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To understand and predict the physical, chemical, and biological processes at play in
coastal and nearshore marine areas requires an integrated, interdisciplinary approach.
The case study of the French structuration of coastal ocean and nearshore observing
systems provides an original overview on a federative research infrastructure named
ILICO. It is a notable example of national structuration and pan-institution efforts to
investigate the forefront of knowledge on the processes at work within the critical coastal
zone. ILICO comprises, in a pluridisciplinary approach, eight distributed network-
systems of observation and data analysis that are accredited and �nancially supported
by French research institutions and the French Ministry for Higher Education, Research,
and Innovation. ILICO observation points are implemented along metropolitan and
overseas French coasts, where coastline dynamics, sea level evolution, physical and
biogeochemical water properties, coastal water dynamics, phytoplankton composition,
and health of coral reefs are monitored in order to address a wide range of scienti�c
questions. To give an overview of the diversity and potential of the observations carried
out, this paper offers a detailed presentation of three constituting networks: Service
Observation en Milieu LITtoral (SOMLIT), with homogeneous sampling strategies,
DYNALIT, with heterogeneous sampling strategies adapted to different environments,
and Mediterranean Ocean Observing System for the Environment (MOOSE), an
integrated, pluri-disciplinary coastal/offshore regional observatory in the north-western
Mediterranean Sea. ILICO was conceived using a European framework. It addresses
the great challenges of the next decade in terms of sustainability, cost-ef�ciency,
interoperability, and innovation. This paper emphasizes the added-value of federating
these systems, and highlights some recommendations for the future.

Keywords: observation infrastructure, national structuration, interdisciplinary, coastal ocean, coastline

Frontiers in Marine Science | www.frontiersin.org 1 June 2019 | Volume 6 | Article 324

https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2019.00324
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2019.00324
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2019.00324&domain=pdf&date_stamp=2019-06-25
https://www.frontiersin.org/articles/10.3389/fmars.2019.00324/full
http://loop.frontiersin.org/people/634085/overview
http://loop.frontiersin.org/people/678616/overview
http://loop.frontiersin.org/people/678017/overview
http://loop.frontiersin.org/people/306881/overview
http://loop.frontiersin.org/people/194989/overview
http://loop.frontiersin.org/people/317660/overview
http://loop.frontiersin.org/people/204475/overview
http://loop.frontiersin.org/people/652935/overview
http://loop.frontiersin.org/people/519202/overview
http://loop.frontiersin.org/people/715255/overview
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-06-00324 June 25, 2019 Time: 11:28 # 2

Cocquempot et al. Nearshore and Littoral Observing

INTRODUCTION � CHALLENGES AND
MOTIVATIONS OF AN INTEGRATED
COASTAL OCEAN AND NEARSHORE
OBSERVATORY

The coastal ocean and nearshore zones are complex areas
featuring diverse bio-physico-geomorphological environments,
rich in potential scienti�c knowledge and exposed to numerous
strategical economic and ecological stakes. Multiple de�nitions
of coastal systems can be found among the Ocean observation
bibliography (Davis and Ethington, 1976; Lorenzoni and Benway,
2013; Baschek et al., 2017; Petihakis et al., 2018). This paper
considers the nearshore zone as the area where land and water
join to create an environment with a distinct structure, diversity,
and �ow of energy.

Being a transitional space directly subject to anthropic
activities, the nearshore area is subject to multiple forcings at
various spatial and temporal scales. Its evolution raises various
scienti�c issues, which are meant to be addressed by the
integrated observation system described in this paper:

� Understanding the physical, chemical, and biological
processes at work in the systems general dynamics.

� Characterizing and understanding the long-term changes
of these systems and the speci�c role of climate
change in the process.

� Understanding and quantifying the speci�c and
cumulative impacts of local anthropogenic pressures,
while disentangling them from the natural evolution
processes at the same scales.

� Characterizing and understanding the rare and extreme
events impacting the coastal and nearshore systems, and
the resilience processes after these events.

� Improving and optimizing the already existing
observation networks, together with developing methods
for scale transfer.

In order to understand and predict the physical, chemical, and
biological processes controlling these areas, the observation of
coastal and nearshore ecosystems thus requires:

� An integrated and multidisciplinary approach (example
given: a wide range of parameters mixing biological and
physico-chemical properties).

� Observation sites and parameters robust enough to
characterize the global evolution trends of many di�erent
coastal environments at many di�erent time scales
(e.g., di�use and long-term changes as well as adverse
consequences of extreme events).

� To take full advantage of both remote and multiple in situ
techniques (from high frequency sensors to low frequency
measurement campaigns) to describe a given environment.

In addition, with references to integrated systems already
developed in several coastal regions (e.g., IOOS � U.S.
Integrated Ocean Observing System, IMOS � Integrated
Marine Observing System, COSYNA � Baschek et al., 2017,

POSEIDON � Petihakis et al., 2018), this diverse and ambitious
instrumental facility also calls for:

� The implementation of coastal observation into larger scale
ocean observing systems to foster the understanding and
forecasting of the evolution of global ocean and anthropized
nearshore zones.

� An optimal balance between the sampling of targeted regions
with ocean observatories, up-to-date modeling capacities and
end-user requirements.

Lastly, this approach of long-term nearshore and littoral
observing systems tends to transcend academic research
boundaries and signi�cantly contribute to (i) education
(academic curriculums, lifelong learning programs, outreach
activities, (ii) industrial need, and (iii) public policy
support (scienti�c mediation, coastal risk assessment, and
adaptive management).

THE FRENCH COASTAL OCEAN AND
NEARSHORE OBSERVATION
STRUCTURATION

From Local to National Integrated
Systems
Since the 1980s, according to their missions and their
geographical location, certain French science-oriented public
institutions have created, developed, and structured coastal
observatories along metropolitan and oversea coastlines.
These institutions are: CNRS-INSU: National Center for
Scienti�c Research � National Institute for Earth Sciences and
Astronomy1/Ifremer: French Research Institute for Exploitation
of the sea2/IRD: National Research Institute for Sustainable
Development3/Shom: Naval Hydrographic and Oceanographic
Service4/IGN: National Geographic Institute5 and several French
Marine Universities6.

During the 1990’s, CNRS-INSU designed 5-year-long
National Observation Services (SNO) accreditations to federate
thematically observation facilities (tools, resources, services)
dedicated to earth observation. Such accredited services are
motivated by the need to document the long-term changes,
evolution, and variability of terrestrial systems, and to advance
knowledge in these areas. Decisions to create new SNO, and to
renew, evolve or abolish existing SNO, are based on a scienti�c
evaluation organized by specialized committees including
scienti�c experts from each French public institution with an
interest in scienti�c observation.

