydrates from seabed mud
volcanoes into the atmosphere. Reactivation of these mud volcanoes, in addition to
heightened global warming, could produce boulder projections of varying sizes,
extensive mud eruptions and landslides, affecting biodiversity.

1.5.2. Anthropogenic risks

Morocco is committed to sustainable development since the Rio Summit of 1992.
The country chose a strategy of regional and international cooperation and signed or
ratified a number of international conventions. Domestically, it opted for a strategy of
environmental protection and sustainable development (1995) and a National Action
Plan for the Environment (PANE, 2002). It also established a Charter for the
Environment and Sustainable Development and a legal arsenal for the protection and
enhancement of the environment, including Laws 11-03%, 12-03%, 13-03* and 81-
124,

The 2011 Constitution®” further enhances this legal arsenal. Morocco also
launched a number of environmental and waste management initiatives such as the
"Zero Mika" campaign and the enacting of Law n°77-15%,
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Furthermore, Morocco implemented a number of strategies, action plans and
programs that include:

e a national strategy for protected areas and wetlands in national parks or classified
as Special Interest Biosphere Reserves (SIBE),

e the SNAT and SRAT land use planning schemes, adopted in 2004,
e the Development and Urban Planning Schemes for Coastal Areas (SDAUL),
e the Regional Development Plan (PDR),

e the National Coastal Management Strategy, launched by the Directorate of Land
Management,

e the National Littoral Plan in 2017,

e the National Surveillance Program of the Moroccan Mediterranean Coast
(MEDPOL),

e the National Emergency Plan and its implementation decree of 2003: a contingency
plan to respond to accidental marine hydrocarbon pollution,

e the Industrial Depollution Fund (FODEP), in partnership between the Department
of the Environment and German agency KfW,

e the National Program for "Monitoring Bathing Water Quality" (since 1993) and the
"Clean Beaches" Initiative set up by the Mohammed VI Foundation for the
Protection of the Environment,

e the INRH costal health monitoring network since 1994,
e the Nador lagoon development program,

e programs for the protection of the Oualidia and Dakhla lagoons.

However, this arsenal of institutional measures and actions by public authorities
to enhance coastal and marine area management and preservation, while admittedly
positive, has yet to effectively curb often-irreversible degradation risks. This for several
reasons, including:

e legislation that is often incomplete or difficult to implement for want of application
decrees or simply not enforced.

e management by multiple departments with little effective coordination or true
"Integrated Coastal Zone Management" (ICZM).
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e development project feasibility and impact studies not always based on scientific
data (Hamoumi and Irzi, 1999; Hamoumi, 2020b).

e growing and anarchic coastal development and heightened anthropic pressure.

The coastline is in fact 60% urbanized. It concentrates the largest urban centers
in the country and saw the emergence of 45 new urban centers. 54% of the population
is concentrated on the coast, of which 70% in urban coastal areas, particularly along
the Kenitra-El Jadida corridor.

It is home to 70% of hotels and growing numbers of tourists (54.7% of overnight
stays). It is also home to major seaside resorts: Mediterranea Saidia, Mazagan Beach
Resort, Mogador Essaouira, Port Lixus and Taghazout Bay and developments of the
Mar Chica project (site of the lagoon of Nador), the Bouregreg valley and the Rabat
Corniche.

The coastline also experienced diversification and expansion in both time and
space of human activity including fishing, aquaculture, agriculture, industry and port
development. Port infrastructure already comprises 13 commercial ports, 12 regional
fishing ports, 9 local fishing ports and 6 marinas, and will expand with 5 new ports
planned by 2030: West Nador, Kenitra, Dakhla, Safi and Jorf Lasfar.

Coastal zones are under pressure, causing severe degradation of littoral and
marine ecosystems that suffer from sedimentary imbalance and/or pollution.
Degradation costs pegged at 0.27% of GDP*° are largely under-estimated, as a number
of polluting factors are not considered.

» Sedimentary imbalances

Sedimentary imbalances affect coastal areas causing erosion, disappearance of a
number of beaches, steadily receding coastline, silting up of harbors, increased
desertification and marine water infiltration. A number of scientific studies brought
these sedimentary imbalances to light.

Sedimentary imbalances are induced by: 1) Abusive exploitation of sand, 2)
Seaside activities and anarchic occupation of dunes and upper beaches, 3) Tourism and
port facilities and defense works (jetties, spurs, breakwaters) built with no prior site
survey and monitoring (medium and / or long term) of sediment dynamics and
hydrodynamics.
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> Anthropic pollution

In addition to industrial pollution from countries on the northern shore of the
Mediterranean and pollution of atmospheric origin, coastal and marine areas face
liquid, gas and solid discharges from continental pollution and pollution induced by
domestic, agricultural, industrial, port, tourism, fishing and dredging activities, all of
which have grown and thrived along the coastline over time.

The sea is the main receptacle for wastewater. There are currently but 70
wastewater treatment plants (WWTP); sanitary networks are still insufficient, particularly
in rural areas.

Quality assessments of water bodies, sediments and fauna of coastal
ecosystems, conducted by a number of universities indicate metallic and organic
pollution along the coastline.

Bathing water quality assessments of Moroccan beaches in 2018 *°, show that
27.55% of the 423 samples are of average quality, 1.62% are temporarily polluted and
0.46% are of poor quality. Similarly, 2014 results obtained under an INRH monitoring
program®’, indicate persistence of high cadmium levels along the Atlantic coast
between El Jadida and Dakhla.

1.5.3. Risks of oil spills

Coastal and marine areas are highly exposed to increased pollution from
operational discharges and oil spills because of traffic density and increase in the size
and average age of ships.

On one hand, they lie in proximity to the oil ports of northern Mediterranean
countries. On the other, they are at a crossroads of international shipping and tanker
routes from Africa, Europe, America and the Middle East. In addition to the major
supply flows to Europe from the Middle East (via the Cape route and the Suez Canal),
there are those from North Africa.

Total annual transported hydrocarbon volume in the Mediterranean region
stands at 370 million tons, or 20% of world oil transits®* and at between 400 and 500
million tons along the Atlantic coast®®. The Strait of Gibraltar, with 350 million tons of
oil, gas and chemicals transported by 600 ships daily, is among the most vulnerable
areas. There is an average of two accidents per year. There were 32 such accidents
between 1979 and 2001 in Moroccan Atlantic and Mediterranean territorial waters and
the Spanish maritime waters of Gibraltar and Algesiras, the most note-worthy being
those of KHARG V and SEA SPIRIT.
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Despite a "National Contingency Plan" for responding to accidental marine
pollution by hydrocarbons, it is difficult to develop efficient response and protection
strategies in case of an oil spill, as there is little knowledge of factors and variables
interacting to disseminate pollution, of trajectories and areas of pollution
concentration, and of resources likely impacted, their fragility and resilience.

1.6. Scientific and Ecological Issues

Outcrops of quaternary age>* occur along the littoral in both Atlantic and
Mediterranean margins. These sedimentary series are priceless geological assets. They
present indisputable scientific value in the study of Morocco's prehistory (see § 1.4)
and of Quaternary era geology.

