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Marine data are needed for many purposes: for acquiring a be&gr scienti c understanding
of the marine environment, but also, increasingly, as marnknowledge for decision
making as well as developing products and services supportig economic growth. Data
must be of suf cient quality to meet the speci c users' needs. It must also be accessible
in a timely manner. And yet, despite being critical, this tisly access to known-quality data
proves challenging. Europe's marine data have traditionigl been collected by a myriad
of entities with the result that much of our data are scatterg throughout unconnected
databases and repositories. Even when data are availableh¢y are often not compatible,
making the sharing of the information and data aggregationarticularly challenging. In this
paper, we present how the European Marine Observation and Qia network (EMODnet)
has developed over the last decade to tackle these issues. Ttay, EMODnet is comprised
of more than 150 organizations which gather marine data, meidata, and data products
and make them more easily accessible for a wider range of user EMODnet currently
consists of seven sub-portals: bathymetry, geology, physis, chemistry, biology, seabed
habitats, and human activities. In addition, Sea-basin Ctekpoints have been established
to assess the observation capacity in the North Sea, Mediteanean, Atlantic, Baltic, Artic,
and Black Sea. The Checkpoints identify whether the obserteon infrastructure in Europe
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Martin Miguez et al.

EMODnet: Visions and Roles

meets the needs of users by undertaking a number of challenge To complement this,
a Data Ingestion Service has been set up to tackle the problerof the wealth of marine
data that remain unavailable, by reaching out to data holdsr explaining the bene ts of
sharing their data and offering a support service to assistiem in releasing their data and
making them available through EMODnet. The EMODnet CentrRBbrtal (www.emodnet.
eu) provides a single point of access to these services, whicare free to access and
use. The strategic vision of EMODnet in the next decade is alresented, together with
key focal areas toward a more user-oriented service, incluidg EMODnet for business,
internationalization for global users, and stakeholder ggagement to connect the diverse
communities across the marine knowledge value chain.

Keywords: EMODnet, data portal, open access, checkpoint, d

integrator

INTRODUCTION

Access to reliable and accurate ocean data and informagiviteil
for addressing threats to the marine environment, for depéig
policies and legislation to monitor and protect vulnerableas

ata services, marine knowledge, blue economy, data

THE CHALLENGE

Ocean and marine data collection in Europe is carried out by

hundreds of organizations in many di erent countries, wankji

across a range of disciplines, and using heterogeneous afgerv

of our coasts and oceans, and in understanding trends and

forecasting future changes. As highlighted in numerous repo

riational Analysis; DOI, Digital Object Identier; DTM, Ditpl Terrain

and strategic documents produced by the European COmmlssmﬁ)del; DwC, Darwin Core; EAS, European Atlas of the Seas; EC, European

(European Commlssmn, _2010, 2912; EEA,. Joeiter qua_llt_y Commission; EEA, European Environment Agency; EGDI, European Giealog
and more easily accessible marine data is a prerequisite fphta Infrastructure; EGO, European Gliding Observatory; EMODERetopean
further sustainable economic development, or “blue growflife ~ Marine Observation and Data Network; EOV, Essential Oceanatisi EU,

potential of Europe's wealth of marine observations to SupporEuropean Union; EurOBIS, European Ocean Biogeographic InformatisteSy
this growth is huge GDAC, Global Assembly Data Centre; GEOSS, Global Earth Obsen\&jigiem

. . . . of Systems; GES, Good Environmental Status; GLOSS, Globah@e®hserving
In this paper we will explain how the European Marine sysiem; GMES, Global Monitoring for Environment and Security; GOGlobal
Observation and Data network (EMODnet) has evolved oveDcean Observing System; GO-SHIP, Global Ocean Ship-based Hyplnagra
the last decade improving access to marine data, metadatayestigation Programme; GPS, Global Positioning System; GRG®&klers for
and data pI’OdUCtS for a wider range of useﬁ@epherd (2018) Research Ocean Observation and Management; HELCOM, Helsimkin@gsion;
lained the rationale behind the initiativ nd its betsefor HF, High Frequency; HFR, High Frequency Radar; ICES, Internatiooah€il for
explaine e rationaie e ; e ,a e a S 0 the Exploration of the Seas; I0G, Intergovernmental Oceanograpdiemission;
the blue economy. We will build on this and dbalewaert et al. |opg, International Ocean and Data Exchange; IPT, IntegraRacblishing
(2016) (who rst introduced EMODnet and highlighted some Toolkit; ISO, International Standards Organization; JCOMM&Boint Technical
of its main features, including its thematic data portals)dan Commission of Oceanography and Marine Meteorolomy situ Observing
will further present the remarkable progress achieved in gse | Flatform Support Centre; JERICO, Joint European Research Infrasteuct
. Ly Coastal Observatories; JRC, Joint Research Centre; JSCGi$cpt Object
years. We W'” rst hlgh“ght the most recent deveIOpmentS OfNotation; M2M, Machine to Machines; MAP, Mediterranean ActidPlan;
the thematic data portals, with a particular focus on three ofucs, Marine Conservation Society; MEDITS, Mediterranearrirttional Trawl
them, -Physics, Chemistry, and Biology- to illustrate theaepts  Survey; MPA, Marine Protected Area; MSc, Master of Science DVIBRrine
and multi-disciplinary nature of EMODnet. Furthermore, wellwi Strqtegy Framework Directive.; MSP, Maritime Spatial Planning; NENR®yral
provide insights into how the other EMODnet strands (the Dataﬁm’Ironment Research Council; NetCDF, Network Common Data Form@oN
. . . . on-Governmental Organization; NODC, National Oceanografbata Centre;
Ingestion Service, the Sea-basin Checkpoints and the Oentﬁ@OAA, National Oceanic and Atmospheric Administration; NRT, MeReal
Portal) have greatly strengthened the service for usespBper Time; OBIS, Ocean Biogeographic Information System; ODV, Oceda Diaw;
will also present the vision for EMODnet into the next decade OECD, Organization for Economic Co-operation and DevelopmentGGpen
with renewed e orts toward engaging stakeholders to build geospatial Consortium; OSPAR, Oslo-Paris (Convention); PhDlo&tphiae

more user-oriented service with global relevance.

Abbreviations: API, Application Programme Interface; ASCII, American
Standard Code for Information Interchange; BODC, British Ocsgnaphic
Data Centre; CDI, Common Data Index; CF, Climate and Forecast; CBEM
Copernicus Marine Environment Monitoring Service; CPUE, Catch peiit Un
E ort; DATRAS, Database of Trawl Surveys; DBCP, Data Buoy Catjoe Panel;
DCF, Data Collection Framework; DG GROW, Directorate-General foermal
Market, Industry, Entrepreneurship and SMEs; DG MARE, Directofaemeral
for Maritime A airs and Fisheries; DG RTD, Directorate-General feesearch
and Innovation; DIS, Dissolved Inorganic Nitrogen; DIVA, Balnterpolating

Doctor; PSMSL, Permanent Service for Mean Sea Level; QA, Quabtyra@nce;
QC, Quality Control; REST, Representational State Transfer; RG®@§ipnal
Ocean Observing System; RTD, Research, Technology and Develp|ShEs,

Small and Medium Enterprises; SOAP, Simple Object Access ProtocolSSOO

Southern Ocean Observing System; SONEL, Systéme d'ObserdatiNiveau
des Eaux Littorales; SWE, Sensor Web Enablement; TAC, Thematembdy
Centre; THREDDS, Thematic Real-time Environmental DistributedeD &tNEP,
United Nations Environment Programme; UNESCO, United Nations Edocai,

Scienti ¢ and Cultural Organization; WCS, Web Coverage SerWwFS, Web
Feature Service; WMO, World Meteorological Organization; WMSbWap

Service; WoRMS, World Register of Marine Species; WPS, Web Birag&grvice;
XML, Exchange Markup Language.
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methods and sensors installed on board research vesselgtwork of organizations (currently more than 150) supported
underwater vehicles, xed and drifting platforms, aircsafand by the EU's Integrated Maritime Poliylinked by a data
satellites. Most data collection, by both private and publiananagement structure. These organizations work togetber t
organizations, is carried out for a single, speci ¢ purposé&rf aggregate and process marine data from diverse sources and
in isolation from each other. Marine data can be generatedenerate data products. EMODnet provides a gateway to those
as a result of marine environmental monitoring obligatipns marine data accompanied by their metadata and data products
through the activities of maritime and o shore industriesid  through a number of thematic portals and a central poftais

by the research community. Increasingly data are also beinghepherd (201&utlines, EMODnet's objectives are to:

generated by citizen science activities. All of these data mave
numerous applications beyond the purpose for which they were
taken. To anticipate this potential, great progress has ajread
been made, with the development of standards, services, an
infrastructures for providing long term storage and means of
discovery and access to these valuable data resourceatiégti
have been undertaken as part of international initiatives,
such as the International Ocean and Data Exchange (IODE)
program of the Intergovernmental Oceanographic Commission
(I0C) of UNESCO or the Working Group on Marine Data
Management of the International Council for the Exploration EMODnet DEVELOPMENT

of the Sea (ICES). In Europe, a series of projects have ) ) )

been dedicated to developing the pan-European SeaDataN I\./IO.Dnets development IS .based on the.followmg core
infrastructure, and the developments of the EurOB(8arine pr|nC|pI¢s th‘?t contl_nue to guide and underpin the strategic
biodiversity) and PANGAEA (marine earth science) data €XPansion of its services:

portals. However, for a variety of reasons, a large part of Collect data once and use them many times;

these data remained out of reach and thus inaccessible to Develop data standards across disciplines as well as
other potential users, and European-scale cooperation betwee ithin them;

these data management initiatives was limited. This chdnge Process and validate data at di erent scales: regionalnbasi
considerably with the launch of EMODnet in 2009, which and pan-European;

aimed to establish an overarching European marine data and Build on existing e orts where data communities have already
observation network. The establishment of EMODnet fostered organized themselves;

coordination at European Union (EU) level between a number put the user rst when developing priorities and
of EU directives and policies (Marine Strategy Framework taking decisions;

Directive, Integrated Maritime Policy, Blue Growth) andda- Provide statements on data ownership, accuracy,
scale observation and data collection framework prograos) s and precision;

as the Global Monitoring for Environment and Security (GMES,  Sustainable funding at a European level to maximize bene t
now COPERNICU$) and the Global Earth Observation System  from the e orts of individual Member States;

of Systems (GEO3S Free and unrestricted access to data and data products.