SNO are provided with recurrent catalytic funding, and in
return are intended to provide some services to the scienti�c

1http://www.insu.cnrs.fr
2wwz.ifremer.fr/en
3en.ird.fr/the-ird
4www.shom.fr/en/
5www.ign.fr/institut/en
6https://www.universites-marines.fr/fr

Frontiers in Marine Science | www.frontiersin.org 2 June 2019 | Volume 6 | Article 324

http://www.insu.cnrs.fr
wwz.ifremer.fr/en
en.ird.fr/the-ird
http://www.shom.fr/en/
http://www.ign.fr/institut/en
https://www.universites-marines.fr/fr
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-06-00324 June 25, 2019 Time: 11:28 # 3

Cocquempot et al. Nearshore and Littoral Observing

community for production and access to data. They have an
obligation to implement the necessary processes to share data
and metadata without any retention conditions (within the
constraints imposed by international organizations).

This accreditation became a recognized label for observation
structuration, leading to applications from observation
teams outside the CNRS, and thus paving the way for
national structuration.

ILICO � The French Research
Infrastructure for Coastal Oceans and
Seashores
In 2014, with the intention of fostering the structuration of
the landscape of resources dedicated to research of a national
scope (measurement tools, observation, modeling, simulations,
etc.), the French Ministry of Higher Education, Research, and
Innovation (MESRI) o�ered to federate the coastal, nearshore,
and littoral observation services (Figure 1 and Table 1) and
research communities within a national research infrastructure

named ILICO (Infrastructure de Recherche Littorale et CôtiŁre7).
ILICO is one of the 99 research infrastructures which cover the
entire spectrum of French research. Research infrastructures are
strategic steering tools which aim to structure initiatives and
investments made in the �eld of research.

The ILICO research infrastructure is dedicated to the
knowledge of natural coastal and nearshore system dynamics. It
mobilizes approximately 420 employees corresponding to 90 full-
time positions, and has a total annual budget (including salaries)
of approximately 10 M�.

ILICO observation points (Figures 2A,B) are implemented
along metropolitan and overseas French coasts, and monitor
coastline dynamics, sea level evolution, physical and
biogeochemical water properties, coastal water dynamics,
phytoplankton composition, and the health of benthic habitats.

ILICO networks utilize a wide range of observation techniques
(Figure 3 and Table 1).

7www.ir-ilico.fr

FIGURE 1 | ILICO networks.
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TABLE 1 | Presentation of ILICO eight observation networks.

Network
(creation
date)

Measurement strategy Scienti�c outcomes/rationale

Parameters Observation spots Frequency

COAST-HF
(2016)

Conductivity/salinity; wave
direction, velocity and periodicity;
wind direction and velocity;
�uorescence; dissolved oxygen;
pH; turbidity; nutrients;
atmospheric pressure and humidity;
aerial and water temperature

Fourteen high frequency,
permanent, observation
platforms along the French
coast

The sampling frequency is
adapted to each of the
parameters (e.g.,
10�30 min for the physical
parameters; once a day for
the nutrients)

By federating and managing high frequency,
continuous observation platforms along the
French coasts, COAST-HF contributes to the
monitoring and understanding of
physics�biology multi-scale coupling and to
detecting some extreme episodic events not
detected by a lower resolution (1- or 2-weeks
sampling intervals) monitoring approach
(Blain et al., 2004; Many et al., 2016)

CORAIL
(1985)

Coral reef communities:
Abundance, age, biomass,
taxonomic diversity, mortality,
habitat structure, population
structure, demographic features.
Physico-chemical environment:
�uorimetry, nutrients, dissolved
oxygen, pH, chlorophyll a, water
pressure, salinity, temperature,
turbidity.

Captures physical,
physico-chemical, and
biological evolution in time in
coral reef ecosystem

For the biological
parameters the sampling
frequency is once a year or
once every 2 years. For the
physical parameters,
between one and four
times per hour with
automatic systems.

CORAIL long-term monitoring captures the
evolution of the ecological properties of coral
reef ecosystems of the tropical South Paci�c
area, as well as associated physico-chemical
parameters. It aims to detect, follow, analyze,
and model the coral reefs evolution linked
with environmental changes induced by
human activities and climate change (Galzin
et al., 2015; Lamy et al., 2016)

DYNALIT
(2014)

Nearshore bathymetry and
topography, shoreline position,
pictures of the seashore, turbidity,
wave characteristics, currents.

Thirty-�ve coastal sites in
metropolitan and oversea
France covering a wide range
of geomorphology (littoral
systems, open bays, ria,
estuary, lagoon,
semi-enclosed systems, etc.),
and characteristics:
oligo/eutrophic ecosystems,
micro/mega-tidal
regimes, etc.

Measure frequency: from 5
to 10 min for high
frequency and from one to
two times per year for low
frequency

To analyze the coastal geomorphological
sensitivity to natural and anthropogenic risks,
DYNALIT allows observation and
quanti�cation of the seashore evolution, and
understanding of the morphodynamical
processes. (see section �DYNALIT Network�)

MOOSE
(2008)

Cf. Table 2 Cf. Table 2 Cf. Table 2 Over the last decades long-term warming
and increasing salinity trends have been
established in the North-West Mediterranean
Sea (Rohling and Bryden, 1992; BØthoux and
Tailliez, 1994; Krahmann and Schott, 1998;
Send et al., 1999; BØthoux et al., 2002; Rixen
et al., 2005). Due to the complexity of the
phenomenon at various temporal and spatial
scales and its impacts on biogeochemical
content (e.g., nutrients replenishment, carbon
uptake), only long-term continuous
observations are able to improve our
knowledge on the temporal variability of the
northwestern Mediterranean water changes
(Somot et al., 2016) (see section �The
MOOSE Network�)

PHYTOBS
(2016)

Phytoplankton diversity and
abundance (micro-phytoplankton,
and in some places nano and pico)
dissolved oxygen, pH, temperature,
salinity, turbidity, pigment,
chlorophyll

Twenty-six observation sites
along the French metropolitan
coasts

The frequency of the
measurements is two times
per month

Long-term series on marine phytoplankton
and related hydrological conditions are not
only of interest in the study of phytoplankton
population and community dynamics, but
also on the impact of climate change on
marine biodiversity (Widdicombe et al., 2010;
Wiltshire et al., 2010; HernÆndez-Fariæas
et al., 2014). PHYTOBS observations along
French metropolitan coasts detected
signi�cant temporal changes in phytoplankton
communities (Rombouts et al., 2019) and
also contributed to highlight different
environmental controls that might favor the
bloom developments (Thorel et al., 2017)

(Continued)
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TABLE 1 | Continued

Network
(creation
date)