Theses sediments are in fact extremely rich in fauna. Quaternary formations in
the Casablanca region include exceptional sequences of universal significance that
enabled the Quaternary stratigraphy of North Africa (Lefevre and Raynal, 2002).
Sediment records of environmental and/or global parameters are likely best preserved
in such deposits, formed over the last 2.6 million years and thus among the youngest
geological formations in Earth history. They indeed provide an ideal opportunity to
learn about and understand:

e sea level variations, including the Holocene transgression that gave rise to today's
shelves and coastal ecosystems,

e climatic changes; the Quaternary period includes several glacial/interglacial cycles
over a period of global climate cooling, starting in the late Tertiary period,

e recent tectonics of Morocco's oceanic margins.

The Moroccan coastline also offers a great diversity of ecosystems, constituting
priceless natural resources of considerable scientific interest: beaches, rocky coasts
(steep coasts, cliffs and capes), bays, estuaries, river mouths, lagoons and marshes,
spanning climates that range from Mediterranean in the North to humid
Mediterranean in the median part and Saharan (arid) in the South.

A number of these ecosystems are classified as "Sites of Biological and Ecological
Interest" (SIBE)>>. The most notable being the mouth of the Moulouya, the Bou Areg
Sebkha, the Cape of Three Forks, Jbel Moussa, Oued Tahaddart, the marshes of Larache,
the Merja Oulad Skhar, the Merja Bargha, the Merja Halloufa, the Merja Zerga, Sidi
Boughaba, the cliff of Sidi Moussa, the islets of Bou Regreg, the islet of Skhirat, Jorf
Lasfar, Sidi Moussa-Oualidia, the dunes of Essaouira, the archipelago of Essaouira, the
mouth of Tamri, Cape Ghir, Foum Assaka, the mouth of Oued Draa, Oued Chebeika,
the lagoon of Khnifiss, the tip of Awfist and the Bay of Dakhla.
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Moroccan waters also rank among the world's most fish-rich, notably off the
Atlantic coastline, where upwellings occur. They feature abundant and diversified
biodiversity evidenced by the presence of 7825 species, including 7136 animal forms
and 689 plant forms (Menioui, 2001) and by the presence of cold-water coral
carbonated mounds. They are also passageways for many migratory species of
ecological and economic interest.

The Strait of Gibraltar, declared a "Special Area of Conservation" in 2012°5, is a
migration corridor for a number of species of fish (tuna, eel) and marine turtles (green
turtle, leatherback and loggerhead turtle). It is also one of only four areas worldwide
to observe specific cetaceans including migratory species (fin whale), indigenous
(common dolphin, bottlenose dolphin, Tursiops, whale) and semi-indigenous (sperm
whale, killer whale). It is also a principal bird migration corridor and a place of passage
and stop-over of migratory birds traveling between Europe and Africa and of marine
and coastal birds moving between East and West.

The southern and northern shores of the Strait are essential stopover points for
breeding, resting, provisioning and feeding for a multitude of migratory birds. They
accordingly provide a special place for ornithologists, to observe migratory birds and
study the evolution of biodiversity and migratory phenomena. Wetlands all along
Morocco's coastline likewise provide an environment of passage and reproduction for
migratory birds.
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Focus on cold-water corals

Cold water corals are one of the most striking discoveries of recent decades. First
discovered in the late 1970s off the British Isles and then a few years later off Norway.
Discoveries have since multiplied and span many regions of the globe.

These bioconstructions are of both socio-economic interest (oil exploration, jewelry)
and significant scientific interest. They are in fact valuable paleo climatic indicators, as they
quickly respond to climate change.

These species, living over 8000 years, provide an "archive" of mean ocean temperatures.
They also constitute genuine ecological niches, as they provide substrate, refuge and food for
a diverse fauna of invertebrates and fish.

Morocco's oceanic margins are listed among global cold-water coral biogeographical
zones. Cold-water coral carbonate mounds were recently discovered in the Strait of Gibraltar
(1994), as well as in Moroccan oceanic margins of the North Atlantic (2002), South Atlantic
(2015) and the Mediterranean in Eastern Alboran Province (2006) and Western Alboran
Province (2011).

These corals formed in the last glacial period of the Quaternary. Development of these
corals was driven by glacio-eustatic fluctuations, resulting from climate variations in the Strait
of Gibraltar (Hamoumi, 1997), the Alboran shelf (Fink et al., 2013; Terhzaz et al., 2018; Terhzaz,
2019; Krengel, 2020) and the North Atlantic shelf (Terhzaz et al. 2018; Terhzaz, 2019).

These cold-water corals hitherto only impacted by human activities: pollution and
physical degradation induced by fishing and oil exploration now face the threat of global
warming, and can only survive within specific temperature conditions (Freiwald, 2002).

The temperature of Moroccan oceanic margins currently ranges from 4°C to 13°C, which
is essential for most coral species. An increase in temperature could therefore be intolerable
for these organisms. Specialists estimate that a 3°C increase could triple their appetite and
thus result in death should food supplies remain insufficient.

Ocean water acidity, induced by global warming, destroys the skeletons of these
organisms. Faced with global warming, the issue of their preservation arises, even more
because their very slow growth rates (4 to 25 mm per year) and that their disappearance would
seriously harm biodiversity, as they provide refuge and food for a wide range of fauna.

No direct action can be taken to help this ecosystem adapt to global warming in the
current state of understanding of coral biology. However, any measure to combat climate
change would contribute to their regeneration. It is therefore recommended to conduct studies
of these ecosystems to understand their effective extension, biodiversity and that of species
that live in symbiosis with them, in addition to genesis and development drivers. Adopting
specific national regulations for coral protection and commitment to the United Nations
Environment Program (UNEP) 2004 call of on this subject are both highly advisable.
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2. National maritime area management practices

2.1. Preservation of Morocco’s marine and coastal environments

The Environment Department of the Ministry of Energy, Mines and Environment
recently introduced an arsenal of institutional measures to ensure comprehensive
national coastline management, including the National Strategy for the Environment
and Sustainable Development (2030)°’.

This strategy gives priority to ocean and coastal matters and aspires to transition
to an inclusive, low-carbon economy by 2030 by means of political, institutional,
regulatory and financial reforms. It systematically incorporates environmental
considerations into the design of all development projects. To this end, it identifies
seven major strategic challenges:

e Issue 1: Consolidate sustainable development governance.
e Issue 2: Succeed in the transition to a green economy.

e Issue 3: Improve natural resource management and development and strengthen
biodiversity conservation.

e Issue 4: Expedite implementation of the national policy to combat climate change.

e Issue 5: Give special attention to sensitive areas, including oasis areas, mountain
areas and the coastline.

e |Issue 6: Promote human development and reduce social and territorial inequality.

e Issue 7: Promote a culture of sustainable development.

