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Objective
The present MONGOOS Science and Strategy Plan has the objective of reviewing the present status of the Mediterranean Sea Oceanographic system, analyzing the existing gaps
and deficiencies, and proposing ways forward. It is the result of the contribution of the
main institutions working in the area, coordinated within the framework of MONGOOS,
the Goos Regional Alliance of GOOS for the Mediterranean.
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Executive summary
The present document reviews in detail the different MONGOOS fields of action.
The analysis of these fields shows how MONGOOS community is well organized and at
the leading edge of important areas related to Oceanography. A good example is the very
well established modelling system, structured around Copernicus Marine Service, with numerous high-quality applications providing user-oriented services.
On the other hand, the observing system is suffering from severe deficiencies. The MONGOOS operational oceanography and the MONGOOS research community are deeply concerned about the status of the Mediterranean observing system and its future, for the
following reasons:
– There are important gaps due to lack of observations and poor data policy, especially
in Central-Eastern Med Sea and on the Northern African coast
– Funding is too often based on projects, and it has been affected in recent years by national crises
– The existing networks are only funded by national funds, with no support from Europe
to sustain or to integrate between them
However, a good level of data integration amongst institutions willing to share data has
been achieved thanks to MONGOOS, EuroGOOS, Copernicus Marine Service, SeadataNet
and EMODNET. The overall architecture of the system, with a strong MONGOOS data centre providing data to EMODNET thanks to the support of Copernicus, is clear and working
properly.
Copernicus Mediterranean In-situ TAC was initially designed to support the management of data in real time for Monitoring and Forecasting Center activities, but the existence of MONGOOS data centre (http://oceanobs.mongoos.eu), based on the data
collected by TAC, is expanding the spectrum of its applications. EMODnet has had, from
the beginning, a wider scope of application, thus making data available for reuse to the
overall European and International community. EMODnet strongly relies on in-situ TAC
data collection.
Therefore, the problem is not data integration, but lack of data and lack of network integration. Additional support from Europe should be provided to the institutions that are
actually generating data in order to fill the detected gaps, ensure the basis of the whole
production chain, and build EOOS on solid pillars for reuse and blue growth applications.
Other relevant conclusions derived from the document are:
– Ocean hydrodynamics and Air-sea interactions:
• The most outstanding property of the Mediterranean hydrodynamics is its spectrum
of multi-scale motions
• Amongst the most important gaps are the characterization and study of the role of
straits, upwelling/downwelling dynamics, shelf–deep sea interactions, and high frequency motions. Circulation models must include tides and motions induced by barometric pressure variations. It is also important to Close south-north and east-west
gaps, which means better sharing of expertise, data and models
• The future holds the keys for a cross-border integrated approach in order to replace
the current strategy of collaboration on the basis of individual projects and national,
international resources

11
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– Climate change
• Existing marine climate projections for the Mediterranean Sea foresee a mean sea
level rise of 30-100 cm by the end of this century, with regional variations up to 20
cm, as well as a significant increase in SST.
• The permanent climate observing system is limited and deeply unbalanced between
the North and the South. A good example of this can be found in the distribution of
tide gauges. Sub-surface observations are also scarce. Model projections reflect a
large uncertainty because of several factors.
• The future strategy for an observing system in the Mediterranean should cope with
two major problems: reducing the gaps in the observing system and ensuring sustainability of the pieces already in place. The main challenge for the modelling community is to reduce uncertainty in the projections. To achieve this, the value of
intercomparison initiatives, such as MedCORDEX, is enormous.
– Water cycle

12

• The Mediterranean Sea is a concentration basin, i.e., it is characterized by a negative
water budget. The Mediterranean Sea is undergoing changes in water resources owing
to both anthropogenic forcings (fresh water usage by agriculture, industrial activities,
radiative forcing by air pollution, etc.) and natural climate variability
• Water resources in and around the Mediterranean region are vulnerable and under
stress since industrial and agricultural development heavily depend on water resources.
• The terms of the Mediterranean Sea water budget and their variability at different
time scales have been generally studied separately for the land and the sea. This is a
limitation that has to be overcome by an integrated approach
– Biochemical fluxes and food webs
• Coupled Physical biogeochemical models normally consist of two components separately describing the physical and the biogeochemical dynamics and by a coupling
component.
• The joint utilization of simulated and remotely observed data can clearly enhance
both calibration and validation procedures of Biogeochemical models.
• Further development and enhancement of coupled marine ecosystem models crucially depend on the parallel advancement of observational capabilities of the marine
environment. Effort should be concentrated on the observations of significant Lower
Trophic Level fluxes and on Higher Trophic Level state variables that remain poorly
resolved.
– Sediment fluxes and coastal erosion
• Global climate change, including sea-level rise and more intense and damaging
storms, will increase the threats of coastal erosion. Mitigating and adapting to these
risks in areas of human interest, like urban areas, culture heritage sites, and areas of
economic interest are huge challenges for society.
• The main challenge is the combination of scales and how that affects the resulting
coastal morphodynamic evolution
• An efficient development of numerical models requires more measured time series
(sedimentary fluxes, maps…) with enough resolution and coverage
– Towards Operational Fisheries Oceanography in the Mediterranean Sea
• The initiatives aimed to facilitate and promote the systematic integration of operational oceanography into current fisheries assessments are scarce.
• A successful integration of operational oceanography into fisheries will directly de-
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pend on key elements of operational oceanography and fisheries science, such as an
adequate identification of environmental processes affecting species ecology and an
adequate evaluation of the usefulness of operational oceanographic products
• Fisheries modelling shall advance towards assessment and management approaches
facilitating the integration of environmental information. Various actions are proposed,
such as connecting developers of operational oceanography data with fisheries management organizations (ICCAT, GFCM, STECF).
– Maritime safety
• The Mediterranean Sea faces a permanent risk from oil spill pollution, associated with
heavy traffic of merchant vessels transporting oil and gas, accidental coastal and
drilling platforms.
• The MONGOOS members operating sub-regional and coastal ocean forecasting systems made use of Copernicus marine service products to support the response agencies in the Mediterranean, as well as the regional and European key agencies, such as
REMPEC and EMSA
– Ocean resources and renewable energy
• The most common renewable energy production makes use of wind resources. Wave
resource are even larger than wind resources, but there are no converters ready to
be used in production. Energy Production, utilizing tidal characteristics, is a promising
technology, but it is limited to specific places and various environmental constraints.
• The deep waters and the morphology of the sea bottom do not permit the extended
utilization of areas far away from the coast. There are only a few areas with depth up
to 50/60 (e.g. Marine Protected Areas) and several other restrictions exist.
• Several attempts have been made to map the available wind and wave potential in
the Mediterranean. For years, the Mediterranean was considered as an area with low
wave potential. Recent studies have shown that this is not always true.
– Ocean applications
• Operational oceanography is available nowadays to thousands of users through services dealing with societal challenges. Oceanographic products from Copernicus Marine Service and downscaled sub-regional, national products are transformed and
provided to users, private companies, and stakeholders through adding-value chains
(downstreaming) that consider development of specific solutions, advanced visualization, usage of multi-channel technological platforms, specific models, and algorithms.
• This document highlights present MONGOOS partners’ capabilities and the future
challenges in the following applications: aquaculture and fishery, maritime tourism
and sports activities, integrated Coastal Zone Management and Maritime spatial planning, transport and harbour services, Marine digital services, Technologies for maritime safety, climate change and anthropogenic impacts on marine environment,
energy from the sea, coastal and underwater cultural heritage
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1. Introduction
1.1. The European and international framework
1.1.1. Global Ocean Observing System
GOOS is a permanent global system for observations, modelling, and analysis of marine
and ocean variables to support operational ocean services worldwide. GOOS provides accurate descriptions of the present state of the oceans, including living resources; continuous forecasts of the future conditions of the sea for as far ahead as possible, and the
basis for forecasts of climate change.
GOOS structure (Figure 1.1) is composed of a steering component including governance,
scientific guidance and advise, and an implementation component that coordinates all the
different implementing activities.

15

Figure 1. 1 The GRA network.

In Europe, EuroGOOS has fostered the development of operational oceanography since
the mid-Ninety’s through an association of operational and research agencies that developed plans and implemented prototype systems in the European shelf areas and the
global ocean. One of these groups, the Mediterranean Task Team, developed the Mediterranean ocean Forecasting System Plan and implemented it in the Mediterranean Sea. The
Mediterranean task Team was represented by MOON, and today is represented by MONGOOS. Moreover, MONGOOS has been GOOS Regional Alliance for the Mediterranean
Sea since 2012.
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Figure 1.2. GRAs map.

1.1.2. JCOMM - Joint Technical Commission for Oceanography
and Marine Meteorology

16

JCOMM, Joint Technical Commission for Oceanography and Marine Meteorology, is an intergovernmental body of technical experts that provides a mechanism for international
coordination of oceanographic and marine meteorological observing systems, data management and services, combining expertise, technologies, and capacity building capabilities of the meteorological and oceanographic communities. The creation of this Joint
Technical Commission results from a general recognition that worldwide improvements in
coordination and efficiency may be achieved by combining expertise and technological
capabilities of World Meteorological Organization (WMO) and UNESCO’s Intergovernmental Oceanographic Commission (IOC).
JCOMM coordinates, develops, and recommends standards and procedures for a fully integrated marine observing system data management and a services system that:
– Uses state-of-the-art technologies and capabilities;
– Is responsive to the evolving needs of all users of marine data and products;
– Includes an outreach programme to enhance the national capacity of all maritime countries.
JCOMM aims to maximize the benefits for Members/Member States taking part in the
projects, programs, and activities that it undertakes in their interest and in the interest of
the broader global community .
Urgent social and economic drivers need targeted improvements in weather, climate,
water, oceans, and relevant environmental information and services. Risks associated with
climate variability and extreme environmental events may create social and economic
stress which would require new meteorological, hydrological, oceanographic, and climate
services in order to ensure safety and security of populations and the development of
adaptive economic strategies. Responding to these risks is especially critical given the
population growth in environmentally vulnerable regions, such as continental coastlines
and lowlands and, in recent years, an apparent increase in intensity and frequency of extreme events. At the same time, while the future state of the oceans remains uncertain,
we need to ensure that society and policymakers are better informed of the impact of
oceans on humankind and vice versa.

LIBRO_Maquetación 1 25/09/18 15:19 Página 17

Sofianos, Sarantis; Álvarez Fanjul, Enrique; Coppini, Giovanni

mongoos

In response to these considerations, the long-term objectives of JCOMM are:
– To enhance the provision of marine meteorological and oceanographic services in support of life and property safety o at sea and in coastal areas; risk management for
ocean-based economic, commercial, and industrial activities; management of marine
and coastal areas; coordination and enhancement of the provision of data, information,
products, and services required to support climate research and the detection and prediction of climate variability;
– To coordinate the development, enhancement, and delivery of climate services related
to the marine atmosphere and coastal and deep oceans, based on the core competencies of the Commission in marine meteorology and oceanography, as a contribution by
JCOMM to the Global Framework for Climate Services (GFCS);
– To coordinate the enhancement and long-term maintenance of an integrated global marine meteorological, oceanographic observing system, and a data management system,
as part of the Global Ocean Observing System (GOOS), the Global Climate Observing
System (GCOS), the World Weather Watch (WWW), other operational programmes,
and in support of GFCS; in collaboration with WMO Commission for Basic Systems
(CBS), the Committee for International Data and Information Exchange (IODE), and
other relevant bodies;
– To manage the evolution of an effective and efficient programme through a selective
incorporation of advances in meteorological and oceanographic science and technology;
to ensure that all countries have the capacity to benefit from and contribute to these
advances;
– To promote and facilitate the equitable participation of all WMO Members and IOC Member States in all activities , and ensure that they can benefit from all products and services provided by, JCOMM.
MONGOOS collaborates with and contribute to JCOMM participating to the Expert Teams
and the strategic management and planning.

1.1.3. Copernicus Marine Environment Monitoring Service
COPERNICUS, previously known as GMES (Global Monitoring for Environment and Security), is the European Programme for the establishment of a European capacity for Earth
Observation and Monitoring. COPERNICUS encompasses 3 components: SPACE, INSITU
and SERVICES
The Copernicus Space Component includes: 1. ESA’s “Sentinels”, which are currently being
developed for the specific needs of Copernicus programme 2. the Contributing Missions,
which are operated by national, European, or international organizations, and already provide a wealth of data for Copernicus services. The European Space Agency (ESA) is responsible for the space component of
Copernicus programme. The European
Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) is fundamental
to the operational remit of Copernicus on account of their unparalleled experience, and
proven capability, as a provider of operational meteorological satellite data, products, and
services.
The Copernicus InSitu component is strategic because the Copernicus services rely on
data from in situ monitoring networks (e.g. maps, ground based weather stations, ocean
buoys, and air quality monitoring networks) to provide robust integrated information and
to calibrate and validate the data from satellite. The in situ networks are managed by
Members States and international bodies and make data available to the services by
agreement. The European Environment Agency (EEA) work for Copernicus under FP7
“GISC” project to catalogue the insitu requirements of the Copernicus services, develop
frameworks and pilot agreements to ensure access to relevant data in a timely and sustainable manner.

17
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The Copernicus Service component addresses six main thematic areas:
1.
2.
3.
4.
5.
6.

Land Monitoring
Emergency Management
Marine Monitoring
Atmosphere Monitoring
Security
Climate Change

MyOcean (2009-2012), MyOcean2 (2012-2014), and MyOcean follow-on (October 2014March 2015) projects, respectively funded by the EU’s Seventh Framework Programme for
Research (FP7 2007-2013) and HORIZON 2020 (EU Research and Innovation programme
2014-2020), led the demonstration phases of the future Copernicus Marine Environment
Monitoring Service. MyOcean consortia were coordinated for 6 years by Mercator Ocean,
the French centre for analysis and forecasting of the global ocean.
On November 11th, the European Commission and Mercator Ocean signed an Agreement
to implement and manage the Copernicus Marine Environment Monitoring Service. The
latter has been operational since early May 2015.
Today, Copernicus Marine Service is provided on an operational mode by Mercator Ocean
and the Copernicus Marine Service Partners to more than 12000 subscribers worldwide.
MyOcean demonstration phase enabled to open the service on a pre-operational mode
during 6 years. Since May 2015, your Copernicus Marine Service has been working on an
operational mode.

18

Copernicus Marine Service main characteristics are as following:
1) A unique European Marine capability and core-knowledge base
Marine data is an engine for “smart and sustainable growth” in the European Union, as
stated in the recent Marine Knowledge 2020 EC Communication. The Copernicus Marine Service has been designed to respond to issues emerging in the environmental,
business, and scientific sectors. Using information from both satellite and in situ observations, it provides state-of-the-art analyses and forecasts on a daily basis, which offer
an unprecedented capability to observe, understand, and anticipate marine environment events.
2) A catalogue of services meeting users requirements
The Copernicus Marine Service provides regular and systematic core reference information on the state of the physical oceans and regional seas. The observations and
forecasts produced by the service support all marine applications. The Copernicus Marine Service is driven by quality and simplicity: quality of ocean information provided
to users, and simplicity of the access to information.
The service is meant for any user requesting generic information on the ocean, and especially downstream service providers who use this information as an input to their own
value-added services to end-users. The Copernicus Marine Service can be defined as:
1.
2.
3.
4.
5.
6.

An integrated Service
An Open and Free service
Providing access to a single Catalogue of products
A reliable service
A sustainable service
Serving many areas of benefits

Both Public and Private users need response to today’s climate and marine challenges.
The CMEMS supports and contributes to data and information tools for many domains:
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– Improving knowledge of the seas and oceans is one of the three cross-cutting tools of
the EU’s Integrated Maritime Policy. A good knowledge of the environmental status of
marine waters is necessary, in accordance with the Marine Strategy Framework Directive
(MSFD), currently prepared by Member states with the support of the European Environment agency (EEA). CMEMS brings support in a general way to European and Regional decision makers involved in European policies related linked to the Marine
Environment and Security (EC Diretorate, European Agencies, Regional Conventions)
– Member states’ National Agencies and public bodies also rely on CMEMS for their own
regional service provision, related to Pollution combat and Monitoring, Coastal Environment, Water Quality, Maritime Safety, Renewable Energies, Offshore activities…
The Copernicus Marine Service delivers provides a core information service related to 4
areas of benefits to all users, including service providers or end-users from the commercial sector, or from the R&D sector: Maritime Safety, Coastal and Marine Environment, Marine Resources, and Weather, Seasonal Forecasting and Climate activities.
MONGOOS (and before MOON) has contributed, since the early stage of MSPP, MFSTEP,
then MyOcean projects, to the development of the Mediterranean components of the
Mediterranean Observing and Forecasting system that today are known as CMEMS services in the Mediterranean Sea. All the CMEMS components relevant for the Mediterranean
are coordinated by and get the contribution of MONGOOS partners.
In particular, the following component of the Copernicus Marine Service see the MONGOOS contribution:
–
–
–
–

MED-MFC for forecasting, analysis and reanalysis products of the Mediterranean Sea
OC-TAC for Ocean colour data
OSI TAC for SST data
IN SITU TAC for in situ data.

1.1.4. EMODNET
The European Marine Observation and Data Network (EMODnet) consists of more than
160 organisations assembling marine data, products, and metadata to make these fragmented resources more available to public and private users relying on quality-assured,
standardised, and harmonised marine data which are interoperable and free of restrictions
on use. EMODnet is currently in its second development phase and stays on target to be
fully deployed by 2020.
EMODnet is a long term marine data initiative from the European Commission DirectorateGeneral for Maritime Affairs and Fisheries (DG MARE) underpinning its Marine Knowledge
2020 strategy. EMODnet is a consortium of organisations assembling European marine
data, data products, and metadata from diverse sources in a uniform way. The main purpose of EMODnet is to unlock fragmented and hidden marine data resources, to make
these available to individuals and organisations (public and private), and to facilitate investments in sustainable coastal and offshore activities through improved access to quality-assured, standardised and harmonised marine data which are interoperable and free
of restrictions on use.
The EMODnet data infrastructure is developed through a stepwise approach in three major
phases. Currently, EMODnet has finished the 2nd phase of development with seven subportals in operation providing access to marine data from the following themes: bathymetry, geology, physics, chemistry, biology, seabed habitats, and human activities. EMODnet
development is a dynamic process, so new data, products and functionality are added regularly while portals are continuously improved to make the service more fit for purpose
and user friendly with the help of users and stakeholders.

