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ABSTRACT

This paper presents major gaps and challenges forimplementing the UN Decade of Ocean Science for Sustainable Development
(2021-2030) in the Mediterranean region. The authors make recommendations on the scientific knowledge needs and co-
design actions identified during two consultations, part of the Decade preparatory-phase, framing them in the Mediterranean
Sea’s unique environmental and socio-economic perspectives. According to the ‘Mediterranean State of the Environment and
Development Report 2020’ by the United Nations Environment Programme Mediterranean Action Plan and despite notable
progress, the Mediterranean region is not on track to achieve and fully implement the Sustainable Development Goals of
Agenda 2030. Key factors are the cumulative effect of multiple human-induced pressures that threaten the ecosystem
resources and services in the global change scenario. The basin, identified as a climate change vulnerability hotspot, is exposed
to pollution and rising impacts of climate change. This affects mainly the coastal zones, at increasing risk of extreme events
and their negative effects of unsustainable management of key economic assets. Transitioning to a sustainable blue economy
is the key for the marine environment’s health and the nourishment of future generations. This challenging context, offering
the opportunity of enhancing the knowledge to define science-based measures as well as narrowing the gaps between the
Northen and Southern shores, calls for a joint (re)action. The paper reviews the state of the art of Mediterranean Sea science
knowledge, sets of trends, capacity development needs, specific challenges, and recommendations for each Decade’s societal
outcome. In the conclusions, the proposal for a Mediterranean regional programme in the framework of the Ocean Decade is
addressed. The core objective relies on integrating and improving the existing ocean-knowledge, Ocean Literacy, and ocean
observing capacities building on international cooperation to reach the “Mediterranean Sea that we want”.

Descriptors: Ocean Decade, Mediterranean Sea, Sustainable Development Goals, Marine science, Co-design.

INTRODUCTION

The Mediterranean Sea is a mid-latitude semi-
-enclosed marginal sea where many fundamental
processes that characterize the general circulation of
the world ocean also occur identically or analogous-
ly. The direct consequence is that the Mediterranean
Sea can be considered as a “small-scale ocean” and a
natural laboratory where field and numerical expe-
riments as well as new strategies can be conducted
in more favorable dimensional and environmental
conditions. The basin, located at the border betwe-
en two climate regimes, is disproportionately im-
pacted by climate change: the Mediterranean cur-
rently warms at a rate of 20% faster than the rest of
the globe (Lionello and Scarascia, 2018; Pisano et al.,
2020, Cheng et al., 2021), thus experiencing drama-
tic changes that encompass the whole water column
and menace the coastal zone at many levels of com-
plexity (Cramer et al., 2018). Higher temperatures,
as well as changes in precipitation patterns, runoffs,
and storm regimes, coastal inundation and erosion,

saltwater intrusion into freshwater aquifers, higher
storm-surge flooding, loss of habitats, changes in nu-
trient concentrations, and displacement of lowlands/
wetlands are spreading the invasions of alien species.
Furthermore, ocean acidification is endangering the
life of many species, especially those producing hard
shells and skeletons (Lemasson et al., 2017; Hoegh-
Guldberg et al.,, 2017). The unique biodiversity of the
basin is at stake.

Faced by three different continents, the
Mediterranean is a vital source of nourishment and
services that directly supports the livelihood of about
500 million people, especially in the poorest countries,
and indirectly of the global population, essentially
through maritime traffic and the attraction of tour-
ism. Besides the environmental changes, the region
is also undergoing intensive demographic, social, cul-
tural, and economic changes. In this framework, the
traditional knowledge, traditional technology, and
customs contribute to guarantee the biodiversity, as
recognized by the United Nations (Kang-Hyun Joo,
2019). Population growth combined with the growth
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of coastal urban hubs is generating multiple environ-
mental pressures stemming from increased demand
for water, food, and energy resources, air and water
pollution caused by wastewater discharge or sew-
age overflows, waste generation, land consumption
and degradation of habitats, unsustainable use of
living resources, landscapes, and coastlines. These
pressures are further amplified by tourism, often con-
centrated in the Mediterranean coastal areas, and by
the climate breakdown. No single discipline can be
sufficient to unfold this complexity nor decupling of
scientific and humanistic culture can be further ac-
cepted to finally envision a sustainable, safe, depol-
luted and productive Mediterranean Sea - part of the
Earth’s Ocean and climate system thus fully imple-
ment Sustainable Development Goals (SDGs). The
interconnectedness of science, culture, environment,
economy, history and local knowledge is the key to
tackle the challenges ahead and should be promoted
by means of societal engagement. In this framework,
from local and national to global level, Ocean Literacy
enables bridging science with policy and society on
relevant topics of ocean sustainability, observations
and research (Eparkhina et al., 2021) and supports
mutual nurturing of culture and science.