Axis 22 of Issue 5 focuses specifically on the coastline, it seeks to improve coastal
management and development via: 1) the enactment of control measures and
sanctions for the Coastal Law, 2) the development of a "National Coastal Plan" and
"Regional Coastal Schemes", 3) the enhancement of coastal water quality improvement
actions and 4) the upgrading of accidental marine pollution preparedness and
response systems.

The Department of Environment also passed a number of laws on the protection
and development of marine and coastal ecosystems, including:

e Lawn°11-03°8 on the protection and enhancement of the environment, four articles
(33 to 36) cover coastline and maritime resources.
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1)
2)

3)

4)

5)

Law n°12-03°° on environmental impact studies, enabling assessment of direct and
indirect effects on the environment in the short, medium and long term.

Law n°® 22- 07%° on protected areas and particularly on the protection of coastal
wetlands.

Law n°99-12°%" on the National Charter on the Environment and Sustainable
Development, which sets out State action on environmental protection and
sustainable development.

Law n°28-02%2 on waste management and disposal.

Law 81-12% on coastal areas.
Goals of the Law on the Coastline are to:

preserve the ecological and biological balance of coastal ecosystems,

protect natural and cultural heritage, historical, archaeological and ecological sites
and natural landscapes,

prevent, combat and minimize pollution and coastal degradation and rehabilitate
polluted or degraded areas and sites,

ensure free public access to the seashore,

promote a policy of research and innovation with a view to enhancing coastal areas
and resources.

This calls for the elaboration of a comprehensive National Coastal Management

Plan and Regional Coastal Schemes.

The National Commission of Integrated Coastal Management® recently

elaborated and validated The National Coastal Plan (PNL). It revolves around three
guiding principles®:

Progressive inter-sectoral integration, enabling coordination between the National
Coastal Plan and other strategies, plans and programs.

Involvement of key stakeholders by incorporating expectations and addressing
major issues and challenges.

Adopting a comprehensive approach for integrated coastal management targeting
spatial, temporal and territorial integration.
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The National Coastal Plan set six strategic axes:

1) Coastal governance.

2) Development of territorial planning instruments.

3) Protection and prevention of ecosystems from degradation.
4) Coastal zone enhancement.

5) Improving knowledge.

6) Mobilization and capacity building.

Moreover, a monitoring system was developed to assess and monitor plan
implementation and progress made towards sustainable coastal development. The
assessment relies on three categories of indicators.

e First set of indicators focuses on governance: they measure plan implementation
performance and assess coordination among institutional stakeholders.

e Second set of indicators is ecological and environmental: they assess compliance
with environmental objectives and actions to better anticipate and manage coastal
risks.

e Third set of indicators consists of economic, social and cultural indicators, enabling
the assessment of human activity in coastal areas.

Regional Coastal Plans address the territorial implementation of the National
Coastline Plan. The first such scheme covers the coastline of the Rabat-Salé-Kenitra
Region, and is developed as part of a World Bank technical assistance project. It aims
to effectively implement integrated coastal zone management (ICZM) in planning and
territorial development processes.

The Department of the Environment initiated two projects as part of ICZM
implementation. The first ICZM pilot project®® was launched in the Oriental Region
with the financial support of the Global Environment Facility (GEF).

ICZM objectives include improving coastal natural resources (wetlands and
protected areas) conservation and management and strengthening coastal community
resilience to climate change.

This pilot project integrated ICZM into the plan of six municipalities and
developed guidebooks for these municipalities and management of the mouth of the
Moulouya, Site of Biological and Ecological Interest.
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The project helped 8,300 people, including 439 women (28%), creating 1,100
jobs, 319 of which are permanent. It also generated ancillary income diversification
activities (seaweed farming: 10 to 25% of income, shellfish farming 20 to 25% of
income) and artificial reefs that improved population incomes by 50 to 100%.

The second ICZM project was rolled-out in the Rabat-Salé-Kenitra Region, as part
of ongoing cooperation with Italy. Currently in its launch phase, this project seeks to
develop beekeeping and ecotourism, set up a shellfish farm®” and establish integrated
management of marine and artisanal fishing waste.

The National Laboratory of the Department of the Environment carried out a
number of campaigns to combat pollution and preserve the national coastline starting
in 2018, along with annual bathing-water quality programs on 45 beaches (20
Mediterranean and 25 Atlantic).

The Association of "Teachers of Life and Earth Sciences" - Tangier instituted the
'‘Adopt a beach' initiative for marine waste reduction®. This enabled:

e implementing ef 4 waste collection missions mobilizing 3 boats and 7 divers per
mission,

e organizing of 5 awareness and training campaigns for Fnideq port fishermen,
pupils, students and local associations,

e organization of awareness and information campaigns encouraging the fishing
sector to contribute to the collection of floating marine waste.

In the fight against accidental marine pollution, Morocco adopted a "National
Contingency Plan"®, setting forth activation criteria, establishing command posts at
national and local levels and enhancing responder capacity (training, stimulation
exercises). This plan aims to:

e organize and coordinate marine pollution prevention and response actions,
o allocate responder tasks and responsibilities and manage compensation claims,
e set up appropriate detection and warning systems,

e foster international cooperation and mutual assistance.

Last, the Department of the Environment recommends generalizing ICZMs
sustainable development and preservation of marine and coastal environments, by
enforcing and strengthening the ICZM legal arsenal, adopting a National Coastal Plan
and development and implementation of Regional Coastal Schemes.
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e Set up a marine space management and preservation program to prevent conflicts
of use.

e Strengthen the capacities of all stakeholders in coastal zone protection and
enhancement.

e Develop and consolidate regional and international cooperation for better coastal
management.

e Promote research and innovation for sustainable coastal development.
2.2. Good practices in fishing

The fishing sector accounts for a significant proportion of Morocco's economy.
It plays a vital role in Morocco's development in terms of job creation, food security
and income generation (see § 1.2). Additionally, demand for fishery resources
continues to grow substantially at both domestic and international levels, against a
backdrop of rising energy costs and intensified climate change impact.

In light of this, the Department of Maritime Fisheries opted for sustainable
fisheries and aquaculture management that includes economic, ecological and social
viability considerations using a territorial logic.

To this end, Morocco established a legal framework setting out its two-hundred-
mile Exclusive Economic Zone’, territorial waters and exclusive economic zone
boundaries’" and maritime fishing legislation’®. It also ratified fishing agreements and
treaties, including:

e the Regional Convention on Fishing Cooperation among African States bordering
the Atlantic Ocean (July 1991),

e the Convention on the Law of the Sea 2007, establishing the sovereign right of
States to develop natural resources in accordance with environmental policy and
their obligation to protect and preserve maritime environments.

In the area of fishery governance, the Department of Maritime Fisheries chose to
plan maritime areas to ensure sustainable utilization of fisheries resources, combining
economic, social, environmental and biological aspects’.