Measurement strategy Scienti�c outcomes/rationale

Parameters Observation spots Frequency

REEFTEMPS
(2010)

Temperature, pressure, and
sometimes pH, chlorophyll, salinity,
waves, dissolved oxygen, turbidity

Network of temperature (and
sometimes multiparameter)
sensors in the coral reefs of the
South Paci�c Ocean; 75
observation sites deployed in
20 countries
Depth: from 6 to 60 m

Temperature frequency
from 1 to 30 min according
the sites
Other parameters:
15�30 min

REEFTEMPS temperature data series in the
coral reefs of the Paci�c Ocean are open to a
wide scienti�c community, they may be used (i)
to monitor the long-term effects of climate
change and El Niæo/La Niæa events and their
impacts on the coral reefs and associated
resources, (ii) to characterize coastal upwelling,
circulation, and heat balance along coral reefs,
in relation to wind stress or local biological or
thermal structures (Alory et al., 2006;
Marchesiello et al., 2010); or (iii) to help to
validate lagoon models or numerical simulations
(Ouillon et al., 2005)

SOMLIT
(1996)

Nutrients, dissolved oxygen, pH,
temperature,suspended particulate
matter, turbidity, �uorescence,
chlorophyll, salinity, particulate
organic carbon, and nitrogen, �15N,
�13C, determination, numbering,
and optical properties of pico- and
nanoplankton classes.

19 observation sites located in
11 ecosystems dispatched on
the French coast

The frequency of the
measurements is two times
per month

The SOMLIT network measures a wide range of
hydrological and biogeochemical
characteristics of the surface waters once every
2 weeks. It is presented in more detail
thereafter (see section �SOMLIT Network�)

SONEL
(2003)

Sea level, leveling height,
geocentric height, intensity of
gravity �eld, geodetic positioning

Eighty-six measurement sites
along metropolitan French
coasts and overseas

Daily and monthly mean
sea level for Tide Gauges
and 30 sec for the
co-located GNSS stations

SONEL provides high-quality continuous
measurements of sea- and land levels at the
coast from tidal gauges (relative sea levels) and
from GNSS geodetic techniques (vertical land
motion and absolute sea levels) for studies on
long-term sea level trends as well as rare
events.
Initially designed for maritime navigation
purposes, some of the oldest tide gauge
records date back to the 18th century (e.g.,
Woppelmann et al., 2006). Data archeology
have successfully recovered sea-level
information valuable for climate studies (Testut
et al., 2006; Pouvreau, 2008)

FIGURE 2 | (A) Global �elds sites of ILICO observation. (B) Metropolitan �elds sites of ILICO observation.

In order to meet the ambitious motivations and
challenges, ILICO (started in 2016) inherited a great
number of facilities and organizations, some of which were
built over decades.

In addition to these observation networks, ILICO runs a
scienti�c transversal network in charge of general scienti�c
potential and of optimizing the use of data in high-level
research projects.
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FIGURE 3 | Techniques used for coastal ocean and nearshore observation.

Observation networks, mainly pre-existing ILICO for years,
have combined their unique viewpoints and strengths in
order to examine the global strategy. In this paper, we
would like to highlight the contributions of three networks,
given their particular characteristics: (i) SOMLIT, with a
homogeneous sampling strategy, (ii) DYNALIT, challenged with
its heterogenous observation sites in terms of physiographic
conditions and monitoring strategies, and (iii) Mediterranean
Ocean Observing System for the Environment (MOOSE), laying
the groundwork for an integrated observation network.

SOMLIT Network
Scienti�c Objectives
SOMLIT (Coastal ocean observation service � Service
Observation en Milieu LITtoral) studies the long-term evolution
of coastal pelagic ecosystems and seeks to determine the
natural and anthropic driving mechanisms of their functioning
at local and regional scales. It focuses on the hydrological,
biogeochemical, and ecological characteristics of the surface
waters. It also aims at providing data sets to national and
international communities for research, education, and
stakeholder purposes, and serves as logistic support for
research and education projects.

Short Description of the Observation Network
Gathering six marine stations and laboratories at its creation in
1996, SOMLIT now observes 11 ecosystems distributed along
the English Channel, the Bay of Biscay, and the Mediterranean
Sea. These ecosystems cover a large range of characteristics, such
as trophic status (from oligo- to eutrophic ecosystems), tidal
regime (from micro- to mega-tidal regimes), geomorphology
(littoral systems, open bays, ria, estuary, lagoon, semi-enclosed
systems, etc.), connection to the continent, and turbidity,
etc. Each ecosystem is studied thanks to one, two, or three
sampling sites, with a total of 19 sites sampled along a
continent-ocean gradient (when more than one site is sampled

per ecosystem) (Figure 4). Sixteen parameters [temperature,
salinity, pH, dissolved oxygen, nitrate, nitrite, ammonium,
phosphate, dissolved silica, suspended particulate matter (SPM),
particulate organic carbon (POC), and nitrogen (PN) and their
isotopic composition (d13CPOC, d15NPN), chlorophyll a, and
pico- and nano-plankton (determination, numbering, and optical
properties of plankton classes)] are measured in situ or after
water sampling and processing on a bi-monthly basis using
standardized protocols and under quality control. In addition,
water column pro�les of temperature, salinity, and �uorescence
are performed. More than 80 people from 13 research units
belonging to 12 institutions are involved in SOMLIT.

More than 80 persons representing �fteen Full-
Time Equivalent (FTE) from 12 institutions (CNRS,
marine universities, etc.) and 13 research units are
involved in the SOMLIT.

Some Key Scienti�c Results
First of all, it appears that the ecosystems studied by SOMLIT
are deeply sensitive to climate variability. Indeed, a study focused
on the �rst 10 years of the SOMLIT data sets (1997�2006;
Goberville et al., 2010) revealed strong correlations between
regional climate and hydro-climatic characteristics (sea level
pressure, wind direction and intensity, sea surface temperature,
and precipitation), the coastal environment (i.e., SOMLIT
historical parameters: temperature, salinity, pH, dissolved
oxygen, nutrients, SPM, POC, PN, and chlorophyll a) and
two large-scale climate indexes � the Northern Hemisphere
Temperature (NHT) and the Atlantic Multi-decadal Oscillation
(AMO). A similar study (Lheureux et al., in preparation)
performed on data sets covering two decades con�rms this
tight coupling between coastal environment, hydro-climatic
characteristics, and climate indexes including the AMO and
NHT, but also the NAO (Northern Atlantic Oscillation) and EAP
(Eastern Atlantic Pattern) as well as river characteristics (�ow,
nutrient concentrations).