Multilateral international research on marine sci-
ence in the Mediterranean has been promoted in the
last century creating a well-established cooperation
among scientific and research institutions. From this
collaboration and further engaging key stakeholders
at policy, private, and societal levels all along the ser-
vices' chain, from upstream to intermediate to down-
stream, the Mediterranean regional observing and
forecasting systems have been developed in order to
provide systematic and long-term routine ocean data
and products available for their rapid interpretation
and dissemination. On the other end, an Action Plan
for the Protection of the Marine Environment and
the Sustainable Development of the Coastal Areas
of the Mediterranean has been established under
the United Nations Environment Programme (UNEP/
MAP), as a regional cooperation platform and a multi-
institutional framework for cooperation in address-
ing common challenges of marine environmental
degradation. More recently, in the framework of the
BlueMed Research & Innovation Initiative (hereafter
BlueMed Initiative), a shared vision to foster blue jobs
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and economy in the area was advanced, recognizing
the value and role of science in supporting sustain-
able human activities at sea.

These multi-national well established collabora-
tion framework will constitute the building blocks to
reinforce the collaboration between science, policy
makers, environmental agencies and economy actors
and to proceed to further engagement of key stake-
holders at policy, private, and societal levels.

Therefore, since the launch of the United
Nations Decade of Ocean Science for Sustainable
Development (2021-2030), a global framework to
help generate ocean science solutions to key societal
challenges and underpin the global Agenda 2030
(Ryabinin et al., 2019), the Mediterranean Sea has
been recognized as a key component for the culture,
development and economy of Europe, North African
and Middle East countries and for the high potential
of “transformative change” towards a sustainable fu-
ture in a region.

In this view, two regional consultations, hosted
by the Italian Oceanographic Commission (COIl)
and co-organised with the Intergovernmental
Oceanographic Commission of UNESCO (I0C), UNEP/
MAP, Mediterranean Science Commission (CIESM),
European Commission (EC) with the support of the
BlueMed Initiative, have been conducted between
January and November 2020, as part of the prepara-
tory activities of the Decade.

“The Mediterranean Sea We Need for the Future We
Want” workshop, held on 21-23 January 2020 at the IOC
Office in Venice (Italy), brought together 159 experts
from 32 countries as well as intergovernmental and
international organizations and networks to discuss
the Mediterranean Sea perspective in the light of the
Decade’s societal outcomes: a clean ocean, a healthy
and resilient ocean, a predicted ocean, a safe ocean, a
sustainably harvested and productive ocean, a transpar-
ent and accessible ocean, and an inspiring and engag-
ing ocean (see www.oceandecade.org). The meeting
facilitated regional and interdisciplinary discussions
across sectors, providing the added-value of alignment
and coordination of the scientific communities across all
geographical regions surrounding the basin, and stake-
holders across several key sectors of activities, bringing
together the voices of the Mediterranean at the global
level (Capasso et al., 2020).
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The virtual session “Co-designing the science
and capacity we need for the Mediterranean Region’,
held on 11 November 2020 with the support of the
Swedish Ministry of the Environment, gathered in re-
mote in the middle of the pandemic 237 experts from
48 countries and more than 100 international orga-
nizations ranging from ocean and transdisciplinary
research institutions, United Nations (UN) partners
and Non-Governmental Organizations (NGOs) to the
private sector, with the common objective to share
lessons of relevant Mediterranean experiences in or-
der to co-design the Decade actions. A synoptic view
of the scientific and capacity development priorities
resulting from regional consultations is available in
Table 1. It has to be noted that while the attempt to
reach different stakeholders to prepare the Decade
activities proved successful, the variety of the en-
gagement should be better balanced, e.g., in order
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to reflect the actual contribution of the private sector
into relevant aspects of the blue economy. To close
this gap, the role of National Decade Committees es-
tablished at country level according to the principle
of bringing all sectors of society as outlined in the
Decade Implementation Plan (I0C, 2020) would be
pivotal.

Driven by the UN Ocean Decade vision and
Implementation Plan (I0C, 2020), the objective of this
paper is to present the outcomes of these regional
consultations as a new milestone towards an inte-
grated, co-designed, and long-term strategic initia-
tive to be developed in the Mediterranean, underpin-
ning the Decade’s implementation. Specific priorities
are identified by declining them in the perspective of
a sustainable Mediterranean Sea, whose peculiarity
results both from physiographic conditions and his-
torical and societal developments.