19
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The three phases of EMODNET can be synthesized as follows:
– Phase I (2009-2013) - developed a prototype (so called ur-EMODnet) with coverage of
a limited selection of sea-basins, parameters, and data products at low resolution;
– Phase II (2013-2016) - aims to move from a prototype to an operational service with full
coverage of all European sea-basins, a wider selection of parameters and medium resolution data products;
– Phase III (2016-2020) - will work towards providing a seamless multi-resolution
digital map of the entire seabed of European waters providing the highest possible resolution in areas that have been surveyed, including topography, geology, habitats and
ecosystems; accompanied by timely information on physical, chemical, and biological
state of the overlying water column, as well as oceanographic forecasts.
EMODNET is organized around eight data portals as following:

20

1. Bathymetry: Data on bathymetry (water depth), coastlines, and geographical location
of underwater features: wrecks.
2. Geology: Data on seabed substrate, sea-floor geology, coastal behaviour, geological
events, and minerals.
3. Seabed Habitats: Data on modelled seabed habitats based on seabed substrate, energy,
biological zone, and salinity.
4. Chemistry: Data on the concentration of nutrients, organic matter, pesticides, heavy
metals, radionuclides and anti-foulants in water, sediment and biota.
5. Biology: Data on temporal and spatial distribution of species abundance and biomass
from several taxa.
6. Physics: Data on salinity, temperature, waves, currents, sea-level, light attenuation, and
FerryBoxes.
7. Human Activities: Data on the intensity and spatial extent of human activities at sea.
8. Coastal Mapping: Building a Joint European Coastal Mapping Programme.
MONGOOS partners are contributing to most of the EMODNET data portals and in particular to Bathymetry and Physics.
EMODnet has also organized several EMODnet Sea Basin Checkpoints, one for each regional
European Regional Sea. EMODnet Sea Basin Checkpoints assess the quality of current observation monitoring data at the level of the regional sea-basins. By testing the data against
specific end-user challenges, the checkpoints will demonstrate how well the current monitoring systems and data collection frameworks provide data to meet the needs of users. In
doing so, data gaps and duplications, as well as significant bottlenecks will be highlighted.
Six sea basin checkpoints are in operation. The first two checkpoints were initiated in the
Mediterranean Sea and the North Sea in 2013; with checkpoints for the Arctic, Atlantic,
Baltic, and Black Sea being launched in 2015.
The concept of EMODnet Sea-Basin Checkpoints was introduced within the Green Paper
‘Marine Knowledge 2020: from seabed mapping to ocean forecasting’ (COM-2012-437).
In spite of EU initiatives, such as EMODnet, Copernicus and Data Collection Framework
(DCF) for Fisheries to deliver seamless layers of marine data across national boundaries,
there are still shortcomings in the availability and accessibility of EU marine data. Data
collections have been largely put in place for specific and/or national purposes. There is
still an approximate overview on a sea-basin scale of gaps and duplications, and there is
no overall view of what the priorities are for further data collection or assembly. Thus, the
EMODnet Checkpoint initiative will begin to link all existing monitoring data at the level of
the Sea Basin, and assess them in order to define their future improvements.
MONGOOS partners coordinate (INGV) and contribute to the EMODnet Med-Sea Checkpoint. The EMODNET Med Sea checkpoint is a Mediterranean Sea monitoring system as-
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Figure 1.3 flow diagram presenting the relationship of EMODnet and the process of data collection
and contribution to the applications.

sessment activity based upon targeted end-user applications. The innovative outcome of
this evaluation will be the depiction of ‘fitness for purpose’ indices capable to show performance and gaps of the present monitoring system. The checkpoint service aims to:
1. Clarify the observation landscape at the scale of the Mediterranean Sea, by highlighting
the existing national and international programs, their roles and synergies;
2. Depict fitness for purpose monitoring indices that will show the performance, accessibility and usability of observational and modelling data sets in the overall Mediterranean
Sea basin;
3. Prioritize the needs in order to optimize the system (in situ and satellite data collection
and assembling, data management and networking, modelling and forecasting, geo-infrastructure) and provide recommendations for evolutions to better meet the application requirements.
The project is developing a methodology to set up a regional evaluation mechanism which
will analyse how comprehensive and accurate the monitoring and forecasting datasets are
at the basin scale. The analysis is run through 7 major marine/maritime applications, called
‘Challenges’ that are: Windfarm siting; Marine protected areas; Oil platform leak; Climate
and coastal protection; Fisheries management; Marine environmental management, and
River inputs to the coastal environment.
The work will consider a practical assessment and rapid result dissemination, it will provide
a basis for rational decision-making and help getting the status of the Mediterranean Sea
observing and modelling infrastructure, analyzing gaps and identifying priorities to optimize the regional monitoring and sampling strategy.
The evaluation mechanisms rely on the production of checkpoint data (or targeted production from challenges), checkpoint information (e.g. quality metadata, checkpoint indicators) and checkpoint reports to identify gaps and priorities in the observational
networks, in situ and satellites, analyses and forecasts, data geo- infrastructures, archival
and assembly centres. All project outputs are made available through the Med Sea Checkpoint portal to support the assessment of the information flow and to enhance the design
of the European observing infrastructure.
The Med Sea Checkpoint will have to consolidate, in the future, the ‘fitness for purpose
principles for the monitoring system assessments, including more Challenges, a detailed
Stakeholder consultation Plan, and will have to partake part in the design process of the
future European Ocean Observing System infrastructure. There might be other challenges
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ahead in the Mediterranean Sea, such as invasive species, atmospheric climate variability
affecting ocean long term variability, more indicators for the MSFD.

1.2. The MONGOOS GRA
The Mediterranean Oceanography Network for the Global Ocean Observing System
(MONGOOS) was established in 2012 to further develop operational oceanography in the
Mediterranean Sea. MONGOOS comprises the previous activities of MOON and MEDGOOS
MONGOOS (http://www.mongoos.eu/home) is promoting partnerships and capacity building
for GOOS in the Mediterranean Sea, and is creating a continuous working framework with EuroGOOS and GOOS Africa in order to define common roles and activities in the Mediterranean
Sea, and foster collaboration with Black Sea GOOS and global ocean GOOS initiatives.
MONGOOS shall engage in activities related to the production and use of operational
oceanography services in furtherance of four principal objectives:
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a) Improved Fitness for Purpose. Continuously advance the scientific understanding and
technological development upon which the Services are based.
b) Greater Awareness. Promote the visibility and recognition of the Services with governmental agencies and private companies, encourage their integration at national,
regional, European, and global levels.
c) Increased Downstreaming. Enhance the usability of the Services and their usefulness
for policy implementation, societal needs and science.
d) Improved Capacity. Support the planning and implementation of international initiatives involving operational oceanography, and promote the participation of non-EU
Mediterranean countries in producing the Services.
MONGOOS is formed by the following partners:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

AMGI - Andrija Mohorovi i Geophysical Institute, University of Zagreb
ARPAE - Agenzia regionale per la prevenzione, l´ambiente e l´energia dell´Emilia-Romagna
ARSO - Slovenian Environment Agency
CMCC - Centro Euro-Mediterraneo sui Cambiamenti Climatici
CNR-IAMC - Instituto per l’Ambiente Marino Costiero
CNR-ISAC - Istituto di Scienze dell’Atmosfera e del Clima
CNR-ISMAR - Istituto di Scienze Marine
CNR-ISSIA - Instituto di Studi sui Sistemi Intelligenti per l’Automazione
CSIC - Consejo Superior de Investigaciones Cientificas
Democritus University of Thrace
DHI (Associated Partner)
DHMZ - Croatian Meteorological and Hydrological Service
ENEA - Italian National Agency for new Technologies, Energy and Sustainable Economic
Development
ETT - ETT S. p. A. (Associated Partner)
HCMR - Hellenic Centre for Marine Research
IEO - Instituto Español de Oceanografía
Ifremer - Institut Français de Recherche pour l’Exploitation de la Mer
IMB - Institute of Marine Biology, University of Montenegro
IMS/METU - Middle East Technical University Institute of Marine Sciences
INGV - Istituto Nazionale di Geofisica e Vulcanologia
INRH - Institut National de Recherche Halieutique
INSTM, Institut National des Sciences Et Technologies de la Mer
IOF - Institute of Oceanography and Fisheries
IOLR - Israel Oceanographic and Limnological Research, National Institute of Oceanography
ISPRA - Institute for Environmental Protection and Research
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28.
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
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LIM/UPC - Laboratorio de Ingeniería Marítima/Universidad Politécnica de Cataluña
Mercator Ocean - Mercator Océan
Météo-France - Météo-France
NIB - National Institute of Biology Marine Biology Station
NIOF - National Institute of Oceanography and Fisheries
OC-UCY - Oceanography Cente University of Cyprus
OGS - Istituto Nazionale di Oceanografia e di Geofisica Sperimentale
PdE - Puertos del Estado
RBI - Rudjer Boskovic Institute
SOCIB - Balearic Islands Coastal Observing and Forecasting System
UMT-IOI-POU - University of Malta / The International Ocean Institute, Malta Operational Centre / Physical Oceanography Unit
UNIBO - Alma Mater Studiorum Università di Bologna
University of Mohamed V - University Mohamed V-Agdal
University of Thessloniki - Aristotle University of Thessaloniki
UoA – National and Kapodistrian University of Athens
IASA - Institute of Accelerating Systems and Applications

1.3. The MONGOOS Strategy plan
The Mediterranean Operational Network for the Global Ocean Observing System (MONGOOS) was in 2012 to further develop operational oceanography in the Mediterranean
Sea. MONGOOS comprises the previous activities of MOON and MEDGOOS.

1.3.1. MONGOOS objectives
MONGOOS generic objectives, as defined in the MoA, are:
a) Improved Fitness for Purpose. Continuously advance the scientific understanding and
technological development upon which the Services are based.
b) Greater Awareness. Promote the visibility and recognition of the Services with governmental agencies and private companies, encourage their integration at national,
regional, European, and global levels.
c) Increased Downstreaming. Enhance the usability of the Services and their usefulness
for policy implementation, societal needs and science.
d) Improved Capacity. Support the planning and implementation of international initiatives involving operational oceanography, and promote the participation of non-EU
Mediterranean countries in producing the Services.
These generic objectives will be fulfilled in the mentioned period via the following more
specific strategic plan.

1.3.2. Strategic plan
The following strategic lines will be specifically promoted, each one including specific actions to be carried out:
1. Increase the level of collaboration and exploitation of synergies with EuroGOOS, AfricaGOOS, and Black Sea GOOS. To achieve these objectives the following actions are foreseen:
– Set up collaboration agreement with EuroGOOS;
– Reinforce the presence of EuroGOOS and AfricaGOOS in MonGOOS annual meetings
and other MonGOOS promoted workshops;
– Explore the possibility of mimic EuroGOOS task teams, fully coordinated and mutually serving the EuroGOOS existing ones;
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2. Improve Northern African Countries participation in MONGOOS. The following actions
are foreseen:
– Explore the link with Union for Mediterranean activities in order to attract Northern
African countries;
– Invite new partners through AfricaGOOS;
– Visit relevant partners when required;
– Invite potential partners to MONGOOS meetings and workshops;
3. Improve collaboration with other organizations, such as UNEP-MAP, UfM, REMPEC, EEA,
EMSA, IOC, WMO, JCOMM, EUMETNET, Marine Board, JPI-Ocean, CIESM, etc. Actions:
–
–
–
–
–
–

Set up a collaborative action plan with UNEP-MAP;
Renew the MONGOOS-REMPEC Agreement;
Propose new agreement with other Organizations and UNEP/MAP regional centres;
Develop a strategic plan with IOC;
Enforce the participation and integration with JCOMM;
Reinvigorate the collaboration with EUMETNET;

4. Promote further development and integration of MONGOOS members Operational
Oceanography systems. This will be done through:
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– Promotion of EU-funded projects with the participation of MONGOOS members;
– Fostering adoption of good practices, integration of systems, data sharing, and exchange of information within the framework of Copernicus and EMODNET initiatives;
– Publish a MONGOOS reference publication into EuroGOOS;
– Consolidate the activities in support to EU Blue Growth strategy;
– Contribute to the improvement of observing and forecasting systems via the promotion of specific projects;
– Contribute to the consolidation of the MONGOOS oil spill observing and forecasting
systems;
– Further develop the working groups, including renovation when required;
– Develop a science, operation, technology and application strategic plan;
5. Increase visibility and recognition of MONGOOS and its members through:
– Development of MONGOOS data centre and MONGOOS showcase tool and catalogue for operational services and applications;
– Active participation of MONGOOS members in forums and outreach activities;
– Contribute to the EUROGOOS, Africa GOOS and Black Sea GOOS initiatives and activities;

1.4. The MONGOOS Working Groups
The MONGOOS working groups are in charge of fostering the activity in certain specific
areas. There are several working groups with different roles and objectives:
– Modelling working group that have the following objectives:
• Permanent review of the status of modelling activity in the region
• Organise workshops related to numerical models
• Preparation of documents and papers related to numerical modelling activity in the
region
• Update of modelling systems inventory
• Assessment for the establishment of MONGOOS priorities and strategies to contribute
to the implementation of actions defined in the MoA
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– In-situ working group
•
•
•
•
•

Review the status of in-situ monitoring activity in the region
Organise workshops related to monitoring systems
Preparation of documents and papers related to in-situ monitoring activity in the region
Update of the in-situ systems inventory
Assessment for the establishment of MONGOOS priorities and strategies to contribute
to the implementation of actions defined in the MoA

– Applications working group
The applications WG has defined its Terms of Reference as following:
• Dialogue with users for identifying requirements and needs and to co-develop and
test the applications
• Gather the information on the MONGOOS partners applications in the different relevant sectors, such as: a) Aquaculture and fishery b) Tourism and sports activities; c)
Integrated Coastal Zone Management and Maritime spatial planning; d) Transport and
harbour services; e) Marine digital services; f) Technologies for maritime safety; g)
Climate change and anthropogenic impacts on marine environment and; h) Energy
from the sea
• Manage and maintain an overview of Applications portfolio, highlighting the values
of ocean applications for society
• Promote and disseminate information on MONGOOS applications
• Facilitate the dialogue among MONGOOS Partners and relevant external partners and
stakeholders (e.g. Industry, EU, national and international agencies and bodies)
• Promote research and technological development in the different Applications fields
(e.g. advanced visualization, usage of multi-channels technological platforms, and development of specific models and algorithms )
• Manage and promote the adoption of an international standard to support interoperability and a common formatting of ocean application products and services, as well
as quality assessment
• Contribute to Ocean literacy for the dissemination of operational oceanography
knowledge
• Promote and facilitate the support, development and adoption of MONGOOS applications to the wider community
• Promote market entry by MONGOOS applications were relevant
• Liaise with and gather input from the other international and national initiatives (e.g.
EUROGOOS; GEO BluePlanet; JCOMM ETMEER; BlueMed)
Additional specific activities are as following:
• Organize workshops on MONGOOS partners’ applications
• Contribute to the organization of the CMEMS MED User & Training Workshop
• Consolidate the contribution to EGU relevant sessions (e.g. Marine Pollution Assessment, Predictions and Risk Mapping; Ocean Science Literacy)

1.5. Mediterranean environmental problems,
natural hazards and societal challenges
The sustainable development of Mediterranean coastal areas, the management of water
(surface and underground fresh waters), marine resources (off-shore activities and fisheries), and the overall management of open sea and land-derived pollution is a serious
concern for the European and non-European States bordering the Mediterranean Sea. Millions of people’s lives depend upon the continuous assessment of the state of the system,
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so that prevention actions against pollution, overexploitation of fish stocks, loss of water
resources, and marine ecosystem habitat loss can be taken in a timely fashion, together
with adaptation and mitigation measures.
The major Mediterranean Sea environmental and societal problems and challenges that
are of concern for MONGOOS are:
1.

changes in the basin hydrological cycle (also due to man-induced changes in the river
basins and their runoff), in underground waters, and in precipitation events;
2. climate change impacts and the definition of mitigation and adaptation strategies including the definition of nature-based solutions for the coastal and marine areas
3. fate and dispersion of pollutants in the marine environment (including oil spill and litter) and other contaminants in coastal waters and in the open sea;
4. fate and dispersion of land-derived nutrients and contaminants;
5. habitat loss, coastal erosion, and storm surge;
6. sustainable development of coastal and maritime industry (e.g fishery, aquaculture
tourism, transport, extraction of oil and gas, and collection of raw material);
7. marine renewable energies;
8. maritime safety and issues related to border surveillance;
9. algal blooms and adverse effects in coastal areas (anoxia, turbidity, etc.);
10. ecosystem changes, invasive species, and long term adverse marine trends.
11. increasing threats to coastal and underwater cultural heritage
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All these problems require a scientific basis of understanding, monitoring, and modelling
of the marine environment that is far from being established. The MONGOOS Science and
Strategy Plan tries to envisage the research and technology developments necessary to
cope with these problems building on a scientific and research-based information system.
This system has been developed for operational oceanography and needs to be consolidated now for the rest of the marine environmental variables and for the development of
applications pertaining to environmental and societal challenges.

1.6. Relevant projects supporting MONGOOS
1.6.1. EUROARGO
As part of the international Argo program, profiling floats have been deployed in the World
Oceans and some marginal seas since 1999 to collect temperature-conductivity-depth
(CTD) profiles. In recent years, some floats have also been equipped with additional sensors to measure biogeochemical and optical seawater properties. Argo is a major component of the Global Ocean Observing System (GOOS) and its main goals are to: 1) provide
near-real time (NRT) in-situ data for operational oceanography applications;2) collect
worldwide observations on a long-term basis to support climate change studies. The Argo
data are readily available in both NRT and, after quality control and validation, in delayed
mode (DM), through dedicated Global Data Assembly Centres (GDACs).
Started in January 2008 as a project, Euro-Argo aimed at developing a European “infrastructure” for Argo to the level where the European partners have the capacity to procure
and deploy about 250 floats per year, to monitor these floats and ensure data can be
processed and delivered to users (both in NRT and DM). Such a European contribution
should support approximately 1/4 of the global array, and provide an additional 50 floats
per year for enhanced coverage in the European marginal seas. In May 2014, the Euro-Argo
European Research Infrastructure Consortium (ERIC) was formally set up. It is composed
of different countries such as France, the United Kingdom, Germany, Italy, the Netherlands,
Greece, Finland, Ireland as members, Norway and Poland as observers, and Spain and Bulgaria as candidate members.
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In the Mediterranean Sea, Argo float operations are coordinated by MedArgo, the official
Argo Regional Centre for the Mediterranean and Black Seas (also known as MED-ARC).
MedArgo conducts the following activities: 1) the coordination of float deployments in the
Mediterranean and Black Seas; 2) the preparation and distribution of Mediterranean and Black
Sea Argo products and services; 3) and the comparison of the Mediterranean and Black Sea
Argo data with ancillary hydrographic data and model products. Since 2000, more than 250
floats have been deployed in the Mediterranean, including about 40 floats with biogeochemical sensors. In total, about 30000 CTD profiles have been acquired in less than 16 years.
http://www.euro-argo.eu/
http://nettuno.ogs.trieste.it/sire/medargo

1.6.2. RITMARE
RITMARE Flagship Project is the largest National Research Programme funded by the Italian Ministry of University and Research. The overall budget allocated for the period 20122016 amounts to 100 million euro. Coordinated by the National Research Council (CNR), it
involves an integrated effort of most of the Italian scientific community working on marine
and maritime issues, as well as some major industrial groups. The partnership is formed
by ENEA, CoNISMa, OGS, INGV, SZN, CINFAI.
RITMARE is divided into 7 sub-projects related to marine and maritime research. One subproject is devoted to Observation System for the Italian Seas, coordinated by OGS.
This sub-project aims to integrate and enhance the observational infrastructures and their
associated products, offering at the same time the opportunity for domestic industry to develop new products and expand into new markets. Additionally, the sub-project strives to
apply internationally defined requirements, methodologies and technologies that ensure data
quality. The components of the resulting integrated multi-platform observing system are:
–
–
–
–

Observational systems based on remote sensing data
The Italian scientific network of fixed sites for sea observation
Forecasting marine systems for the Mediterranean and Italian seas
Autonomous platforms (gliders and drifters)

RITMARE is expected to contribute to:
–
–
–
–

supporting integrated policies for the safeguard of the environment;
enabling sustainable use of resources;
implementing a strategy of prevention and mitigation of natural impacts;
increasing synergies between research bodies and university consortia, facilitating the
emergence of excellence and promoting cooperation;
– supporting the Italian participation in European projects and initiatives.
Project web page: www.ritmare.it, http://sp5-ritmare.cineca.it