To this end, it drafted management plans, implemented protected marine areas

and launched a national program for the installation of artificial reefs, as well as coastal
development and fleet upgrading programs.
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The Department implemented twenty fisheries management plans through:

e establishment of management units,

e space-time restrictions designed to protect spawning and nursery areas,
e implementation of biological rest periods,

e creation of prohibited fishing areas by fleet type,

e implementation of complementary technical measures, including the institution of
"Total Allowable Catches" (TAC) and "Individual Quotas", the regulation of fishing
vessels, the setting of market standard sizes and the fight against illicit unreported
and unregulated fishing.

Three marine protected areas, in line with long-term nature protection objectives,
were established: "MASSA" and "MOGADOR" on the Atlantic coast and "ALBORAN""4
in Jebha Martil in the Mediterranean. Site selection drew on area biodiversity and
habitat importance and on local population acceptance.

Marine protected areas designed are for fishery purposes (MPA-P), in line with
International Union for the Conservation of Nature (IUCN) Category VI’>. They aim to:

e promote fish stock regeneration,

e guarantee sustainability of fish stocks and fisheries,

e protect fragile ecosystems (biodiversity and habitats),

e support traditional livelihoods of local coastal communities,

e strengthen resilience to climate change and environmental challenges,
e enable conflict resolution among stakeholders,

e generate economic value in the coastal zone, by developing alternative activities to
relieve some of the pressure on fishing (tourism, recreational fishing, eco-tourism).

A national program for artificial reefs started as part of the sustainable
management of fishery resources. The program's aims to: 1) protect traditional fishing
areas from illicit and abusive trawling, 2) improve biodiversity, 3) repopulate marine
habitats and 4) develop tourist activities (recreational diving, ...). Artisanal reefs were
immersed in the marine protected areas of Alboran and Mogador and off Souiria
K'Dima, Cala Iris and Sidi Hssaine. Industrial reefs were immersed off Martil and Agadir
and semi-artisanal reefs off Boudinar (part of ICZM).
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A number of other traditional fishing programs were implemented. The IBHAR'®
program seeks to upgrade and update traditional fisheries and optimize yields. It
consists of two sub-programs: the upgrading of coastal and artisanal fishing practices
and fleet modernization.

The program to equip traditional boats with thermal containers was implemented
to enhance fishing product value and put an end to the use of plastic bags that damage
marine ecosystems. It earned Morocco a Best Practices Award for the valorization of
seafood products in 201877,

The National Program for Coastal Development "PNAL"’8, for the implementation
of "developed landing points" and fishing villages, began in 2000. This program aimed
at: 1) providing basic infrastructure for fishing activities and 2) creating micro-
development poles to generate jobs and growth and mitigate urban migration.

The National Institute of Fisheries Research (INRH) also established an
Observatory of Artisanal Fisheries (OHPA)”. In the fight against illegal, unreported
and unregulated fishing (IUU), Morocco established an administrative entity to
coordinate control of fishing activities. This entity is in charge of informing on catch
certification, monitoring fishing vessels by satellite (VMS), ensuring compliance with
new regulatory provisions for the prevention and control of illegal, unreported and
unregulated (IUU)® fishing and ensuring physical control. It also launched a Radio
Frequency Identification "RFID"8' Program for artisanal fishing boats, earning an award
for "Monitoring Technology" in 20198,

The Department of Marine Fisheries also invested in aquaculture®® as a flagship
project for sector sustainability. Coastal planning for aquaculture purposes was
conducted by seamlessly integrating aquaculture with other coastal activities to
promote the development of a responsible, sustainable and environmentally-friendly
aquaculture based on sound ecosystem management.

Last but not least, the Department of Maritime Fisheries launched its "New Fishing
Sector Strategy (2020-2030)" that aims to:

e strengthen measures for optimal fishery resource exploitation,
e continue aquaculture development,
e improve fishery competitiveness,

e integrate research, innovation and new technologies as a driver for sector
development,

e optimize public action efficiency in the fisheries sector,
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e implement Blue Belt, the ocean and climate initiative,

e implement relevant blue economy projects.
2.3. Damage survey: maritime expertise worth preserving

Damage Commissariat is specific to the maritime insurance of goods during
transport. This instrument, little known to the public, reiterates that seas and oceans
are not only a reservoir of wealth, but also a means of communication and, above all,
a fantastic medium of exchange, transport and insurance, giving rise to a large and
prosperous trade of the invisible.

A Damage Commissioner is "an insurance company inspector, in charge of
ascertaining damages to insured cargo during transport, preserving insurer recourse
against third parties deemed responsible, taking protective measures as dictated by
the situation, and to whom the insured is bound to refer to establish such damages,
under penalty of claim rejection”.

Despite the wide range of Damage Commissioner attributions, the volume of
transport insurance expertise missions declined in the last few years. This drop is
attributable to external and internal causes.

The three external causes behind this phenomenon are a decrease in claims as a
result of improved security and prevention, low national fleet participation in foreign
trade transit and national insurance company coverage of Moroccan trade flows.
Internal causes slowing the development of this expertise include the absence of
statutes regulating the profession and of specific training.

Remedying the decline in damage survey activity calls for developing transport
and trade insurance in Morocco, on the one hand, and providing adequate training to
operators, on the other. Upgrading the Moroccan trade fleet and instituting
compulsory export and import insurance are also a requirement at this level.

It is also useful to invest in training and capacity building. To this end, the
following is needed:

e An institute for training damage commissioner, international trade and transport
insurance experts.

e Robust and relevant basic training in technical, legal, commercial, banking, customs
and other disciplines related to international trade.
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e Practical training courses in relevant entities (port and airport authorities, terminals,
logistic platforms, courts, banks, transport, handling, insurance, transit, groupage,
consignment, transport commission companies...).

e Continuing education and regular assessment to ensure fitness to continue

practicing the profession.

3. Potential solutions for sustainable impact on maritime and coastal
areas

3.1. Integrated coastal management, an essential tool for sustainable
development

In order to curb and eradicate all forms of abuse and degradation of Moroccan
littoral, the administration in charge of land use planning and development® adopted
a National Land Use Charter that includes planning and development instruments.
These are a National Land Use Plan, a Functional Organization and Development Plan
and an Urban Development Master Plan, as well as a National Integrated Coastal
Management Strategy.

The National Charter for Land Use Planning addresses coastal issues and
includes measures for maritime resource development towards sustainable national
development. It hinges on the following principles:

e Strict enforcement of applicable laws to combat abuses and violations causing
coastal deterioration.

e Establishment of master plans for the development of Morocco's coastline.

e Enactment of specific legislation for coastal areas, clearly defining property rights
and determining terms of action in these areas.

e Establishment of a national institution for coastal area planning and development.

e Strengthening coastal areas' basic infrastructure.

The costal component of the National Land Use Plan (SNAT)® focuses on
national and regional littoral development planning, via:

e detailed definition of urbanization conditions,
e protection mechanisms for vulnerable areas,

e control of marine and littoral resource exploitation activities,
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e information on conditions for opening sites to construction and road traffic,
e assuring sea access and sound management of the maritime domain,

e adoption of special measures for the preservation of tourist and urban areas.