A study dedicated to POC and PN concentrations and
stoichiometry compared temporal (from infra-seasonal to
decadal) variability among coastal (mainly SOMLIT) and
open-ocean sites and ecosystems (Talarmin et al., 2016).
An overall discrimination appeared between coastal and
open-ocean sites. Coastal waters usually encountered a
higher seasonal variability of POC and PN concentrations
and ratios as compared to open-ocean sites, and exhibited
declines in POC and PN concentrations. However, (i) there
were numerous local particularities, and (ii) short-term
(i.e., infra-seasonal) variability was a large fraction of the
temporal variability. This may highlight the role of local
conditions in the variability of POC and PN concentration
and stoichiometry.

A study (LiØnart et al., 2017, 2018) dedicated to the
origin and composition of particulate organic matter (POM)
highlighted the high dominance of phytoplankton in the
POM composition in the SOMLIT ecosystems, except in
the Gironde estuary in which POM is mainly of terrestrial
origin. Two main gradients were revealed. First, a continent-
ocean gradient with o�shore sites where POM is almost
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FIGURE 4 | Location of the SOMLIT sampling sites along the French metropolitan coasts.

only composed of marine phytoplankton, versus sites located
close to the continent in shallower water columns where the
contribution of benthic POM (seagrasses, benthic micro- and
macro-algae) and/or continental POM (riverine/estuarine
phytoplankton and terrestrial POM) is noticeable. Second,
a gradient of ecosystem trophic-status where the POM
compositions of oligotrophic ecosystems are characterized
by the presence of diazotrophs. Hydrodynamics, sedimentary
dynamics, and depth of the water column are the drivers
of the POM composition along the former gradient,
whereas nutrient availability is the main driver along the
latter gradient.

Discussion
During the last two decades, SOMLIT has evolved in three
directions. (1) The number of monitored ecosystems and sites
has increased: Firstly, the number of study sites per ecosystem
increased for some ecosystems (e.g., the Arcachon lagoon) in
order to better take into account the onshore-o�shore gradient
for the long-term evolution of the coastal ecosystems; as well,
more research teams and units joined the SOMLIT network
allowing for the monitoring of a larger group and larger types of
ecosystems (e.g., the bay of Seine, a large open bay). The challenge
here is to develop and promote standardized protocols easily
transferable to a wider community. (2) The number of parameters
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increased beyond the traditional ocean hydrology parameters;
notably, stable isotope ratios of POC and PN enable researchers
to take into account the large diversity of POM sources, which is
speci�c to the coastal ocean, considering that the di�erent sources
of POM do not behave similarly regarding biogeochemical cycles
and trophic transfer; also the determination and counting of
pico- and nano-plankton classes allow researchers to take into
account the plankton diversity, which is deeply linked with
biogeochemical cycles. (3) The scienti�c use of the SOMLIT
data sets evolved from local studies to national and international
studies (e.g., the results cited above). These three directions
should be maintained over the next decade and promoted within
ILICO, along with robust statistic tools.

DYNALIT Network
Scienti�c Objectives
The primary scienti�c objective of SNO DYNALIT is to collect
relevant, long-term, and accurate data on the physical evolution
of the coast. DYNALIT aims to increase our understanding
and predictive capability of coastal dynamics, in the context
of increased coastal urbanization and threats by climate
change, through the development of innovative numerical
models. An overarching goal of DYNALIT is to support
evidence-based policies and contribute to sustainable coastal
risk management in the regions threatened by erosion and
submersion hazards.

Short Description of the Observation Network
SNO DYNALIT, accredited by CNRS-INSU, was established
in 2014 to monitor coastal change and the primary factors
at play along tropical overseas and temperate metropolitan
French waters. At the time of writing this paper, DYNALIT
includes more than 120 researchers from 20 laboratories and
22 universities. Observations are collected at 35 coastal sites
in metropolitan and oversea France (Figure 5), encompassing
the three main coastal environments, namely sandy, rocky,
and muddy coasts, including, e.g., open coasts, embayments,
sandpits, and estuaries, with a wide spectrum of behaviors
and of erosion/accretion trends. Observed parameters are
primarily Digital Elevation Models (DEMs) on sandy and rocky
coasts, and turbidity in estuarine environments. DEM data are
collected through various means, including di�erential global
positioning system measurements, video monitoring, structure
from motion using unmanned aerial vehicles, and Lidar, while
turbidity is typically measured in situ using turbidity meters.
DYNALIT also collects additional environmental in situ and
remotely sensed data such as shoreline position and links
them with forcing factors such as incident waves, tide, and
wind conditions.

Some Key Scienti�c Results
Climate change may cause an increase in coastal extreme
events in many regions of the world (e.g., Zappa et al., 2013).
In addition, rising sea levels will increase the occurrence of
extreme water levels at the coast. Therefore, addressing the
impact of extreme events and if and how the coast can
recover is of paramount importance to improving models of

�ooding, erosion, and recovery and ultimately to assess coastal
resilience. Addressing such short- to long-term impacts on the
coast can only be achieved if long-term monitoring programs
are operating on a representative range of coastal settings.
A relevant example is the research that was driven by the
winter of 2013/2014 during which an exceptional sequence
of extratropical storms crossed the Northeast Atlantic region
(Davies, 2015). According to numerical weather and wave
hindcasts, that winter was the most energetic one along the
Atlantic coast of Europe since at least 1948 (Masselink et al.,
2016), and most of western Europe’s sandy and rocky coastline
was severely impacted (Castelle et al., 2015; Masselink et al.,
2015; Autret et al., 2016; Burvingt et al., 2018). Masselink
et al. (2016) analyzed a unique dataset of decadal, at least
bimonthly surveyed, beach morphological changes along the
west coast of Europe comprising sites from DYNALIT, namely
Vougot, Porsmilin, and Truc Vert. The authors showed that
while extensive beach and dune erosion occurred on open
coasts due to o�shore sediment transport, more sheltered sites
experienced less erosion and one of the sites even experienced
accretion due to beach rotation induced by alongshore sediment
transport. Extending the same dataset to 2018, Dodet et al.
(2019) showed that the recovery signature is site speci�c and
multi-annual, with one studied beach fully recovered after
2 years, and the others only partially recovered after 4 years.
On open cross-shore transport dominated coasts, simple semi-
empirical shoreline change models (e.g., Yates et al., 2009;
Splinter et al., 2014; Lemos et al., 2018) accurately reproduce
the erosion driven by the 2013/2014 winter and subsequent
post-storm recovery, but they largely fail on more complex
sites. This further strengthens the recent development of a
new generation of reduced-complexity shoreline change models
coupling cross-shore, longshore, and other processes such as
sea level rise (Vitousek et al., 2017; Robinet et al., 2018),
to be used to investigate, hindcast, and ultimately forecast
the erosion and recovery process in more detail on a wide
range of coasts.