This is very much in line with one of the major challenges o o
already identied in OceanObs09: the need for improved! "€S€ core principles underpinning the development and

international and national organizational structures taild and ~ OPeration of EMODnet are in alignment with the 2016
sustain a truly interdisciplinary, coherent, systematicstained AR (Findable, Accessible, Interoperable, Re-usable) midi
ocean observing systerfigcher et al., 20)0As we shall see, principles for scientic data management and stewardship

EMODnet is actively contributing to that endeavor. (Wilkinson etal., 201p _ o
Established in 2009, EMODnet is a long-term initiative that

has been built through a phased approaghkle 1). During the
THE SOLUTION rst phase, six prototype data portals were developed. Largely

building on existing data repositories, infrastructurestiatives
EMODnet is the key implementing mechanism of the Europeamand projects by specic and distinct communities of experts,
Commission's Marine Knowledge 2020 strategyuiopean these covered a limited selection of sea-basins and paresmete
Commission, 2010, 20}2o0 unlock the potential of Europe's and o ered data-products at low resolution.
wealth of marine data. Based on the principle of collectingadat  The second phase saw the data portals expanded to provide
once and using it many times for many purposes, EMODnet is @l coverage of all European sea-basins. A wider selection of

parameters and medium resolution data products were also made

Increase productivity in all tasks involving marine data by

avoiding re-collection of data and saving costs involved in
dputting together marine data;

Increase competition and innovation in established and

emerging maritime sectors;

Reduce uncertainty in our knowledge of the oceans and the

seas and improve our ability to forecast the behavior of

the seas.

Lhitps://www.seadatanet.org/

2http://www.eurobis.org/ 5The Integrated Maritime Policy has the objective to better cauaté Europe's
Swww.pangaea.de maritime activities and the management of its marine environment hitps.
4www.copernicus.eu europa.eu/maritimea airs/policy_en
Shttps://www.earthobservations.org/geoss.php Twww.emodnet.eu
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TABLE 1 | The three initial phases of EMODnet development up to 2020.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Phase | 59 institutions, budget 6.5M Euros

« Prototype of thematic data portals

« Limited selection of parameters and sea-basins
* Low-resolution data products

Phase Il 120 institutions, budget 16.3M Euros
* More parameters, and coverage (all sea-basins)
* Medium-resolution data products

* Human Activities portal, establishment of Central
Portal, Sea-basin Checkpoints, and Secretariat

Phase Il More than 150 institutions,
budget 20M Euros

« Multi-resolution digital map of entire
European seabed by 2020

available. The second phase also included the addition ofva neHuman Activities (se€Table 2 for description of the thematic
portal on Human Activities and the creation of the cross-ouft ~ coverage provided by the port8)s

EMODnet Central Portal, as well as the establishment of tke si  Although quite distinct in nature, each thematic group is
regional Sea-basin Checkpoints and the Data Ingestiontfacili underpinned by various data initiatives (data infrastruesi,
To oversee and coordinate these growing and diverse aeiyit networks, projects, data assembly centers...) which, in,tur
an EMODnet Secretariat was also established. receive data from di erent data originators. EMODnet thentati

Currently in its third development phase, EMODnet hasgroups build on those data initiatives and add value by (1)
reached a mature and operational stage where e orts are nofacilitating access to the data and (2) generating new praduct
focused on maximizing its use and achieving the goal ofrom them. EMODnet also provides friendly, user-oriented
providing free access to a multi-resolution digital map oéth interfaces and services to guarantee an e ective acces®se th
entire European seabed by 2020. data and data products.

Throughout the dierent phases, the number of Table3 lists the main data initiatives, together with the
institutions working together within EMODnet has grown ultimate data originators. For instance, the main pillar bkt
from 59 in the rst phase to currently more than 150. Geology thematic group is the European Geological Data
The budget has also increased with time, having triplednfrastructure (EGDY), while data originators are mostly
from 6.5M Euros in the early years to 20M Euros in thegeological surveys from across Europe. For Human Activities
current phase. data originators are very heterogeneous, both public (port

The development of EMODnet has not taken place inauthorities, ministries, European agencies...) and private
isolation. On the contrary, EMODnet has been built on(industrial clusters). Human Activities assembles datediy
and evolved in close connection with existing initiativesda from them and not via any intermediary.
infrastructures that are also part of the European and global More di erences are found in the data ow from the data
marine data landscape, in particular, SeaDataNet and Copesnicoriginators to the provision of the data to the users amongst th
Marine Service (CMEMS) (sé&&gure 1), which will be described di erent EMODnet thematic portals. This data ow comprises
brie y below. several steps including assembling, quality control (QCJ an

After completion of the development phases, EMODnet willquality assurance (QA) (e.g., metadata curation, data statsd
continue to develop beyond 2020 as a fully operational usecompliance checks, control of geographic location, accuracy
focused data service for society providing open and free atges assessment) as well as harmonization/standardizatign (eits,
marine data and data products that are interoperable with ntheterminology, coordinate systems, data format.. .).
key European and global data services (see section “EMODnet in The relative importance of each of these steps and how they
the Next Decade”). are performed (automatically, semi-automatically, or malhy)
and at what level (data originators, data initiative underpng
the thematic group, or the EMODnet thematic group partners
themselves) depends on the thematic portal in question.

EMODnet THEMATIC GROUPS

There are seven EMQDnet thematic groups, which pl’OVIdQMore details about EMODnet data and data products can be found tqm/h
the data management infrastructure of EMODnet: Bathymetryyw.emodnet.eu/data-portfolio
Geology, Seabed Habitats, Physics, Chemistry, Biology, aPnttp://iwww.europe-geology.eu/
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FIGURE 1 | EMODnet in the context of other European, regional and globanarine data, and data product initiatives. For Europe, oplthree pan-European initiatives
supported long-term by the European Union are included. Thilist is not comprehensive but provides some key examples.fe Figure shows the ow of marine

knowledge from original data (outer circle) to data servise(middle circle) and to the users and societal bene ts (cent®. The Figure does not aim to de ne the wide
variety of data collectors and data providers which span acdemia and public authorities to industry. Data collection @tworks, systems, and initiatives are also nation

and region-speci c.
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TABLE 2 | Thematic coverage provided by the data and products availale through the EMODnet thematic portals.

- Digital Terrain - Seabed substrate Collection of point data - Wave height - Acidity - Phytoplankton - Aggregate extraction
Model - Seabed from surveys and duration - Antifoulants - Zooplankton - Algae production
- Survey tracks and accumulation rates - Broad-scale seabed - Seatemperature - Chlorophyll - Macro-algae - Aquaculture
bathymetric survey - Sea oor lithology, habitat map - Wind speed - Dissolved gases - Seagrass - Cables
data stratigraphy and - Environmental and direction - Fertilizers - Fish - Cultural heritage
- Source references fault maps variables in uencing - Salinity - Heavy metals - Reptile - Dredging
- Depth contours - Coastal behavior habitat type - Horizontal speed - Hydrocarbons - Bird - Environment
- Geological - Collection of of the - Marine litter (micro, - Sea mammals - Fisheries
events distributions  individual seabed water column beach, sea oor) - Benthos - Hydrocarbon
- Mineral habitat maps from - Water clarity - Organic matter - Functional traits extraction
occurrences surveys - Changes in sea level - Pesticides and - Introduced species - Main ports
- Submerged - Modeled maps of - In ow from rivers biocides - Protected species - Ocean energy
landscapes* speci ¢ habitats - Water conductivity - Polychlorinated - Indicator species facilities
- Quaternary - Composite data /biochemical biphenyls - Other forms  of
geology* products parameters - Radionuclides area management/
- Geomorphology* - Atmospheric - Silicates designation
- Boreholes parameters - Pipelines
locations* - Underwater noise - Waste disposal

Seismic tracks*
*Upcoming products

Vessel density
Wind farms

Data products are free to access and use. Irbold , data that match Essential Ocean Variables (EOVs).

TABLE 3 | Main data initiatives  (networks, projects, data management infrastructures...) @a assembly centers (in italics) and data originators undginning each of the
EMODnet portals in Europe.

SeaDataNet EGDI MESH project 1 CMEMS SeaDataNet EurOBIS
EuroGOOS-ROOS
SeaDataNet
National In situ TACs NODCs
Oceanographic Data NODCs
Centers (NODCs)
National National Geological ~ National agencies Agencies in the realm Research institutions Research institutions, Private and public
Hydrographic of ces  Surveys related to environment of operational public authorities, data sources
Research institutions protection oceanography National Museums,
OTHERS: e.g., Research institutions ~ Research institutions Citizen science
Companies initiatives

IMESH Project: a marine habitat mapping programme supported by the EU's INTERRE& fund.

In addition, each EMODnet thematic group analyses anEMODnet PHYSICS
processes the data to create products: maps, animations, pro |
trends, and others. The ways in which they each do this c:ﬁ’aCkground ) o
also be quite di erent. Ultimately, the user can nd and accesEMODnet Physics originates from the advances made by the

these data products (as well as the data and metadata) in tkgOOS (Global Ocean Observing System) community (especially
thematic portals, with each portal presenting speci ¢ featureghe European component, EuroGOOS) in the development of
tools, and services. In the next sections, we will descriloefail ~ physical operational oceanography capabilities.

all these components of the knowledge value chain for three OceanObs99 had a vision of aéw era in oceanography,
EMODnet thematic groups: Physics, Chemistry, and Biologyone where research and operational systems are mutually
The reader is invited to visit the remaining thematic portids  supportive and bene cial, and one where the rapid and wide
additional information. distribution of information (data, methods and products) is
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accepted as preferred modus opefarfdiusalacchi, 2009 from international monitoring programs such as Argo, GO-FH|

Twenty years later, in spite of technological advancement®BCP, etc., which are collected and organized by the Global

data management, integration, and consistency remaiAssembly Data Centers (GDAC). Data quality control is left t

a challenge. the responsibility of the data originators, who are requiredise
Facing that challenge, EMODnet Physics has developedternationally agreed methods. The third route is via Thaio

a “federated” network infrastructure and provides a singleAssembly Centers (TACs) that are in charge for the collectio

point of access to near real-time (NRT) and historigalsitu  and dissemination of “younger” platforms and parameters.(e.g

datasets, products, and their metadata of physical parametessa surface currents elds recorded by HF Radars). For thesthr

of European Seas and global oceans. This “federated” netwackses, operational platforms provide data time series as son a

infrastructure links data originators and other marine dat data are ready—e.g., a xed platform delivers data dailye(@st),

aggregating infrastructures. an Argo oat delivers almost weekly.
Data transmitted in real time only undergo a “rough” quality
Data Flow control. They are provisionally included in the system, but

In Europe, EMODnet Physics is strongly federated with thre@ventually replaced by reprocessed data, submitted to aestrict
other data aggregating infrastructures: (1) SeaDataNdtian quality control performed by NODCs. This replacement occurs
network of National Oceanographic Data Centers (NODCs)periodically, but the time lag may vary depending on the type of
(2) EuroGOOS-ROOS (Regional Operational Oceanographflatform/data network.