Table 1. Scientific and Capacity development priorities for the Mediterranean Region (I0C, 2021).

A clean ocean

- Strengthen regional assessments and marine litter monitoring plans
« Upscale regional initiatives
+ Acknowledge the Integrated Monitoring and Assessment Programme

A healthy and resilient ocean

- Set up efficient adaptive/mitigating strategies to react to the accelerated paths
of change; carry out test case actions focusing on socio-ecological systems

A productive ocean

system

« Implement test-case studies in the Mediterranean multi-cultural, socio-
economic diversified regional setting to develop innovative management
strategies based on ‘socio-ecological system’

« Upgrade modelling exercises to improve spatial resolution, and integrate new
variables (benefiting of local knowledge, inter alia) to better deal with complex

A predicted ocean

- Enhance observing and predicting capabilities

- Set up efficient adaptive/mitigating strategies to react to the accelerated paths
of change; carry out test case actions focusing on socio-ecological systems

- Build a laboratory for climate change

Scientific priorities

A safe ocean systems

« Develop impact-based forecasting of marine multi-hazard early warning

- Improve coastal and deep-sea observational systems

A transparent and accessible

- Strengthen the science-policy interface and the flow of knowledge from
scientists to the diverse regional policy frameworks

ocean « Pursue an open-data approach to ocean data and knowledge

« Understand future links with economy and societal needs

« Enhance ‘Mediterranean Sea literacy’ and participatory research
An inspiring and engaging ocean | - Improve connection and collaboration with existing Mediterranean networks
and organizations

Capacity development priorities

« Establish North-South and East-West collaboration aligning regional policy
frameworks and initiatives

- Build structured partnerships to overcome political constraints

« Draw up a shared educational strategy for sustainable development
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However, itis worth noting that the Mediterranean
Sea is still neither adequately observed nor fully un-
derstood in terms of early warning observations and
forecasting of the impacts of climate change and an-
thropogenic stressors, from the deep and open sea
frontiers to the coastal areas (Melaku Canu et al. 2010;
Zunino et al. 2021). Hence, the capacity is limited to
understand current and future Mediterranean con-
ditions, project their change and impact on human
wellbeing and livelihoods. To tackle the formidable
challenge presented by the need to observe, assess
and predict coastal seas and nearshore marine eco-
systems, first of all existing data gaps and lack of in-
frastructures in some parts of the basin need to be
reduced and measurements of the biological essen-
tial variables extended. The superposition of a vari-
ety of coexisting inputs and pressures on coastal and
nearshore areas can alter the ecosystems. Moreover,
the interplay of many physical, chemical and biologi-
cal processes acting on a wide range of spatial and
temporal scales add extra complexity to an already
complex picture. Factors such as river inputs, spatial
anisotropy induced by the coast, benthic-pelagic cou-
pling, inputs related to terrestrial-based economic

The Mediterranean Sea we want

activities are essential components in coastal areas.
These are also characterised by very dynamic pro-
cesses yielding a high variability in space and time,
directly influenced by diurnal and seasonal changes,
and with additional factors to be accounted for when
compared to the open ocean. Coastal marine areas
are the focus of the interaction with the land, on one
side, and the forcing by the broader shelf water body
on the open-sea , and are the most prolific with ac-
tivities by users extracting services that are crucial for
several marine economic undertakings. Improving
our ability to predict ecosystem responses to an-
thropogenic forcing and to move toward a “predicted
Mediterranean Sea” is a key priority in identifying
pathways, policies and actions for monitoring, regu-
lation, surveillance, defence, hazard assessment and
alert, and many other needs that often require regu-
lar and timely support from coastal observation and
forecasting systems.

The key marine hazards requiring a focus to
achieve a“safe Mediterranean Sea” are, among others:
storm surges, tsunamis, harmful algal blooms (HABs),
and coastal erosion (Figure 1). Storm surges repre-
sent a recurring risk for the population living along

Figure 1. Infographic illustrating the main Biological Hazards (01-Jellyfish proliferation; 02-Impact of parasites;
03-Impact of oil spills; 04-Harmful algal blooms), Extreme Climate Events (05-Storms and surges; 06-Heat
waves; 07-Coastal erosion) and Geological Hazards (08-Landslides and slope Instability; 09-Submarine erosion;
10-Volcanism; 11-Tsunami; 12-Destabilization of gas; 13-Induced and natural earthquakes) investigated at
CSIC, Spain. (Design Investid Plus. From: Sallarés et al. (in press) From a safer Ocean: towards marine hazard

impact mitigation. Libro Blanco CSIC).
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