Functional Organization and Development Plan (SOFA) provides a framework for
the elaboration of urban planning documents and a basis for consultation and
consistency for all local actors. It specifically enables:

e management and control urban concentration and competing activities and public
prerogatives,

e setting boundaries for urban sprawl and maximum acceptable population pressure,
e ensuring coherence of urban planning documents with the coastal law,

e developing the coastline by developing the interior.

Specifically, the SOFA for the Casablanca-Rabat Central Metropolitan Area for
2006-2025 aims to develop the two cities as part of an integrated vision. It sets out
guidelines for: 1) development (business parks and new urbanization), 2) public
transport, 3) structuring of central areas with a view to multi-functionality, 4)
integration of industrial areas into the urban fabric, and 5) elimination of substandard
housing.

The metropolitan development strategy for the Tangier-Tetouan Twin Cities
primarily targets incentives for urbanization in the interior of the peninsula, i.e.,
between the cities of Tangier and Tetuan, and the development and protection of
coastal areas.

The Master Plan for Coastal Urban Development (SDAUL) is a planning instrument
for the Moroccan coastline that coordinates development actions by all stakeholders.
It seeks to preserve, manage and enhance the coastline and surrounding areas as part
of a comprehensive approach to harmonize coastal policies. Implementation problems
do however exist, notably because of the slowness in drawing up this document and
obtaining derogations.
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The National Strategy for Integrated Coastal Management is dictated by the need
to promote sustainable coastal development, a key strategic asset in the socio-
economic and human development of Morocco. It is consistent with: 1) Enforcement
of law n°® 11-03 on the protection and enhancement of the environment, 2) Land Use
Planning guidelines, notably the National Land Use Planning Charter (CNAT) and the
National Land Use Planning Scheme (SNAT), and 3) the National Strategy for
Sustainable Development (NSSD), and specifically Stake 5, which calls for special
attention to vulnerable areas (coastline, oases, mountains).

It is also consistent with international commitments, including:

e ratification by Morocco of the Protocol on Integrated Coastal Zone Management
(ICZM) in the Mediterranean, on January 21, 2008,

e sustainable Development Goals: SDG 142 and SDG 13%’.

To implement the ICZM approach in Morocco, the Department of territory
Planning, in collaboration with the World Bank, initiated a pilot project on the Eastern
Mediterranean coastline. This Integrated Coastal Zone Management Project in the
Oriental region was designed to:

e strengthen local capacities for ICZM incorporation into planning,

e improve coastal natural resource (forest, wetlands, coastal fisheries, soils, protected
areas...) conservation and management,

e strengthen coastal community resilience to climate change, through improved
water management and income generating activities.

Project target areas include: 1) the coast of Saidia-Ras El Ma, including the Ramsar
site of the Moulouya River estuary, 2) the rural Municipality of Beni Chiker, including
the SIBE of the Cap des Trois Fourches and part of the SIBE of the Gourougou Mountain,
3) the Nador Lagoon, and 4) the rural Municipality of Boudinar, in Driouch province.

Monitoring land use changes between 1992 and 2014, as part of this strategy,
highlighted that 50% of the eastern Mediterranean coastal strip is anthropized, mostly
by agricultural activities (38.9%) and urbanized surface reached 10.3%, up over 3% from
1992.

On the Atlantic coastline, urbanized surface rate went from 4% to 7% between

1992 and 2014 at the expense of agricultural land primarily, covering 595 km?; natural
areas only accounting for 136 km?,
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Agricultural land rates fell over 1% (29,000 ha of croplands transformed mostly
into urban areas) and irrigated surfaces grew tenfold. Moreover, communal coastal
land occupation in 2014, shows strong heterogeneity between North and South of the
Atlantic coastline and brings to light 3 major areas:

e The northern regions where natural habitat covers less than 50% of the extensively
developed surface area.

e The regions of central Morocco where natural habitat accounts for over 50% of the
region's coastal strip surface (Oriental, Souss-Massa).

e The southern regions where natural habitat covers over 90% of land area: desert
regions, where artificialization seems limited, while it includes highly vulnerable
areas.

A strategic assessment of the coastline was conducted to ensure a degree of
balance between territories, with a view to:

e perform a historical and institutional assessment of the management of these areas,
e assess compatibility or conflict of interest between activities and installations,

e identify conditions to improve compatibility and avoid conflicts of interest.

Five coastal areas emerged according to the diversity of potential activities: the
Nador lagoon and its eastern extension, Tangier Med, the Greater Casablanca region,
Agadir and Dakhla.

e The main potential vocation of the Nador lagoon and its eastward extension is port,
urban and tourist development in a sensitive environmental area (lagoon). Related
issues include environmental protection, urbanization control, tourism
attractiveness, development cluster creation, lagoon depollution, governance and
sustainability.

e Tanger Med is a commercial and industrial port. Related issues are environmental
protection, promotion of the port offering to ensure sustainable commercial
activity, governance, creation of a development hub complete with infrastructure
(IZ, highways, railroads), the "land-sea" link and sustainability.
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e The coastline of the future Greater Casablanca region, including El Jadida and Jorf
Lasfar, has the potential for urban and economic development as primary vocation.
Related issues include environmental protection, urbanization control, economic
attractiveness, national heritage preservation, governance and sustainability.

e Agadir's main potential vocation is tourism and agro-industrial development.
Related issues are environmental protection, urbanization control, tourist
attractiveness, governance and sustainability.

e Dakhla's main potential vocation is urban and tourist development in a sensitive
desert area and environment (bay). Related issues include environmental
protection, coherence between urban planning and fishing, control of urbanization,
tourist attractiveness, governance and sustainability.

National stakeholders showed shared commitment for integrated and concerted
coastline management towards a common vision on the vocation of different coastal
areas to harmonize sectoral policies. Effective strategy implementation however, faces
a number of constraints, including:

e delays in adopting Coastal Law implementation decrees, specifically as it relates to
inconstructibility along the 100-meter strip or the 2 km setback of transport
infrastructure (pre-existing urbanization, coastline configuration, ...),

e the lack of interest, awareness, involvement and prerogatives of rural communities
in the management and operation of their littoral which is largely managed by the
administration, according to a "major projects" approach,

e expectations on the new role regions are to play in littoral management,
e the too frequent recourse to exemption commissions,

e the lack of means for enforcing the law.

Primary territorial functions for municipalities include agriculture, tourism and
industry. Municipalities with an agricultural function are scattered all along the
coastline. Agriculture plays an outsize role in the development of a number of local
communities, including Bouarg and Madagh in the Oriental region, Ben Mansour,
Mnasra and Chouaafa in the Gharb and Loukkos regions, and Inchaden, Massa, Sidi
Ouassay, Sidi Bibi and Lgliaa in Souss Massa. The fundamental issue here is the
preservation of coastal agriculture given the crying need for land and pressures arising
from the spread of other activities at the expense of agricultural land.
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Municipalities with a tourist interest are all along the Moroccan coastline,
reflecting the country's landscape, archaeological and/or historical heritage. The
fundamental issue for these municipalities is to maintain harmony between the
preservation of ecosystems, the conservation of heritage and tourism activities.