Systems), and (3) the Copernicus Marine Environment Dissemination of European historical validated data is
Monitoring Servicen situ Thematic Assembly Center (CMEMS- Organized in coordination and cooperation with SeaDataNet a
in situ TAC). CMEMSin situ TAC and EuroGOOS-ROOS are the network of NODCs. The NRT data go through a stricter
closely related and concern mostly the operational neartips ~ quality control before NODCs validate the datasets for long-
data ow, whereas NODCs provide historical validated dataterm storage and stewardship. This validation process enéswh
EMODnet Physics is bridging the gap between both types dhe metadata of the processed dataset are published in a CDI
data streams. (Common Data Index).

SeaDataNet and CMEMS were described Figure 1 Moreover, EMODnet Physics portal provides data access to-
EuroGOOS is an association of European agencies to furtieer tind preview of- coastal data in non-European areas (e.g., NOAA
goals of GOOS, and in particular the development of Operationallatforms for the US and globally, International Arctic Buoy
Oceanography. EuroGOOS now has 42 members in 18 Europe&fiogramme platforms for the Arctic area, the Integrated Mari
countries. The EuroGOOS Regional Ocean Observing Systef@§serving System for Australia and others) and it provides
(ROOS) are the core of the EuroGOOS association and arggional stakeholders and international networks with [t
responsible for the collection df situ data in the respective Serve their users and communities.
region. They feed near real-time data to both CMEMS and to After 10 years, EMODnet Physics can now boast global
EMODnet Physics. The CMEM& situ TAC was developed on coverageRigure 2), by incorporating data from supplementary
top of the EuroGOOS-ROOS concept and infrastructure. physical monitoring systems: drifting buoys, gliders, and

EuroGOOS-RO0OS, CMEM#®- situ TAC and SeaDataNet- €merging measurement systems (e.g., HF radar, animal borne
NODCs are also integrated with other available sourcedistruments, etc.). In total, it provides access to more than
beyond Europe. In this way, EMODnet Physics interacts with-60,000 platforms, and more than 800,000 datasets. Albdeil
international data collection networks and programmes likedata and metadata follow the same standards (CF Convention
JCOMMOPS (the Joint Technical Commission of Oceanograph?”d Metadatd and SeaDataNet controlled vocabularies) and
and Marine Meteorologyin situ Observing Platform Support formats (e.g., NetCDF, csv).

Center), which supports several IOC and World Meteorological
Organization (WMO) programmes. Products

The collaboration between EMODnet Physics andBesides data and metadata, EMODnet Physics also generates
JCOMMOPS has largely increased the platforms and datfroducts that serve speci c communities and stakeholders.
connected to the portal since its initial phase in 2010. Dagase One example of EMODnet Physics products in collaboration
acquired under the umbrella of international programmesWith a Pan-European High-Frequency Radar NetwoRaufio
such as Argo, DBCH¥ and GO-SHIBL, are monitored by et al., 2017; Roarty et al., 2(Q1&e sea-surface currents from
JCOMMOPS and made accessible via EMODnet Physics. ~ high-frequency radars. Another example of a speci ¢ product

EMODnet Physics database is updated three times a daynder construction is river out ow, combining the geometof
There are three main NRT pathways to EMODnet Physics. Thihe rivers,in situ data (very often water level and not water ux)
rst route is via the EuroGOOS ROOSs and the CMEMSitu ~ and satellite observations.

TAC. This combined infrastructure is based on regional rode Some products require collaboration with experts from

which guarantee the same quality of the products delivered téi erent geographical regions. Since EMODnet Physics is
the end-user. The second route collects and distributes dafederated with SeaDataNet and CMEMS, it can provide access

to some of their products. For instance, SeaDataNet regional

19Data Buoy Cooperation Panel http://www.jcommops.org/dbcp/
Uhttp://www.go-ship.org/ L2http://cfconventions.org/
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FIGURE 2 | 1Example of data accessible in EMODnet Physics during a 1 wéeperiod.

products such as temperature and salinity climatologies & thas statistics on the use of the data from that specic
Arctic, Black Sea, Baltic Sea, the Mediterranean, North Sealatform. Data quality information is available in connectio
Atlantic-lberian, and Biscay-lrish Sea are accessibleutjiio to datasets.
EMODnet Physics, with advanced sub-setting and discovering EMODnet Physics is developing interoperability services
features. EMODnet Physics also provides access to griddéfable 4 to facilitate machine-to-machine interaction and to
temperature and salinity from reprocessed data for the lagtrovide other systems and services with ocean physical data and
century as well as ice coverage in the Arctic. metadata from the European seas. A way to pursue this is through
Another example concerns sea-level data and data producthe continuous systems' update with new interoperability
By integrating more than 400 European tide gauge statior®, 2%ervices, techniques (Open Geospatial Consortium-OGCpsens
stations from the Global Sea Level Observing System (GLOS&gb Enablement-SWE) and standards (ISO, NetCDF, I0DE),
core network, and more than 1,300 stations from the Permanerin particular:
Service for Mean Sea Level (PSMSL), EMODnet Physics is
o ering one of the widestin situ data collections for sea-level
data. Based on the PSMSL collection, EMODnet Physics is
making available maps of relative sea level trends, whilglaties
sea level maps are based on the SONEL product from the
University of La Rochelle (Frandg)

Fixed stations: NetCDF format, SeaDataNet vocabulary, CF
(Climate and Forecast) convention variable

Argo: NetCDF format, SeaDataNet vocabulary, CF

convention variable

Surface drifter: Standards and data management estatilishe
by JCOMM/DBCP

. Deep ocean observatories: FixO3 data policy (based on
Portal and Services OceanSITES policy), NetCDF format and ASCII;

EMODnet Physics is continuously increasing the number gGjider: Standards and data management of the EGO COST

and type of platforms in the system by unlocking and Action ES090% and FP7 GROOM
providing data from a growing number of data sources.

For each connected platform, a dedicated platfiorm pag®n top of these common standards, EMODnet Physics
is available that provides the user with metadata, p|0t§1,levelops and provides a further level of interoperability $ool

download features, platform products (e.g., monthly avesagesUch as Web Map Service (WMS), Web Feature Service
or wind plots), additional information and links, as well (WFS), REST/Simple Object Access Protocol (SOAP) web

L3yww.sonel.org Lhttps://www.ego- network.org/dokuwiki/doku.php
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TABLE 4 | EMODnet physics interoperability machine to machine M2M swices.

Service Description

Examples

PermaURL All platforms

http://www.emodnet-physics.eu/ma/platinfo/piradar.aspx?platformid=10273

http://www.emodnet-physics.eu/map/platinfo/pidashboard.aspx?platformid=10273
Service description at:
http://www.emodnet-physics.eu/map/spi.aspx

API REST/SOAP
OGS WMS, WFS, WCS

Latest 60 days of data
PostgresqC Geoserver

www.emodnet-physics.€map/Service/WSEmodnet2.aspx
geoserver.emodnet-physics.eu/geoserver/web

examples and service description at:
www.emodnet-physics.eu/map/service/GeoServerDefaultWMSspx
www.emodnet-physics.eu/map/service/GeoServerDefaultWF&spx

THREDDS (OpenDAP, WMS, WCS)
ERDDAP
Widgets

Latest 60 dayS HFR dataC Ice
Latest 60 days
All plots

thredds.emodnet-physics.eu/thredds/catalog.html
erddap.emodnet-physics.eu
www.emodnet-physics.eu/Map/Charts/PlotataTimeSeries.aspx?

paramcode=TEMPplatid=8427timerange=7

services, THREDDS, and ERDDAP® catalogs, in order to Descriptor 5 (Human-induced eutrophication), Descriptor 8
make these data accessible, discoverable, and usable byCancentrations of contaminants), Descriptor 9 (Contammisg
wider community. Interoperability services are provided by an sh and other seafood), and Descriptor 10 (Marine litter)
GeoServer infrastructure that is OGC compliant. Plot widgetst a regional scale. The goal is to build a knowledge base to
to embed a parameters plot/chart into an external portal aresupport the implementation of marine policies and foster

o ered too.

sustainable development. Data relate to three matrixesefwat

To facilitate the use of the available services, documiemtat column, sediment, and biota) and have recently extended

and details on available machine-to-machine interfaceswaade
available on githul.

to debris on beaches (nets, bottles etc.), on the sea oer, (i.
litter collected by sh-trawl surveys), and in the water awin

Data and data products are accompanied by metadat@oating micro-plastics).
covering information on ownership, data quality, and data EMODnet Chemistry is built upon SeaDataNet and its
quality check procedures, as well as links to get additionaletwork of NODCs (seeFigure 1, Table 3, adopting and
information on methods used for their constructions. Commo adapting as necessary its standards, tools, and federatednket
QA/QC protocols as well as best practices have been collentied aof data resources.

made available through the Physics pottal

EMODnet CHEMISTRY
Background

Data Flow

The data ow within EMODnet Chemistry consists of a
series of steps necessary to publish reliable and harmonized
data and data products. The steps include, amongst others,

EMODnet Chemistry's main purpose is to provide data andassembly, quality control/quality assurance (QC/QA), and

information relevant for the European Union's Marine Straeg standardization. Interoperability and reliability are sgfiarded
Framework Directive (MSFD) Huropean Union, 2003 through standardization and quality control proceduresrieal
adopted in 2008 to set rules to protect more e ectivelyout after data collection.
the marine environment across Europe and to achieve A network of NODCs distributed across many countries
Good Environmental Status (GES) by 2020. MSFD GES Rerforms the data assembly. At the national level these NODCs
de ned by 11 qualitative Descriptors (and related criteria)supervise the provision of environmental data from research
that provide a detailed insight of the marine environmentaland monitoring activities, maintain regular contact withaih
status and its possible evolution. In addition, EMODnetoriginators, and complement data with the best available
Chemistry complies with the INSPIRE Directivé(fopean metadata to ensure reliability. The direct link with the dat
Union, 20072/EC), which establishes rules for handling,sources ensures that the best sets of measured data andhéessoc
accessing and sharing spatial information at Europeafnetadata are stored with a commonly agreed data policy.
scale focusing on interoperability of spatial data sets Data originators are responsible for the rst quality coritro
and services. of data and agging with quality information. Within EMODnet
EMODnet Chemistry places special focus on high-qualitfchemistry, a data validation loop was developed to highlight
marine environmental data related to the MSFD GESossible data inconsistencies in the distributed infrasuitesin
close contact with data originators. As a rst step of thispo
data are checked and completed with a standard set of metadata.
A set of QC are applied to ensure e.g., that geographical position
and time of data are realistic and to compare measurements wit
broad ranges and speci c regional ranges. Whenever avajlabl
data are also compared with climatologies. As a result, all dat