1.6.3. TOSCA
“Improve Quality and Effectiveness of Decision-Making in case of Maritime Accidents”
The TOSCA (Tracking Oil Spills & Coastal Awareness network) project, co-financed by the
European Regional Development fund within the framework of Med Programme, aims to
improve the quality, speed and effectiveness of the decision-making process in case of
marine accidents in the Mediterranean, concerning oil spill pollution and search and rescue
(SAR) operations.
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To answer this objective, the following specific goals will be met during the project: Develop a sustainable scientific monitoring & forecasting system
Through the construction of an observational network, based on state-of- the -art technology (HF radars and drifters), the project will provide real-time observations and forecasts of the marine environmental conditions in the Western and Eastern part of the
Mediterranean Sea. The system will be installed and assessed in five test sites on the
coastal areas of oil spill outlets (Eastern Mediterranean) and on high traffic areas (Western
Mediterranean). The use of state-of –the- art technology will provide more accurate oil
spill tracking and trajectory forecasts.
Gathered data will be combined in a useful decision support tool for authorities in charge
of marine emergency response. Based on the needs of local authorities around the
Mediterranean, the system will be implemented on a territorial scale, and will provide critical information to support the decision-making process in case of maritime accident (objects and oil spill tracking and trajectories, ocean current and dispersion maps, mapping
of risk areas, vulnerability maps...)
The network will be used to implement action plans in collaboration with local authorities
and s a common scientific strategy in cooperation with policy makers to provide immediate
response, mitigation, and long term management of oil spill pollution and SAR operations
in case of marine accidents.
Partners: PMP-TVT, MIO, PREMAR MED, UAEGEAN, IASA-UAT, REMTH, TEI Piraeus, DISAM,
OGS, CNR-ISMAR, IMEDEA (UIB-CSIC, ICM-CSIC)
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Project web page: http://www.tosca-med.eu/

1.6.4. MEDESS4MS
The main objective of MEDESS-4MS is to deliver an integrated operational service for oil
spill forecasting connected to existing oil spill monitoring platforms (EMSA CSN and REMPEC) for the Mediterranean sea, using available environmental data from the Copernicus
MED-MFC marine service and the downscaled national ocean forecasting systems.
The overall objectives are:
– To implement an integrated real time oil spill multi –model prediction service for the entire Mediterranean sea;
– To implement a Network Data Repository that will archive and provide in operational
way access to all available environmental and oil spill data;
– To develop an integrated user interface system with a unique Web point providing an
interactive access to the different multi-model service scenarios, to suit the requirements
of EMSA-CSN, REMPEC and generic users;
– To test the service functionalities with ‘key end-users’: REMPEC, EMSA and other endusers such as national agencies combating oil spills and private profit commercial companies.
Partners:
–
–
–
–
–

Department of Merchant Shipping (DMS), Cyprus
Oceanography Center, University of Cyprus (OC-UCY), Cyprus
Meteo-France, National Centre for Meteorological Research, France
Puertos del Estado, Spain
University of Balearic Islands Mediterranean Institute of Advanced Studies (UIBIMEDEA), Spain
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Innovamar, Spain
ICM – CSIC, Spain
Istituto Nazionale di Geofisica e Vulcanologia (INGV), Italy
Italian Coast Guard (ITCG), Italy
Port Authority of Algeciras Bay, Spain
LUISS, Italy
Regional Marine Pollution Emergency Response Centre for the Mediterranean Sea (REMPEC)
IOI-Malta Operational Centre, University of Malta, Malta
Hellenic Centre for Marine Research (HCMR), Greece
Institute of Accelerating Systems and Applications (IASA), Greece
Port Organisation of Heraklion, Greece
Centre de Documentation, de Recherche et d’Expérimentation sur le pollutions accidentelles des eaux (Cedre), France
Decentralized Administration of Crete (DAC), Greece
French Research Institute for Exploitation of the Sea (IFREMER), France
CNR IAMC - National Research Council, Italy
Maritime Safety Department, Montenegro

Project web page: www.medess4ms.eu

1.6.5. RISES-AM
Project objectives:
RESPONSES TO COASTAL CLIMATE CHANGE: INNOVATIVE STRATEGIES FOR HIGH END
SCENARIOS –ADAPTATION AND MITIGATION– (RISES-AM-) is an EU research project that
will promote coastal sustainability under future high-end climate scenarios. The basic
working hypothesis is that coastal zone sustainability can be enhanced by adopting a flexible (adaptive) pathway that identifies tipping points, and that makes use of “green” intervention options that are more sustainable than traditional coastal engineering solutions.
The general objective of RISES-AM- is assessing cross-sectoral and economy-wide impacts and vulnerability of coastal systems at local, regional, and global scales across the
full range of representative concentration pathways (RCPs) and shared socio-economic
pathways (SSPs). This will be achieved by integrating a series of specific objectives pertaining to four different areas of knowledge: 1) Adaptive management; 2) Decisions under
uncertainty; 3) Dynamic (transient) analyses; 4) Coastal zone sustainability.
Partners:
– Universitat Politècnica de Catalunya (UPC), Spain
– Institutul National de Cercetare-Dezvoltare Pentru Geologie si Geoecologie Marina
(GeoEcoMar), Romania
– Institut de Recerca i Tecnologia Agroalimentaries (IRTA), Spain
– University of Southampton, UK
– Deltares, Netherlands
– Christian-Albrechts-Universitaet Zu Kiel (CAU), Germany
– Natural Environment Research Council (NERC), UK
– Helmholtz-Zentrum Geesthacht Zentrum Fur Material-Und Kustenforschung Gmbh
(HZG), Germany
– STICHTING VU-VUMC, Netherlands
– Global Climate Forum (GCF), Germany
– Centro Euro-Mediterraneo Sui Cambiamenti Climatici (CMCC), Italy
– University of Sussex, UK
Project web page: http://www.risesam.eu/
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1.6.6. ICOAST
Project objectives:
iCoast is a European project that aims to develop a warning system for coastal risks caused
by extreme waves and high sea water levels in European coastal areas and, specifically, in
Catalonia.
The system will offer different management alternatives 72 hours in advance, so that those
responsible for the territory take the most appropriate measures to protect people and
properties
The main elements to consider for iCOAST are urban beaches, coastal defences and infrastructure, which are the places where most incidents occur.
The expected results are:
– A map of the most relevant coastal hazards and associated risks over the Western
Mediterranean coast
– A set of guidelines and best practices of intervention.
– A prototype of a coastal early warning system, iCoast, which will include the protocols
of interventions and alert information.
Partners:
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–
–
–
–
–
–
–

Centre Internacional d’Investigació dels Recursos Costaners (CIIRC)
Soluciones de Ingenieria Maritima Operacional, S.L. (SIMO)
Servei Meteorologic de Catalunya
Departament d’Interior – Generalitat de Catalunya
Institut Geològic de Catalunya (IGC)
Information Technology for Humanitarian Assistance, Cooperation and Action (ITHACA)
University College Cork, National University of Ireland, Cork

Project web page: www.icoast.eu

1.6.7. FixO3
Project objectives:
The Fixed point Open Ocean Observatory network (FixO3) seeks to integrate European open
ocean fixed point observatories and to improve access to these key installations for the
broader community. These will provide multidisciplinary observations in all parts of the oceans
from the air-sea interface to the deep seafloor. The programme will be achieved through:
1. Coordination activities to integrate and harmonise the current procedures and processes.
Strong links will be fostered with the wider community across academia, industry, policy
and the general public through outreach, knowledge exchange, and training.
2. Support actions to offer a) access to observatory infrastructures to those who do not
have such access, and b) free and open data services and products.
3. Joint research activities to innovate and enhance the current capability for multidisciplinary in situ ocean observation.
Open ocean observation is currently a high priority for European marine and maritime activities. FixO3 will provide important data on environmental products and services to address the Marine Strategy Framework Directive and in support of the EU Integrated
Maritime Policy. The FixO3 network will provide free and open access to in situ fixed point
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data of the highest quality. It will provide a strong integrated framework of open ocean
facilities in the Atlantic, from the Arctic to the Antarctic and throughout the Mediterranean,
enabling an integrated, regional, and multidisciplinary approach to understand natural and
anthropogenic change in the ocean.
Partners:
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

NERC Natural Environment Research Council, UK, Richard Lampitt
OGS Istituto Nazionale di Oceanografia e di Geofisica Sperimentale, Italy, Vanessa Cardin
HCMR Hellenic Centre for Marine Research, Greece, George Petihakis
UniHB MARUM, University of Bremen, Germany, Robert Huber
UiB Universitetet I Bergen, Norway, Peter Haugan
UiT Universitetet I Tromsø, Norway, Jurgen Mienert
PLOCAN PLOCAN, Spain, Eric Delory
AWI Alfred Wegener Institut fur Polarund Meeresforschung, Germany, Antje Boetius
UNEXE University of Exeter, UK, Ute Schuster
SLR SLR Consulting, Ireland, Nick O’Neill
IFREMER Institut français de recherché pour l’exploitation de la mer, France, Jean-Francois Rolin
BLIT Blue Lobster IT ltd., UK, Kathryn Keeble
INGV Istituto Nazionale di Geofisica e Vulcanologia, Italy, Paolo Favali
MI Marine Institute, Ireland, Fiona Grant
UNIABDN The University Court of The University of Aberdeen, UK, Alan Jamieson
CNRS Centre National de la Recherche Scientifique, France, Laurent Coppola
GEOMAR GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany, Johannes
Karstensen
ULPGC Universidad de las Palmas de Gran Canaria, Spain, Melchor Gonzalez-Davila
USTAN University of St Andrews, UK, Douglas Gillespie
IEO Spanish Institute of Spain, Alicia Lavin Montero
NKEI NKE Instrumentation, France, Yves Degres
INDP Instituto Nacional de Desenvolvimento das Pescas, Cape Verde, Carlos Ferreira
Santos
UPC Universitat Politècnica de Catalunya, Spain, Joaquin Del Rio Fernandez
TEXCEL Texcel Technology Plc, UK, Peter Shawyer
UGOT University of Gothenburg, Sweden, Per Hall
52° North 52oNorth, Germany, Arne Broering
CNR Consiglio Nazionale delle Richerche, Italy, Roberto Bozzano
NIOZ Stichting Koninklijk, Nederland, Herman Hummel
IMAR Imar- Instituto do Mar, Portugal, Ricardo Serrao Santos

Website: www.fixo3.eu

1.6.8. JERICO NEXT
Joint European Research Infrastructure network for Coastal Observatory – Novel European
eXpertise for coastal observaTories
The coastal area is the most productive and dynamic environment of the world ocean with
significant resources and services for mankind. JERICO-NEXT (33 organizations from 15
countries) emphasizes that the complexity of coastal ocean cannot be well understood if
interconnection between physics, biogeochemistry, and biology is not guaranteed. Such
integration requires new technological developments allowing continuous monitoring of
a larger set of parameters.
In the continuity of JERICO(FP7), the objective of JERICO-NEXT consists in strengthening
and enlarging a solid and transparent European network in providing operational services
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for a timely, continuous, and sustainable delivery of high quality environmental data and
information products related to marine environment in European coastal seas. Other objectives are: to Support European coastal research communities, to enable free and open
access to data, to enhance the readiness of new observing platform networks by increasing
the performance of sensors, showcase of the adequacy of the so-developed observing
technologies and strategies, to propose a medium-term roadmap for coastal observatories
through a permanent dialogue with stakeholders.
JERICO-NEXT is based on a range of technological and methodological innovations. An
important innovation potential is to provide simple access to a broad range of crucial, validated information to understand t global change in coastal areas. Added values of
JERICO NEXT, JERICO-RI shall send data and information in an operational mode to European data systems, with dedicated service access. One of the strengths of JERICO-NEXT
lies in the fact that technological and methodological developments will be deployed in
natural environment.
Partners:
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–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

French Research Institute for Exploitation of the Sea
AZTI Foundation
Blue Lobster IT Limited
The Secretary of State for Environment, Food and Rural Affairs
Euro-Mediterranean Center for Climate Change
National Research Council
The National Center for Scientific Research
Spanish Council of Research
DELTARES
ETT S.p.A.
European Global Ocean Observing System
Fluidion SAS
Finnish Meteorological Institute
Hellenic Centre for Marine Research
Helmholtz-Zentrum Geesthacht, Center for Materials and Coastal Research
Hydrographic Institute
Institute of Marine Research
Institute of Oceanology – Bulagarian Academy of Sciences
International Research Institute Of Stavanger AS
Mariene Informatie Service Maris BV
Marine Institute
Norwegian Institute for Water Research
National Institute of Oceanography and Experimental Geophysics
Ministry of Transport, Public Works and Water Management
SLR Environmental Consulting (Ireland) Limited
SmartBay Ireland, Ltd
The Swedish Meteorological and Hydrological Institute
Balearic Islands Coastal Observing and Forecasting System
Finnish Environment Institute
University of Malta
Polytechnic University of Catalonia
Flanders Marine Institute
ERIC Euro-Argo

Website: http://www.jerico-ri.eu/
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1.6.9. TRADE
Project objectives:
The project’s main goal is to prevent the risks associated with navigation and port operations in the Gulf of Cadiz, from the Straits of Gibraltar to Cape St. Vincente, in the light of
the fact that this corridor has one of the most intense maritime traffic of oil and chemical
product tankers, and considering the importance of environment preservation for the economic and tourism sectors of the region.
Main deliverables and expected impact:
– Deployment of Radar Network High Frequency (Codar-SeaSonde, Qualitas Instruments
S.A.) for monitoring vector fields over surfaces, currents, and waves in the Strait of
Gibraltar and across the border between Spain and -Portugal .
– Development of methods and procedures for validating the quality of information and
its integration in the information systems of the participants, technology platforms, scientific groups, national and regional authorities of management, and the decision-making process focusing on operations at sea in emergency situations, etc.
– Creating a border interoperability platform for the management and distribution of data
and development of a model of inter-institution collaboration for the joint management
of information by means of a border ocean observatory.
Partners: Puertos del Estado, Instituto Hidrográfico de Portugal and Universidad de Cádiz
Project web page: http://www.tradehf.eu/en/home
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1.6.10. SAMOA
Project objectives: SAMOA is a 3-year project to downstream operational oceanography
to Spanish Harbours. SAMOA is funded by Harbour Authorities and Puertos del Estado
and it is based on SAMPA project, developed with Algeciras harbour, SAMOA will bring to
harbours customized information for decision making
Main deliverables and expected impact:
–
–
–
–
–

10 high resolution atmospheric models (1 km resolution)
10 high resolution circulation models in the Ports (50 m resolution)
10 High resolution wave models inside the Ports (10 m resolution)
Oil spill model
Visualization and alert tools.

SAMOA will be co-developed and used by 18 Port Authorities for different applications,
such as environmental management, harbour safety, infrastructure operations, oil spill control, aids to navigation, etc…
SAMOA will be at the core of an information-based decision making of harbour authorities
and it will be fully integrated into operational activities
Partner: Puertos del Estado, AEMET, IH Cantabria, LIM-UPC

1.6.11. SAMPA 2
Project objectives: The Strait of Gibraltar is one of the most important oceanographic regions in the world, both because of ongoing physical processes and its important socioeconomic activity, being one of the areas of the world with most intensive maritime traffic.
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In spite of these facts, there is an important deficit in marine monitoring and forecasting
capacities of the region. To fill this gap, Puertos del Estado and The Algeciras Port Authority have launched the SAMPA and sampa-2 projects.
The SAMPA system, as it is common today in operational oceanography, has three components: a monitoring component consisting in new measuring devices deployed in the
region, a forecasting system based on new numerical models for waves, winds and circulation, and finally a set of user- oriented visualization and downstream applications. The
project links to and is coordinated with TRADE project, led by Puertos del Estado and devoted to build an HF radar capacity in the Strait.
Once developed, the system will be integrated into Puertos del Estado operational system,
assuring the sustainability of new developments. Furthermore, it is planned that the concept will be exported to additional regions. Therefore, SAMPA is also an advanced Operational Oceanography laboratory.
Project web page: http://sampa-apba.puertos.es/
Partners: Puertos del Estado, Puerto de Algeciras, Universidad de Málaga, AEMET

1.6.12. DeFishGear
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Derelict Fishing Gear Management System in the Adriatic Region - DeFishGear is an international strategic project implemented under the IPA Adriatic Cross border cooperation
programme. It brings together 16 partners from all 7 countries surrounding the Adriatic
Sea (Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Albania, Greece and Italy).
The partnership is composed of research institutes, public institutes, private companies,
and non-governmental organizations.
Marine litter -any persistent, manufactured, or processed solid material discarded, disposed of or abandoned in the marine and coastal environment- poses a major threat to
wildlife and ecosystems, as well as to humans and their livelihoods. Marine litter is a complex and multi-faceted issue with environmental, economic, safety, health and cultural implications. It knows no boundaries, and represents a pervasive and persistent problem that
expands beyond borders away from the source of origin. Coordinated and multi-sector
actions are key to combating marine litter.
DeFishGear project aims to facilitate efforts for an integrated planning to reduce the environmental impacts of litter-generating activities, and ensure the sustainable management
of the marine and coastal environment of the Adriatic Sea. Ultimately, the DeFishGear project will provide a strategic input to regional efforts in successfully achieving good environmental status in the Mediterranean Sea.
The DeFishGear expected results include the following:
– Improved knowledge on the occurrence, amount, sources and impacts (including socioeconomic impacts) of marine litter (including microplastics) in the Adriatic;
– Harmonized marine litter monitoring activities in the Adriatic region and enhanced collaboration as a building block for future actions;
– Strengthened & reinforced science-policy interface to support the integration of sound
science into policy and decision making to effectively tackle marine litter;
– Reduced marine litter pollution in the Adriatic coastal waters by means of activities involving fishermen and other stakeholders (setting up collection points for derelict fishing
gear, ghost nets recovery, and fishing for litter activities).
– Joint, coordinated and/or complementary schemes to manage human activities generating litter in the Adriatic Sea, and strengthened implementation of relevant policy
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frameworks (Marine Strategy Framework Directive, Regional Plan for Marine Litter Management in the Mediterranean, Ecosystem Approach, Maritime Spatial Planning, Integrated Coastal Zone Management, etc.)
Project webpage: www.defishgear.net

