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Abstract

English abstract with a maximum of 200 words in Times New Roman 10 pt and single
spacing.

ThelTINERIS Projectis creating the Italian Hub for Research Infrastructures forenvironmental
sciences, covering the atmosphere, marine domain, terrestrial biosphere, and geosphere.
Its primary objective is to promote interdisciplinary research in environmental sciences by


mailto:rosalia.santoleri@artov.ismar.cnr.it

utilizing and sharing existing and new data and services, to address vital scientific and
societal issues such as sustainable resource usage, Nature-Based Solutions, Green and
Blue Economy, pollution reduction, and climate change mitigation.

Within ITINERIS, the Marine Domain plays a pivotal role, integrating all marine-relevant
RIs with the aim of guaranteeing access to Italian facilities, services, and marine data and
ensuring long-term monitoring of Essential Ocean Variables (EQVs), Essential Biodiversity
Variables (EBVs), and Essential Climate Variables (ECVs). This will allow the establishment
of a Italian Integrated Ocean Observing System (I00S) able to contribute to European and
International efforts on ocean observations (EOOS and GOOS), responding to the major
challenge of the UN Ocean Decade of Science for Sustainable Development.

Three additional objectives will complete the I00S implementation effort: 1) filling the gaps
in biological and ecosystem observations, 2) expanding the capability for near-real-time
ship-based ocean observations, and 3) developing pilot services to address cross-cutting
ocean issues.

1. INTRODUCTION

Most critical issues currently faced by human societies concern key environmental
challenges. The effects of pollution, land use, and climate change, and the related impacts
on biodiversity and ecosystem integrity need to be urgently addressed, providing quantitative
knowledge that should be transformed into actionable management and restoration
strategies. Given the multiplicity of space and time scales involved and the complexity
and interlinkages between the different challenges, a multi-disciplinary approach at the full
Earth System level is paramount.

Environmental research as a whole thus needs comprehensive observations adopting an
integrated approach, field, and laboratory analyses and experiments, cross-disciplinary
statistical data analysis and modeling tools which altogether provide the information
needed for characterizing and predicting the Earth’'s environmental system.

In the last 20 years, the European Commission, together with Member States and the
scientific community has established the Research Infrastructures Programme addressing
facilities, and resources sharing, and services implementation for the stakeholders. From
the development of marine Rls, it s expected that they become an essential component of
the European contribution to the Global Ocean Observing System (GOOS) by ensuring the
long-term provision of robust quality control of scientific data. However, since each marine
Rl has its own priorities and development strategy, there is the need to harmonize and
ensure the long-term sustainability of ocean observation.

ltaly participates in all main environmental RIs of pan-European interest and hosts other
environmentally relevant national Rls. At the strategic level, Italy aims to empower its
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national infrastructure nodes and integrate them into a system of systems, as envisaged in
the National Plan for Research Infrastructures 2021-2027.

The ITINERIS Project is building the Italian Hub of RIs in the environmental scientific domains
(atmosphere, marine domain, terrestrial biosphere, and geosphere) providing access to
data and services. The main goal is to develop cross-disciplinary research in environmental
sciences through the use and re-use of existing (or pre-operational) data and services and
new observations, to address scientifically and societally relevant issues such as sustainable
use of natural resources, implementation of Nature-Based Solutions, Green and Blue
Economy, pollution reduction, critical zone, ecosystem management and restoration, carbon
cycle, mitigation of the downstream effects of climate and environmental changes.

The ITINERIS Marine Domain, a crucial component of the system, will start the integration
of all marine-relevant RIs’ data and services with the aim to guarantee and facilitate the
access to ltalian facilities, services, and to ensure long-term monitoring of Essential Ocean
Variables, Essential Biodiversity Variables and Essential Climate Variables. The final goal
of this integration effort is the establishment of the 100S, to coordinate and harmonize
national marine observations and provide a single access point to all Italian marine data,
facilities, and services. In this article, the main objectives of the project, the first results on
the gaps in the EOV and data access and services will be presented in combination with a
plan about how to overcome these gaps, develop and harmonize the future 100S.

2. BUILDING THE ITALIAN INTEGRATED OCEAN OBSERVING SYSTEM
(100S)

The ITINERIS Marine Domain will build the I00S by integrating and expanding existing ocean
observation capabilities harmonizing data collected by various Research Infrastructures
(RIs). These RIs include Italy’s nodes and facilities within the ESFRI EURO-ARGO ERIC, EMSO
ERIC, DANUBIUS, ICOS, JERICO, eLTER, EUROFLEETS, SIOS as well as three significant
Italian infrastructures: Laboratori Nazionali del Sud, N/R Laura Bassi, and GeoSciences.

This large number of RIs, their heterogeneity and complementarity, and the urgent need for
a harmonized approach require a coordinated action to integrate and interlink the different
Rls and national integrated systems.

