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Abstract: Marine and coastal data management is crucial for scientific research,
economic activities, and envitonmental monitoring. Marine data is collected from
different sources using various tools and methodologies. There are several methods
used for formatting marine data, but to put them in a standardized form takes time,
effort and knowledge. To overcome the technical difficulties involved in submitting
data, a group of 41 international organizations, led by HCMR (Greece) and MARIS
(The Netherlands), is active in the EMODnet Data Ingestion project. Their goal is to
simplify the process of data acquisition and transformation, ensuring data becomes
interoperable and increasing the availability of marine data. By providing a structured
platform for the submission, management, and dissemination of marine datasets, the
project fosters an environment where data can be easily accessed, shared, and utilized
by a wide range of stakeholders, including researchers, policymakers, and public. This
paper presents EMODnet Data Ingestion services within the framework of the broader
EMODnet. Examples of data sharing and important aspects of the EMODnet Data
portal are delivered.
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Introduction

A holistic approach to environmental sustainability requires addressing global
challenges such as climate change and sustainable management of marine resources
that rely on data analysis. In the world of marine research, the need for large amounts
of reliable and accessible data is critical. In Europe, several initiatives and
infrastructures have been developed to improve the collection, storage,
interoperability, accessibility and usability of marine data. Even though EU funds
and the substantial progress in ocean data management have made possible the
implementation of different ocean data infrastructures such as SeaDataNet
(https://www.seadatanet.org/) and EMODnet (https://emodnet.ec.europa.eu/en), a
large quantity of valuable data remains inaccessible.

Evidence

Ocean data sharing and use require technical and cultural solutions to overcome
challenges in uploading, aggregating, and navigating, ultimately to make the data
available [1].

EMODnet Data Ingestion plays a crucial role in advancing the principles of
open data and data reuse within the marine science domain. As an essential
component of the EMODnet initiative, this platform serves as a catalyst for
enhancing the accessibility, usability, and sharing of marine datasets across
Europe. To understand the significance of EMODnet Data Ingestion, it is essential
to be aware of what EMODnet represents.

EMODnet was funded by the European Commission, under the Integrated
Maritime Policy, to address fragmented marine data collection, storage, and related
issues across Europe [2].

The idea behind EMODnet emerged following the publication of the 2006
Green Paper "Towards a Future Maritime Policy for the Union: A European Vision
for the Oceans and Seas" [3] that was a pivotal document aimed at initiating a
comprehensive discussion on the future of maritime policy within the European
Union [4].

The EMODnet pilot projects began in 2009. In 2010, the European Commission
(EC) released the Marine Knowledge 2020 communication, which aimed to
enhance data availability and accessibility as well as to highlight the importance of
marine data across Europe. This initiative was a step forward in recognizing marine
data for sustainable growth and informed decision-making in maritime sectors.
According to this document, the EC proposed funding for EMODnet to support its
further development [5]. Implementing the objectives of the Marine Knowledge
2020 strategy EMODnet expanded its thematic portals, improving data
accessibility by standardizing data formats and integrating various national,
regional, and international databases. Collaboration and synergy with EU marine
research initiatives, such as SeaDataNet and the Copernicus Marine Environment
Monitoring Service (CMEMS), have contributed to the enhancement of EMODnet
infrastructure [6].
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EMODnet allows access to high quality and harmonised marine data and data
products across Europe. The initial pilot projects focused on thematic areas such
as biology, bathymetry, chemistry, geology, habitats, and physics, providing a
foundation for a more integrated marine data infrastructure [7].

Currently EMODnet functions as the in situ marine data service of the EC,
specifically under the Directorate-General for Maritime Affairs and Fisheries (DG
MARE) (https://emodnet.ec.europa.eu/en/about_emodnet).
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Figure 1 — The EMODnet portal.

Given that the partners involved in EMODnet are not directly funded by the
European Commission to provide marine data, their collaboration with other
initiatives is essential for the success of the network. EMODnet serves as a data
aggregator service, relying on upstream global, pan European and coastal in situ
observing networks (GOOS, EuroGOOS, European Marine Research
Infrastructures), and associated data assembly and processing infrastructures such
as National Oceanographic Data Centres, and SeaDataNet
(https://marine.copernicus.eu/news/european-situ-marine-data-service-landscape).

EMODnet Data Ingestion fosters an environment conducive to collaboration,
informed decision-making for policy makers, and sustainable management of
marine resources. The project website incorporates interactive features that
encourages collaboration and engagement (https://www.emodnet-ingestion.cu).
The core of the portal is the user-friendly “Data Submission Service”, which
simplifies the process for data producers to provide their datasets.