15STHREDDS Catalogs are logical directories of on-line data resowzoesded as
XML documents, which provide a place for annotations and other metad
18ERDDAP is a data server that provides a simple, consistent wayvmldad
subsets of scienti ¢ datasets in common le formats and make grapbswaaps.
https://github.com/EMODnet- Physics/EMODnet- Physics-ddanentation
L8nttp://www.emodnet-physics.eu/portal/bibliography
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are archived with a quality ag value that provides infornmati been adopted, using the best available reference documents t
on their reliability. Data are then aggregated at basin escaldevelop a tailor-made approach at European scale.
(grouping di erent analytic terms used by data originatorgan For beach litter, the approach is based on the OSPAR
a unique aggregated term with a unique measurement unitjConvention for the Protection of the Marine Environment of
and further quality controls are performed at regional levelthe North-East Atlantic) experience and opens the possibility
following a common approach. The main goal of this activity isto report data using OSPAR, MSFD, UNEP (United Nations
to obtain homogeneous regional datasets (e.g., a uniqueseat Environment Programme)/MAP (Mediterranean Action Plan),
of phosphate concentration in the water column starting fromand UNEP Marlin (Baltic marine litter project Marlin-Litter
di erent datasets of phosphate concentration expressed witmonitoring and Raising awareness 2011-2013) categories.
di erent units) that could be used to generate homogeneousda For bottom trawl litter in Europe, there are two main
products. The results of the regional quality control aretden consolidated data collection protocols since several y&ars is
the NODCs to correct errors or anomalies in the original coppy o adopted in the North/Western part of Europe -ICES DATRAS
the data available in the EMODnet infrastructure. This fescl (Database of Trawl Surveys), while the other is adopted in
loop guarantees a continuous data quality upgrade. the Mediterranean area [MEDITS (Mediterranean International
Standardization is implemented at two main levels: syntactiTrawl Survey)/UNEP/MAP MED POL programri§. The
and semantic. The former is achieved through provision oEMODnet Chemistry approach followed the ICES DATRAS
common formats for metadata and data les; the latter withexperience, but it is possible to report data using ICES, MSFD
the adoption of a set of vocabularies that become a commoar MEDITS categories.
language to describe data and metadata over time, collégted  For oating marine micro-litter, the SeaDataNet formatsC
diverse projects and in di erent countries. EMODnet Chemistryand ODV) were adopted and adjusted following comparison
metadata are stored in the XML ISO 19139-19115 standardith other available European information. Data collectifam
and make use of a set of common vocabularies to ensumarine litter is done through already existing regional data
interoperability'®. Data are stored in Ocean Data View (ODV) bases (OSPAR/MCS for beach litter, ICES for bottom trawls) or
format, a simple comma-separated value format including gqgali through the network of NODCs.
information for each parameter.
Once all those steps are accomplished, EMODnet Chemistiproducts
generates customized products and provides data sharings stated earlier, EMODnet Chemistry has developed with the
services in line with the policies de ned by data originators aim to become a major support tool for the assessment of marine
Products generation enables to analyze and re-aggregatéada environmental status under the MSFD. In addition to data,
build knowledge from raw data. EMODnet Chemistry delivers data products related to MSFD
Data usage is managed according to the SeaDataNet Dabescriptor 5, 8, 9, and 10.
Policy, which includes a range of access conditions from open When developing European-scale products, comparability
access (SeaDataNet license) to negotiable. The latteres usind harmonization of approaches must be assured, while
by a small percentage of data originators in cases such @sspecting the peculiarities of each marine region. Regional
during a moratorium period, or when the data are especiallland combined interpolated data maps are available based on
costly (e.g., seismic survey data), or sensitive (e.giagonants  DIVA 4D 10-year analysis. DIVA stands for Data-Interpolating
in seafood data). Furthermore, the SeaDataNet Data Polioyariational Analysis Troupin et al., 201 It is a software for
contains a disclaimer and an obligation for users to ackealge  spatial interpolation ofin situ data to generate gridded elds,
data originators in their use cases. Thanks to the mutualvhich uses an e cient nite-element method. DIVA works with
trust between data originators and the NODCs, originatais a a variational inverse methodology to derive a continuous el
increasingly willing to release their restricted datagetsise in  starting from discrete observations. DIVA basin maps hawnbe
the construction of EMODnet data products. At the same timedeveloped only for nutrients with good data coveraig(re 3).
data originators are progressively encouraged to sharedaéd  Considering that EU Member States must perform reporting
more openly and under the SeaDataNet license. under the MSFD on a 6 year cycle basis, new regional maps with a
Management of marine litter data is a recent addition to thes year moving window are under development for the parameters
infrastructure. The topics of interest are beach litter, sea  silicate, phosphate, chlorophyll, oxygen, and Dissolveddanic
litter and oating micro litter. In Europe, the developmentdfe  Nitrogen (DIN).
management systems for the three debris categories aresditer ~ Additionally, regional validated data collections for
in terms of observation instruments, policies, and degree ofeutrophication-related” parameters are being prepared and
development (regional, national...). The data managemeatt pl made available to the European Environmental Agency and to
was to adopt consolidated data formats when available anptadaany other possible users.
them when needed. Following this, three speci c approaches hav  For contaminants, spatial coverage is fragmented and there
is a large heterogeneity in the data from monitoring. In 2018
2019, maps of contaminants have been generated and will be

19seaDataNet DATA QUALITY CONTROL PROCEDURE https:/www.
seadatanet.org/content/download/596/3118/ le/SeaDataRQC_procedures_ 20The MED POL programme is the marine pollution assessment and control
V2_(May_2010).pdf?version=1 component of MAP.
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FIGURE 3 | Products: global interpolated maps for Ammonium in the watecolumn, winter 2000.

presented to the board of experts for validation. Harmonized criteria to Iter out the available information (free text,
and aggregated data collections for the contaminants haeab  parameter, spatial coverage, period covered, data originator
equally produced and will be available through the web portal and others). A speci ¢ version of the interface named “Search
in 2019. Chemicals by Region” plots the regions of interest against the
Litter is a new topic for EMODnet Chemistry and so available parameters, so as to provide quicker access. @ata ar
are its products. Litter data and their coding systems for available in the following formats: ODV, NetCDF, or Medatlas.
quanti cation are very heterogeneous so their aggregaiio Registered users can freely access unrestricted data, while
products will be a challenge. First data analyses and basica negotiation process moderated by the relevant NODC is
outlines have been produced; even simple visualizations of a necessary for restricted data
whole European dataset can be useful tools for managers. MapsThe Ocean Browser viewing service provides access to
of the surveys for beach and sea oor litter were published the available products. Products are provided in OGC-
recently (March 2019). They highlight the di erences betwee compliant formats (WMS, WFS, Web Processing Service
the litter reference lists and gears used along the European WPS) to ensure interoperability. The product viewing service
coastsfrigure 4). provides access to interpolated maps (WMS layers) and
Beyond 2019, the objective is to take advantage of dynamic plots generated on the y (WPS) from the validated
the valuable information in a harmonized litter database data bu ers.
to create a variety of products tailored to dierent Sextant is a catalog compliant with OGC/Catalog Service
stakeholder requirements. Web (OGC/CSW) protocol and provides facilities to search
and access the EMODnet Chemistry products (interpolated
maps for each EU sea-basin, interpolated maps combining
all the EU sea-basins, validated, aggregated, and hareubniz
d}lata sets). All the available products are described and
continuously updated in Sextant. Digital Object Identi ers
(DOI) have been attributed to each of the products and the
related landing pages have been published with download and
viewing links.
Furthermore, web portal hosts a page with detailed
The CDI data access interface provides a service to searchinformation on the available web services in order to
and browse what is available. There are several searchfacilitate M2M interactio”?.

Portal and Services

As for the other EMODnet portals, the EMODnet Chemistry
portal21 has dedicated services to access metadata, data, an
products. Metadata and data are accessible through the CRl dat
access interface, while products are accessible using thimgie
service (Ocean Browser) and the product catalog (Sextant).
Metadata and products are always freely available.

2lyww.emodnet-chemistry.eu/data 22yww.emodnet-chemistry.eu/products/api
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FIGURE 4 | Map showing the spatial distribution of the European survesd beaches (monitoring sources) and European trawls locatins highlighting the differences
on the litter reference list and trawling gears used (Marct2019).

EMODnet BIOLOGY datasets, and process them into interoperable data formats fo

Back d assessing the environmental state of overall ecosystems and
ackgrouna - 4 suomplete sea-basins.
Marine biodiversity data are essential to measure and study £\iopnet Biology disseminates information  about

the ecc_)sys_tem health status of ma”_t'me basins and thellharine species in European waters including observations
trends in time. In the ocean, over shing and other threats

. hicat i h of phytoplankton, zooplankton, angiosperms, macro-algae,
(such ‘as pollution and ~eutrophication, climate c aN9€phenthos, marine mammals, marine reptiles, birds, and sh.

habitat fragmentation, alien species, or mining activiieS e proiect produces digital data products allowing analysis
have reduced species' populations and have altered ecosystemschangeS in species abundance and extent over time and
reducing their capacity to generate food resources and marypace. The taxonomic standard used in EMODnet Biology are
other servicgs for hulmankind. Furtherlmore, many spgcie_s Oxgased on the World Register of Marine Species (WoRMS),
mammals, birds, reptiles, and sh are in danger of extinction o 4 thoritative and comprehensive global list of names of
In a twn_e of global_ change and_ b|od|ver5|ty Ios_s, SPECIERarine organisms. Geographical units are standardized to
observations over time are crucial for species inventorieg, , ineregions.org geo-objects and additional biotic ofotib
as inputs to ecological models and for future predictions,eaqrements are mapped using controlled thesaurus from the
ofchange. _ Natural Environment Research Council (NERC) Vocabulary
In marine b|ology_, a Iargg var.|ety qf me_thods have b‘?e%erver maintained by the British Oceanographic Data Center
used to sample marine species, including visual observatlon@ODC)_ Through the implementation of the European Ocean
water samples, nets, hooks, traps, grabs, sediment C“”eCt'cBiogeographic Information System (EurOBIS) as marine
acoustic observations or bio-optics. Various methods antficse biological data infrastructure of EMODnet Biology, data are
have been used to characterize the relative abundance ﬂfocessed following the Darwin Core Archive, an internatibyna
species, including numbers of individuals, surface covef/@  recognized biodiversity informatics data standard thatysii es
biomass within samples. Furthermore, marine biodiversitithe publication of biodiversity data. EurOBIS has a strong
data are often collected with limited spatial and temporalollaboration with the Ocean Biogeographic Information 8yst
scope in small datasets for a specic species group qOBIS), an evolving global strategic alliance of people and
habitat and are scattered over dierent research institutesorganizations sharing a vision to make marine biogeographic
governmental organizations and private companies in Europeadata, from all over the world, freely available over the World
and non-European countries bordering the European sea$§Vide Web. OBIS is the world's largest database on the diyersi
Therefore, there is a continuous need to assemble thesaddil  distribution and abundance of marine life.
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FIGURE 5 | Representation of data ow used within EMODnet Biology.