1.6.13. PERSEUS
Project Objectives:
PERSEUS has created a marine research governance framework that unites scientific research with policy development. The project has established a collaborative framework
bringing together scientists, policy makers, and the wider public in order to share knowledge and promote informed decision-making. PERSEUS is intrinsically linked to other EU
policies and actions in both the Mediterranean and Black Seas.
Results:
The assessment of pressures, processes and impacts on SES open sea and coastal areas
through field and modelling and remote sensing studies; the development of a long-term
monitoring strategy using the integrated observing systems in the SES and a Policy Brief
on Collaborative science, beyond EU, to support policy frameworks. An integrated observing system in the SES has been established where new multi-parametric moorings were
installed (upgraded with new sensors),and new glider transects were supported in the
southern Mediterranean. New Argo floats were deployed in the Black Sea, and sustained
ship campaigns were supported in key locations. New tools were implemented CPR -Continuous Plankton Recorder- and VMS (Vessel Monitoring System), while field experiments
tested the new marine litter monitoring tools. An Open Access European data delivery
protocol has been established.
Four more tools have also been produced: 1) The “Tool for identification and assessment
of Environmental Aspects in Ports” TEAP; 2) The “Adaptive Marine Policy (AMP) Toolbox”,
to support MSFD implementation; 3) The concept of a management system in case of an
oil spill ; 4) The Eco-regionalisation of the Mediterranean Sea providing an ecological, geographical framework for ecosystem management (main species assemblages, environmental features and quantification of environmental and human pressures). The blue prints
of a small, innovative, research and survey vessel have been delivered.
Impact:
PERSEUS attempted to answer questions regarding the ecosystem ‘health’, and to help
policy-makers understand why marine protection is an essential social investment. The variety of results and tools to assist them to achieve/maintain GES and the collaboration between science and policy and between the different policy bodies is the main impact of
PERSEUS on SES
Partners:
HCMR, METU, IFREMER, CSIC, CoNISMa, GeoEcoMar, Plan Bleu, Cosnav Engineering srl,
UMT-IOI-MOU, EIR Global sprl, BC3, IEO, UB, UPC, CNRS, Universite d’ Aix-Marseille, UPMC,
UPS-LA, CMCC, CNR, ENEA, JRC IES, OGS, SZN, PML, UoP, DELTARES, UU, Ulg, AEGEAN,
NKUA, UoC ECPL, Cyl, OC-UCY, NIB, IOF, IOLR HU, BSNN, DMG-SU, IBER-BAS, IO-BAS,
NIMRD, IU, IBSS (until 2014), MHI (until 2014), ONU, SIO-RAS, TSU, INRH, CLU srl, ECOLOGIC, Sarost SA.
Website: http://www.perseus-net.eu
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1.6.14. ODYSSEA
OPERATING A NETWORK OF INTEGRATED OBSERVATORY SYSTEMS IN THE MEDITERRANEAN SEA H2020 (2017-2021)
Project Objectives:
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– ODYSSEA will develop, operate, and demonstrate an interoperable and cost-effective
platform that fully integrates networks of observing and forecasting systems across the
Mediterranean basin, addressing both the open sea and the coastal zone.
– The platform will collect its data from all the different databases maintained by agencies,
public authorities, and institutions of Mediterranean EU and non-EU countries, integrating existing earth observation facilities and networks in the Mediterranean Sea, and
building on key initiatives such as Copernicus, GEOSS, GOOS, EMODNet, ESFRI, Lifewatch, Med-OBIS, GBIF, AquaMaps, Marine IBA e-atlas, MAPAMED,and others with marine and maritime links.
– High priority gaps will be filled through multiple approaches that include developing a
network of coastal observatories, deploying novel in-situ sensors at sea (a.o. microplastic
sensors), oceanographic modelling and integrating existing mobile apps for citizen scientist networks.
– Applying advanced algorithms to organise, homogenise, and fuse the large quantities
of data into common standard type and format, as well as other types of formats, the
ODYSSEA platform will provide both primary data and on-demand derived data services, including forecasts from ALL Mediterranean countries through a SINGLE PUBLIC
PORTAL to various end-user groups and stakeholders.
– End-user requirements will drive the creation of secondary data sets which the platform
will provide as new and packaged services matching the specialised information needs
of users.
– ODYSSEA will increase the temporal and geographic coverage of observational data in
the Mediterranean.
Partners: DUTH, FORTH, UNIBO, Sapienza, Deltares, Thales, ALSEAMAR, HCMR, Technion,
CLS, LEITAT, Develogic, IU, Edisoft, AUTH, GTD, VPORTS, WCMC, HIDROMOD, EcoOcean,
BLIT, RAC-SPA, AGIR, NSV, ANDDCVS, RAED, SPNI, Agora Partners

1.7. MONGOOS and the strategic stakeholders
MONGOOS has identified key relevant stakeholders that represent important interlocutors
and reference users of the MONGOOS partners’ services and products. Moreover, the identified stakeholders are relevant for the sharing of information and for the consolidation of
the Mediterranean Observing system and Mediterranean Sea assessment.

1.7.1. DGMARE - Directorate-General Maritime Affairs and Fisheries
This Commission department is responsible for EU policy on maritime affairs and fisheries.
DG MARE works to:
– Develop the potential of European maritime economy
– Secure sustainable fisheries, a stable supply of seafood, healthy seas and prosperous
coastal communities
– Promote maritime policies to foster a sustainable blue economy
– Develop and carry out policies under the common fisheries policy

LIBRO_Maquetación 1 25/09/18 15:19 Página 37

Sofianos, Sarantis; Álvarez Fanjul, Enrique; Coppini, Giovanni

mongoos

1.7.2. DG ENV Directorate-General for Environment
The Directorate-General for Environment is the European Commission department responsible for EU policy on the environment. It aims to protect, preserve, and improve the environment for present and future generations, proposing and implementing policies that
ensure a high level of environmental protection, and preserve the quality of life of EU citizens. It also makes sure that Member States apply EU environmental law correctly, and
represents the European Union in environmental matters at international meetings.

1.7.3. EMSA- European Maritime Safety Agency
The European Maritime Safety Agency is one of the EU’s decentralized agencies. Based in
Lisbon, the Agency provides technical assistance and support to the European Commission and Member States in the development and implementation of EU legislation on maritime safety, pollution by ships and maritime security. It has also been given operational
tasks in the field of oil pollution response, vessel monitoring, and in long range identification and tracking of vessels.
Among the different activities carried out by EMSA are to be mentioned those related to
the Operations Department that provides operational assistance to Member States and
the Commission in the field of preparedness and response to -sea pollution caused by
ships and oil and gas installations. In addition, the Department facilitates technical cooperation between Member States and the Commission in the field of vessel and port reporting and for maritime surveillance at sea. A number of systems (e.g. SafeSeaNet,
CleanSeaNet, Long Range Identification and Tracking) are maintained and developed in
order to offer government-to-government maritime information services; this includes a
platform for integrated maritime information services, tailored to user requirements.

1.7.4. EEA - European Environment Agency
The EEA is an EU agency tasked with providing sound, independent information on the
environment. It operates as a major information source for those involved in developing,
adopting, implementing, and evaluating environmental policy and also the general public.
EEA’s mandate is to:
– help the EU and its member countries make informed decisions about improving the
environment, integrating environmental considerations into economic policies and moving towards sustainability
– develop and coordinate Eionet, the network of national environmental bodies set up to
help the agency.
Many activities of EEA are relevant to MONGOOS, such as the Inland, Coastal, and Marine
Topic Centre and the series of EEA report on State of Environment and Climate Change.
The EEA has been entrusted with the coordination of the Copernicus In Situ Component,
under a Delegation Agreement with the European Commission signed in December 2014.

1.7.5. UNEP-MAP
The Mediterranean countries and the European Union have been working together since
1975 through the Mediterranean Action Plan (MAP) firstly, to protect the marine environment and, since 1995, also to promote regional sustainable development, biodiversity conservation, and integrated management of the coastal areas, all within the framework of
the Barcelona Convention and MAP Phase II.
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The 21 MAP members, known as Contracting Parties to the Barcelona Convention, decide
on the MAP strategies, budget, and programme. A rotating Bureau of six Contracting Parties guides and advises the MAP Secretariat.
The Athens-based MAP Coordinating Unit (MEDU) is the Secretariat of the Mediterranean
Action Plan. It is responsible for the follow-up and implementation of the MAP legal instruments and activities.
MAP tackles Mediterranean environmental and sustainable development issues. With the
future in mind, it gets different sectors of Mediterranean society involved in preserving the
region’s rich human and natural resources that have been eroded by rapid development,
not always planned with a view to sustainability. In this respect, MAP mainly focuses on
four key fields of activity:
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– Combating land-based pollution, in particular from areas featuring the heaviest concentration of pollutants from human activities, known as pollution hot spots.
– Preventing maritime accidents and illegal discharges from ships: MAP marked a milestone on the path towards achieving maritime safety in the Region through the new Prevention and Emergency protocol.
– Safeguarding natural and cultural resources. Whilst the region’s archaeological treasures have been extensively studied, and their disintegration in our industrial era is a
cause for concern, nature and its evolution have been less of a focus of attention until
recently.
– Managing coastal areas. With the aim of protecting the Mediterranean coasts from the
impact of unrestrained development.
– Integrating the environment and development. MAP strives to reverse the current situation in many Mediterranean countries where environmental concerns still have too little impact on development policies.
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2. The CMEMS and the MONGOOS
operational services
2.1. The Copernicus Marine Service systems
The CMEMS systems in the Mediterranean are strongly connected to MONGOOS. The
Mediterranean Monitoring and Forecasting Centre (Med-MFC) is one of the regional production centres of EU CMEMS. Med-MFC is operated by CMCC Foundation (Italy), INGV
(Italy), OGS (Italy) and HCMR (Greece). Med-MFC operatively manages a suite of numerical model systems that provide gridded datasets of physical and biogeochemical variables
for the Mediterranean Sea with a horizontal resolution of 1/16° (about 6.25 km), increasing
to 1/24° in October 2017. The physical component of Med-MFC is provided by a coupled
hydrodynamic-wave modelling system assimilating temperature and salinity vertical profiles and along track satellite Sea Level Anomaly. It operationally provides daily updates
of the physical state and dynamics of the Mediterranean Sea by covering the analysis of
the current situation and 10 days forecasts. Products include 3D: Temperature, Salinity,
Currents; 2D: Sea Surface Height, Mixed Layer Depth, Bottom Temperature, Stokes Drift,
and Wavenumber.
The biogeochemical component of Med-MFC is forced by outputs provided by Med-Currents , and assimilates the surface chlorophyll concentration measured from satellite and
provided by CMEMS Ocean Colour TAC. Products include 3D daily fields of Chlorophyll,
Nitrate (NO3), Phosphate (PO4), Net Primary Production, Phytoplankton Biomass, Dissolved Oxygen, CO2 partial pressure, Seawater Acidity (pH).
The waves component of Med MFC is based on a high resolution (1/24°) operational wave
forecasting system that provides, on a daily basis, 1-day hourly hindcast and 5-days hourly
forecast of the wave environment in the Mediterranean Sea. 17 different wave products
are available, including significant wave height, wind and primary/secondary swell significant wave height, periods, direction, and Stokes Drift velocity.
Multi-year products (both reanalysis and hindcast) at daily/monthly frequency are also
regularly updated once per year.
The Dissemination and the Backup Dissemination Units allow CMEMS Users to download
the Med-MFC data via different protocols and web services.
The CMEMS capability of provision of in situ data is based on MONGOOS partners observing systems capabilities. A full description of all MONGOOS monitoring systems is provided
in paragraph 2.2. Several MONGOOS partners are participating in CMEMS In-situ TAC.
MONGOOS partners also coordinate the provision of SST and Ocean Colour products for
the Mediterranean Sea in CMEMS.

2.2. MONGOOS monitoring systems
Access to MONGOOS monitoring systems is granted via the MONGOOS Data Center, fully
integrated into MONGOOS web page. This system, developed mainly within the framework
of MyOcean project, provides access to real time data from most of the existing operational oceanography instrumentation in the region thanks to a complete access to MyOcean In-Situ TAC (Thematic Assembly Center). TAC collects automatically data from
most of the stations in the region, and feed data into a single server.
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Figure 2.1. Maps of sensors for waves (upper panel), sea level (second panel), current meters
(third panel) and water temperature (bottom panel)
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The numbers and descriptions presented in this section correspond to the result of several
iterations with all the institutions and MONGOOS and, on occasion, with some other actors
with activity in the region, but not yet part of the organization. In spite of evident gaps
(i.e. no tide gauges reported at Greece), it constitutes the most comprehensive catalogue
of available oceanographic measurements in the region. Figure 2.1 shows the distribution
of wave, sea level, SST, and salinity sensors.
The MONGOOS Showcase Tool (http://www.mongoos.eu/in-situ-and-forecasts) contains
links to the web page section of data providers offering measured data in real time, often
in graphical format. The following figures, derived from the analysis of the information,,
describe the situation:
– Waves
In total, there are 58 buoys capable of measuring waves, most of them directional. Coverage is more complete in the western basin, and there is an almost total absence on
the African coast, with the exception of Ceuta and Melilla stations.
– Circulation and Hydrography
Water temperature is the most frequently measured variable in regular basis, with 113
stations. Only 37 current meters are operational in the whole region. 50 salinity stations
are reported. No stations are present on the African coast.
– Sea level
A total of 100 sea level stations are reported in the region. There is a significant gap in
Eastern Europe that is due to lack of data in the Showcase Tool, rather than the absence
of stations. MONGOOS community is working on solving this coordination issue. Once
more, there is a total absence of stations on the North African coast, except for t the
Spanish cities.
– Atmospheric variables over sea
Several buoys and towers are able to measure atmospheric variables over the sea: The
tool contains information of 80 Meteorological stations capable of measuring Air pressure, temperature and wind.

Figure 2.2: known HF Radar Systems that are in operation in the Mediterranean Sea
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– HF Radar Systems
High frequency (HF) radar systems measure the speed and direction of ocean surface
currents in nearly real time. This technology is based on the emission of electromagnetic
waves and the study of the echo after reflection by the sea surface. The velocity of the
surface current can be derived from the change in frequency between the emitted and
reflected signal. This is a result of the Doppler effect, which is the apparent change in
frequency of a wave produced by the movement of the source with respect to the observer. A total of 10 HF radar systems have been or are currently in operation in the area.
More information can be found at http://www.mongoos.eu/hf-radars
– Argo
MedArgo’s main responsibility is the overall coordination of profiling float operations in
the Mediterranean and Black Seas. As such, MedArgo serves as a Delayed Mode Operator (DMO) for the delayed-mode processing of Argo data with specific QC tailored
for the Mediterranean and Black Seas. The Number of Argo floats in the basin changes
on time (70 at the time of writing this publication, March 2018). More info can be found
at http://www.mongoos.eu/profilers-and-drifters-med-argo
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Figure 2.3. Medargo network - March 2018

– Gliders
A glider is a underwater vehicle that uses small changes in its buoyancy in order to move
up and down in the ocean. Unlike a float, a glider uses wings to convert that vertical
motion to horizontal, propelling itself forward with very low power consumption.The
high efficiency of the propulsion system enables gliders to be operated for several
months, during which they can cover thousands of kilometres. They allow the autonomous and sustained collection of physical measurements, such as pressure, temperature and conductivity data and, depending on the model, some biogeochemical
measurements (like fluorescence, oxygen or optical backscattering) of the upper 1km
of the ocean. Registered measurements are transmitted by satellite every time the gliders comes up to surface. The same communication channel is used to transmit navigation commands to the gliders (heading, angle of ascent/dive, max depth,…).
Although they are a relatively new platform in oceanography, in the Mediterranean Sea
gliders are deployed regularly for ocean observations. Most of the active and archived
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glider missions can be tracked on the owners’ websites and also on EGO (Everyone’s
Gliding Observatories) website. There are 7 glider facilities at the Mediterranean Sea.
More info can be found at http://www.mongoos.eu/glider-facilities

Figure 2.4. Glider facilities.

For some variables, and in certain regions, the monitoring system is quite satisfactory.
For example, the number of tide gauges on the western European Mediterranean coast
is sufficient for most of the applications (study of sea level trends, storm surge monitoring, etc.). Similar situations can be found for wave buoys.
Nevertheless, the absence and limitations of the monitoring system are clear and often
dramatic. First of all, the African coast presents an almost total absence of data. There
is a radical North-South imbalance. The only exceptions are the stations located in the
Spanish cities of Ceuta and Melilla. Even on European coasts, there is an obvious unequal distribution of sensors because of lack of global planning.
Other variables, like currents, are clearly under-sampled in the whole region. Same situations apply for salinity and water temperature, although for these variables data from
gliders and ARGO serve to mitigate the situation. In any case, owing to the size of
mesoscale structures in the region, the limited number of sensors is clearly insufficient
to properly contribute to data assimilation in numerical models, as previously pointed
out.
The solution to this problem is complex because of the high cost of maintaining these
sensors at sea. Only a proper combination of satellite data (SST and altimeter), additional in-situ stations, an increased glider fleet and HF-radar data could provide the data
needed to reduce model uncertainty to a fully satisfactory level for applications ,such
as Search and Rescue.
In any case, almost all the known stations are providing data to MONGOOS data centre,
so coordination is not a major gap. The problem lies in the absence of data.
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2.3. MONGOOS forecasting systems
Access to modelling systems and in-situ data is provided through the MONGOOS showcase tool, based on a GIS interface. The tool directly links to the services operated by all
institutions providing data. The tool (http://www.mongoos.eu/in-situ-and-forecasts) was
designed with the objectives of:
– serving as a simple and visually attractive GIS—based overview of the existing systems
for forecasting and monitoring the Mediterranean Sea
– giving access to the available real time data (in graphical format and/or numerical) as
provided by data originators
– increasing visibility to MONGOOS partners
– providing easy contact with data originators
From the analysis of the data available on the tool, the following description of the modelling situation in the region can be obtained:
– Waves
Figure 2.2 shows the existing operational wave forecasting systems in the Mediterranean
Sea. There are 33 models in total, some of them are covering the whole basin, while others are nested coastal models that provide solutions to harbours or other small areas.
Most of large scales implementations are based on the WAM model, while the coastal
ones are using mostly SWAM. Atmospheric forcing is also different, with origin in models
like HIRLAM, WRF, or Skiron.
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There are similar number of models in the Eastern and Western sub-basins and an absence of high resolution nested application in the African Coast
– Circulation and Hydrography
Most of the models (figure 2.2) are nested into the Mediterranean Sea CMEMS Marine
Forecasting Centre (MED-MFC). It consists of a 3d-baroclinic implementation of NEMO
code, including data assimilation and, since the last version, atmospheric pressure forcing. The forecast horizon is 10 days and it is forced with ECMWF atmospheric fields.
Horizontal resolution is 1/24° and employs 141 vertical layers (z-coordinate).
Nested applications are, in most of the cases, POM, ROMS, NEMO and SHYFEM based
forecast systems. Usually, they do not employ data assimilation. There is a good coverage of both sub-basins. Typical forecast horizon is 5 to 10 days. Usual resolution in 1 or
2 km, being as low as 200 meters in the case of Puertos del Estado-SAMPA model at
the straits of Gibraltar and in the case of CMCC-SANIFS for the Southern Adriatic and
Northern Ionian. The number of vertical levels is, very frequently, between 20 and 30
using all kind of coordinate systems.
Almost all the models use NetCDF as output format and are executed once per day.
Only a few models are employing atmospheric pressure forcing, something fundamental
for sea level (storm surge) short term-forecast. A few systems are specialized in this
variable and phenomena, working in 2D barotropic mode. In order to distinguish the applications able to deal properly with these phenomena (2D or 3D), they are displayed
on another independent map of the tool (not shown here).
In terms of quality and quantity of the operational systems, the Mediterranean area is
reasonably covered, as compared to other regions. There are, in general, sufficient “state
of the art” models for waves, sea level and circulation.
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Figure 2.5. Existing wave (upper panel) and circulation (lower panel) operational models
as shown by the Showcase Tool.