This demonstrates that implementing monitoring programs
across a wide range of representative sites with di�erent
geological settings and degrees of wave exposure, as DYNALIT
does, is crucial to understand and further predict the full
natural variety of coastal response and recovery. Not only
do the above studies improve our understanding of storm
impact and subsequent recovery, which timing and magnitude
can provide a proxy measure for coastal resilience to climatic
variability and change, they also motivated new research
into the winter wave climate and resulting multi-decadal
change in winter mean, variability, and periodicity of wave
activity in the North Atlantic Ocean (Castelle et al., 2017,
2018). The strong control of certain climate indices on
winter wave climate and coastal response, such as the winter
NAO and the West Europe Pressure Anomaly (WEPA)
north and south of approximately 52�N, respectively,
suggests that the ability of climate models to predict the
winter NAO and WEPA indices a few months ahead will
be crucial to anticipate coastal hazards along the Atlantic
coast of Europe.
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FIGURE 5 | Location map of the DYNALIT sites in metropolitan and overseas France with indication of the type of coasts.

Discussion
DYNALIT was established only 4 years ago and, except the recent
studies discussed above and some common methodological
developments in estuarine monitoring that were not addressed
here, there has been only a little interaction and/or combination
of data acquired at di�erent sites with DYNALIT. Over the
next few years, similarly to ILICO, DYNALIT will have to
further encourage and develop inter-site collaborations and
homogenize its monitoring strategies in order to perform more
comprehensive studies on coastal response, such as that of Dodet
et al. (2019). As a �rst step, DYNALIT is currently preparing
a special issue for the Journal of Coastal Research, entitled «
Coastal Evolution under Climate Change along the Tropical
Overseas and Temperate Metropolitan France » in which a �rst
synthesis of the DYNALIT monitoring programs and guidelines
will be proposed. Within the next few years DYNALIT will also
bene�t from new means of surveying the coast. Some examples
include the use of: (i) bathymetric Lidar, as while most of the
DYNALIT surveys are performed dry on the intertidal domain,
the subtidal domain hosts the largest sources of morphological
variability, particularly along sandy coasts; (ii) satellite remote
sensing which can now provide increasingly high resolution

products to map the shoreline, and potentially infer the nearshore
bathymetry, on large spatial scales which may close the gaps
between the more precise but interspersed monitoring sites of
DYNALIT. Lastly, more interactions between data and models
must also be encouraged.

The MOOSE Network
Scienti�c Objectives
Slow and irreversible changes are occurring in Mediterranean
waters � including the warming of deep waters, an increase
in anthropogenic carbon dioxide, and acidi�cation. Such
factors are inducing changes in both deep waters and
marine habitats as a whole. Despite intensive research
e�orts undertaken in the Mediterranean Sea over more
than a century, an integrated view of its evolution, in the
framework of climate change and anthropogenic pressures
is still lacking. In this context, the Mediterranean Ocean
Observing System for the Environment (MOOSE) has been set
up as an interactive, distributed, and integrated observatory of
the North-Western Mediterranean Sea to detect and identify
long-term environmental anomalies. It includes both long-
term monitoring and near real-time measurement capabilities
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concerning river inputs, atmospheric deposition, and in situ
marine measurement capabilities.

Short Description of the Observation Network
The MOOSE Network was initiated in 2008 and built during the
�ve following years. Since 2015 this organization has developed
into a unique multidisciplinary network (Figure 6) that pools
e�orts and initiatives to converge on best practices, and supports
common measurement standards (Figure 7).

The personnel assigned to these operations represent �ve
FTE posts for researchers and 7.6 FTE posts for engineers and
come from 10 di�erent research institutions. Around 5�10 Ph.D.
students have been regularly involved in the processing and
analysis of data from the MOOSE network.

MOOSE is built as an interactive, distributed, and integrated
observatory, based on a multisite network of permanent
continental, shelf, shelf-break, and deep-sea stations, and
is able to detect and monitor seasonal and inter-annual
variability, as well as the impact of extreme events that
control �uxes and budgets in the marine environment. It
combines Eulerian observatories (moorings, radars, hydrological
stations) and autonomous mobile platforms (gliders, pro�ling
�oats). The MOOSE network aims to acquire and provide
the Essential Ocean Variables � EOV necessary to observe
the variability of physical�biogeochemical and biological
processes sensitive to climate change and anthropogenic pressure
(Table 2 and Figure 7).

FIGURE 7 | Summary of major milestones and MOOSE phases.

The approach developed here aims to be more innovative
compared to the last decade of programs being more focused
on biogeochemistry and natural variability rather than on
ecosystems, biodiversity and anthropogenic change.

Some Key Scienti�c Results
First, information on water mass distribution and deep water
formation during winter has been collected using both the glider
endurance lines and Eulerian moorings. The most important
results concern the mesoscale circulation of the northern gyre,
with a better characterization of (1) the variability of deep
water formation processes (Houpert et al., 2015), (2) sub-
mesoscale processes (Bosse et al., 2015, 2016; Damien et al., 2017),

FIGURE 6 | Implementation map of the MOOSE network.
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TABLE 2 | List of platforms and parameters involved in the MOOSE network.

Platforms Strategy Parameters Sampling
frequency

Data transfer

Lagrangian marine
monitoring

Gliders Two transects
T00 Nice-Calvi
T02 Marseille-42�N

Temperature, salinity, oxygen,
�uorescence, turbidity

Nine transects/year Real time and
delayed time

HF Radars Two radars
Toulon Nice

Surface current � wave Hourly
measurements

Real time and
delayed time

Eulerian marine monitoring Mooring LIONCEAU 0�2,500 m Temperature, salinity, oxygen, current Hourly
measurements

Delayed time

Mooring DYFAMED 0�2,500 m Temperature, salinity, oxygen, current,
particle �ux (mass, carbon, nitrogen)

Hourly
measurements

Delayed time

Mooring LION 0�2,500 m Temperature, salinity, oxygen, current,
particle �ux (mass, carbon, nitrogen)

Hourly
measurements

Delayed time

Mooring Laccase-Duthiers 0�2,500 m Temperature, salinity, oxygen, current,
particle �ux (mass, carbon, nitrogen)

Hourly
measurements

Delayed time

Mooring Planier 0�1,000 m Temperature, salinity, oxygen, current,
particle �ux (mass, carbon, nitrogen)

Hourly
measurements

Delayed time

DYFAMED: research
vessel � CTD-water
collection � plankton net

One oceanic site
0�2,500 m

Temperature, salinity, oxygen,
Underwater Video Pro�ler, nutrients,
CO2, �ow cytometer, phyto and zoo
communities