Data Flow through the OBIS database. Data that contribute to EurOBIS a
EMODnet biology uses the EurOBIS data system to harmoniz®BIS are subject to a series of quality control steps, inclytbn

and centralize biogeographic data on marine species callégte taxonomic nomenclature, and geographical location.

European institutionsKigure 5. The data that ows to EurOBIS

is being mapped to the Darwin Core Terms. The purpose of foducts

these terms is to facilitate data sharing by providing a wellEMODnet Biology produces digital data products allowing
de ned standard core vocabulary in a exible framework toanalysis of changes in species abundance and extent over

minimize the barriers to adoption to ensure interoperabilitigd ~ time and spaceHigure ). This work was initiated with the
to maximize reusability. development and production of gridded map layers from

EurOBIS receives its data through di erent pathways: di erent data sources showing the average abundance of aever
] o _species per functional species group for di erent time windows
Data providers can set up an Integrated Publishing Toolki{seasonal, annual, or multi-annual) using geospatial modelin
(IPT)-instance to serve their data in Darwin Core Archive These products are being expanded by: (1) integrating bickbgi
Format (DwWC) ) ) ____trait information to calculate spatial products for biologic
Individual providers can provide their data in Biological jngicators (vulnerable vs. sensitive benthic communitiegasive
ODV formatand serve through the SeaDataNet infrastructurespecies): (2) compiling historical data that can be used for
which is semi-automatically mapped with Darwin Core reconstruction of long-term trends for some selected groaps,
Individual providers can send their data to EurOBIS by emai£3) integrating environmental data layers that can be useti@s
oras aservice in di erent formats which are manually mappedyasis for Species Distribution Models.
to the Darwin Core
In addition, the two European sub-nodes—OBIS Black SeRortal and Services
and MedOBIS—provide their data to EurOBIS, thus capturingthe EMODnet Biology Porta? allows public access to and
all the marine European data in one system. viewing of data, metadata, and data products of marine
species occurring in European marine waters. It o ers di erent

EurOBIS is in close communication with OBIS-SeaMap: : . .
sgrvices including:

OBIS-SeaMap—the Ocean Biogeographic Information Syste
Spatial Ecological Analysis of Megavertebrate Populations— Data Catalog—The data catalog is the easiest way to access
is a spatially referenced online database, aggregatingnenari nearly 1,000 datasets available through EMODnet Biology. The
mammal, seabird, and sea turtle observation data from adtes catalog contains information on the where, when, what, how,
globe. Datasets from OBIS-SeaMap containing European dataa and who of the di erent datasets, using 1SO19115-compliant
also made available to EMODnet users. metadata descriptions. Datasets can be Itered by multiple
EurOBIS acts as the responsible node to make these data
available to the OBIS community and in turn publishes the dat&www.emodnet-biology.eu
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FIGURE 6 | Production of gridded map layers using geospatial modelingshowing the average abundance of Cod (Gadus morhua) in thedith Sea showing stock
depletion. Scale: log-transformed CPUE.

parameters via the advanced search from taxon, to institate, THE OTHER EMODnet STRANDS

geographic region. Each of the resulting datasets then tmks , . .
a detailed fact sheet containing a link to original data pdevi EMODnetS Sea-Basin Checkpomts )
User requirements are a priority for EMODnet, so a series

recommended citation, policy, and other relevant infornoati . ) o : . .
Most datasets have a CC-Bicense of “Sea-basin Checkpoints” were established, starting thi¢h

Data Download Toolbox—The data download toolbox aIIowévlEd,ite"""ma"’,m and. North Sea in 2013 apd extending to .the
the users to lter and select data through a step-wiséA‘rCt'C’ Atlantic, Baltic Sea, and Black Sea in 2015. Thesedai

approach, e.g., perform prede ned geographic and tempora{P assess whether the observation_networks! surveyin’gegte&,_
selections, add speci ¢ taxonomic or functional lters, swle and data access met users' requirements in those six rdgiona

data with a certain quality and precision or that contain Eurohpean sea-baS|rf1s. o Sea-basin  Checkpoi
additional measurements beyond occurrences. A data le will Tde cgnce_pt:_ 0 hEMGDnet ea- as“m -Nec pomtls dwas
be generated that can be downloaded as a csv- le or can paroduced “within the - Green Paper “Marine ' Knowledge

accessed via a WFS web service. The query itself can also 0: from seabed ma_pping to Jocean forecastiriglr¢pean
stored as a JSON- le. Commission, 2012 In spite of EU initiatives such as EMODnet,

Map viewer—The data portal allows users to searc _MEN_IS and the Data C_ollection Framework (DCF.) for
for datasets by species list (e.g., benthos, sh isheries, _that aimed to deliver seamle_ss layers of maaite d
algae...) and by both scientic and common name.écrqss Qatlonal boundar@rs, there are stllll shortcomingk thie
The selected taxon can be plotted in an integrate vailability and acceSS|p|I|ty of EU marine data. Furthere
map viewer, which includes administrative and here was no overall view of the priorities fqr f_“ft.he_r data
environmental layers that can be toggled on andcollectlon or a;sembly. The EMODnet C.:h.eckpomt.lnl.tlatlveswa
visualized simultaneously. the rst of its kind to begin to link all existing monitoring da

Atlas of Marine Life Data—In this section of the portal, at the level of the sea-basins and assess them in order toderovi

products are structured around the EOVs for Biodiversity.adwce for future improvements to Europe's observation capaci

Data products can be visualized and product stories havas well as identifying signi cant bottlenecks restrictimgder

been created to display detailed information on the sciemti ata availability. . . .
) . . For each of the sea-basins, the teams working in the
rationale for each product, a link to the underlying datasets . -
- . Checkpoints acted as surrogate users attempting to address a
description of the methodology and a link to access the codge .
number of challenges (s@able 5for details about the expected
and work ows. i
. . .outputs). The outputs of the challenges were then reviewed by
Web Services—All species occurrence data (species .
) ! e nels of stakeholders and translated into reports that asdess
observations) are available as WFS as are addition ﬁeade acv of the data. in terms of what is available and ho
measurements linked to the occurrence. The gridde ; quacy ot beari » IN e dth what | | Vr: I W
abundance data products are available as WFS/WMS. t-for-purpose !t IS, bearing in miny the partlgu archa en.ymey
were undertaking. Each of the six Sea-basin Checkpointsgseam
have approached these assessments using di erent methods,

24https://creativecommons.org/licenses/ always striving to maintain the user perspective @eerdi et al.,

Frontiers in Marine Science | www.frontiersin.org 14 July 2019 | Volume 6 | Article 313



Martin Miguez et al. EMODnet: Visions and Roles

TABLE 5 | Description of the challenges that the checkpoints had to @empt with their corresponding expected outputs.

Challenge Description of outputs

Wind farm siting Determine the suitability of sites for dev@pment of a wind farm. All aspects should be considered: wid strength, sea oor geology,
environmental impact, distance from grid, shipping lanes-even if one of the factors makes this a no-go scenario.

Marine Protected Areas (MPA) Analyze the existing network marine protected areas and: (i) categorize them accordintp the classi cation used by the
International Union for Conservation of Nature; (ii) deteine whether the network constitutes a representative and deerent network
as described in article 13 in the Marine Strategy FrameworkiBective; (iii) determine how they are likely to be affectday climate
change.

OilPlatform Leak The contractor will be informed that theres a leak from an oil platform at a time to be decided by DG MAREThe contractor will not
receive an advance warning of the exercise. The contractor i determine the likely trajectory of the slick and the statical likelihood
that sensitive coastal habitats or species or tourist beaods will be affected. The contractor will indicate what infenation can be
provided within 24 and 72 h.

Climate Determine:
- change in average temperature at surface, 500 m depth and bttom on a grid, over the past 10 and 50 years
- time series of average annual temperature at sea surface drbottom
- time-series of average annual internal energy of sea
- average extent of ice coverage over the past 5 years, past 1@ears, past 50 years, past 100 years plotted on maps
- total ice cover in sea (kg) over the past 100 years plotted asme series.

Coasts Determine:
- In the coasts of all coastal states, the average annual se@Vel rise per stretch of coast (absolute and relative to theuhd), and for
10, 50, and 100 years. This should be provided in tabular fornand as a map layer;
- In the coasts of all coastal states, average annual sedimertalance (mass gained or lost per stretch of coast) for 10, 50and 100
years. This should be provided in tabular form and as a map lay.

Fisheries management Produce tables for the whole sea-basiof: (1) mass and number of landings of sh by species and year2) mass and number of
discards and bycatch (of sh, mammals, reptiles, and seabird) by species and year.

Fisheries impact Produce data layers (gridded), showing ¢éhextent of sheries impact on the sea oor, in particular estinate: (1) area where bottom
habitat has been disturbed by bottom trawling (number of disirbances per month); (2) change in level of disturbance ovéhe past
10 years; (3) damage to sea oor to both living and non-living @mponents.

Eutrophication Produce data layers (gridded) showing: (Beasonal averages of eutrophication in the basin for past 19ears; (2) change in
eutrophication over the past 10 years.