In industrial communities, the majority of coastal residents are concentrated
around manufacturing and service centers providing employment opportunities. The
challenge facing these municipalities is to reduce pollution and coastal degradation.
Morocco began de-densification along the Kenitra-El Jadida axis towards the South
Atlantic coast (Agadir Dakhla) and the Mediterranean coast (Tangier-Oujda) to relieve
pressure on a number of polluted areas.

Generally, the following issues and challenges arise:

e Ensure coastal economic and social development in conjunction with the interior
regions, without depleting resources. To do this, it is necessary to: 1) maintain
economic vitality of the coastal fringe and use it as a springboard for the
development of other territories and 2) control the growth of activities along the
coast to limit adverse impacts.

e Improve coastal governance through Coastal Law enforcement, arbitration
mechanisms, empowerment of municipalities and regional councils.

e Controlling coastal risks: meteorological-oceanic phenomena, storms, rise in sea
level.

e Preserve natural capital: biodiversity, landscapes, protected areas (marine and
terrestrial), wetlands.

e Develop territorial sustainably through: 1) the control and management of urban
concentration and competing activities and public prerogatives, 2) the setting of
limits on urban sprawl and maximum permissible pressure levels and 3) the
harmonizing and aligning of urban planning documents with the Coastal Law.

Different perspectives of integrated coastal management on actions and
measures towards sustainable national coastal development include:

e elaboration of a cartographic atlas,
e establishment of a database specific to the coastline,

e elaboration of development outlines for specific coastal areas,
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e proposal of strategic orientations to feed the National Coastal Plan (PNL) review,
Regional Territorial Development Scheme (SRAT) and Regional Coastal Schemes to
be elaborated over the next five years,

e setting-up a Coastal Observatory.

For an integrated coastal zone management strategy of this type to be efficient
and sustainable, it requires:

e better coordination between different planning tools and documents,
e establishment of coastline-specific awareness and education programs,
e eradication of abusive practices and enforcement of the law,

e more balanced demographic expansion on the coast by means of inland magnet
centers, to reduce migration to the coast,

e improved observation of coastal dynamics,

e promoting scientific research and innovation in coastal-related fields.

3.2. Scientific research and training in marine sciences: an imperative to meet
sustainable development challenges and build a blue economy

The Moroccan oceanic margins are of significant scientific interest. They provide
an excellent site for modeling the continental shelf and understanding global
phenomena (plate tectonics, climate, sea level variations) and ocean circulation.

The Atlantic oceanic margin is passive reflecting successive stages of Atlantic
Ocean opening, while the Strait of Gibraltar and Mediterranean oceanic margins are a
part of an active margin resulting from the convergence of the African and Eurasian
plates. The water bodies of these shelves are different in nature: Mediterranean waters,
Atlantic waters and their exchange zone in the Strait of Gibraltar, with a number of
oceanographic phenomena and currents: meddies, Canary Current, density currents,
upwelling, .. Besides, understanding the sedimentary dynamics of the Atlantic
continental shelf constitutes an invaluable scientific contribution. In fact, the only
known continental shelf model dominated by superficial oceanic currents is that of
South-East Africa.

Ocean shelves are also a prime location for the study of gas hydrate mud

volcanoes and associated extreme environments, as well as for understanding the
genesis and evolution of cold-water coral carbonate mounds.
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These oceanic shelves have therefore always attracted international scientific
interest since the early British "Challenger" oceanographic expedition®®. The shelves
have been studied since the late 1960's as part of international programs on
geodynamic evolution, sedimentation processes, ocean circulation and global climate
variations.

Oil exploration started in these areas in the 1980's. By the end of the 20th
century, scientific research regained momentum, after major findings leading to the
discovery of gas hydrate mud-volcanoes in 1999 and cold-water coral carbonate
mounds in 2002.

Morocco nevertheless lags considerably on coastal and marine ecosystem
understanding because critical human and material resource gaps. With the exception
of the Strait of Gibraltar shelf, studied extensively as part of the Africa/Europe Fixed
Link Project, knowledge of ecosystem functions on other oceanic margins is generally
poor.

Academic coastal studies are still localized in both space and time. The studies
are often repetitive, and do not build on pre-existing data and findings. Atlantic and
Mediterranean shelf data, from studies undertaken as part of past international
oceanographic expeditions, are patchy, often outdated and poorly positioned.

Furthermore, data from recent oceanographic surveys, collected using state-of-
the-art techniques, with dense grids and accurate positioning, generally cover limited
areas and are inaccessible, because they are either confidential (oil exploration) or
stored in foreign laboratories.

It is therefore difficult today to precisely analyse circulation patterns, sedimentary
transit trajectories, sedimentary dynamics and recent sedimentary cover
morphodynamics, as well as topography, lithology, and substratum and non-living
resource structural deformation. Similarly, the state and vulnerability of biodiversity
are not sufficiently explored. The last census was published over 20 years ago
(Menioui, 2001).

Moreover, large project feasibility studies and impact assessments are not always
based on recent scientific data and do not include all necessary parameters such as
global warming and its consequences.

Additionally, coastal flooding models developed in recent years are not reliable®.
They are of no use to identify vulnerability and manage risks, as they were elaborated
without taking tectonic and subsidence parameters into account. These parameters
should not be ignored, in particular in the case of active margins.
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The Strait of Gibraltar-Mediterranean Sea is an active margin tied to the NNW-
SSE convergence of two tectonic plates: the African plate and the Eurasian plate.
Moreover, even the Atlantic margin which is of the passive type, shows evidence of
active neo-tectonics in a number of coastal areas:

e Active subsidence in Sebou and Cap Juby areas.

e The South Atlas fault, at the origin of the Agadir earthquake in the 1960s, may
reactivate at any time.

e Vertical movements at the origin of a relative uplift, of varying magnitude depending
on the region, were recorded during the Quaternary

e The NNW-SSE convergence of the African and Eurasian plates and the Azores-
Gibraltar transform fault impact the northern part of the North Moroccan Atlantic
margin.

Lastly, in the present state of knowledge of national maritime spaces, areas at
high risk of accidental pollution, it is difficult to develop an efficient strategy for
prevention, response and protection against oil spills, despite having a national
contingency plan®.

Due to the lack of knowledge on circulation patterns, detailed physiography of
seabeds and biodiversity, it is impossible to fully grasp factors and parameters
interacting to disseminate pollution and predict trajectories and areas of spill
concentration, as well as resources likely to be impacted by pollution, their fragility
and resilience.

With regard to human and material resources, beyond the absence of national
oceanography centers, the community of academic oceanographers is severely
balkanized and only accounts for a small part of the national scientific potential.

University oceanographers also suffer from a crucial lack of: 1) equipment for
investigations at sea especially, oceanographic vessels and specific laboratory analyses,
and 2) funding for the organization of oceanographic surveys, data processing and the
valorization of findings in publications and conferences.