Monthly cruises Real time and
delayed time

ANTARES: MOLA: research
vessel � CTD-water
collection � plankton net

One oceanic site
0�2,500 m

Temperature, salinity, oxygen,
Underwater Video Pro�ler, nutrients,
CO2, �ow cytometer, phyto and zoo
communities

Monthly cruises Real time and
delayed time

MOLA: research vessel �
CTD-water collection �
plankton net

One oceanic site
0�2,500 m

Temperature, salinity, oxygen, nutrients,
CO2, �ow cytometer

Annual cruises Real time and
delayed time

MOOSE-GE: research
vessel � CTD-water
collection � plankton net

One oceanic site
0�2,500 m

Temperature, salinity, oxygen, CO2,
nutrients, �ow cytometer, pigments

Monthly cruises,
real time and
delayed time

Real time and
delayed time

Monitoring at the
atmosphere/continent/sea
interfaces

Rhone river One site Flow rate, suspended matter, organic
and inorganic nutrients, trace metal

Daily collection Delayed time

TŒt river One site Flow rate, suspended matter, organic
and inorganic nutrients, trace metal

Daily collection Delayed time

Cap Ferrat (atmospheric
deposition)

One site Particle �ux, organic and inorganic
nutrients, trace metal, meteorology

Deposition:
2/month
Rain event

Delayed time

Frioul (atmospheric
deposition)

One site Particle �ux, organic and inorganic
nutrients, trace metal, meteorology

Deposition:
2/month
Rain event

Delayed time

Cap BØar (atmospheric
deposition)

One site Particle �ux, organic and inorganic
nutrients, trace metal, meteorology

Deposition:
2/month
Rain event

Delayed time

and (3) quanti�cation of shelf-slope mass balance exchanges
(Durrieu de Madron et al., 2013).

New information on the dissolved oxygen variability in the
North-Western Mediterranean Sea has been obtained, predicting
that the lower intensity of winter convection could potentially
lead to hypoxia in intermediate and deep layers with a substantial
impact on marine ecosystems (Coppola et al., 2018).

High resolution sampling in the Rhone and TŒt rivers, with
monthly and high-resolution �ood sampling of particulate trace
metals (PTM) in both rivers, allows the production of highly
realistic dissolved and particulate matter budgets which can
further be broken down into their natural and anthropogenic
counterparts (Dumas et al., 2015; Sadaoui et al., 2016).

Moreover, MOOSE has included standardized methods to
quantify plankton (mainly zooplankton) and particles in its
observation network at scales that match those of the physical
variations. For example, trophic links between phytoplankton
and zooplankton were studied in 2013 in a deep convection
zone of the western Mediterranean Sea (Hunt et al., 2017).
This study highlighted that in spring phytoplankton the average
contributions to zooplankton biomass by pico-, nano-, and
micro-phytoplankton were 42, 42, and 20%, respectively.

In parallel, several optical and imaging techniques are
used to increase the spatial and temporal coverage of
biological observation. These methods, while having less
taxonomic resolution than microscopic counts, allow for a
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rapid determination of plankton and particle community size
distributions [Underwater Video Pro�ler (UVP), Picheral
et al., 2010]. In the Gulf of Lion, UVP data combined with net
samples enabled the investigation of the impacts of deep-water
convection on the biology of the gulf, suggesting an enhancement
of energy transfer to higher trophic levels and organic matter
export in the area (Donoso et al., 2017). Finally, consistent
deployments of the UVP in the Mediterranean Sea, combined
with drifting sediment trap data from over the last two decades,
led to the �rst assessment of carbon export at the basin scale level
(Ramondenc, 2017). All of the above examples show the great
potential of coupling advance imaging and optical methods with
more �traditional� techniques in order to better understand the
tight coupling between physical and biological mechanisms in
the Mediterranean Sea.

Discussion
Employing ILICO ambitions on another scale, the MOOSE
network is creating a solid and transparent organization that
can provide operational services for the timely, continuous,
and sustainable delivery of high-quality environmental data
and informational products related to the northwestern
Mediterranean environment. Through MOOSE, the French
Mediterranean community is now able to have a permanent
monitoring system of ocean dynamics covering coastal and open
ocean areas. MOOSE also provides a large �ux of real-time data
to facilitate validation of operational oceanographic models.
With many years of research lying ahead for the MOOSE project,
it is expected that the system will have an impact on marine
science and policy in both the short- and long-term. In terms
of marine observation, it is likely that the team’s delivery of
products, such as measurements and indicators of change and
impact, will be widely used for policy decisions. These could
potentially range from energy and pollution control, to �sheries
quota determinations.

Like ILICO, the MOOSE project is not intended to develop
sensors and new technologies, but the observation system
must be ready to host sensors (according to the scienti�c
needs) and to guide their development or integrate them when
they are sustained.

For the next step, MOOSE, together with ILICO, will oversee
the implementation of new parameters and platforms according
to their readiness levels, allowing the timely implementation
of components that are already mature, while encouraging
innovation and formal e�orts to improve readiness and build
capacity. Moreover, it seems crucial to better structure the
relationship between the coastal system, which is ideal to observe
anthropogenic impact, and the open ocean system, a perfect area
for climate change issues due to the space and timescales of the
processes studied.

DISCUSSION AND RECOMMENDATIONS

Discussion
ILICO has a wealth of signi�cant contributions from constituent
networks in terms of implementation and standardized

monitoring strategies, the development of new parameter
collection techniques, new sensors and technology data
use, inter-site collaboration, and a connection to wider
communities and end-users.

Added Value of ILICO
Governing body-wise
Regrouping various fundamental observatory networks, ILICO
made it possible to facilitate the individual organization and
governing bodies of each. Some mandatory committees have
been pooled between certain networks and ILICO, such as
the international scienti�c council, which provides a global
vision of the scienti�c interactions between the networks and
the international community. Whereas �nancial and strategic
discussions used to be conducted at individual levels, the inter-
institution committee brings together the directorates of the
organizations involved in ILICO to discuss the human and
�nancial resources put in place by the various authorities
(Figure 8, governance).

Scienti�c emulation-wise
Each of ILICO’s research teams are responsible for the scienti�c
valorization of their collected data. However, ILICO participates
in the scienti�c outreach of the community via a network
representative of the entire coastal ocean and nearshore scienti�c
community. This scienti�c transverse outreach network can be
seen as a forum: (i) for the scienti�c community involved with
the observation networks, (ii) for prospective scienti�c re�ection
concerning the observation and understanding of the functioning
of the nearshore and littoral environment, (iii) for cross-cutting
questions to elementary networks, (iv) for expertise, re�ection,
and proposals on speci�c requests of ILICO or any related
organizations, and (v) for re�ection and possible structuring of
new observation networks.