River inputs For each river bordering the sea-basin, a timeesies of annual inputs to sea of:
- water (mass and average temperature)
- sediment
- total nitrogen
- phosphates
- salmon
- eels

Bathymetry Sea-basin digital map of:
- water depth
- contour map of water depth for sea-basin in vector format ininterval of 100 m, including coastline priority areas for sueying for
safer navigation taking into account emerging needs
- uncertainty in water depth for Black sea-basin

Alien species Table and digital map of alien species in the aebasin: species name
- family ( sh, algae, mammals, sponges etc.)
- year of introduction
- season for introduction (climate change, ballast water dcharge etc.)
- geographical area
- impact on ecosystem and economy

2017for a description of the method used in the Mediterranean). The products listed in the challenged areas could not
This user-oriented view makes this exercise unique andralg always be generated (in requested quantity and quality) tdue
facilitating the development of more tangible recommenolagi  di erent reasons:

for the future development of EuropeS ocean ObServing paa do not exist: this was generally related either to gaps
framework and its evaluationPeariman et al.(2019 this in coverage (certain areas were not sampled) or insu cient

issue) considers the checkpoints dlse* rst community-based  ,g5plution (the sampling density was not enough for the

best practice for monitoring systems that incorporatesiserd-  gpplication pursued).

products’ Also in this issue Buck et al., 2019 highlights the  pata exist but are not available: this can happen when the data
CheCprIntS as an eX&mp'e of data demOCfatlzatlon, where ther cannot be found easi]y, or even if they are found there are

“the user de nes the way the information derived from data is restrictions of access. This can hinder ful lling the chaties
converted to knowledfe. in a reasonable time or under a certain cost.
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Data exists but are not appropriate for the use: this cammbassadors. This includes reaching out to their local ogte
encompass many characteristics like timeliness, accuragyf, contacts, organizing national EMODnet days to build
precision, completeness, update frequency of the series or thelationships, and distributing promotional media.

type of format (more or less standard).
Central Portal

A summary of the main ndings and suggestions is presenteqyo gpopnet Central Portal was implemented to centralize
in Appendix AL. More information about the (.)utput.s of the information about EMODnet. It is a single-entry point to data,
challenges and the results of the assessments is avaledlgh \ora4ata; and data products made available by the 7 EMODnet
a number of websites that can be accessed through the EMODnNet 1 atic portals as well as a gateway to the other EMODnet

5
Cen:lragﬁortka? . h in ol hstrands (Checkpoints and Data Ingestion). The EMODnet
A eckpoints have put in place management systems thata a1 portal also o ers its own user-oriented data services

identify which datasets have been used for each challenge a@omprising a geoviewer, a metadata catalog, a query tool and

how those datasets have been assessed and used to creatyiig mentation on how to access data and data products using

products. This a:lowshfor repea'FabiIity and trac;eability btﬁt web services. The geoviewer provides access to over 40 di eren
assessment results. This monitoring assessment framega data products, in combination with additional data layersdan

be used periodically (a 3-5 year cycle was suggested) and Wfminisrative units, all of them based in OGC web services.
into a “Checkpoint service with the inclusion of new chaliles  r,qether with the metadata catalog, these services allow a
and the development of new products depending on needs (bll{ﬁide range of professional users and general public to explore

growth, climate, environmental policies). and visualize what EMODnet has to oer, with direct links

] to the original data and data products on the thematic portal
Data Ingestion webpages. The ongoing documentation on web services and
Over the past years, EMODnet has made huge advances data access is intended for data scientists or scientists avith
facilitating access to data from many sources. However dastrong data analysis background, as well as programmers, to
still remain hidden or unusable because data holders laek thhelp them understand how to access and analyze the data,
resources to share their data, due to restrictions in terrhs acreate work ows or build applications using EMODnet data
resources, available time or technical know-how. EMODnetand web services. Finally, the query tool is aimed at marine
Data Ingestion facility tackles these problems, by reacluiy spatial planners and/or practitioners, who would like to remge
to data holders and o ering a support service to assist them iprocessed information from multiple thematic data products
releasing their data for subsequent processing and qualitiy@lo  via one single interface in order to get a summary overview
and ultimately publishing as open data. of a marine area under assessment. The EMODnet Central

Key targets of the data ingestion service are organizatiormortal works in close cooperation with the thematic lots ahd t

from public, research, and private sectors who are managingMODnet Secretariat to implement best practices which improve
marine datasets for bathymetry, geology, physics, cheyistrinter-operability of the data services and improve the user
biology, seabed habitats, and/or human activities and wigo a experience and uptake.
not yet connected and contributing to the existing marine EMODnet Central Portal has become a powerful tool to
data management infrastructures. The service aims to rat#iv communicate and disseminate information about EMODnet.
and support those potential data providers to release theiThe Central Portal website has regularly updated sectionk su
datasets for safekeeping and subsequent free distributicgs “News Flash” “Events” and “Use Cases” sections, which
through EMODnet. The Ingestion portal provides services forgive visibility to EMODnet achievements and demonstraterthei
submission, publishing, and guidance. The life-cycle of @ daimpact Figure 7).
submission is divided into two phases:

Phase I: from data submission to publishing “as is”; EMODnet AS A USER-ORIENTED SERVICE
Phase II: further elaboration and integration (of subsets)
national, European, and EMODnet thematic portals. EMODnet has transformed over the years from a bottom-up

initiative developed largely from data provider communities
The EMODnet network for validating and processing datay a more user-oriented service. The uptake and use of
SubmiSSiOﬂS iS recruited from the EMODnet |ngeSti0n andEMODnet data products and services by a W|de range Of users
circa 50 qualied data centers for marine chemistry, physicsang is central to the current range of activities. Through
geology, bathymetry, biology, seabed habitats, and humaRe (1) identication of the stakeholders and use cases
activities data. Active marketing and promotion toward pdiah  and (2) the engagement with key stakeholders, EMODnet
data prOViderS with banners and animation is ensured througl’@;an work toward products and services that can be tru|y
the EMODnet Central Portal and thematic portals, as welkonsidered “essential.”
as during conferences and workshops. On top of that there EMODnet thematic groups report quarterly on a set of
is national marketing undertaken by the EMODnet Ingestionprogress indicators that include, amongst others, number

of visitors including their sector of provenance (distriledt
25http:/lemodnet.eu/checkpoints into four categories: Academia/Research; Government/Bubli
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FIGURE 7 | Entry page of EMODnet Central Portal website providing a ued access to all EMODnet resources.

Administration; Businesses & Private; NGOs/Civil Sogiety or models of all kinds (species distribution modeling, wave
as well as the main applications for the data/data productsnodeling, tsunami modeling...); input data and/or support
downloaded. From these indicators it is clear that acadean@h  for presentations in the framework of lectures, MSc theses,
researchers constitute the main share of EMODnet visitors foand PhD dissertations. Other uses are related to the private
all the thematic portals alike. However, the di erence betwee sector, e.g., in the framework of prospection projects such as
this category and the others can be vary considerably. Favind farming, cable routing or dredging. Studies supporting
instance, according to the report of the last quarter of 2018WVarine Spatial Planning or Marine Protected Areas managémen
90% of Biology portal users identi ed themselves as belangin(Government/Public Administration) are also mentioned.

to research/academia while the other three main sectorewer In addition to that, EMODnet Secretariat collects and
negligible. However, up to 25% of Geology and 30% of Humadocuments use cases that show how the EMODnet service has
Activities users belonged to the private sector, whereas 30Bgen used by industry, public authorities, researchers avitl ¢
of Chemistry users identi ed themselves as coming from arsociety. These use cases are published regularly on theaCentr
NGO or the Civil Society. In the same report, the percentag@ortal webpag® classi ed by EMODnet theme and sector.

of users belonging to Government/Public Administratiomgged Whilst the requirements for what is considered an “essehtial
between 5 and 15% (except for Chemistry, where the shadata product vary from region to region and at dierent
was 21%). geographic scales, the process for stakeholder engagement

Reported applications re ect the multidisciplinary nature remains the same. It is critical that the development of data
of the EMODnet portfolio and reveal its high potential. products is end-user driven, answering specic questions or
Not surprisingly, many of the uses are research related, e.qg.
development of, validation of or comparison with other dataZhttp://www.emodnet.eu/use-cases
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addressing existing gaps in knowledge. EMODnet groups haVODnet hackathon series called Open Sea?[abbe another
engaged with users since the beginning through dierentway of collecting relevant information from users to undersd
means. Surveys and questionnaires are regularly usedlexitol what is working well, what gaps exist, and what barriers remain
information from users, especially when planning portal update for users to fully exploit the available resources. Anothey wa
both in terms of content, type of products o ered, and design.engage more organizations is by broadening the Networkfitsel
The feedback received has helped the EMODnet portals teor this reason, the Secretariat created the EMODnet Adsatia
progressively implement new tools that allow for a better usePartnership scheme in 2017 for interested organizationgito
experience when accessing data, metadata, and products. without heavy administrative or contractual arrangemetds
Engagement with individual users of the portals is also donallow EMODnet to grow as an inclusive network.
via the Helpdesk service that is available in each of the EM®Dne In 2018, EMODnet also contributed to developing inclusive
thematic portals. With this service, visitors to the portalnc and open stakeholder engagement across the European ocean
receive fast support in their searches and general navigatiabserving and data management communities. This culmuhate
through the portals. in the rst EOOS Conferencelrkin et al., 201 speci cally
Workshops are also valuable tools to ensure that staket®ldeaimed to connect diverse and disparate communities across
views are captured, and that those stakeholders can suggé&strope. Funded by the European Commission and co-organized
further product developments. For example, in 2017 théoy EMODnet, the European Marine Board and EuroGOOS,
EMODnet Biology group trialed an approach to ensure thethe Conference brought together about 300 stakeholders
wide range of stakeholder views and requirements was capturefrom the ocean observing, monitoring, and data management
whilst ensuring that the global context was inherent witliie ~ communities and users, spanning public and private sectors and
process. An international workshop drew on the expertise of &om research to monitoring for public authorities and foreh
wide range of practitioners actively involved in the coomion  blue economy.
and management of marine biodiversity. Representatives from
four European regional seas were present, participants froENMODnet IN THE NEXT DECADE
transatlantic and global partnerships, industry, conseorgtand
management bodies to discuss the development of a core gatits third development phase (2017-2020), EMODnet is now
of data products to be delivered through EMODnet Biology.su ciently mature to provide considerable value for industry
Participants were invited to identify existing gaps in dataand the public sector. Despite this, there remains an opporyunit
products and to highlight the types of data and informationfor EMODnet to further mobilize new users to fully exploit this
they required. The range of responses across stakeholéartycl immense resource. Two areas in particular provide scope for
indicated that the development of generic, or single-use daturther improvement: users beyond Europe and business users.
products were unlikely to meet the complex requirements of thezdditional opportunities lie in aligning and, where possible,
varied stakeholders. integrating with other European data and information shayin
Not only are those who use EMODnet resources importaninitiatives. EMODnet is already actively engaged in develppi
stakeholders. Engaging with data providers is obviously alsgynergies with the European Atlas of the Seas (EAS), frankswor
fundamental. As mentioned in the introduction, visibiliof data  such as the European Ocean Observing System (EOOS) and
ownership is one of the core principles of EMODnet so thalglobal initiatives such as the GEOSS geoportal, Togetheethe
the work of institutions collecting and processing data can b activities and developments are expected to take EMODnet to
properly acknowledged. Specic examples of this engagemeatnew dimension as one of the leading global actors in ocean
can be found via tracking tool like the ones o ered by EMODnetobserving, data management and information provision sesic
Physics. Data providers receive reports by email informiregth  for an expanding user base comprising the general public,
about the use (number of hits, most viewed datasets etchjedf t professionals and data experts alike.
platforms/datasets on the EMODnet Physics portal. The EMODnet Secretariat's vision is to support the network
In other cases, most of its eorts are concentrated inpy fostering a culture based on learning by doing, to listen t
meeting the needs of one specic group of customersusers and build on the strengths of each of the partners ineblve
This is the case of EMODnet Chemistry, for whom publicProviding easy access to high quality, interoperable matate,
European institutions, and even more those related tand products free of restrictions on use is clearly at the core of
MSFD implementation are their preferential target userEMODnet. Nevertheless, EMODnet is more than a distributed
To achieve this challenging goal, a tight connection withdata infrastructure. EMODnet provides a collaborative platfo
EEA, Regional Sea Conventions (OSPAR, HELCOM, Bladlr them to advance work on standards, to develop synergies,
Sea Commission, and MED POL), JRC and ICES has beesduce fragmentation, and create a cohesive community dapab
established, and regular meetings are held. Online worksho of solving problems that no single entity can address on their
with groups of MSFD experts have been carried out tmwn. In the European context, EMODnet illustrates that by
identify needs focused on eutrophication, contaminantsworking together we can achieve results which would never be
and litter. possible if countries were to act on their own.
Participation in external events and business conventians a
well as organizing speci c user-oriented activities suchthres  2"www.opensealab.eu
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The Main Axis of the Strategic Vision for Since 2016, DG MARE has been developing an EMODnet
the Next Few Years internationalization strategy with the objective to make