Moreover, national financial support, while still low, is not always allocated
according to rigorous scientific criteria. The complexity and slowness of university
accounting procedures do not facilitate the management of national and international
contracts.
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It is therefore urgent to develop and promote ocean sciences, the societal role
of which in optimal management of present and future no longer needs to be
established. Scientific research and training in marine sciences are essential for the
creation of a strong and sustainable blue economy?’.

It is therefore advisable to develop a coherent and relevant strategy to promote
scientific research and training in marine sciences, for it would be unrealistic to expect
a blue economy in the absence of human, scientific and natural capital (coastal and
marine areas and their living and non-living resources).

In addition to establishing of an environmental culture and control and regulatory
measures, it is essential to implement federative programs, building on national
resources and expertise to support the emergence of an ocean sciences knowledge
economy and address new societal needs: environmental control, biodiversity
protection, risk management, renewable energy, research on strategic metals, etc.

Marine science development should be part of the Kingdom's African policy,
guided by the enlightened strategic vision of His Majesty King Mohammed VI. It also
should be conducted as part of international cooperation in accordance with provisions
of the International Convention on the Law of the Sea®.

Scientific research should focus on developing relevant information systems by
means of collaborative, comprehensive and rigorous scientific research programs to
study the seabed (bedrock and sedimentary cover), water bodies, and living and non-
living resources). Programs in ocean science and engineering and climatology should
therefore be initiated.

Studies should specifically address:

e environmental quality, circulation models, as well as bathymetry and geological
mapping of the sea floor,

e qualitative and quantitative assessments of biodiversity and its vulnerability to
natural and anthropogenic risks,

e studies on cold-water corals to better understand their actual extension, their
biodiversity and that of symbiotic species living with them, as well as factors
affecting their genesis and development.

It is also be opportune to develop programs to:

e ensure regular monitoring of coastline and beaches, as well as mapping of
vulnerability and areas at risk,
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e redesign predictive coastal flooding models for the littoral, factoring all geological
and environmental parameters,

e develop studies on marine energy sources, which should constitute a future
alternative to polluting energies,

e strengthen socio-economic studies.

In addition, training should target the creation of new marine professions to
build a skills pool capable of dealing with globalization, exporting expertise and finally,
take part in activities and exploitation of "Zone" resources®.

Beyond building stakeholder and planner capacities, it is essential to implement
adequate training at all levels: Bachelor's degree, Master's degree and Doctoral
schools. Training should, on the one hand, enable training of senior technicians,
engineers and high-level researchers and, on the other, cover all sea-relevant
disciplines: marine geology, marine biology, physical oceanography, chemical
oceanography, law, economics, archaeology, history and oceanographic
instrumentation.

In conclusion, the promotion of ocean sciences is critical in the face of national
and global issues and challenges. It is also more relevant than ever, since the UN
proclaimed 2021-2030 as the "Decade of Ocean Sciences for Sustainable
Development”. Accordingly, it is useful to:

e establish a national authority for coordinating marine science research and training
activities,

e design efficient tools and mechanisms for the coordination, planning and
assessment of scientific research and training programs,

e implement federative programs (scientific research and training) to integrate various
marine science disciplines and build on national know-how and resources,

e create national and African centers for marine and climate sciences and engineering,

e mobilize resources for procuring needed scientific equipment and research
operations and valorization,

e strengthen African and international cooperation,

e consolidate national legislation and adopt regulations for the protection of cold-
water corals,

e establish an environmental culture and control and regulatory measures particularly

with regard to feasibility and impact studies.
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3.3. The potential of digital geospatial information for mapping and
monitoring marine parameters: marine and coastal applications at CRTS

At the Royal Center for Remote Sensing (CRTS)*, remote sensing and associated
technologies are applied to spatial oceanography® to support ministerial departments
and government agencies in the operational management of socio-economic
development projects and programs.

Main operational applications include monitoring and surveillance of marine
water quality, sea dynamics, monitoring of sea surface temperatures, upwelling
identification and monitoring, development of areas suitable for aquaculture, mapping
and analysis of coastal systems and monitoring of marine hazards.

Applications in monitoring of marine water quality parameters include
chlorophyll concentration, suspended matter, Diffuse Attenuation Coefficient (Kd 490)
and Secchi Disc Depth (SD).

e Spatial mapping of chlorophyll a concentration®, e.g; the August 2019 CRTS map,
enables monitoring of Moroccan ocean water's biological quality.

e The amount of suspended solids (SS) is a very good indicator of the turbidity of
coastal and marine waters. It has applications in fisheries and aquaculture and in
the assessment of bathing water quality. TSS can be solid and insoluble particles of
natural origin (sediments) or polluting particles from urban, agricultural and
industrial waste. They cause water turbidity and can thus reduce photosynthesis,
disrupt organism respiration and promote the accumulation of organic pollutants
and heavy metals in sediments.

o The Diffuse Attenuation Coefficient (Kd 490)°" is an indicator of water transparency
or turbidity at a given wavelength or spectral band. Satellite observation of this
coefficient identifies turbid or low transparency marine areas due to the presence of
suspended solid particles (mineral, organic) or living organisms, preventing light
penetration to deeper layers. The CRTS monitors and maps this coefficient on a
monthly basis.

e The Secchi Disc Depth (SD) is an indicator of the maximum depths to which light can
penetrate (Secchi depth). It is used to assess marine water quality by highlighting
the transparency and clarity of water masses.
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Parameters used by the CRTS to monitor sea dynamics include wind
characteristics at the sea surface (direction and speed) and sea level height. The
extraction of wind data®® indicates aerological conditions at sea level and determines
areas of high or low dynamics. Mapping of the sea level height is conducted using
satellite altimetry®. Sea level rise distribution in the Atlantic waters of Morocco and
seasonal variations of sea level anomalies are excellent parameters for understanding
and assessing the impacts of climate change.

Sea surface temperature (SST) is an operationally produced parameter. It
describes marine thermal state, on the one hand, and detects and monitors
hydrothermal phenomena (upwelling, filaments and drifts, eddies), on the other.

Satellite measurements and mapping of sea surface temperatures are possible
with satellite radiometers'®. The use of radiation-sensitive detectors with a 10pm
wavelength detects the radiation emitted by ocean surface and provides surface
temperature information.

The CRTS uses space observation data to develop an integrated upwelling
characterization system'! along the Moroccan Atlantic coast that also monitors spatial
and temporal dynamics'®. This program was conducted in partnership with INRH as
part of the GERMA project (Gestion des Ressources Marines).