As for circulation, the level of coordination between MONGOOS community and institutions is remarkable and superior to other European areas, following clearly the wellknown Copernicus “butterfly” approach: most of the nested models are getting
boundary conditions from the Copernicus system.
A major practical limitation is, as in other seas, a lack of in-situ real time data to be assimilated into circulation models. As a result of the limited amount of stations available
and the small size of mesoscale patterns, models do not always locate these on the
“right position”, in spite of the application of data assimilation algorithms. This problem
leads to severe uncertainty in the current forecast at a specific point and time. This is
particularly important when trying to apply the model results to certain specific applications, such as search and rescue operations. Nevertheless, this is a problem shared by
all circulation models in the world that are not running in regions strongly dominated
by barotropic-induced processes, such as tides.
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3. Overall objectives of Mongoos
3.1. Scientific and operational goals
MONGOOS shall engage in activities related to the production and use of operational
oceanography services, in furtherance of four principal objectives:
a) Improved Fitness for Purpose. Continuously advance the scientific understanding and
technological development upon which the Services are based.
b) Greater Awareness. Promote the visibility and recognition of the Services with governmental agencies and private companies, encourage their integration at national, regional, European, and global levels.
c) Increased Downstreaming. Enhance the usability of the Services and their usefulness
for policy implementation, societal needs, and science.
d) Improved Capacity. Support the planning and implementation of international initiatives
involving operational oceanography, and promote the participation of non-EU Mediterranean countries in producing the Services.
In particular MONGOOS is focusing on the following activities:
1. General
a) Organise user forums and stakeholder consultations to assess policy implementation
impacts and societal needs, and ensure the usability of the Services;
b) Increase the free and open access to operational oceanography products for the entire community of users, including the research community, in order to advance scientific understanding of the Mediterranean Sea ecosystem dynamics;
c) Organise workshops and common projects to plan the upgrade and innovative development of services and products;
d) Encourage the use of operational oceanography products and services in growing
the blue-green economy;
e) Promote the development of risk assessment and adaptation plans to pollution, the
effects of climate change and other natural and man-made hazards;
f) Promote links between operational oceanographic services and the maritime sector.
2. National Level
a) Strengthen and upgrade national operational monitoring and forecasting services;
b) Respond to national user groups by providing specialized services;
c) Coordinate national and regional contributions to GOOS and GEOSS.
3. Regional Level
a) Identify pan-regional Mediterranean priorities for operational oceanography;
b) Support training, education, and technology transfer in operational oceanography
of the Mediterranean Sea;
c) Facilitate linkages with regional organisations, agencies, programs, and support their
understanding and ability to use the Services;
d) Organise the representation of MONGOOS as the Mediterranean Regional Alliance
for GOOS;
e) Design services to support countries in implementing regional conventions, in particular the Barcelona Convention;
f) Cooperate with ICG/NEAMTWS.

47

LIBRO_Maquetación 1 25/09/18 15:19 Página 48

mongoos

Mongoos Science and Strategy Plan

4. European Level:
a) Organize the Mediterranean contribution to the development of the European Centre
for Ocean Monitoring and Forecasting, and facilitate the uptake of its products by
Members;
b) Link with and contribute to CMEMS Marine Services;
c) Contribute to EMODnet and the Integrated Maritime Policy;
d) Collaborate with European and regional meteorological offices;
e) Act as a ROOS for EuroGOOS in the Mediterranean;
f) Work with European agencies, including EEA, EMSA, EUMETSAT and ESA and harmonize MONGOOS and EuroGOOS initiatives to their mutual benefit.
5. Global Level:
a) Facilitate linkages with international and regional organisations, agencies, and programs;
b) Contribute to the international planning and implementation of the Global Ocean
Observing System;
c) Promote inter-regional cooperation, including cooperation with EuroGOOS, GOOS
Africa, Black Sea GOOS;
d) Coordinate and harmonize the development of a sustainable Integrated Observing
System at the basin and shelf/coastal scales;
e) Contribute to JCOMM observing systems;
f) Strengthen relationships with other IOC and WMO programs.
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3.2. Outstanding scientific and technological issues
Achieving the MONGOOS goals is closely related to improving our understanding, quantification and simulation capabilities of major processes regulating the dynamics and biogeochemical functioning of the Mediterranean Sea. The MONGOOS community has always
been at the forefront of scientific research in the region. Based on the scientific advancement of the last decades, our activities aim at further progressing in resolving major scientific issues. Furthermore, the contribution of MONGOOS operational activities in the
Mediterranean Sea is of great importance in developing and implementing new, advanced
monitoring and modelling tools and techniques in the basin, as well as blending the two
approaches through data assimilation procedures. These activities can produce important
results for answering scientific questions and filling spatio-temporal gaps.
The MONGOOS goals will be achieved only if we develop a research and technology strategy for each of the four environmental system methodological blocks:
– Monitor in Real Time the hydrodynamics, biochemical fluxes (nutrients and plankton),
contaminants levels (oil in the open sea and other contaminants in the coastal areas),
and fishery from the basin to the shelf/coastal scale
– Improve the capability to model the hydrodynamics and the biochemical fluxes and food
webs (coupled models, downscaling, upscaling, process nesting, ensemble forecasting)
from the basin scales to the coastal areas, including the connection with the surface and
underground water input to the coastal areas, the contaminants fate and impact on the
environment and the connections between fishery and environment
– Improve data assimilation tools in order to consider all the relevant real time measurements for the hydrology and biogeochemical parameters
– Develop techniques to quantify the uncertainty related to simulating and forecasting
the dynamics and biogeochemical processes in the Mediterranean Sea
– Develop an information management system for the Mediterranean Sea that will disseminate in real time both observed and model estimates of the state of the system,
and develop interfaces to make this information available to policy makers.
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3.3. The MONGOOS fields of action
3.3.1. Ocean hydrodynamics and Air-sea interactions
3.3.1.1. State of the art
Throughout the Anthropocene, the Mediterranean Sea, an edifice of the old world, has provided our civilization many chances to observe the nature, enabling to investigate the
processes underlying marine and atmospheric motions. Yet, the Mediterranean still surprises us with unexpected steep changes and turns in climate. With new methods and
tools of modern science, not only do we strive to understand, we also attempt to accurately predict the changes in the climate system, particularly the hydrodynamics of the
Mediterranean Sea and its interaction with the atmosphere and the surrounding lands, consequently driving the complex Mediterranean ecosystem.
The complex geometry of the Mediterranean Sea, forged between three continents, divided into western and eastern basins and the Alboran, Ligurian, Tyrrhenian, Ionian, Adriatic, Aegean, Cretan, Levantine, Cilician Basins, connected to Gibraltar, Sicily, Cretan and
Turkish Straits, under large gradients in topography, climatic and freshwater contrasts
across surrounding lands and from north to south, poses important constraints for circulation and mixing, while determining particular patterns of atmosphere-ocean interactions
in the region Multiple driving forces by riverine and atmospheric fluxes of water, heat, and
momentum are all too important in determining the variable response.
Perhaps the most outstanding property of the Mediterranean hydrodynamics is its spectrum of multi-scale motions resulting from the above factors. Firstly, a sequence of interacting basin, sub-basin, and meso-scale circulations connect the various interlaced basins
of the Mediterranean. Second, thermohaline conveyor-belt cells, whether completing a circuit with the Atlantic Ocean through the Gibraltar Strait or in the eastern and western
basins, characterize the deep circulation, while the transport of Levantine Intermediate
Water (LIW) and Atlantic Water (AW) complete the basin-wide intermediate circulation,
transporting oxygen and nutrients. Exchanges at the Turkish Straits and the Suez Canal
influence their vicinity, with high sensitivity to changes in water balance. Third, at smaller
basin and sub-basin scales, a number of meandering jets and eddies, fronts, quasi-permanent, transitory sub-basin, and meso-scale structures either with basin-wide reconnections
or segments such as the Algerian, Ligurian, Asia-Minor currents, or the deep sea midMediterranean jet and their bifurcations modify the transport.
While there are very few wide shelf areas in the Mediterranean, the exceptions at the margins of the Gulfs of Lyons, Gabes, Sirte, skenderun, the Nile, Adriatic and Aegean Seas, as
well as adjacent open ocean convection areas, are important sources of water mass production triggered by atmospheric forcing. Consequently, deep-water events of the Eastern
Mediterranean Transient (EMT) and the Western Mediterranean are observed on multidecadal time-scales.
Operational Oceanography has a leading capability in the Mediterranean that not only enables us to produce four-dimensional forecasts of the state of the Mediterranean, but also
to perfect the methodology to make better and better predictions. Multi-parameter measurement platforms and satellites obtaining real-time data of extensive temporal and spatial
coverage of sea conditions, improved data assimilation, and ensemble forecasting have
brought the forecasting level to perfection, especially for the upper ocean.
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3.3.1.2. Gaps and challenges
Gaps in knowledge and challenges to close those gaps exist in the following areas:
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– Roles of straits: exchange flows, regulation of water fluxes and mass balances of transported materials subject to dynamical constraints, hydraulic controls, non-hydrostatic
dynamics, effects on mixing and entrainment both in the strait and those induced in the
greater Mediterranean Sea
– Roles of upwelling/downwelling dynamics: transient and partly persistent features created by favourable winds, their modification of the surface fields, nutrient dynamics and
surface heat fluxes, influencing climate
– Deep ocean observations: deep currents, bottom trapped motions and gravity flows, intrusions, diffusive and double diffusive fluxes, diffusive and salt fingering layers
– Roles of shelf – deep sea interactions: current and eddy interactions across topographic
barriers, effects on convection and baroclinic instabilities, mixing across shelf-break and
riverine fronts, ROFIs
– Roles of high frequency motions: inertial and ageostrophic motions, tsunamis and meteotsunamis, storm surges, surface and internal basin modes, Helmholtz modes and shelf
modes, tidal motions and local amplification
– Convection, air-sea interactions and shelf processes: shelf and open ocean convection,
shelf and deep sea interactions
– Inclusion of tides, motions induced by barometric pressure variations, internal modes,
Atlantic influences and microstructure in general circulation models, as well as coastal
models,
– Nonlinear free surface: inclusion of surface and riverine net fluxes in continuity and transport equations of models
– Weather patterns: inclusion of local and meso-scale weather effects in the atmospheric
forcing, medicanes and sea-breezes, resolved coastal meteorology
– Climate effects: the effects of climate variability at decadal and longer time-scales,
ENSO, NAO and NCP, Mediterranean Oscillation (MO) teleconnections
– Closing of gaps south-north and east-west: better sharing of expertise, data, models

3.3.1.3. Plans for the future
The future holds the keys for fully integrated approaches across borders to replace the
current strategy of collaboration on the basis of individual projects and national / international resources. Despite the fact that oceanographers have achieved by far the greatest
means and ends of international collaboration in the Mediterranean, the fragile Mediterranean socio-political environment leaves much to be desired in further rapid build-up of
tight collaboration.

3.3.2. Climate change
The Mediterranean Sea, with a population of 150 million on its coasts and receiving 170
million tourists every year, is one of the regions of the world most vulnerable to climate
change because of its geographical situation between the hot subtropical deserts and
the temperate mid-latitude regions. The last comprehensive review on Mediterranean climate (past, present and future) can be found at Lionello et al, 2012. Regarding climate
change, the main expected changes in the area are those derived from sea level rise and
a higher SST. Sea level rise will affect harbours and other coastal infrastructures, as well as
wetlands and beaches (see e.g. Nicholls y Cazenave, 2010; Sánchez-Arcilla et al., 2011). The
increase in SST will mainly affect marine ecosystems (see e.g. Fischlin et al., 2007; Coma
et al., 2009; Marbà and Duarte, 2010). Altogether these changes will have a severe impact
on different socio-economic sectors, such as marine transport, tourism, fisheries, and
coastal management.
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3.3.2.1. State of the art
– The observing system and its results:
The Mediterranean MONGOOS observing system has several components of paramount
importance to monitor climate change in the region. Amongst others, tide gauge networks, moored stations, ARGO drifters, XBT, and gliders are providing relevant data to
monitor the phenomena (Alvarez-Fanjul et al., 2015). Equally important are the data obtained from satellites in the last decades, especially those of SST, altimetry and, more
recently, gravimetry (see e.g. Le Traon, 2013; Calafat et al., 2010).
Regarding sea level, only a few records span back to the beginning of the 1900s. They
correspond to tide gauges located on the northern coast of the western Mediterranean
(Marseille and Genoa) and on the northern coast of the Adriatic Sea in Trieste). The sealevel trends computed from these stations are in the range1.1–1.3 mm/yr (Marcos and
Tsimplis, 2008), i.e., lower than the values estimated for global mean sea-level rise during
the twentieth century, which is in the range1.8–2.0 mm/yr (Miller and Douglas, 2004).
The main reason for the difference is the anomalously high atmospheric pressure observed over the region between the 1960s and the 1990s (Gomis et al., 2008). At present,
the Mediterranean sea level shares most of the behaviours of the North-Eastern Atlantic
(Calafat et al., 2012).Regarding temperature and salinity, several points are not clear
enough yet. On one hand, the temperature and salinity in the deep layers has been reported to increase in both the EMED and WMED (Bethoux et al., 1990, 1998; Leaman
and Schott, 1991; Rohling and Bryden, 1992; Zodiatis and Gasparini, 1996; Tsimplis and
Baker, 2000). On the other hand, no conclusive results could be found for the upper
(Vargas-Yáñez et al., 2009)) and intermediate (Krahmann and Schott, 1998; Rixen et al.,
2005) layers that contribute to the deep layers formation. In addition, the upper layer
of the WMED receives the surface AW, which has warmed up during the second half of
the twentieth century (Levitus et al., 2009). As pointed out by Millot (2007), the Mediterranean could simply show the changes happening in the nearby Atlantic, with local
changes being of secondary order, as it has been reported with respect to sea level.
– The modelling system
Climate modelling activity in the region has been active within the framework of several national and international projects and initiatives, such as Prudence (http://prudence.dmi.dk/),
ENSEMBLES (http://ensembles-eu.metoffice.com/), CIRCE (Gualdi et al., 2013;
http://www.circeproject.eu/), and Vanimedat (Gomis et al., 2012). These are based on the
use of ocean circulation models, coupled or uncoupled with atmospheric models. Other
models, such as WAM or HAMSOM, have been employed to tackle with different variables, such as storm surges or waves (Lionello and Sanna, 2005, Marcos et al., 2011; Jordà
et al., 2012a, 2012b). Much of this activity (including both hindcasts and future projections) is today framed on MEDCORDEX (see e.g. Dell’Aquila et al., 2016). A comprehensive
list of simulations in the area can be found at https://www.medcordex.eu/simulations.php
The existing marine climate projections for the Mediterranean Sea foresee a mean sealevel rise of 30-100 cm by the end of this century, with regional variations up to 20 cm
(Lionello et al., 2012). An ensemble of twenty first century scenarios (Adloff et al., 2015)
shows, for the period 2070–2099 compared to 1961–1990, that sea surface temperature
anomalies range from +1.73 to +2.97 °C and SSS anomalies spread from +0.48 to +0.89.

3.3.2.2. Gaps and challenges
– Observing system
The permanent observing system is limited and perpetuate a North-South imbalance. A
good example of this can be found in the distribution of tide gauges in the basin (see
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Figure 3.1). Furthermore, the MONGOOS observing system is based almost entirely on
national programs, and the survival in time of these is strongly dependent on the evolution of the economy of the region. In fact, the system has been severely reduced in
the last years, because of the economic crisis. As a result of these limitations, inferring
climatic variability and trends from past observations (last decades) is a challenging
task. This is especially true at depth, where observations are scarce. On the other hand,
the value of reconstructions (based on long-term in situ data and short-term but complete satellite data) are very valuable; but again, this can work for sea level and other
surface parameters, but it is unlikely to apply for deep depth.

Figure 3.1. Tide gauges in the region
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– Modelling system
The wide range of values in the projections reflects the large uncertainty of the models
due to several factors, such as the evolution of greenhouse gas emissions and model
uncertainties. This could be a serious handicap when policy makers and stakeholders
are to decide on adaptation strategies and, therefore, when it comes to obtaining a reliable range of uncertainty is a major concern.
Several processes are poorly known, and contribute significantly to this uncertainty.
Amongst others, it is important to cite the continental ice melting to sea level rise, the
evolution of the salinity on the Atlantic Basin (Mediterranean salinity depends on the
evolution of the incoming Atlantic waters), and surface fluxes (heat and fresh water).

3.3.2.3. Future plans
– Observing system
The future strategy for the observing system in the Mediterranean should cope with two
main major problems: reducing the gaps in the observing system and ensuring sustainability of the pieces already in place.
With respect to the gaps, some of them are obvious, such as the mentioned North-South
imbalance in tide gauges. A joint initiative aiming to deploy a network of tide gauges in
the Southern Mediterranean has been already launched by GOOS, MONGOOS and EuroGOOS: the MESCAT project (MEditerranean Sea-level Change And Tsunamis). If finally
funded, this project will deploy tide gauges in the African Countries, and will be a significant contribution to filling the capability gaps for monitoring, diagnosing and forecasting sea level and its variability in the region. The way of filling other gaps, especially
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those related to the monitoring of deep waters, are less obvious and a key issue for
MONGOOS has to be to determine the characteristics of the observational network required to capture the climate change signal (Llasses et al., 2015)
With respect to system sustainability, European level initiatives, such as the future MedOS
(Mediterranean Observing System) and EOOS (European Ocean Observing System http://eurogoos.eu/eoos/) are of paramount importance to provide a more stable framework. This has to be linked with a fully open data policy, something that surprisingly has
not been fully achieved. A good example of the way forward is EuroARGO. A good coordination of the national actors leads finally to substantial EU support for observations.
Coordination through EuroGOOS Task Teams on observing components, if effective,
could lead in the future to similar solutions for other key components of the system.
– Modelling system
The main challenge of the modelling community is to reduce the uncertainty in the projections. Of course, this will always be limited by the fact that scenarios are dependent
on future human activity, however there are several specific problems, mentioned in the
previous section, that have to be specifically tackled (ice melting, salinity in the Atlantic
and surface fluxes). Additionally, the number of simulations has increased in order to
gain confidence in the ensemble results.
For these works, the value of intercomparison initiatives such as MedCORDEX is enormous;
in fact, collaboration via this kind of organizations is probably the only way forward.

3.3.3. Water cycle
The water cycle, consisting of evaporation (E) from land and sea, precipitation (P) and
land surface waters runoff (R) is a key theme of sustainable development in the Mediterranean area since water resources are scarce and the human impact on them is large.
The regulated runoff and river basins changes are perhaps the most serious man-induced
changes occurring in the Mediterranean, as a consequence of agricultural and industrial
usage of fresh water resources (e.g. Sanchez-Arcilla et al., 2002; Hamza, 2003).
The water resources in and around the Mediterranean area are vulnerable and under stress
since industrial and agricultural development heavily depend on water resources. The
coastal areas of the basin are affected as they are forced by river runoff. Degradation and
change of ecosystems may represent a result of the vulnerability of fresh water resources.
The freshwater budget of the Mediterranean Sea is highly variable and affects the Mediterranean
Sea circulation in terms of dense water formation, which drives the Mediterranean thermohaline circulation. The basin is typically affected by summer droughts and by heavy
precipitation events. Such extreme events are not negligible for the regional Mediterranean
water cycle.
The Mediterranean Sea is a concentration basin, i.e. it is characterized by a negative water
budget. The excess of evaporation over precipitation plus runoff is balanced by water exchanges with the Atlantic Ocean and the Black Sea.
The river runoff is a non-negligible term for the Mediterranean Sea. Most estimates vary
between approximately 400–450 km3/yr, equivalent to 160–180 mm/yr. Unfortunately, an
exhaustive data analysis of the Mediterranean river discharge is impaired by a lack of data,
mainly from rivers in the south-eastern parts of the basin.