An example of a collective brainstorming event was
the EVOLECO (ECOsystem EVOLution) symposium, whose
objective was to draw up an inventory of the long-term evolution
of coastal ecosystems (through the study of a 10-year time
series from ILICO’s elementary observatory) and to identify the
associated forcings and processes. Two workshop needs emerged:
(i) Comparison of the di�erent statistical tools implemented on
the long data series of the di�erent networks, and (ii) the origin
of the discrepancies observed between the 1990s and the 2000s on
sets of parameters acquired by several networks.

In addition to de�ning scienti�c hot spots and super sites, the
co-localization elementary networks acquisition also allows the
sharing of:

� Scienti�c parameters: for example, the SONEL
water levels could directly be used for coastline
monitoring by DYNALIT.

� Measurement tools: for instance, the sea state monitoring
camera makes it possible to monitor the evolution of some
benthic habitats.

Data dissemination strategies-wise
The main objective of an observation service is to provide
relevant, reliable, and quali�ed data on a studied scienti�c
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FIGURE 8 | ILICO governance organization.

phenomenon. Furthermore, data have to be shared with the wider
scienti�c community and other end-users.

Early on, ILICO’s observation networks developed individual
or mutualized strategies and data infrastructures to quickly share
and disseminate these observation measurements and products,
with respect to the INSPIRE Directive from the European
Commission (Directive 2007/2/CE of European Parliament and
Council, March 14, 2007), and in the spirit of �open data�
(HocdØ and Fiat, 2013). The data management of observation
systems has signi�cantly evolved in the last 10�15 years with the
implementation of shared information systems, the adoption of
standards, speci�cations, and guidelines, and the development
of interoperable technologies and web services, etc. In a context
where pre-existing networks had heterogenous developments in
terms of interoperability, ILICO promotes the adoption and use
of the best practices within FAIR guiding principles for scienti�c
data management (Findable, Accessible, Interoperable, and Re-
usable) (Wilkinson et al., 2016) and transfer of documentation
into a Data Management Plan (DMP) with a shared and
common metadata infrastructure, in collaboration with the
national research data infrastructure SYSTEME TERRE and its
speci�c interface dedicated to Ocean DATa Information and
Services (ODATIS) to provide new services and products through
a national portal in accordance with European standards.

Members of ILICO are also involved in several pan-
European initiatives and numerical infrastructures (SeaDataNet

and SeaDataCloud, EMODnet, Copernicus Marine Environment
Monitoring Service, etc.) and other regional data web portals
(AODN, IMOS, etc.). The intersection of all these data sources,
combined with the expertise of ILICO scientists, will provide new
added-value services and products.

Complementary Approaches of Spatial Coverage
ILICO elementary observatories were deployed following three
major types of spatial strategies: the �rst type is a regional pattern
that aims at revealing the spatial dynamics of the observed
processes; the second type involves sampling a range of sites
that are representative of di�erent types of dynamics; the third
type involves sampling a range of sites with di�erent gradients of
drivers and/or functioning.

(1) Studying spatial (as well as temporal) dynamics: This
goal requires studying a spatial distribution adapted to
spatial dynamics, while the sampling strategy must be
homogeneous along the di�erent sites. Within ILICO,
the SONEL observatory for sea level, the MOOSE
regional observatory of the Mediterranean coastal zone, the
REEFTEMPS and CORAIL observation networks in the
Paci�c, and the PHYTOBS observatory for phytoplankton
were conceived in this way. Within these networks, single-
point observations generally have little value, but the
intercomparing, or spatial combination, of observations at
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di�erent points brings more scienti�c value to the data. It
allows for the building of a reference to which individual
observations may be compared, to help distinguish local
from global e�ects, to study spatial dynamics such as
the propagation of a phenomenon, and to build regional
diagnoses over the whole observed region.

(2) Studying independent, representative examples of
sites: Within ILICO, the high-frequency automatic
sampling platforms Coast-HF and the coastline dynamics
observatory DYNALIT both follow this strategy: each
observation site illuminates the functioning of local
dynamics. The comparison of two di�erent sites
in the network makes sense only if these sites have
comparable physiographic properties. The combination
of all observation sites hardly draws a regional picture,
and calculating an overall average, for instance, may not
make sense. However, data from a sampled site may help
understand the processes at work in a di�erent site, not
sampled, but with comparable physiographic conditions.

(3) Studying sample sites along gradients: Within ILICO,
the SOMLIT observatory of water properties, some high-
frequency automatic sampling platforms from COAST-
HF, and some PHYTOBS sites are designed in such a
way. Sampling sites and (eco)systems are selected within
gradients of mechanisms like climate, tidal regimes, trophic
regimes, geomorphology, turbidity, continental in�uence,
etc. It allows a better identi�cation and even quanti�cation
of the role of often interconnected mechanisms in the
functioning and long-term change of (eco)systems.

These three types of spatial strategies are not fully exclusive:
sampling sites typical of local dynamics may also be within the
gradients of di�erent mechanisms. Thus, selected sites can have
local, regional, or large-scale interest, depending on the overall
spatial sampling strategy. The challenge of ILICO is then to
facilitate the articulation of scales from local to global.

An Ongoing Europeanization
Because ocean observations call for an integrative approach
that overcomes national borders, ILICO has been designed to
promote international collaborations, and more particularly
a European structuration of coastal and nearshore
observation e�orts.

Thus, while the role of Member States remains central in
developing and �nancing research infrastructures, the European
Union plays an important part in supporting infrastructure,
fostering the emergence of new facilities, opening up broad
access to national and European infrastructures, and making
sure that regional, national, European, and international policies
are consistent and e�ective. It is not only necessary to avoid
duplication of e�orts and to coordinate and rationalize the use
of the facilities, but also to pool resources so that the Union can
also acquire and operate research infrastructures worldwide.

Ocean observation data life cycles can bene�t from many
European initiatives supported by the Directorate-General
(DG) Mare (EMODnet), the DG Environment (Marine
Strategy Framework Directive), the DG Grow (Copernicus

Marine Services), and the DG Research and Innovation,
mainly through Framework Programs (FP) for research and
technological development.

The recent approach to research infrastructures by the
European Framework Programs for research and technological
development has made remarkable progress with the
implementation of the European Strategy Forum on Research
Infrastructures (ESFRI) roadmap that identi�es vital new
European Research Infrastructures for the next 10�20 years,
integrates and opens national research facilities, and develops
e-infrastructures underpinning a digital European Research
Area. The networks of research infrastructures across Europe
strengthen its human capital base by providing world-class
training for a new generation of researchers and engineers and
promoting interdisciplinary collaboration.

As far as marine sciences are concerned, the FP/Infrastructure
involves support Research Infrastructures such as research vessels
(Euro �eets projects), the Argo �oats program (Euro ARGO), the
European Marine Seas Observatory (EMSO), and the European
Marine Biological Resource Centre (EMBRC).