The key short-term objective for EMODnet partners is to delivefEMODnet  more  visible and relevant for international
the vision target of a seamless multi-resolution digitadtzed users/stakeholders and to strengthen interoperability hwit
map of European waters by 2020, covering all EMODnet themeglobal data systems and initiatives. This is done amongrethe
easily accessible, interoperable, and free of restrictionsse. via the creation of EMODnet dedicated community sections on
This objective will be accompanied by a process that helg§e central portal, by feeding data products to global repositori
European countries maximize the potential of their marine(€-9., Ocean Data Portal and GEOSS geoportal), and by
observation programmes via data adequacy assessment at dagesting/providing data from areas beyond European wa#ess.
basin scale. As already suggested, the Checkpoint exarcidds Part of these e orts, EMODnet partners will continue to connect
be undertaken periodically as part of this process. and participate in projects with an international scope (e.¢!, E
The main challenges that will need to addressed by thinded projects such as ATLAS AtlantOS®, ODIP®, and
EMODnet data portals in the third and nal development phaseEUr0GEOSS, ....), contribute to setting standards at European
(2017-2020) are to (1) further improve data coverage, qualitnd international level, and establish and share best westi
and resolution (more data, new parameters, new productd€.g., via the IOC-UNESCO ocean best practices repository).
etc.); (2) improve coherence, harmonization and interop@itgth
within each thematic area, amongst the dierent EmMoDnetFuture User Orientation and
thematic data portals and with international initiativegésems;  Stakeholder Engagement
(3) improve existing and develop new integrated central s&€ce The transition to more user-oriented developments undergidn
data services to search, visualize and retrieve data m@s®urpy stakeholder engagement is a priority for EMODnet to become
from di erent thematic sub-portals simultaneously; (4) imp®  a fully user-driven service. This will require much greater
accessibility of the available data, products, and serwi@s interaction with users and stakeholders. To achieve this, t
remote machine-to-machine connections and provide adegluatEMODnet portals will move beyond data provision, to become
documentation; (5) further improve the visibility of the also a facility for engagement and communication with both
resources, in particular by intermediate users from the publi data providers and users. Dedicated services such as cortymuni
and private sector to create value and by global users fgortals for speci ¢ projects or initiatives, in return for dat
support international ocean governance processes, amongsther contributions already exist (e.g., EMODnet Physics for
others; (6) demonstrate successes; and (7) strengthen th@antOS, JERICO-NEXT, SOOSmap, and others) and should be
user/service-orientation. further explored. Providing a dashboard function with sstitis
on usage and information to data providers is another way to
strengthen links with core stakeholders and secure thegiitie
EMODnet for Global Users " __in the long term (already available for EMODnet Physics). In
Whilst the focus of development within EMODnet and itS o qer g petter understand user needs, EMODnet will continue
thematic groups has been to support activities and the, ,.4yely seek feedback and collect information about erséay

development of products at the European scale, this activity,ie surveys, helpdesk functions, feedback forms, dowiloa
cannot take place in isolation. More than half of the 17 Unitedi;.\s ang targeted user assessments

Nations Sustainable Development Goals are related to themar Specic emphasis will continue to be placed on making

environment and the challenges of global data interopeitgbil £y5pnet more known and used by businesses, both as provider
lie at the heart of ensuring a comprehensive evu_j_ence basedﬁd user. In particular, SME's, consultancies and intermediat
assembled to help achieve these goals. In addition, by 20§ers will be a key target, as they can be considered to be

the ocean economy is predicted to have a value in excess @ catalyzers of value creation along the marine knowledge
three trillion US dollars OQECD, 201k The need to balance value chain

the negative impacts on biodiversity and ecosystem services

with sustainable growth and increasing demands has nev o :
been groater Btrengthen Connectivity Between Different

Without the development of inclusive, open standards andoOmponents of the Marine Knowledge
practices the capability to respond to these challenges i$|;greaVa|ue Chain
diminished. Development must include the parallel provisidn o The marine knowledge value chain can be considered to coeer th
training, tools and services to lower the barriers to dataakptfor ~ progression of data from their collection to their use, witHua
a truly global audience to participate. Global networks arke ab being created at various stages, from the acquisition ohdugt
to reach a wide community and ensure promotion and access
to standards. However, without regional integration theligh  28https:/mww.eu-atlas.org/
to deliver meaningful, informative, and high-utility prodts is 29The idea for EMODnet Atlantic pages originated from work done ireth
greatly reduced. Most EMODnet thematic assembly groups alt@mework ofthe AtlantOS project on how marine data por'tals can bettppert
.0 . and engage with stakeholders relying on ocean observing aral atabss the
proyldlng the§e prpducts and services at.the European Iev.daéwhlAtlantiC http://www.emodnet eu/atiantic- 1
actively working with the global community to ensure thetgt  3on¢p.:/mwww.odip.eu/

degree of integration and interoperability. 3lhttps://www.earthobservations.org/activity.php?id=145
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on collection, to processing the data into information protkic and many others. Another good example is EMODnet Chemistry
that can ultimately be used for decision making or economichat brings together a large number of chemical data on
value creation. Up until 2017, EMODnet had focused mainlyeutrophication and contaminants that serve the MSFD process.
on data assembly, harmonization, and sharing. To fully zeali This has led to the decision by EEA to accept EMODnet as
the potential of the now mature and operational EMODnet,an important source of data for supporting the MSFD process
there is a need to expand the focus and scope of activitiesd advising Member States to make use of EMODnet for
along the entire marine knowledge value chain, from merelad reporting as one of the preferred options. Likewise, the recent
sharing toward (1) more upstream (data collection) by imprayi Horizon 2020 Work Programme H2020-2018-2020 for “Food
the data ingestion process and aligning with the emergingecurity, sustainable agriculture and forestry, marineritinae
EOOS; and (2) more downstream by making EMODnet datand inland water research and the bioeconomy” reads tbaté
products and information outputs more relevant and accessibleollected shall be in line with agreed standards, be opeHiligide
to a wider public, via sharing tools such as the Europeania portals (including EMODnet)DG MARE is also building
Atlas of the Seas (EAS), which, since 2017, is being furthagreements for cooperation with other European initiativeshs
developed by the EMODnet Secretariat. The strengthening afs Copernicus, the DCF the MSP Directive, and the MSFD,
these interlinkages will hopefully contribute to a struéhg  for greater synergy and integration with a clear goal toward
process leading to a coherent EOOS, well-aligned with EMODnébng-term integration. In summary, EMODnets crucial role i
and value-added information service providers, with thelesca continuing to support and contribute to these important policy
and visibility to create an ocean business market/ecosysteobjectives, as well as to Europe's blue economy, guararigees i
around data collection, management/sharing and the gditera sustainability into the future.
of information services for end-users. While the political commitment clearly exists to maintain
In addition, with the upcoming United Nations Decade EMODnet as a long-term permanent service, the exact scope,
on Ocean Science for Sustainable Development and the widgovernance, and mechanism of funding beyond 2020 have yet to
UN 2030 agenda and Sustainable Development Goals (SDG®) fully de ned. The Marine Knowledge 2020 Strategy mapped
EMODnet will accelerate its e orts to make its services pravigdi out the evolution of EMODnet until 2020. Now is the time to
data and data products more interoperable with wider Europeamlan for the post 2020 EMODnet era. In November 2019, all
regional, and International data initiatives. This will inde EMODnet partner organizations and stakeholders will gattoer t
applying, where relevant, ocean best practices such as semannsider the future roadmap of EMODnet on the longer term.
ontology to ensure data and data products are also mork is expected that the aforementioned priorities of the nal
discoverable to awider user community and searchable doapr development phase (leading up to 2020) will also drive how
to their relevance to SDGs. EMODnet evolves beyond 2020.