53

LIBRO_Maquetación 1 25/09/18 15:20 Página 54

mongoos

Mongoos Science and Strategy Plan

Over the sea, large evaporation is experienced, especially, but not exclusively, in winter,
because of the influence of northern dry and cold winds. Few direct observations of airsea latent heat exchange are available, and Mariotti et al. (2002b) estimated the evaporation term in the range of 934–1176 mm/yr. Unfortunately, large errors also remain for
evaporation estimates.
With regard to precipitation, the annual mean over the sea ranges between 331 and
477 mm/yr (Mariotti et al., 2002a, b), however direct measurements of precipitation
over the sea are rare, and indirect estimations from coastal stations can only be approximate.
From E-P-R, an estimated average Mediterranean freshwater deficit of about 480 mm/yr
is obtained with a large uncertainty (~200 mm/yr). The large uncertainties that affect each
water budget component make it impossible to state whether the budget itself has exhibited significant trends in recent years.
The exchange at the Strait of Gibraltar is characterized by a two-layer system, with a relatively warm and fresh upper-water inflow from the Atlantic and a relatively cool and saltier
deep-water outflow to the Atlantic that also influences the Atlantic Ocean characteristics
at intermediate depth. Estimates derived from Oceanography of the water flux from the
Atlantic Ocean at the Strait of Gibraltar are affected by strong uncertainties, and their temporal variability is largely unknown.
The net freshwater inflow into the Aegean is often simulated as a river flowing into the
Mediterranean Sea. This flux has an important interannual variability and long-term trends.
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The net volume transport of the Strait of Gibraltar gives an independent estimate of the
mean value of the Mediterranean Sea freshwater budget, namely ~640 mm/yr (averaged
on values given by previous studies; see Mariotti et al., 2002b), which does not agree with
the E–P–R estimates (480 mm/yr). There’s even less agreement when adding the Black
Sea term (75–120 mm/yr).
The Mediterranean Sea is undergoing changes in water resources as a result of both anthropogenic forcings (fresh water usage by agriculture, industrial activities, radiative forcing by air pollution, etc.) and natural climate variability, such as the North Atlantic
Oscillation, that produces inter-decadal changes in the precipitation regimes (Mariotti et
al., 2002b) and, therefore, in the Mediterranean energy cycle.
The water budget is not only driven by atmospheric conditions, but also depends on the
ocean characteristics (SST, heat content of the ocean mixed layer, depth of the mixed
layer), which in turn can influence the atmosphere through air-sea fluxes. In fact, the
Mediterranean Sea also influences the atmosphere over the sea by releasing moisture,
which has both local impacts on the low-level flow feeding coastal heavy precipitations
in moisture and energy, and remote impacts as one of the main sources of moisture to surrounding Mediterranean lands and remote regions such as the Sahel.
As for the hydrological cycle, it is now evident (Mariotti et al., 2001) that decadal time
scales variability of the evaporation and precipitation budgets are acting upon the basin,
because of teleconnections with Atlantic climate regimes. Furthermore, precipitation
regimes have been changing over the last 20 years (Stella et al., 2000) with fewer days of
heavy rain and an increasing number of drought days.
The terms of the Mediterranean Sea water budget and their variability at different time
scales have been generally studied separately for the land and o the sea. This is a limitation
that has to be overcome by an integrated approach associating all the compartments of
the Earth system (meteorology, oceanography, hydrology) and based on both observations and modelling tools.
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3.3.4. Biochemical fluxes and food webs
3.3.4.1. State of the Art
Coupled Physical biogeochemical models normally consist of two components separately
describing the physical and the biogeochemical dynamics of the model state variables
(hereafter SVs), and by a component coupling the physical and biogeochemical SVs.
The biomass-based biogeochemical model SVs, implemented in a large number of coupled
models, are mainly describing the “so-called “lower trophic level” (hereafter LTL) dynamics, and can be categorized into three broad groups: dissolved Inorganic SVs (dissolved
gases and nutrients), non-living dissolved and particulate organic matter SV and living
organic matter SV (bacteria, phytoplankton, micro– and meso-zooplankton). Their dynamics is described by a functional group approach and addresses the main functional
biogeochemical role of the biota (producers, consumers, re-cyclers).
Models of this kind are widely in use at the global, basin, and regional scales and are still
used (in several EU-funded research program) to carry out hindcast, scenario predictions,
and operational short-term forecasts.
For instance, for the Mediterranean Sea, hindcast exercises were applied to the study of
the effects that the so-called “Eastern Mediterranean Transient” had on the overall Mediterranean Sea biogeochemical cycling, or to the study of the role played by the Mediterranean
dense water formation processes on the dynamics of the primary producers.
Scenario prediction efforts addressed the possible and combined effects of climatic
change and direct anthropogenic pressure (land-based nutrient inputs) on the main environmental state of the sea.
The operational use of a Mediterranean Sea coupled physical-biogeochemical model is
currently embedded into Copernicus Marine Service, and regularly releases operational (7
days) analysis and (10 days) forecasts with a bi-weekly frequency using the 3DVAROGSTM-BFM model system1 which assimilates surface chlorophyll estimates from the satellite observations. Also an operational forecast service is supplied by the POSEIDON system
managed by HCMR2.
Coupled LTL models are now being added to a “higher trophic level” (hereafter HTL) component that (adopting a biomass or an individual based approach) re-considers the zooplankton parameterization of LTL, and address (with different degrees of complexity) the
dynamics of components of the marine ecosystem that cannot be solved by by the LTL
model (from macrozooplankton to fishes and fisheries).

3.3.4.2. Gaps and challenges
A coupled model encompassing only the LTL, or both the LTL and HTL approach, implemented for any kind (hindcast, scenario, operational) of modelling effort, requires, for parameter calibration and for validation, to be constrained by data.
The Inorganic SVs are directly observed by in-situ oceanographic surveys and by monitoring
programs involving in some cases automated buoys (e.g. the Bio-Argo floats of the Argo

1

See the Mediterranean biogeochemical products at the official CMEMS catalogue portal http://marine.copernicus.eu/web/69-interactive-catalogue.php?option=com_csw&view=details&product_id=MEDSEA_ANALYSIS_FORECAST_BIO_006_006 and at http://medeaf.inogs.it/forecast
2
http://poseidon.hcmr.gr/ecological_forecast.php
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global network). The non-living and living organic SV are directly observed in-situ (chemical
composition) or “proxy” found (biomass weight, Chlorophyll concentration) in situ or remotely (Chlorophyll). However, in-situ observations provide almost no (or very sparse in
space and time) “intra” functional group resolution. The same applies tor biogeochemical
fluxes among ecosystem SV (e.g. Primary, secondary, and bacterial productivity).
Advanced and remotely sensed techniques, able to detect surface primary productivity,
are making (at least for the primary producers SV) promising progress for a better model
constraining. Figure 3.2 shows the outcome of a coupled LTL model of the northern Adriatic sea, compared with remotely sensed observations of the primary productivity, as well
as with remotely sensed data of the microphytoplankton component of the primary producers population.
The joint utilization of simulated and remotely observed data can clearly enhance both
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Figure 3.2 Northern Adriatic Sea LTL model. Upper panels: comparison between simulated and
SeaWifs Estimated gross primary production. Lower panel comparison between simulated and
SeaWifs estimated microphytoplankton biomass.

the calibration and validation procedure of Biogeochemical models.
The lack of comprehensive and sustained HTL observations can be a more significant challenge for the use of the HTL model component, as coupling LTL with HTL implies a substantial increase in the number of SV and in the complexity of the model, increasing the
challenges for accurate fitting. Figure 3.3 shows the coupling structure of a LTL model indicating the various HTL functional groups (invertebrates, fishes eventually marine mammals and fisheries) for which observations are needed.

3.3.4.3. Plans for the future.
The further development and enhancement of coupled marine ecosystem models crucially
depend on the parallel advancement of the observational capabilities of the marine environment.
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Figure 3.3. Structure of a coupled LTL-HTL model.

Effort should be concentrated on the observations of significant LTL fluxes and on HTL
state variables that are now poorly resolved. These improvements will greatly help model
structure and simulation skills.

3.3.5. Sediment fluxes and coastal erosion
3.3.5.1. State of the art
The multiplicity of scales for coastal seas affect hydrodynamics, ranging from mesoscale
circulation in coastal canyons to nearshore circulation in the breaker zone or from tidal
waves to wind -generated waves. This makes predictions and analysis a relatively complex
issue.
The multiplicity of scales in sediment sizes (nominal diameter) and modes of transport
(from suspended or wash loads to near bed transport) add further complexity to such predictions or analyses.
Available observations refer to point-wise data, corresponding to equipment deployed for
a limited period of time, normally associated to campaigns within a scientific research project. They also refer to satellite images or air-borne sensor images covering a limited area
at fixed or regular intervals, but whose quality degrades near the coast, particularly for
satellite tracks from land to sea.
Numerical models, either specific or so called community codes, are available but are only
capable of simulating sediment transport patterns for specific time and space scales. Suspended transport is the easiest component to be reproduced numerically since bed transport depends more on entrainment/deposition, and is critically affected by the normally
unknown bed features and geometry.
Global climate change, including sea-level rise and more intense and damaging storms,
will increase the threats of coastal erosion. Mitigating and adapting to these risks in areas
of human interest, like urban areas, culture heritage sites, and areas of economic interest
are huge challenges for society. In this context, decision making needs to be based on risk
assessment that includes environmental, social and economic factors. By integrating
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coastal hazard and risk assessment mapping into coastal management plans, the risks for
developed or under development areas of interest can be reduced. To address this, the
vulnerability of the coast to sea level rise and associated erosion, in terms of expected
land loss and socioeconomic importance, need to be identified. A joint environmental, socioeconomic, and economic approach of the problem can provide a management tool to
mitigate the impact of coastal erosion in tourism, through a holistic risk assessment to be
used to plan protection measures. Such an approach needs to consider social, economic,
and environmental factors, whose relationships can be better understood when distributed
and analysed across the geographical space. FORTH index methodology, developed regionally within CLIMATOURISM project, provides estimations of climate change impact on
coastlines that are based on a combination of environmental and economic data analysed
in a GIS database.
CLIMATOURISM methodology, provides estimations of the vulnerability of the coast in
two scales and econometric analysis. The database is organised in four levels through
which the analysis is implemented, while on a fifth level the dissemination of the results
to end users is addressed. There are three types of data in the database: (a) Raw data,
derived from remote sensing products; field observations; laboratory analyses, social and
economic features. (b) Analytical data, which is produced by analysing the previous categories with numerical models (c) thematic data, which is created by interpreting the various types of data. The data is organized according to the scale used. New thematic data
can be generated for further utilization. larger scale data refers to the estimations of the
vulnerability at regional level, using the Coastal Vulnerability Index (CVI) method (Hammar-Klose and Thieler, 2001).
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Subsequently, a smaller scale focuses on highly vulnerable beaches with high tourism and
economic values. For this purpose, the Beach Vulnerability Index (BVI) is used (Alexandrakis
& Poulos 2014) in order to identify key factors that result in beach erosion and produce
small scale data. It is a numerical approach of the parameters governing the sediment
budget of beach zones and their evolution. It includes natural processes of long-shore and
cross-shore se transport of sediment, the riverine inputs, the relative sea level change, the
wave run-up and the aeolian sediment transport, and also takes into account individual extreme events (e.g. storms) that often contribute considerably to the erosion of a specific
beach. It characterizes those sections of a beach which are more liable to erosion.
As exposure variable, the value of beach width that is capitalized in tourism income is implemented through a hedonic pricing model (Alexandrakis et al 2015). In this econometric
modelling, Beach Value is related to accommodation facilities, tourist activities, Property
values in the proximity of the beach, the width of the beach at the property location. All
calculations are implemented into a GIS database, organised in five levels.

3.3.5.2. Gaps and challenges
The main challenge is the combination of scales and how that affects the resulting coastal
morphodynamic evolution. There are a number of models, such as one line models for
yearly scales or 2D profile models for storm scales, which are capable of reproducing erosion processes. Accretive dynamics have been comparatively less studied, and the corresponding model performance present higher uncertainties.
The link of this coastal evolution models, normally associated to sand-sized sediment fractions, to suspended sediment dispersion models for shelf areas remains one of the important challenges in this field.
Another component of the general picture, not yet fully focused, is the accurate understanding and representation through models of the processes of transport under wave
braking. Some approaches work well in specific conditions, but fail in others. This requires
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often excessive ad-hoc calibration and usually unsustainable computational resources in
order to produce acceptable estimates, which tends to push towards the use of simplified
models which, in turn, present inaccuracies, mainly in the presence of variable granulometry in the sediments. Thus, the development of computationally sustainable but realistic
models, capable of switching on and off the most suitable theories to follow for a specific
area of interest, would be desirable.
The combination of time scales adds another tough challenge illustrated e.g. by the use of
yearly models for decadal scales, which normally produce results that are not robust or
may become clearly off mark. The same happens when comparing detailed 3D models
with aggregated regional codes. The transition between time or space scales is, therefore,
one of the main gaps that need to be bridged.

3.3.5.3. Plans for the future
The plans here proposed affect observations, models, analyses and, more importantly, the
synergetic combination of the three of them.
To address the previously mentioned challenges and gaps, it would be desirable to have
data series (sedimentary fluxes, maps…) with enough resolution and coverage. This could
be a natural complement of hydrodynamic measurements, and would enhance the role of
satellite imagery (free surface observations) and in situ data (3D point wise observations).
The availability of such sediment-related data sets would allow for an efficient development
of numerical models that have been relatively stagnant during the last decade. The role of
bed geometry and accretive processes would deserve here a higher degree of attention.
The parallel advances in observations and models would lead to an increase in knowledge,
and form here an improvement support to analysis and predictive capabilities.

3.3.6. Towards Operational Fisheries Oceanography in the Mediterranean Sea
3.3.6.1. State of the art
During the last decades, fisheries ecology has focused on the study of the response of fish
populations to environmental variability, with the aim of designing optimal or sustainable
harvesting strategies of marine living resources (Horodysky et al. 2015). At the same time,
operational oceanography has been advancing fast, propelled by the implementation of
new multi-platform observing systems and also by the improvement of data quality, quantity, and accessibility (Tintoré et al. 2013, Manderson et al. 2011). Nevertheless, the initiatives
directed to facilitate and promote the integration of operational oceanography into the
current fisheries assessments in a systematic way are scarce.
One of the most relevant efforts in this line, at European level, was made by the Working
group on Operational Oceanographic Products for Fisheries and Environment (WGOOFE),
which specifically focused on leading the International Commission for the Exploration of
the Sea (ICES) into issues related to the provision of integrated ecosystem management
and advice. Results of the work carried out by WGOOFE have shown the need for strengthening the interaction between fisheries researchers and developers of operational oceanographic products. In general, most of the practical examples of implementation of
operational oceanography into fisheries assessment and management are the result of
specific research projects where researchers collaborate to face challenges associated to
specific target species in certain geographic areas. Indeed, most of the nowcast and forecast products for ecological application in the management of living marine resources
have been developed very recently (Payne et al. 2017).
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Therefore, boosting the transfer of knowledge between the two disciplines, fisheries and
operational oceanography, will be a key to developing an effective “operational fisheries
oceanography” that we define as “the activities directed to link fisheries ecology and operational oceanography for developing information about environmental processes affecting species dynamics and distribution, and the systematic integration of those products
into the fisheries assessment and management”
The Mediterranean Sea, where more than 90% of fishery resources are overexploited
(GFCM-FAO 2016, Fernandes et al. 2017), offers a suitable scenario for the development
of an effective “operational fisheries oceanography”, which is still at a very premature
stage. Most of the Mediterranean fisheries resources are supervised by three international
fisheries management bodies (ICCAT, GCPM, STECF) using methodologies that do not integrate, or include very poorly, environmental variability and its influence on the distribution and abundance of fish.
There are only few examples of a systematic application of operational oceanographic products into the fisheries assessment and management in the Mediterranean . One successful
case study is the use of operational oceanographic data (in-situ, remote sensing and hydrodynamic models) to identify interannual variations in the tuna larval habitats that allows the
calculation of an annual larval abundance index used to assess the population status of Bluefin
tuna in the Balearic sea (Ingram 2017, Alvarez-Berastegui 2016). Indeed, this index is used by
ICCAT to establish the total allowable catches for the two species (see study case at:
http://marine.copernicus.eu/usecases/bluefin-tuna-monitoring-mediterranean-sea/).
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There are a number of studies showing that linking operational oceanography to fisheries
science could play a major role in improving fisheries assessment and management in the
Mediterranean Sea. For example, the use of operational oceanographic products has contributed to improving the calculation of population abundance of sword fish (Lauriano et al.
2017), identifying factors giving rise to population dynamics of demersal resources, such as
cuttlefish (Keller et al. 2014), providing information to assess landings of small pelagic fish
such as anchovy (Ruiz et al 2013). and providing knowledge about connectivity and movement of fish across geographic areas that are currently treated as independent fisheries management units (Hidalgo, in review). Thus, operational oceanography will have a direct impact
on improving current fisheries assessment frameworks, and will open new pathways to design
novel management approaches such as dynamic spatial management, still in their infancy.

3.3.6.2. Gaps and Challenges
Advancing on the production of effective operational data for the study of marine ecosystems requires linking marine ecology to operational oceanography (Payne 2017). The
WGOOFE, identified a mismatch between the requirements of fisheries scientists and the
perceived requirements identified by the producers of oceanographic data products (Berx,
2011). This gap between the two disciplines, fisheries ecology and operational oceanography, was also one of the core concerns that encouraged the creation of an Operational
Oceanography for the Sustainability of Top Predators (OOSTOP), under the
CLIOTOP/IMBER initiatives (OOSTOP,2016). In OOSTOP, we propose bridging the gaps
between these two disciplines as a main challenge to rise to in the near future. The successful integration of operational oceanography into fisheries will directly depend on the
following key elements from both sides: operational, oceanography, and fisheries science;
1. Elements associated with the development of operational oceanography:
– Availability of oceanographic data products (or variables) informing about specific
dynamic processes driving the ecology of the species of interest, with particular
needs in terms of temporal/spatial resolutions and time coverage.
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– Data accessibility (data storage and delivery technology, data use license terms, centralization)
– Data quality (observation quality control, model accuracy and skill)
– Existence of tools (software) for data handling in relation to the end-user background
(fisheries scientists and managers in this case)
2. Elements associated with the fisheries science and methods.
– Adequate identification of environmental processes affecting species ecology, considering specificities of different species groups, ecosystems, and developmental life
stages (egg, larvae, juvenile, adults).
– Adequate evaluation of the usefulness of the operational oceanographic products,
evaluating the impact of introducing environmental variability into a specific assessment model.
– Viability of the assessment methodology applied to integrate environmental variability. Fisheries modelling must advance towards assessment and management approaches facilitating the integration of environmental information

3.3.6.3. Way forward
Considering the described scenario and the relevance of advancing in operational fisheries
oceanography, experts on fisheries research, species ecology and operational oceanography, should interact to define and resolve the pending issues associated to the above-mentioned elements, which is a specific objective of OOSTOP. For that purpose, various actions
are proposed: connecting developers of operational oceanography data with fisheries
management organizations (ICCAT, GFCM, STECF), stimulating capacity building in operational fisheries oceanography issues through FAO regional projects such as COPEMED,
ADRIAMED, MEDSUDMED and EASTMED, designing specific study cases, promoting them
among the scientific community, and aligning MONGOOS objectives with the requirements
of the fisheries end users community in marine ecosystems. For a better design of an action plan, we also propose a direct interaction with the ICES “Working group on Operational Oceanographic Products for Fisheries and Environment” and the CLIOTOP group
“Oceanography for the Sustainability of Top Predators”.