Project approach targeted: 1) Exploitation of space observation data (thermal,
chlorophyll), 2) Transformation of images into upwelling indicators and 3)
Implementation of applications for operational product development. Operational
products generated and made available to users include:

e space-time synthesis product of sea surface temperature (SST)
e chlorophyll a temporal synthesis product,

e upwelling103 and retention index time series; the upwelling index mapping
highlighting monthly, seasonal and interannual trends,

e synthetic upwelling product.
Development of areas suitable for aquaculture along the Moroccan coast was

carried out in partnership between the CRTS and INRH'%. The program consisted of
two phases.
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The first phase focused on extensive ecosystem study of three selected pilot sites:
the Bay of Mdiq, the Nador Lagoon and Dakhla Bay. It enabled the development of a
Geographic Information System (GIS) and the generation of geographical datasets
(maps (topographic, marine, satellite images, turbidity index, sea surface temperature
index, physico-chemical parameters of waters, meteorological and socio-economic
data) and hydrodynamic models for simulating extreme risk situations and thematic
maps.

The second phase focused on developing an analysis model for pre-selecting
areas favorable for aquaculture based on potential aquaculture sites screening criteria
(FAO, 2010). Criteria used in the model include:

e site characteristics and context: exploitation of the maritime space, terrigenous
inputs at sea, sources of pollution, proximity of infrastructures,

e environmental parameters: hydrodynamics, salinity, suspended matter, bottom
temperature, bathymetry,

e species' biological needs: salinity, chlorophyll a, oxygen, nitrate, nitrite, ph,
suspended matter,

e rearing techniques: floating cages, fixed cages, table rearing, suspended rearing.

Potential zones for aquaculture by species and by farming technique were
selected according to specific criteria and applied potential thresholds per criterion.
The Mdiq site, for example, was identified as a potential area for intensive fish farming
in floating cages (sea bream and sea bass). The multi-criteria analysis: combination of
several indicators: SST, TSS, Chl-a, D. Secchi, Bathymetry, helped assess aquaculture
potential along the entire Moroccan coastline.

In a different register, multi-date data is used to map and analyze coastal systems
to better understand possible coastline changes and degradation. Very High-
Resolution imagery (VHR) allows: 1) detailed mapping of land use and monitoring of
changes, 2) mapping and monitoring of coastline evolution, 3) mapping of intertidal
vegetation cover and 4) quantification of coastal water turbidity.

Remote sensing also enables the monitoring of coastal and marine risks, through
the detection and monitoring of marine oil pollution and the assessment of tsunami
risks in Morocco.

In the case of oil pollution, satellite data can: 1) detect and identify oil spills on
the sea surface, 2) specify the location, area, length and number of fragments of these
slicks and 3) monitor impact on the marine environment: proximity of aquaculture parks,
protected areas or tourist areas.
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Specifically, the RAMSES Project for Monitoring and Detection of Oil Slicks by
Satellite Radar Data provides for 1) the implementation of a pilot system for oil slick
detection in quasi-real time, 2) an early warning system for relevant authorities
(POLWARN), and 3) assistance to and monitoring of offshore operations during
response phases (supply of POLINF products).

Tsunami risk assessment in Morocco has two objectives. The first is to develop
and test generic approaches to tsunami risk assessment at the Rabat site (SCHEMA
project). This led to: 1) the modeling of tsunami hazard integrating all possible
scenarios, 2) the mapping of building tsunami vulnerability classes, 3) the assessment
of tsunami risk (calculated damage matrix) and 4) the modeling of building damage.

The second objective is the elaboration of a tsunami risk atlas for the main coastal
cities of Morocco with maps of: 1) areas potentially affected by tsunami waves: depth
and height, 2) types of buildings in flood-prone areas: vulnerability/tsunami levels and
3) building damage levels.

4. Prospective workshops: prioritization of global and national issues
and potential solutions

The symposium ended with a set of prospective workshops aimed at prioritizing
national and global issues and identifying potential solutions to better manage oceans
and maritime spaces.

Participants were split into five heterogeneous working groups, each with a
rapporteur. These prospective workshops were conducted using a methodology
consisting of:

e a brief individual 3-minute reflection to identify issues and potential avenues of
solution, with consideration of predefined criteria, namely: 1) magnitude of impact
on individuals (health, food) and economic, geopolitical, communication activities,
...) 2) time to implement solutions and 3) perception of urgency,

e around table discussion to allow participants to present perceptions and points of
view,

e adebate to decide on priority issues (national and global) and potential solutions.
The five rapporteurs then presented priorities selected by their group in plenary.

A synthesis of group findings enabled the identification and prioritization of global and
national issues and potential solutions, presented hereunder.
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Global issues

Global issues are primarily environmental (relating mainly to global warming,

pollution and loss of marine biodiversity), geopolitical, economic (mainly relating to
energy and fisheries resources as well as maritime transport) and, finally, security (illicit
trafficking and piracy in particular).

National issues (in order of priority)

National sovereignty as a potential source of conflict.

Good maritime governance.

Risk management induced by global warming and pollution.

State of scientific understanding of marine environment and ecosystems.

Heritage preservation.

Potential solutions (in order of priority)

1.

Improve national maritime governance by establishing an inter-ministerial

institution in charge of maritime affairs, bringing the legal arsenal in line with

international conventions and setting up an integrated maritime strategy, including

a focus on South-South cooperation.

- Generalize "Integrated Coastal Zone Management" implementation.

- Strengthen and, above all, enforce legislation and regulations on coastal
occupation and development and on the protection of cultural and historical
heritage.

Promote continued research in the marine sciences by optimizing and pooling
research resources available at national level, openly considering a national
structure (national agency or center of excellence or observatory) for national
oceanographic research and drawing up a detailed maritime map. A number of
Moroccan institutions should seize on the United Nations Decade of Ocean
Sciences for Sustainable Development (2021-2030) to apply for UNESCO funding.

. Enhance heritage value through the creation of a national museum of the sea,

the elaboration of an atlas of Moroccan coastline history, and education,
popularization and awareness-raising actions for youth (schools, colleges, high
schools and universities) and teachers on the issue of the oceans ("Ocean Literacy").

Consolidate African and international maritime and oceanographic
cooperation to face common challenges, including natural disasters and illicit
trafficking at sea.
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5. Strengthen climate change adaptation and mitigation strategies and actions
through risk warning system implementation.

6. Adopt cold-water coral protection regulations and commit to the United
Nations Environment Program (UNEP) appeal launched on this subject in 2004.

7. Acquire a large national fleet and training institute and set-up robust and relevant
initial training and quality continuing education programs to develop the activity of
damage surveyor.
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Conclusion

Ocean Science Day was a great experience thanks to its topical nature, the diversity
and relevance of issues addressed. The meeting provided an opportunity for attendees
to take stock of geopolitical, socio-economic, cultural and historical, environmental,
scientific and ecological issues pertaining to oceans. It also provided an opportunity
to:

e highlight achievements and good practices of attending departments and
organizations, as regards marine and coastal areas management,

e present avenues and solutions for managing these areas in a sustainable
development context,

e identify and prioritize issues (global and national) and potential solutions.

This meeting also shed the light on gaps and difficulties encountered, including
those of current maritime space governance, fragmented among a number of
departments with little real coordination. The inadequacy of material and human
resources also hinders marine investigations.

These shortcomings are major obstacles to implementing an anticipatory and

preventive strategy as well as a coherent and harmonious action for preserving our
national coastline over the short, medium and long terms.
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