Sustainability of EMODnet
EMODnet does not operaten situ observing platforms CONCLUSIONS
but assembles observations in cooperation and coordination
with existing programmes and projects (the data initiativesEMODnet originated from the need to unlock the potential of
mentioned inTable 2. As already explained, these data initiativefragmented and hidden marine observations and data stored
are supported and maintained with major input from national in a myriad of data systems and repositories scattered all over
stakeholders. These stakeholders are research and gometalm Europe. This was critical because the data collected through
organizations that are involved in marine data collectiomda observations can only generate knowledge and innovation
data management, running data centers (data originatord anif Europe's engineers and scientists are able to nd, access,
data assembly centers). This implies that the upstream pilfars assemble and apply them, e ciently and rapidly. Since
EMODnet are well-funded, supported by long-term initiativesits creation in 2009, EMODnet has greatly alleviated this
and operations within national strategies related to the imar problem by providing access to a broad range of harmonized
environment. By building upon these existing initiativesdan marine observations/data and data products across seven
developing bene cial partnerships, EMODnet has ensured athematic domains.
optimization of resources. User feedback indicates that there is a general sense of
On the downstream part, EMODnet has made huge progressppreciation for the work done by the thematic assembly
not only in unlocking and facilitating access to data, butgroups, in particular to collate and harmonize the often dispers
also in developing added-value services and products fand fragmented data resources. With a growing range of data
varied user communities. There are many examples that shoservices and steady improvements of data products of broad
EMODnet impact like, for instance, the EMODnet Bathymetryinterest, EMODnet shows what can be achieved if we work
digital terrain model (DTM) of the European seas. This DTMtogether beyond national borders. It is a true success sbry
(resolution of 1/16 1/16 arc min, i.e., grid of 115 m resolution) European collaboration.
is the best on the market and nds its way to many numerical However, EMODnet has done much more than providing
modelers for tide and wave forecasting, o shore industrglsas access to data, metadata, and products. It has created a
oil and gas companies, wind farm operators, dredging companiesetwork and community of experts and specialists working to
pipeline engineering companies, coastal protection managengromote the development and adoption of standards, sharing
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best practices, and technical solutions to promote integrati all along the marine knowledge value chain, at European and
and interoperability between various systems. Through globallevel.
series of data stress-tests, the EMODnet Checkpoints have
helped with the identication of important data gaps or AUTHOR CONTRIBUTIONS
issues in data collection or sharing that, if left unchecked
inhibit our ability to address important societal questiodut BM is the lead author, coordinated the drafting and wrote the
perhaps its greatest added value is that EMODnet acts gart describing EMODnet Checkpoints. AN, MV, and SC are
a platform for collaboration, bringing together key Europeanthe lead authors of the in-depth sections describing Physics
ocean observation/data providers, integrators, netwoeksl  Chemistry, and Biology portal, respectively. AG, NA, TS, afd A
infrastructures (EuroGOOS ROOS, CMEMS, SeaDataNet, OBl&e coordinators of the rest of EMODnet portals. QH, NP, BK,
ICES, PANGAEA, Regional Sea Conventions, hydrographiaP, JS, and AVP are coordinators of the EMODnet Checkpoints.
o0 ces, geological surveys, etc.). As such it has greatlyrdmuted Sl is the coordinator of the Data Ingestion project togethéhw
to reducing fragmentation and increasing e ciency in the DS, who wrote the corresponding text and provided input to
European marine data landscape, as well as in instigating @hemistry section as well as during the review process. J-BC
coordinated, interoperable data sharing framework. EMODnetvrote the forward-looking nal part and conclusions. OM and
has also been instrumental in nourishing and advancing?O wrote parts providing the background and describing the
the developing culture of open data sharing, in the publicCentral Portal, respectively. Other co-authors writing tesdre
sector, academia and the maritime industry, both in EuropeDL, GM, PG, and KL. AP, OM, NA, and NH also revised the
and beyond. text. SS assisted with the editing and formatting. The rést®

In order for data providers and users to invest time in bothco-authors work actively in di erent strands of EMODnet and
using and contributing to any data provision service, theyéha provided other types of inputs such as Figures and Tables or
to trust in the reliability of the service. As a long-term Eldtd  further comments.
initiative supported by the European Commission, EMODnet
has gained this trust amongst many providers and users. TBEUNDING
build on this, EMODnet is continuously evolving, improving
the tools available and widening thematic and geographi€inancial contribution from the European Union for EMODnet
coverage. It is uniquely multidisciplinary, pan-European andSecretariat coordination and technical development and
increasingly global in scope and coverage, largely as aoétiud = maintenance of the EMODnet services via Regulation
internationalization strategy. Making EMODnet servicesfad EU No 508/2014 of the European Parliament and of the
and products more relevant and available to internationaras Council of 15 May 2014 on the European Maritime and
and data sharing facilities (e.g., GEOSS geoportal) wilefoee  Fisheries Fund.
become even more important in the future than it has been
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APPENDIX

Appendix Al | Main identi ed gaps and suggested solutions by the Checkpoits, disclosed by parameter.

Parameter GAP Suggestion
AIR
Wind « Wind pro les observations above 10 m height » LIDAR could be an alternative for cost-effective monitonig, but

SEAWATER—PHYSICS
Ocean currents

Waves

Sea level

Seaice

SEAWATER—CHEMISTRY

Nutrients (nitrogen,
phosphates)

Chlorophyll-a

Dissolved oxygen
SEAWATER—BIOLOGY
Phytoplankton

Reptiles, Sea mammal,
Birds counts, Birds
migration routes

Alien species

MATRIX FRESH WATER
Water discharge

Sediment load

(required for Wind farm siting challenge) are scarce
and generally not public.

* Wind data for applications at the coast do not have
enough resolution (this is also the case for currents
and waves).

» Horizontal resolution of publicly availde current data
(models) is not enough for Wind farm siting and Oil
spill challenges. More observational data would be
desirable. Horizontal coverage is also an issue for the
Atlantic Checkpoint.

» Public wave data (models) do not have enough
horizontal resolution for Wind farm siting and Oil spill.
Wave data are also important to study sediment
transport at the coast. Again, resolution is too coarse
for this kind of studies.

* The number of sea level stations providing
long-enough time is insuf cient and there should be
more GPS-colocated tide gauges to ful Il the Coasts
challenge (all but Baltic).

« Sea ice coverage is less of an issue than sea ice
thickness, in particular for the Climate challenge (for
Wind farm siting purposes it seems enough, because
there are recent data).

* The coverage and resolution are not enough (except in
the Baltic Sea), in particular at the coastal zone, and
this hinders achieving the challenge in eutrophication.

* Same as above

* Same as above

« Visibility and accessibility of the datasts is good, but
the coverage is not enough to ful Il the challenges
(MPA, Climate).

* These data are needed in several challenges (Wind
farm siting, MPA) and in general there is a lack of
coverage but also when available, data are too
scattered, and dif cult to aggregate.

« Same as above: lack of data and too much
heterogeneity in the sampling protocols.

« Availability of river discharge data haecently
improved thanks to EMODnet Physics, but at the
moment of undertaking the River challenge, most
Checkpoints (except Black Sea) identi ed a lack of
coverage and resolution.

« There is a clear gap for this parameter, whiclis very
relevant for Coastal and River Input Challenges.
Except for the Black Sea, there are not enough
observational data.

it needs in situ wind pro les for calibration.

High Frequency Radars (HFR) can become a key tool for
monitoring currents, waves, and winds near the coast.

Some Checkpoints used commercial solutions that provided
t-for-use data that enabled them to ful Il Wind farm

siting challenge.

As for wind data, HFR can be an alternative.
Improved resolution models nested in CMEMS should be
developed for the near-coastal areas.

Same as above

Tide gauges should be maintained in time and new stations
equipped with GPS could be added (but this is very expensive)
Baltic Sea Checkpoint combinedin situ and model reanalysis
data to successfully undertake the Coasts challenge.

Satellite data and models could be an alternative.

Increase monitoring but, above all, ease access to existing
datasets whose access is often restricted (moratorium).

Same as above

Same as above

More monitoring is needed

More monitoring and harmonization of analysis protocols ad
descriptions.

Same as above

Rivers should be monitored regularly, standards for mondtring
best practices to be established.

More rivers should be monitored regularly.

Satellite data (Mediterranean) and models (Baltic) arefefed as
complementary to improve sediment mass balance estimation
in the absence of data.

(Continued)
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Appendix Al | Continued

Parameter

GAP

Suggestion

Nutrients (nitrogen,
phosphates)

Eels/Salmon

River temperature
BATHYMETRY

Bathymetry and
Elevation

SEABED/RIVERBED
Lithology

Sediment balance data

Habitat extent and
characteristics

HUMAN ACTIVITIES

Pipelines and cables,
Military activities areas,
Aguaculture sites,
Industrial activities,
Leisure activities,
Scienti c activities...

Maritime traf c data

Fisheries
catches/landings

Fisheries bycatch and
discards

« Very few observations, scattered, low coverage, and
resolution.

» These variables proved not too relevant for somof
the sea-basins (Black Sea, and Arctic). They were
suf cient for the smaller basins (North Sea and Baltic),
but insuf cient in Atlantic and Mediterranean.

» Same comment than for Nutrients in river

« For many of the challenges, aggregated datasets like
EMODnet bathymetry are enough. This is the case for
Wind farm siting (in some areas), MPAs or Oil platform
leak. However, for other challenges that require higher
resolution, especially at the coast, less data are
available, and they are normally accessible with
restrictions (costs, delays) that are country dependent.

* Much greater resolution would be needed to addres
challenges like Wind farm siting.

» Data on sediment is clearly insuf ciet to obtain a
basin-scale view of shoreline advance or retreat all
over European coasts, and this is highlighted as a
priority by the Mediterranean Checkpoint.

* Needed for MPA, Oil spill impact forecasting, and to
assess impact of Fisheries on the seabed. In general,
their availability and resolution are considered
insuf cient (with the exception of the UK that has a
Marine register database).

« Data on human activities were needed for several of
the challenges (Wind farm siting, Marine Protected
Areas, Oil Platform Leaks). Even though the visibility
through EMODnet Human Activities is good,
responsiveness is not always fast enough. Also, there
are a number of gaps (countries that do not provide
data), depending on the variable.

* Vessels tracking data deemed necessay for many
challenges (Wind farm siting, MPA, Oil spill, Fisheries
Impact, and Alien Species) but they were not
downloadable.

» The Data Collection Framework (DCF) obliges the EU
Member States to collect this type of data, which are
managed by the Joint Research Council (JRC) for
scienti ¢ purposes. However, with the exception of the
Black Sea, most of the Checkpoints detected
de ciencies: data were not obtained easily or did not
have the right format.

« Data on discards (especially discards in numbers vs.
discards in mass) are very scarce and only exist for
certain species. When they exist, their quality is
doubtful. All Checkpoints (except the Black Sea)
coincided in highlighting this problem. Bycatch data
are even more dif cult to nd, in particular for
mammals and birds.

More river inputs should be monitored regularly.
Models could be useful to simulate temperature (Baltic) bu
would nevertheless require more observations for validan.

More rivers should be monitored regularly for sh-abundane.

Same comment than for Nutrients in rivers

Obviously, a solution to improve resolution would be to inease
the sampling, but this is extremely costly. Better metadata
would in any case be advisable in order to select the right
type of dataset and decide whether it is preferable to opt for
a commercial solution in order to save processing time.
Encouraging lower fees for bathymetric datasets that are Wthin
Hydrographic of ces would also be desirable.

More surveys

More in situ monitoring and/or combination with satellite
monitoring and modeling, monitoring best practices to be
established.

Increase efforts both in new surveys but also in creating
aggregated datasets.

This seems clearly more a question of improving the
accessibility than of increased monitoring.

Another case where the problem lies in the accessibility othe
data, and not in a gap in monitoring. EMODnet Human
Activities has contributed to Il in this gap with the releasef a
Vessel Density Map in March 2019.

Access to data on catches and landings from DCF should
improve.
ICES can be an alternative source of data.

More monitoring could become part of the DCF to obtain data
on discards and bycatch. In the Baltic Sea, bycatch data may
improve once a suitable monitoring scheme is agreed upon at
the Baltic Sea level.

Frontiers in Marine Science | www.frontiersin.org 24

July 2019 | Volume 6 | Article 313