3.3.7. Maritime safety
Mediterranean Sea faces a permanent risk from oil spill pollution, associated with heavy
traffic of merchant vessels transporting oil and gas, accidental coastal and drilling platforms. This high risk, in combination with past experiences in preparedness and response
to major oil pollution incidents in the Mediterranean region, demonstrate the need for establishing a better Maritime safety protocol. Establishing a better Maritime Safety protocol
contributes to the reduction of biodiversity loss, supports the protection of natural habitats, promotes a better protection/improvement of water quality, contributes to the reduction of contaminated sites, as well as to the protection of natural heritage.
The Maritime Safety area encompasses three major components:
(a) monitoring and characterization of the area of interest,
(b) the impact on human health in case of contamination and
(c) timely information of authorities and combating oil spills.
The monitoring and characterization component involves activities, such as ship routing,
to verify the possible source of an accident or contamination, weather forecasting and oil
spill modelling. The second component includes actions for protecting human health in
case of emergency or contamination, particularly in cases where the affected area is highly
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populated or with high tourism rate. The third component includes activities for combating
an oil spill or contamination accident, such as search and rescue operations, marine operations, and defence.
Real-time data on meteorological, sea-state conditions are essential for safety and efficient
operations at sea. The success of oil spill and search and rescue response also depends
on the prediction of the movement of an oil spill or drift objects. In combination with meteorological data, ocean forecasts enhance the response time and efficiency at a regional
scale. At sub-regional and local scales, the downscaling of Copernicus marine service products is required to provide more detailed and higher spatial and temporal resolution marine
information, in order to assist the response agencies in maritime incidents.
The response to an oil spill or a search and rescue incident requires a range of measures
and equipment. The success of such a response depends on the prediction of the movement and weathering of the oil spill or the floating object. To successfully deal with an oil
spill incident, contingency planning is required. Contingency plans are in place in order for
the authorities to better mitigate the risks associated with hazardous accidents at sea, and
for providing immediate action through the use of equipment and technologies to define
in a strategic plan. Equipment for combating pollution includes specialized vessels, booms,
skimmers, dispersants, while technologies for combating oil spills include bioremediation,
clean up technologies and subsea technology interventions. Risk assessment is essential
in contingency planning, and this can be achieved through the use of technologies for
rapid response such as drifters, radars, AUV’s, gliders, drones, meteo, and satellite observations.
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Oil spill models constitute an essential element in contingency planning and in preparing
effective response strategies to combat hazardous oil spills at sea. Such models rely on
the ability to predict meteo-marine conditions of the sea through the use of atmospheric,
wave and hydrodynamical numerical models, in combination with information on the location, rate, nature and characteristics of an oil spill. The derived forecasted fields are used
to provide in advance some knowledge on the fate and track that the oil spill will follow in
time. Reliable prediction of the fate and transport of oil spills by oil spill models depends
largely on the availability of reliable met-ocean forecasts and realistic fate algorithms.
While reliable met-ocean data are now available at global, regional and coastal scales
through the development of operational oceanographic forecasting systems like CMEMS,
further laboratory and field research is required to develop detailed parameterizations for
fate algorithms able to predict the evolution of the state of oil at sea.
Oil spill models typically include evaporation, emulsification, natural dispersion, as weathering processes. A realistic description of dissolution and degradation (biodegradation,
photo-oxidation) is in most cases not provided, although these processes are significant
for estimating the impact of an oil spill to marine ecosystems and for risk assessment for
the mid and long-term. Dissolution is important for the lower molecular weight aromatic
and aliphatic hydrocarbons, which are both more volatile and more soluble than those
with higher molecular weight. These lower molecular weight aromatic compounds
(monoaromatic and poly-nuclear aromatic hydrocarbons, MAHs and PAHs) are the most
toxic components of oil for aquatic organisms. Therefore, it is important to track their fate
in the water column and sediments, in order to predict the impact of oil spills on marine
ecosystems. Oil biodegradation by native bacteria, on the other hand, is one of the most
important natural processes that can attenuate the environmental impacts of marine oil
spills. However, very few numerical models include biodegradation kinetics of spilled oil.
Furthermore, in models where biodegradation is simulated, it is mostly represented as a
first order decay process neglecting the effect of several important parameters that control
biodegradation rate, such as oil composition (easily biodegradable chemicals such as alkanes and small aromatic molecules with one or two rings, will be depleted first leaving the
recalcitrant components in the water column), microbial population, dispersed oil dropletswater interface, and availability of dissolved oxygen and nutrients.
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Based on the above considerations, it is evident that it is important to differentiate between
different chemical groups in oil spill modelling based on their physical, chemical, and toxicological characteristics and track their fate separately, in order to allow for a more accurate
prediction of oil weathering processes. To this end, the pseudo-component approach has
been adopted in several oil spill models to simulate certain weathering processes, such as
dissolution and degradation (e.g. French McCay 2004; Spanoudaki 2016). Under this approach, the large number of chemical compounds that constitute oil are grouped into a
relatively small number of discrete non-interacting components (Pseudo-Components or
PCs), based on physical-chemical properties (volatility, solubility, biodegradability), and the
fate of each PC is tracked separately. In a modified version of MESLIK-II (Spanoudaki, 2016),
biodegradation of the different pseudo-components in oil droplets and dissolved oil is modelled by Monod kinetics. The kinetics of oil particles size reduction, because of the microbe-mediated degradation at water-oil particle interface, is represented by the shrinking
core model. This allows for a more accurate estimation of the total fate of different groups
of chemical compounds present in oil spills. However, further research is required in the
laboratory and in the field to assess the impact (exposure and injury) of oil on ecosystems,
to describe the effect of different parameters on biodegradation kinetics, to assess the impact of microbial communities, and evaluate various bioremediation strategies.
With the use of oil spill models, such as those implemented in MEDESS-4Ms project (MEDSLIK, MEDSLIK-II, MOTHY, POSEIDON OSM) and used by other projects (TOSCA,
ODYSSEA, DECATASTROPHIZE, etc.), response agencies, civil protection, coastguards
and maritime authorities are able to initiate rapid intervention against oil spills originating
from the sea, to control and limit impacts and damages on the coast, important resources
and structures. Information on the fate and track of an oil spill is also essential for assisting
operational response agencies to implement the Directive 2005/35/EC on ship-source
pollution and on the introduction of penalties for infringements.
MONGOOS members, operating sub-regional and coastal ocean forecasting systems, are
among the first in Europe that made use of GMES products (Global Monitoring for Environment and Security) and later of Copernicus marine service products, in order to support
response agencies in the Mediterranean, as well as the regional and European key agencies,
such as REMPEC and EMSA. Copernicus marine service provides marine data which is of
primary importance for the downstream applications, such as maritime safety response.
MONGOOS members use Copernicus Marine Service products to provide higher resolution
ocean forecasts in the sea areas of their responsibility. The downscaled ocean products,
nowadays, are used operationally for dedicated Maritime Safety downstream applications
in the entire Mediterranean, such as oil spill predictions, search and rescue operations,
shipping routine, particularly within the framework of MEDESS-4MS, EMSA-CSN, REMPEC,
SeaConditions, etc.

3.3.8. Ocean resources and renewable energies
Europe has a leading role in the renewable energy production. Ocean resources that are
utilized for energy production are wind, wave, tidal, and currents. The most common renewable energy production makes use of wind resources. Wave resources are even higher than
wind but there are no converters ready to be used in production. Production of energy by
utilizing tidal characteristics is a promising technology, but it is limited to specific places and
various environmental constraints. Similar problems are encountered in energy production
technologies using ocean current power. The cost of wind energy production is already antagonistic to other non-renewable energy production systems. The three resources, namely
wind, wave,and solar are at high levels of availability in the Mediterranean Region. Although,
there are cons and pros for each one and their use in the Mediterranean region:
Wind energy: There are certain locations that favour the installation of inland and offshore
wind parks. The good inland locations have been already occupied. New locations are
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complicated to be found. Near-shore wind installations are favourable, but there are serious
restrictions such as tourist activities, ship lines, protected areas, complex coastlines etc.
Offshore and deep offshore locations have other disadvantages such as deep waters, political borders, power lines etc. The wind potential of both inland and offshore is at satisfactory levels. Inland exploitation is quite high. Near-shore or offshore exploitation is very
low due to various reasons mainly associated to the restrictions by other kind of use. The
Mediterranean region in general is not characterized by a high wind energy potential, unlike
the North Sea and NE Atlantic. However, there are certain locations that are considered as
favourable for offshore wind energy exploitation. Such locations are in the Aegean Sea,
the Strait of Messina and certain areas in the Adriatic Sea. In the western Mediterranean
is the Gulf of Lyons. The deep waters and the morphology of the sea bottom do not permit
the extended utilization of areas far away from the coast. The areas with depth up to 5060 are few and several other restrictions (e.g. Marine Protected Areas, underground cables,
proximity to tourist areas, geographic borders) make the exploitation un attractive. Deep
water (50-500 m) exploitation encounters similar problems and will certainly face technological challenges.
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Wave energy: For years, the Mediterranean was considered as an area with low wave potential. Recent studies showed that this is now always true. The main issue in the wave energy production is the wave characteristics and the selection of the appropriate wave
energy converter. The waves in the Mediterranean are rather wind-waves because of limited fetching and reduced swell. Of course, this does not prevent the use of wave converters that are appropriate for such wave climatology. Favourable areas for wave energy
exploitation are in the Aegean Sea, SE and Central Mediterranean, and the Gulf of Lyons
in the Western part. The exploitation of wave energy in the Mediterranean encounters similar problems with offshore wind energy systems. The problems are mainly due to deep
waters and coastal land barriers (peninsulas, islands etc).
Joint exploitation: Offshore energy production is always wind or wind and wave, since
solar is not favourable for installation in marine environments. Joint exploitation of offshore
wind and wave energy production has certain benefits. In general, it increases the energy
yield per square meter and reduces variability and the number of hours of zero production.
In addition, it reduces the implementation and operational costs. The joint exploitation has
certainly other benefits, such as the creation of a kind of shelter environment by implementing wave generators in the wind farm and, therefore, generating modified wave climatology towards safer operations (protection of wind turbines from heave wave loads).
As it was recently found by Kalogeri et al, (2016), the benefits are high in areas where the
two resources, namely wind and wave, have low correlation. As previously mentioned, the
wave characteristics in the Mediterranean region depend on wind power and, therefore,
are highly correlated. Hence, this benefit is not gained in combined exploitation facilities
in the Mediterranean, except in specific locations. The difficulties encountered are similar
to those related to offshore wind installations.
Wind and wave resource mapping: Several attempts have been made to map the available
wind and wave potential in the Mediterranean. Most of them cover parts of the Mediterranean Region, while others are too coarse. One database, with relatively high temporal
and spatial resolution, has been created within the framework of the EU-funded project
MARINA Platform. This database was initially created for 10 years, but it has recently been
extended to 20, as a result of a high demand of data from various users. The database has
been created by utilizing SKIRON and WAM atmospheric and wave models respectively,
and utilizing the data assimilation system LAPS for creation of the initial and lateral boundary conditions. All the available atmospheric and wave data (altimeter and buoy) have
been utilized. Wind and wave parameters are co-located with ocean circulation data, available from US Navy. The areas covered are: (i) the Mediterranean and Black Sea;(ii) NorthEast Atlantic, North and the Baltic Sea (the database was created by the Atmospheric
Modelling & Weather Forecasting Group in collaboration with the Ocean Physics and Modelling Group of the University of Athens).
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Figure 3.4. Mean values of power potential in the European seas
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Figure 3.5. Mean values of wave power potential in the European seas

3.3.9. Ocean applications
Operational oceanography reaches nowadays thousands of users through services (e.g.
CMEMS) dealing with societal challenges, such as maritime safety, coastal and marine environment management, climate change assessment, and marine resources management. Free
available products from CMEMS allow the development of specific applications, such as Decision Support Systems (DSS) and services for users and stakeholders. Oceanographic products from CMEMS and downscaled sub-regional and national products are used, transformed,
and provided to users, private companies and stakeholders through adding-value chains
(downstreaming) which consider development of specific solutions, advance visualization,
usage of multi-channels technological platforms and specific models and algorithms.
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The following paragraphs highlight present MONGOOS partners’ capabilities and the future challenges in terms of application for environment and society.

a) Aquaculture and fishery
In this area of applications are included technologies for management and monitoring of
fisheries; valorisation and protection of local fishes; development of technologies for aquaculture 2.0, which is sustainable and highly innovative (e.g. at zero wastes) and that may
enhance environmental standards and current safety; development of commercial platforms (also of direct selling); innovative ways to trace products. Another aspect to take
into consideration is the characterization of the territory of fisheries and aquaculture products, with a view to diversification of products and traditional practises. Information technologies can assist in the development of important systems to support the economic
sustainability of the fishing industry, which may help fishermen guarantee the quality of
products, and get access to information on sea conditions and on the best fishing models.
There are only few examples of a systematic application of operational oceanographic
products into fisheries assessment and management in the Mediterranean
MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for Aquaculture and fishery
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BLUEFIN TUNA MONITORING IN THE MEDITERRANEAN SEA, by Socib, is the Balearic Islands Coastal
Observing and Forecasting System. SOCIB and IEO
have developed a habitat model for predicting spawning distribution of Atlantic Bluefin tuna in the Western
Mediterranean. Observed data for larvae location are
incorporated in a predictive system of the habitat
model, forced by operational oceanographic products
from the Copernicus Marine Service, such as satellite altimetry and chlorophyll, as well as sea surface temperature and salinity from hydrodynamic models for
forecasting the Bluefin tuna habitats (Ingram 2017, Alvarez-Berastegui 2016).
Data used
CMEMS MED-MFC Analysis,Forecast, Satellite, and in
situ data from OC and SST TACs.
Area
Western Mediterranean
Availability
http://www.socib.es/index.php?seccion=detalle_noticia&id_noticia=191
N. users
NA
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SEA - Security for marine Environment and Aquaculture, by CMCC, has developed a prototype of a very
high resolution hydrodynamic ocean model for a better
management of aquaculture sites in Italy. The model
reaches few tens of meters of horizontal resolution and
is nested in CMEMS MED-MFC products.
Data used
CMEMS MED-MFC Analysis and Forecast. SANIFS V2
ocean model developed by CMCC.
Area
Southern Adriatic Sea
Availability
http://oceanlab.cmcc.it/sea-dev/
N. users
3 SME managing aquaculture sites

b) Maritime tourism and sport activities
Tourism in the Mediterranean area is quite an important driver for economic growth, also
connected to spatial planning and valorisation of natural landscapes, through the creation
of Marine Protected Areas (MPAs). Europe’s coasts are a top destination for holidaymakers
for their diverse nature, amazing beauty and cultural wealth, which makes coastal and maritime tourism the largest maritime activity in Europe and a major source of growth, accounting for 183¤ billion in gross value, and employing almost 3.2 million people. The
figures include over 1/3 of the European maritime economy, with half of it pertaining to
Med Coast. On the other hand, urbanization of the coastline, in order to facilitate tourism
activities, increases pressure on the coastal environment by exacerbating coastal erosion
and degrading the ecosystem. Moreover, defence works for coastal erosion result often in
significant alterations of the ecosystem. In addition, the impact of climate change, which
intensifies pressure on coastal areas and could possibly reshape tourism geographical and
seasonal distribution, will be a threat to sustainable development, if it is not properly managed and mitigated. In order to meet these challenges, the demand to establish an integrated coastal management, adaptation tools, and the implementation of coordinated
adaptation strategies is stressed; this will enhance the long-term sustainability of the
coastal environment and its multiple socio-economic uses, as well as the protection of its
natural and cultural resources. These practises shall be harmonised at regional level and
be based on a better understanding of the vulnerability and risks associated with beach
morphological changes, as well as the behavioural patterns of beach users.
To ensure a greater development of this sector in the area, weather and marine forecasts
and observations are needed both in the short term to gain more accurate knowledge of
the environment for the benefit of tourists and sportsmen , and in the long term to efficiently
plan the building of infrastructure or the management of activities. Tourism activities include
recreational activities in the sea and along the coast (e.g. sailing, navigation, surfing, kayaking, diving). Sport activities, in particular those based on wind strength, need increasingly
sophisticated systems and accurate information It is important to have a clear understanding
of natural assets that are attractive for under water tourism (blue paths) and for a sustainable
use of natural resources in the tourism sector. Tourism activities should also rely on a local
production environment, which should offer enterprises and services capable of supporting
tourism products. A production chain should be enforced to integrate the tourism offer into
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the local economy. The classification, promotion, and valorisation of the territories should
allow us to better describe networks and production chains, and to integrate and enrich
the tourism offer, which is often too dependent on seasonality and too homogenous, particularly in some marginal areas. A precise knowledge of the specificities of the local territory
allows to differentiate and give greater importance to the identity of local areas. A holistic
beach management and associated tourism activities can be the product of MONGOOS.
This approach will consider environmental, economic and social data. It will aim to enhance
coastal management with the use of new tools (eg. Regional and local indices coupled with
numerical models (e.g. Alexandrakis & Poulos 2014, Monioudi et al 2015), towards a sustainable maritime tourism development and spatial planning.
MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for tourism and sport activities
iMar is a mobile phone application that provides present (based on measurements) & future (based on forecasts) meteo-oceanographic information about Spain’s
main harbours, coastal towns, and beaches
Data used
Puertos del Estado Forecasting systems
Puertos de Estado Networks for local in situ data
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Area
Spanish coast
Availability
available for free for both Android and iPhone platforms in Spanish
N. users
More than 10000 according to downloads

Application for race sailing in Palma Bay
Data
Streams data from SOCIB Palma Bay (ENDERROCAT)
buoy
Area
Baleari Islands
Availability
Available for free at
http://trofeoprincesasofia.oceandrivers.com/#language/es/view/?station=boyaenderrocat&period=hour
in Spanish
N. users
Unknown
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c) Integrated Coastal Zone Management and Maritime spatial planning
There are several aspects to be considered for technologies and services that assess risk
for marine and coastal areas, including advanced observation systems for erosion and its
numerical and forecast modelling, observation systems for the marine and coastal environment and its hydrodynamic modelling, integrated with sediment transport and coastal
morphodynamics models.
Another important aspect about coastal protection concerns marine pollution from land
sources (releases at sea) and off shore (from ship releases, accidentally or during operations). It is in this case crucial to develop methodologies for early warning and quick response that are equally sensible and easy to be performed, in order to share them with
institutions concerned with environmental quality control. Risk assessment for coastal erosion needs to have a holistic and interdisciplinary approach in order to provide a better
knowledge of erosion phenomena, to identify causes, to make alerts for extreme events,
to support coastal planning for several decades. New services aim at developing a new
capacity of Coastal and Maritime Situational Awareness (CMSA) that consists of the capacity of raising e awareness about marine and coastal environment issues through integration of observation systems, also in real time, and the operational modelling. Moreover,
the information about different risk factors should be integrated with information on vulnerability and socio-economic activities along the coast, in order to assess spatial and
temporal variability of risk. Integrated Coastal Zone Management (ICZM) is the legal framework upon which the Mediterranean Sea cultural and natural assets should also be assessed and protected.
Coastal zones, which are the link between marine and terrestrial space, are considered
among the most productive, exploited, populated, and vulnerable areas. The implementation
of a development or protection project in the coastal zone, and especially in the area between the sea and the land ,is a complex process. Interventions have frequently caused a
series of reactions because of the sensitive and often changing nature of the coastal zone.
So Land-Sea interaction is an important factor that should be taken into account during the
implementation of spatial plans. To this end, assuring the coherence between coastal, terrestrial and marine planning is a prerequisite in order to achieve and promote synergies between spatial, sectorial, and development policies (Tsilimigkas and Rempis, 2017).
Research should focus on different tools, methodologies and phases that characterized
ICZM as a dynamic process for management and sustainable use of coastal areas. Also,
the Marine Strategy Framework Directive represents a legal framework for coastal management, in particular with respect to indicators of environmental quality status. Moreover,
for the creation of Marine Protected Areas, another key element is the implementation of
an observation and information system on the biodiversity and ecosystem defining units
of protection and management, on the basis of advanced scientific methodologies, for a
correct management of natural assets and spatial planning.
Marine Spatial Planning (MSP) and ICZM, as well as maritime surveillance, are the main
tools for the protection and the exploitation of marine space (CEC, 2007). Directive
2014/89/EU of EP&C in July 2014established principal guidelines for a common framework
for MSP. During MSP implementation, it is important to take into consideration that both
natural and anthropogenic environments, the variables on which MSP is based, are constantly changing , thus requiring more flexible management tools able to respond to a
volatile environment. Therefore, monitoring and assessment procedures should be integrated (Tsilimigkas and Rempis, 2017b).
Also, it is important to underline that MSP is a complex process that demands a multiscale
and multi-dimensional approach, consequently data and knowledge drawn from various
scientific fields are a requirement for MSP implementation. Therefore, the establishment
of a reliable and flexible database of geospatial data, according to the principle of adaptive