This service breaks down the submission into manageable steps, allowing
organizations to upload their data with minimal barriers. This streamlined approach
exhortes a wide range of stakeholders, including research institutions, public
agencies, and private organizations, to share their marine data by implementing a
simplified approach.

An online form, representing a comprehensive tool for users to enter the
necessary information, facilitates the data submission service. This digital interface
aids the submission process, guiding the data submitter through each step with ease
by a series of structured fields, ensuring that all relevant data is accurately captured
and submitted in a systematic manner. In the initial phase of the 2-step data
submission process, the data contributor fills in a selection of essential fields in the
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submission form and attaches a compressed archive (in zip format) that includes
the datasets and accompanying documentation.
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Figure 2 — The first phase of the data submission process.

A data center is chosen to support the completion of the submission process, in
the first phase is in charge to try to replace free-text entries, written by data
providers, with standardized terms and to make other adjustments in agreements
with the data submitter. In the second phase the data center, in close collaboration
with data submitter, improve and refine the datasets through a series of systematic
processes aimed at improving the quality and usability of the data. Once the
datasets has been inspected, their metadata have been finalized and any necessary
processing has been performed, they are ready for integration into the national and
European infrastructures, such as SeaDatanet, EurOBIS and ICES, which support
EMODnet. This integration ensures that the datasets are accessible via the
EMODnet portal, broadening their availability to a diverse spectrum of users.
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Figure 3 — Workflow from the submission to the publishing. Note: This graph was produced
by Dick Schaap (MARIS).
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EMODnet Data Ingestion community is creating a culture of open science that
offers numerous advantages that enhance the scientific process and its societal
impact. One significant benefit is the promotion of transparency and collaboration
among researchers, which leads to improved trust in scientific findings. By making
research data openly accessible, the academia community can replicate studies using
the original data and methods, allowing them to verify the findings. Furthermore,
scientists can engage with a wider audience, including policymakers, practitioners,
and the public, fostering a more inclusive dialogue around scientific knowledge.

We strongly encourage the submission and use of open marine data expecting
that, eventually, these practices will be widely adopted. Infrastructures like
SeaDataNet utilizes SEANOE (SEA scieNtific Open data Edition) to enhance data
sharing among researchers. By utilizing SEANOE's service, researchers can
publish their data and obtain a DOI (Digital Object Identifier), free of charge [8].
Thanks to a strong connection between SeaDataNet and EMODnet Data Ingestion,
datasets published in SEANOE are automatically replicated to the EMODnet Data
Ingestion portal and published as if they were submitted directly.

One of the possible data types ingestible by Emodnet on which we here will
report is anthropogenic underwater noise. This kind of pollution is gaining a lot of
importance recently considering the explosion of marine traffic and port related
activities.

Marine animals are highly dependent on sound to communicate with their
environment. Sounds are crucial for foraging, communication, predator avoidance
and general spatial orientation [9]. According to the EC Marine Strategy
Framework Directive (MSFD), sounds that have negative effects are defined as
noise, and indeed exposure to underwater acoustic noise affects marine life [10].

The effects of underwater noise on marine life encompass a wide range of
phenomena, a subset of which are of detrimental ecological significance in terms
of long-term consequences for populations. The effects of anthropogenic
underwater noise include issues such as behavioral responses masking, hearing
loss, physical and/or physiological effects, and even death [11] [12] [13].

To address such topics Istituto Nazionale di Oceanografia ¢ di Geofisica
Sperimentale — OGS, in collaboration with other institutions and companies,
developed a low cost marine noise monitoring system (CORMA). The structure
aims to reconstruct the acoustic pressure in a defined area through the deployment
of a real time acquisition and transmission device installed on OGS buoys located
within the area of the Gulf of Trieste (North Adriatic Sea). Further details on the
acquisition system can be found in [14]. The system recorded two years of
continuous data that are made public through the Emodnet Ingestion portal
following the FAIR principles and metadata standards there designed.

Files available can be downloaded as standard .wav files that can be playback,
processed and analysed using any acoustic data processing software. Data is sampled
at 48 kHz 24 bit since the main objective of the project is to correlated underwater
noise and marine traffic. Larger spectrum would mean that larger files should be
transmitted which would create problems in energy consumption of the system,
which being powered by solar panels and batteries need to be carefully tailored for
the aim of the research. Data is stored in a central facility from which each recording
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can be accessed and downloaded. Each file stores 10 minutes of recording and is
catalogued with an easy to be read timestamp that is shown also at filename level.

Analysing the data it is possible to identify the source of the noises. Low
frequency that span large time recording can be associated with large vessels, while
high frequency short duration signals can be associated with leisure boats.