In the �eld of coastal observation, the European Union
has �nanced two projects: JERICO � Joint European Research
Infrastructure for Coastal Observation (FP7 project under grant
agreement No. n� 262584 Project coordinator: Ifremer, France �
2007�2013) and JERICO-NEXT (H2020 project under grant
agreement No. 654410 Project coordinator: Ifremer, France �
2015�2019, Farcy et al., in preparation). A part of ILICO
lies within the thematic scope of JERICO and JERICO-NEXT.
The next step is to propose a permanent, sustained, European
Observation Infrastructure for the coastal and nearshore marine
environment, to be included in the ESFRI Roadmap and with
respect to the emerging European Ocean Observing System,
EOOS, an inclusive voluntary federation of diverse ocean
observation and monitoring communities. Accredited by the
French ministry for higher education and research, the ILICO
infrastructure would be, entirely or in part, a component of this
European infrastructure.

The aim of this European Infrastructure would be to provide
one integrated system that can deliver information on coastal
and shelf seas across three key application areas: marine
ecosystem health, operational services, and climate. It is based
on multi-platform and integrated approaches, in the continuity
of the JERICO and JERICO-NEXT projects, and will be driven
by science and societal needs and impacts. The European
Infrastructure will also aim at �lling the two following current
�gaps�: (1) interface with the open ocean and (2) the land�sea
continuum, and lead the coastal ocean observing community
in growing an integrated, responsive, and sustained European
observing system.

Recommendation � Coastal Ocean and
Nearshore Observation 10 Years From
Now
Scienti�cally Oriented Observation Strategies
When designing a long-term observation system, one may
wonder how the research questions will evolve over the
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next decade. When developing ILICO’s strategy based on
long-term parameter observations, we expect most of these
questions still to be relevant 10 years from now. However,
depending on the evolution of global change, new questions
about systems resilience and adaptation could be addressed
and new communities and end-users could be interested in
ILICO data. In the coming years, ILICO will develop adaptation
skills and foster cross-disciplinary research and trans-existing
network interactions (for example, the understanding of long-
term physical evolution of the morphological aspects of the
coast in relation with the evolution of sea level.) in order to
increase its robustness.

Technical and Methodological Issues/Innovation
Trends
In the coming years, progress regarding observation strategies
will emerge from:

Auto-adaptive abilities
In the next decades temporal and spatial resolutions of data
acquisition will certainly address the issue of �tting the high
spatial and temporal scales of the processes involved in coastal
dynamics. Future sensors and platforms will enable one to auto-
adapt temporal and spatial sampling depending on external
parameters, with the aim, for example, of acquiring data during
extreme/rare metrological events.

The use of archival data and data-mining will be extended. For
example, currently the estimation of the change in global sea level
rise over the last century strongly depends on a small set of very
long-term sea-level time series. It is important to take advantage
of the mass of information that was collected in the past and
which lies dormant in a number of French archives.

A sober use of resources (including human resources)
Constraint being a great source of innovation, one can expect that
raising environmental concerns will generate a new generation
of sensors and methods more sustainable and creating less
damage to nature.

Furthermore, as previously described, most of the elementary
observatories require high human-resources. Some new
techniques will have to be developed in order to optimize sta�
hours and costs, so that �nancial support could guarantee all
human skills and expertise when necessary.

Strong connections (to real-time communications access, to
other scienti�c communities, to end-users)
Real-time acquisition could be of great interest in order to limit
the step of data recovery. Furthermore, in the perspective of
making the observatories more up front and modeled as an
‘alert system’ rather than the present registering systems, the
coastal ocean and nearshore observation system must develop a
real-time data connection. The real time survey will make these
systems act more as an alert network that will inform of any
ongoing change and notify scientists and stakeholders earlier so
they may make rapid decisions regarding speci�c monitoring and
early conservation. This will require strong interoperability and
standardization of systems and will also raise some issues about
data validation and ownership.

Finally, possible future trajectories of ecosystems have
to be identi�ed for sustainable ecosystem management.
For that, predictive models are needed. Long-term data
sets are precious data sets for building and testing such
models. Thus, a close relationship between long-term data
providers and predictive modelers should be encouraged,
as well as co-construction with end-users in order to
maximize their impacts.

How Coastal Ocean and Nearshore Observation Can
Contribute to a Better Management of Coastal Zones
While ILICO’s infrastructure is a science-based initiative
motivated by academic research and purposes, it seems
increasingly likely that, in the coming years, ILICO will tend
to develop more operational services dedicated to the better
management of coastal zones.

Coastal science fosters the resilience of coastal communities
by anticipating hazards to human and ecosystem health, safety,
and welfare. Accelerating coastal changes advocate for the
increased accuracy and precision of predictions of future
conditions at global, regional, and local spatial scales and on
decadal, annual, and event time scales. The ILICO research
collaborations crossing the broadest range of disciplines and
coastal landscapes are ideally positioned to help meet these
future challenges.

For the next decade, with ILICO becoming fully integrated
and operational, observations should be able to guide policy
decisions and reduce the risks to coastal communities from
natural hazards and climate change, notably by:

� Giving an accurate picture of the coastal ocean state
for stakeholders � can help for coastal management (for
example: periods of harmful algal blooms, hydrodynamical
conditions for future public/private infrastructure projects,
evaluation of potential � renewable � energy).

� Contributing to the management and adaptation strategies
of extreme events.

� Enhancing observational data assessment and integration
to models in order to deliver long-term trend management
and forecast.

CONCLUSION

ILICO, the French initiative for adding value to scattered existing
institutional coastal ocean and nearshore observatories and
observation initiatives, is an innovative, adaptable, and inclusive
infrastructure. Such an organization enables e�cient multi-
instrument monitoring (through mutualization of instruments
and best practices) and �t-for-purpose developments connected
to scienti�c communities.

In the context of increasing and pressing needs for
ocean information (for example: United Nations Sustainable
Development Goal 14), ILICO, as a science driven infrastructure,
has a growing role to play in underpinning nearshore
economic activities, while ensuring the protection of
coastal environments.
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This could be achieved by contributing to:

� Understand environmental and economic pressures
on our coasts.

� Produce and deliver nearshore and coastal information to
support blue growth and sustainable development.

� Raise societal awareness so as to become a public utility
by 2030.

Over the next decades, ILICO will keep promoting better
coordinated and sustained coastal ocean observing, and the study
of ocean variables relevant to society and the global ecosystem. To
do so, a fruitful gap analysis could address missing observations,
missing data, sustainability gaps as well as technology gaps, but
�rst and foremost, European and international collaborations
need to be built.
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