69

LIBRO_Maquetación 1 25/09/18 15:20 Página 70

mongoos

Mongoos Science and Strategy Plan

management, is considered as an important issue on implementing MSP. To this end, EU
should organize the use of available geospatial data in an optimal way and promote the
exchange of information. The establishment of an observatory for MSP could be an appropriate solution towards this direction, so that these procedures can be efficiently coordinated (Tsilimigkas and Rempis, 2017a; Tsilimigkas and Rempis, 2017b).
MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for Integrated Coastal Zone Management & Maritime
Spatial Planning
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EU countries are requested to comply with
many EU Directives, with respect to coastal
and marine environment. In this context, the
aim of CADEAU project is a downstream
coastal service devoted to operationally
produce an annual bulletin (publicly delivered through a dedicated web-portal)reporting on marine environmental state and
water quality in the Italian coastal area of
the Northern Adriatic Sea. The tool is being
developed. The service, focuses on nutrient
dynamics, eutrophication and bathing water
quality in support of the application of EU
Directives. CADEAU is based on the coupling of modelling tools and field data (in
situ and remotely-sensed) in order give information on the space-time distribution of
major parameters related to water quality.
Data used
CMEMS derived products
Area
Northern Adriatic Sea
Availability
Service is currently being developed
In Italian and English
Free with registration at
http://www.sintai.isprambiente.it/faces/pub
lic/CADEAU/index.xhtml
N. users
First feedback and requests from users after
on-line publication of the products
(early 2018)
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d) Transport and harbour services
Ports and activities linked to maritime transport, both for commercial and tourism purpose,
have a significant value for the economy of Mediterranean countries. Ports may be affected
by very relevant environmental issues, which have consequences also on the safety of
port activities, in particular the concentration and dispersal of alien species. Services for
the transport of big ships or fishing vessels should support safer and more efficient routes,
both for international transport and local coastal transport, by providing knowledge on
the sea conditions and optimization of the routes. New services should also optimize incident management and comply with planning objectives.
MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for Transport and harbour services
VISIR is a service providing optimized nautical routes in the Mediterranean Sea. The
optimization regards total navigation time,
taking into account safety of navigation.
Both motorboats and sailboats are considered. The computation of the routes depends on model forecasts of sea-state (for
motorboats) and wind (for sailboats). The
user can specify departure date and time,
departure and arrival locations, vessel type,
and other parameters. The routes are displayed on top of the forecast fields, superimposed on a Google-map

Area
Mediterranean Sea
Availability
Available as portal and App for both
Android and iPhone platforms
In English, Italian, French, Spanish,
Arab, Greek, Russian
N. users
100-300
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Kaptan is an application providing information on the present and predicted sea conditions in the Malta-Sicily Channel. The data
for this integrated service is mainly derived
to mariners fromCalypso HF radar observing system, consisting of HF radar CODAR
SeaSonde installations on the northern Maltese and southern Sicilian shores at four selected sites. Satellite observations added to
high resolution weather and marine numerical models, run at the University of Malta
specifically for the Malta-Sicily Channel,
provide a full suite of very local reporting
and complement other weather forecasts
derived from GFS/WRF models and local
weather stations.
Data
Calypso HF radar observing system
Area
Malta and Sicily Channel
Availability
available for free
iPhone platforms

72
N. users
Unknown

for both Android and
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SAMOA, Met-Oceanographic System for Port
Authorities Support, is a service providing
personalized tools and data access to facilitate harbour operations and activities. The
service consists of several modules, including
deployment and maintenance of sensors and
high resolution forecast systems, accompanied also by several added value sub-systems
that improve the exploitation of data
Data
From CMEMS IBI-MFC and MED-MFC and
SAMOA downscaled forecast systems.
Local in situ data of PdE and harbour networks (also part of CMEMS in situ TAC)
Area
Spanish Coast
Availability
available for free after registration at
https://cma.puertos.es/#/login
for both Android and iPhone platforms
In English and Spanish
N. users
Unknown

The Balearic RIssaga Forecasting System
(BRIFS) aims at quantitatively predicting the
occurrence of extreme sea level oscillations
associated with meteotsunamis in the Menorcan harbour of Ciutadella. Combining both atmospheric and oceanic modelling, the system
is run once a day in the morning and provides
48-hour predictions of air pressure disturbances and associated sea level response over
the Balearic shelf and in Ciutadella harbour.
Data
Weather Research and Forecasting model
(WRF)
Area
Spanish Coast
Availability
available for free at
http://socib.es/index.php?seccion=modelling&facility=rissagaforecast
In English
N. users
Unknown
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e) Marine digital services
IT systems should take into account: databases of relevant environmental information and
their formatting to support marine and maritime activities; collection and validation of existing information and the production of new geo localized information; mechanisms for
data sharing among databases; mechanisms of access to databases from private and public users; definition of applications for web and mobile utilization of information by users.
These issues are quite critical since information on marine and coastal areas is currently
dispersed in heterogeneous, not connected, poorly known and not accessible systems. It
is instead quite relevant to develop systems to widen availability, information sharing ,
and taccess to data that can be further elaborated, analyzed, and developed. Public and
private users should be supported by mechanisms of open and free access, including massive (e.g. ftp, threeds, P2P) or system communication services (e.g. web services, tiling
services).
MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for marine digital services
MED-JELLY- Smartphone app for
jellyfish sightings

74

MED-JELLY gives users information about
facilities and weather conditions of different sandy beaches on the Maltese Islands,
as well as information on different jellyfish
species to be encountered within the
Mediterranean, and on how to treat their
stings.. The application also provideuserswith estimates of the probability of encountering jellyfish species on different
Maltese beaches.
Area
Mediterranean Sea
Availability
available for free for both Android and
iPhone platforms
N. users
Over 2500 downloads to date
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SeaConditions is a service providing
oceanographic, sea state, and weather forecasts including oceanographic and sea
state forecasts (sea surface temperature,
surface currents, significant wave height
and direction, wave period and direction,
sea level), meteorological forecasts (air
temperature, mean sea level pressure, precipitation, cloud cover and 10 meters
winds), bathymetry and satellite observations of chlorophyll, and water transparency. Forecasts are referred to a time
period of 5 days and are based on state –
of- the- art meteorological and wave modelling and advanced oceanographic models
that allow to obtain high quality data.
Data
From CMEMS and ECMWF, higher resolution modelling, satellite data
Area
Mediterranean Sea
Availability
Available on the web (www.sea-conditions.com) and on mobile (Google Play and
Apple Store).
Commercial and free version available;
price: 15 Euro/year
N. users
more than 100K for the free version

f) Technologies for maritime safety
Security, surveillance and control of national borders in the sea, also connected to migration movements, requires in-depth knowledge of the marine environment and its changes
at temporal scales of minutes and hours and spatial scales of few meters. Technological
developments in this field include remote measures and new methodologies of data fusion
and fast access to data. Remote measures take into account new methods for identification
of ships and any other object at sea, availability of nowcasting and accurate forecasts of
different state variables, and software for automatic identification of objects at sea. A
special attention should be paid to tactic modelling, lagrangian modelling for transport of
objects in the sea and modelling of fate and transport of pollutants, including radioactive
ones. Advanced systems of ship routing are developed, that consider e.g. issues of minimization of navigation time and costs.
With the support of information technologies, applications should be developed in order
to interact with hardware of marine ecosystem monitoring, such as decision support systems able to analyze collected data and supply information for better safety, and tools
for easy access to data (e.g. web platforms and mobile applications) that can alert on potential risk situations.
MONGOOS Partners already offer Applications in these sectors and examples are given below.
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MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for Maritime safety
Malta Shelf Oil Spill Tracker is the Oil Spill
Bulletin for the Maltese Islands.
The bulletin and the website are a webbased framework for automated generation
of oil spill and meteo-marine forecast by
user request, using MEDSLIK, WAM, MariaETA and ROSARIO6420 models.
To generate a bulletin, users must log on to
the system, and submit the form. Once the
bulletin has been generated, the user receives notification by e-mail with a link to
the bulletin in both pdf and html format.
Area
Maltese Islands
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Availability
available for free at
http://ioi.research.um.edu.mt/OilSpillBulletin/index.php/welcome/index
in English
N. users
Unknown
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WITOIL (Where Is The Oil) is a service providing predictions on transport and transformation of actual or hypothetical oil spills
in the Mediterranean Sea. As an interactive
system, WITOIL requires the input of data
about atmospheric winds, sea surface temperatures, and sea currents.
WITOIL provides users with spatial-temporal distributions of oil concentration at the
sea surface and on the coastline, and the
components of oil mass balance. WITOIL
output consists of graphics and animations
available through web browser.
Data
The atmospheric wind data is provided by
the European Centre for Medium-Range
Weather Forecasts (ECMWF) with analysis
at 0.25° horizontal and 6-h temporal resolution. The ocean current data is provided
by hourly forecast
produced by the
Mediterranean Forecasting System (MFS) at
1/16° 1/16° horizontal resolution.
Area Mediterranean Sea Availability available for free as a web-application at
www.witoil.com
In English, Italian, French, Spanish, Arab,
Greek, Russian
N. users
Unknown

g) Climate change and anthropogenic impacts on marine environment
Blue growth in the Mediterranean Sea shall inevitably take into account climate change
and future scenarios, in order to develop effective strategies of adaptation and resilience.
Methodologies and systems of monitoring, models, and indices for climate change assessment at the local and regional scale are needed to study impacts on biodiversity and
ecosystem functioningand consequently on economic and social contexts, with a special
focus on coastal areas. Methodologies of integrated modelling between hydrogeology, atmosphere, marine environment, and ecosystem should be developed in order to better assess impacts of climate change on coastal areas. Moreover, decision support systems for
improving adaptation strategies ,based on new scientific knowledge and seasonal forecast
systems at high resolution, could be developped to support land management in the
medium term. The use of molecular analysis may support the study and the monitoring of
impacts of global climate change on local biodiversity in the Mediterranean Sea, including
the analysis of arrival and localization of invasive species from other areas of the world
(e.g. Suez Canal).
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MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for Climate change and anthropogenic
impacts on marine environment
IBAMar is a regional database that puts together all physical and biochemical data
provided by multiparametric probes, and
water sample analysis taken during the
cruises managed by the Balearic Oceanographic Center of the Instituto Español de
Oceanografía (COB-IEO) during the last
four decades.
Area
Spanish Western Mediterranean Sea
Availability
available for free after registration at
http://www.ba.ieo.es/ibamar/
N. users
15

78
h) Energy from the sea
Nowadays, there is a global awareness on climate change issues. The need for a transition
to a lower carbon energy system is more urgent than ever. wave energy is an alternative
solution to the energy problem. The fact that approximately 70% of the surface of the
earth is covered by water makes the ocean a vast energy resource, and there are a number
of ways in which this energy can be harnessed. The development of off shore multifunctional platforms for the combined use of wind, solar and sea (waves and temperature gradient), and marine ecosystem energy (bioenergy through multitrophic aquaculture) is one
of the most challenging aspects of the blue growth. In the Mediterranean area, there is still
no off shore platform capable to make use of wind and wave resources, due to the limited
extension of the continental platform and the consequent need to develop platform for
the deep sea. More specifically, systems for energy production from sun, currents, and
waves could also be important for the energy supply to infrastructures of monitoring and
aquaculture, specifically for those solutions that require mobility (such as underwater
drones, ASVs, mobile cages) and that may be supplied directly in the sea.
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MONGOOS Partners already offer Applications in these sectors and examples include (not
exhaustive list):

Applications for energy from the sea
Marina Platform for wind and wave models,
parameters for Renewable energy applications. SKYRON and WAM models were run
for 25 years and relevant fields were stored
every 3h.
The dataset includes also more statistical
analysis, such as monthly variability of
Mean HS are available.
Area
European Seas
Availability
NA
N. users
NA
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EMODNET MED Sea Check-point – Case
Study of the Gulf of Lion. The Objective is
to characterise the suitability of marine site
for wind farm development on the NorthWestern Mediterranean Sea.
Area
Western Mediterranean Sea
Availability
http://www.emodnetmediterranean.eu/portfolio/windfarm-siting/
N. users
NA
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i) Coastal and underwater cultural heritage
State-of-the-art marine remote sensing techniques introduce many advantages in underwater archaeological studies. Those techniques extend the range of conventional diving
work providing the means to survey, in a detailed and systematic fashion, large seafloor
areas in deep waters. There are two general methodological approaches regarding the application of the marine remote sensing techniques in underwater archaeology. They are
being increasingly used to detect, identify, locate, and map ancient and historical shipwrecks, lying on the seafloor or partly buried in it, and to study the physical and cultural
processes affecting the shipwreck sites (site formation processes). Moreover, those techniques are the most effective methods for the reconstruction of coastal palaeogeography
in areas of great archaeological importance by identifying indicators of submerged
palaeoshorelines and submerged ancient cities, settlements, ports, and man-made structures. In that case, the objective is to locate buried architectural structures and small-scale
man-made features at shallow-water depth and shallow depth of penetration under recent
loose sediments. Object detection and mapping at such shallow-water depth requires
ultra-high-resolution seismic acquisition and processing methods. These include the use
of high frequency, broadband seismic sources and processing routines in order to maximize the resolution and the object detectability (Müller et al., 2009).
No specific examples by MONGOOS partners are available yet.
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4. Benefits of Mongoos
Historically, before MOON, oceanography in the Mediterranean Sea has developed with a
limited degree of coordination between the main institutions involved . As an example of
this situation, the different measuring networks in the area have been developed with very
limited interaction amongst them. This implies an obvious loose of synergy.
The situation today is changing, and MonGOOS, in coordination with EuroGOOS, is in the
core of this transformation, participating in the design of strategies that translate into more
coordinated systems. For example, MONGOOS has contributed to prepare the Mediterranean component of the monitoring and forecasting system in support of the European
Union Copernicus Service that is now fully operational.
Additionally, MONGOOS tries to envisage the strategy to connect oceanography at different scales to applications that will give reliable, scientifically-controlled information to
policy makers when deciding on prevention/adaptation/mitigation actions against the
deterioration of the Mediterranean Sea and its environmental problems.
Most of the environmental problems in the Mediterranean Sea open ocean and coastal
areas are connected to fresh water resource management issues, and MONGOOS tries to
develop the science necessary to develop the link between fresh waters and marine waters.
In doing so, it capitalizes on the existing operational oceanography system being set up
and run in the Mediterranean Sea.
The coastal zone is a unique environment where terrestrial, oceanic, atmospheric, and
human inputs of energy and matter all converge. It also supports the greatest concentration of living resources and people on the planet. As the number of people living, working
and playing in coastal ecosystems increases, the demands for these systems will also increase to provide commerce, recreation, resources, and processes to dilute the effluents
of human society. The resulting conflicts between commerce, recreation, development,
utilization of natural resources, and conservation will become increasingly contentious,
politically charged and expensive.
Resolving these conflicts in an informed, timely, and cost-effective fashion requires a significant increase in our ability to monitor, nowcast (i.e. produce an optimal estimate of the
state of the system at one instant) ,and forecast the marine environment. MonGOOS advances the capability of interfacing the operational forecasting of ocean currents with
modules that will make it possible to find better solutions to conflicting issues by providing
scientifically correct information to policy makers.
With respect to in-situ data, MONGOOS acts as a focal point of regional activities, promoting the improvement of existing systems and the development of new ones (special
focus in Northern Africa), promoting the development of a Mediterranean data centre. As
a focal point, MONGOOS collaborate with EU level institutions (EuroGOOS) and projects
(EMODNET Physics) to increase the coordination level and a social return from the investments done in observing systems. MONGOOS is contributing to the definition and implementation of the European Ocean Observing System.
Last but not least, it will support the scientific understanding of climate variability and
change by increasing the availability of long time series of quality-controlled data.
On the other hand, participation in MONGOOS implies a series of benefits for the members
that can prove to be of paramount importance for those with more limited resources or
capabilities of funding. Amongst others, the following ones can be cited:
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Increased possibilities of participation in consortiums for projects
Interchange of information, data and best practices
Increase of visibility of the own activities
Participation in a common multicultural effort
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5. Economic and Social Impacts
of Mongoos
MONGOOS partners coordinate and implement operational oceanography services and
products in the Mediterranean Sea for the benefit of science, marine and coastal environment sustainable exploitation and for a durable and sustainable growth of blue economy.
MONGOOS partners’ products and services are based on state-of-the-art scientific knowledge of Mediterranean ocean environment and ecosystems and on advanced technologies.
MONGOOS partners’ services and products, starting from the Copernicus Marine Service,
and focussing on downscaling and down-streaming applications, are strongly contributing
to the European Maritime policy and to the implementation of Blue Growth in Europe and
specifically in the Mediterranean Sea.
The European Integrated maritime policy seeks to provide a more coherent approach to
maritime issues, with increased coordination between different policy areas. It focuses on:
– Issues that do not fall under a single sector-based policy e.g. “blue growth” (economic
growth based on different maritime sectors).
– Issues that require the coordination of different sectors and actors e.g. marine knowledge.
The EU Maritime policy specifically covers these cross-cutting policies:
–
–
–
–
–

Blue growth
Marine data and knowledge
Maritime spatial planning
Integrated maritime surveillance
Sea basin strategies

MONGOOS partners, through projects and initiatives at national and international level,
contribute to all the different cross-cutting aspects of EU Maritime Policies. In particular,
MONGOOS ocean observing modelling and applications efforts contribute to Marine Data
and knowledge and to Maritime spatial planning of the EU Maritime policy.
Moreover, MONGOOS downstream applications (aquaculture and fishery, maritime tourism
and sports activities, integrated Coastal Zone Management and Maritime spatial planning,
transport and harbour services, Marine digital services, Technologies for maritime safety,
climate change and anthropogenic impacts on marine environment, energy from the sea
and coastal and underwater cultural heritage) directly contributes to all the sectors of the
Maritime policy.
There are several social and economic impacts that may be driven by MONGOOS research
and development activities. Supply of key information through models and applications
may be instrumental for sustainable and highly innovative fisheries practices and valorisation of local resources. Equally, information provided by MONGOOS may reshape tourism’s
geographical and seasonal distribution in order to create better economic opportunities
for tourism actors, and open the way towards sustainable practices and coordinated strategies among EU countries. Those MONGOOS activities related to ports and maritime transport have a great potential for improving safety of navigation, but also for supporting new
services for tourism and commercial objectives. Another key economic impact is given by
the support to the development of off-shore multifunctional platforms, which represents
a fast-growing sector with high economic value.
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