Figure 4 — Corma monitoring system (left) and data storage and access (right).

In our case the datasets are findable on web site of SeaDataNet
https://www.seadatanet.org/Metadata/CDI-Common-Data-Index using “QUERY
THE COMMON DATA INDEX (CDI) V5 DATA DISCOVERY AND ACCESS
SERVICE”. The quickest way is to use the tool of “Free search” in a both way: by
instrument type (hydrophone) or knowing previously the name of the project
(Corma), getting a result as:
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Figure 5 — Visualization of Corma data.
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Once you select/click on the dataset(s) you can have access to the data adding it
on the basket of SeaDataNet or more easily scrolling down on metadata till the link of
the website of the data owner: https://corma.inogs.it/index.php?date=2021-06-01.
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Figure 6 — Visualization of various metadata of Corma’s data.

It is enough to change the daily date on the link address to view all data day by day.

Another way to retrieve data is by using the EMODnet service. EMODnet
operates as a data service of the European Union, and so, its website is incorporated
into the larger EC web framework.

There are different ways to access the data, the most direct is by navigating to
the EMODnet portal, starting from a map-based web-page which serves as a
primary resource for retrieving various kind of data, mainly organised by
disciplines, at web address: https://emodnet.ec.europa.eu/geoviewer/.
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Figure 7 — Visualization of some ENEA’s physics data in the Mediterranean Sea.
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To activate a layer select it from the “Catalogue” tab, then go to the “Layers”
tab. Clicking on the filter icon a list to select appears. It is possible to filter by name
of the owner of the data or by other parameters.

Whereas, to search for data, by selecting an area on the map, it is necessary to
click the "Download" button in the left toolbar and a button appears on the right
side of the map. Click on it and then draw a bounding box on the map. On the right
side of the menu appears the format in which you can download the data.

ENEA has shared a diverse array of data throughout the years, showcasing its
commitment to collaboration. This data includes various kind of marine data
belonging to different disciplines, some of which has been produced in partnership
with other Italian institutions and associations.

Here, we want to present an example of citizen science data in the field of the
Mediterranean studies: the MedFever project. The public—private partnership
between ENEA, the University of Rome, “La Sapienza” and the MedSharks
association, makes available valuable data. The MedSharks association is focused
on the conservation and monitoring of shark populations in the Mediterranean Sea,
but is also involved in various initiatives. This project engaged volunteers, from 12
diving centers, in collecting temperature data.

In 2021, a network of 12 small observatories, by means of marine probes, was
established in the Tyrrhenian Sea, with the aim of collecting high-frequency
measurements of temperature at standard depths [15]. This initiative was made
possible through the collaboration of voluntary diving centers, who played an
important role in the deployment and maintenance of the observational
infrastructure.

Citizen science offers a unique opportunity for anyone, regardless of scientific
background, to contribute to the well-being of our Seas. The collaboration of a
working team of highly motivated people in the private sector, professional
oceanophers and ocean data managers provides a major impact in the
advancements of ocean research. This allows the sharing of a larger quantity of
high quality data to a wider audience by using EU infrastructures and standards for
the data and metadata.

To retrieve the data submitted by using the EMODnet Data Ingestion Service
the simplest way is to go to the “Viewing Submission Service” and select one of
the option available, as, for example, the button “Sea Areas” writing “Tyrrhenian
Sea” and “ENEA” in the field “Free Search”.
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can also find the URLs of the European data infrastructures. See also Conditions of Use.
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Figure 8 — Example on how to retrieve data in the “View Submissions” service.
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Conclusions

The described initiative is designed to support the goals of EMODnet by
promoting data reuse and adhering to open data principles, which are essential for
effective marine resource management and environmental sustainability. In an era
where global environmental challenges such as climate change, pollution, and
biodiversity loss are increasingly prevalent, the sharing of ocean data emerges as
an important means for dealing with these issues. Data reuse may have other
purposes than those for which they were originally acquired. The FAIR (findable,
accessible, interoperable, and reusable [16]) principles allow other stakeholders to
make use of this data. The project has been playing an important role in advancing
the practice of open data sharing, significantly shaping the behaviors and attitudes
of researchers within the scientific community. By promoting the principles and
the practices of making research data openly accessible, the project not only
facilitates the dissemination of knowledge but also fosters a cultural shift among
researchers regarding how data is perceived and utilized. This paper highlights the
significant benefits that marine data sharing offers as well as the asistance provided
by the EMODnet Data Ingestion portal. This portal offers technical support,
provides resources and aids with marine data management, submission, and
curation processes, and allows for high quality, well-documented data.
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