The I00S will be established to coordinate and harmonize national observations to improve
quality and interoperability of ocean data, for three critical themes: climate, operational
services, and marine ecosystem health. To centralize Italian marine data, the National Marine
Data Center, designed as a distributed system by the Italian Oceanographic Commission,
will be implemented.

During the project, critical data gaps in EOVs and EBVs observations will be addressed
to enhance the continuity and coverage of biochemistry, biological, and ecosystem data.



Key sites will be upgraded to improve the acquisition of ecosystem-level biological
observations, utilizing both automated and innovative technologies.

ltalian research vessels will be equipped to provide continuous near-real-time (NRT) ship-
based observations, contributing to global full-depth, coast-to-coast transect measurements.
Data will be accessible through the I00S data center, linked to the ITINERIS HUB, ensuring
data equity. Furthermore, pilot services will be developed to address major marine challenges
and meet stakeholder needs, showcasing the positive impact of data and facility integration
and harmonization.

3. ITINERIS MARINE RIS: GAP ANALYSIS OF THE NATIONAL MARINE
FACILITIES, EQUIPMENT, AND ACCESS PROCEDURES

The distribution of the Italian fixed facilities (fixed platforms, buoys, moorings, etc)
available in Rls is quite homogeneous along the coast, with minor gaps along the coasts
of Sicily and Sardinia (Figure 1). All main Italian Seas (Ligurian, Tyrrhenian, Adriatic, lonian)
and straits (Sicily, Otranto, Messina) have a sufficient coverage of observing stations. In
addition to the fixed facilities, the Rl Euro-Argo ERIC manages a large fleet of autonomous
mobile vehicles, i.e., Argo floats, which allows to extend quite evenly the observations all
over the Mediterranean Sea and partially in the Black Sea and Southern Ocean/Antarctica
(Deliverable ITINERIS D5.3).

Danubius
Danubius,JERICO eLTER
Danubius,JERICO ICOS
eLTER

EMSO

EMSO,ICOS
EMSO,LNS
EURO-ARGO
GeoSciencesIR

ICOS

JERICO

JERICO eLTER,ICOS
JERICO,EMSO

LNS

L X X ECReReRoReROR N X X X 4

Figure 1. The location of facilities related to the RIs considered in WP5 of ITINERIS, Euro- Argo floats, and JERICO drifters’ locations
are indicative.
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Regarding the availability of EOVs and ECVs, it's noteworthy that the 11 Research
Infrastructures exhibit an uneven distribution. While physical variables in the ocean and
atmosphere are well-covered (Figure 3), there are noticeable gaps in the representation of
biological and biogeochemical variables (Deliverable ITINERIS D5.3).

EOV/ECV Coverage
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Figure 2. Percentage of EOVs/ECVs measured by each RI on the 39 EOVs/ECVs considered.
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Figure 3. Number of Rls contributing to the measurement of specific EOVs/ECVs (right panel).
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In terms of access and data provision, the survey covering all 11 RIs examined (Table 1)
reveals the following:

+ The 67% of the total ECV/EOV measured across all RIs adheres to the “A” in FAIR
principles, as it is accessible through open international databases. This data
offers options for visualization, downloading, and subsetting;

+ The 20% of the data is available upon request to the data owner;

+ The 12% of the data can be accessed through a database link with hybrid access
options;

+ The 1% of the data is not open, either inaccessible or subject to restricted access.

Table 1. Summary of the data access virtual procedures to the several EOV/ECVs measured by the current Rls facilities. Three main
aspects are addressed: the method for delivering the product, access options, and the data release timing.

DANUBIUS

Method of delivery of the product n. facilities nofBOV/ECY | n.facilities nof EOV/ECY

Upan request to the data owner/man sger 4 31 12 35 7

accessble on database [by link) 3 37 g 40 2

accessible on international database (NOT OPEN| o o 0] 203 o

accessible on international database [OPEMN) 17 44 2 111 £

accessl bile on any other national database (NOT OPEN) ) 1] 0 15 o

Access Options

visualization, download, subsetting 20 127 a8 128 4

visualization, download 3 19 a o 2 ]
download 2 i1 0 o 3 11
vidualization o aj o o o 1]
not accessble o 1] ) 57 1 1
restricted aooess 1 5 10 120 4 32

Data release time

real time (= 2h) F i 135 7 101 B 6
<24 h 2 10 1] 0] (1] 1]
< ¥ days a a 1 4 | 1
= 30 days o o 10 115 q 27
<365 days 4 16 7 a4 4 14
never Q 1] a o L] 0

The ITINERIS Project will fill the gaps on observation and data access. Efforts will also
be made to enhance the ability of RI marine facilities to transmit data from offshore to
inshore for real-time data access. Additionally, new instrumentation aligned with digital
requirements will be procured and installed.
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n. facllities nof BOV /ECY

4. DESIGN THE I00S MARINE DATA CENTER

Data and products provided by various RIs will be homogenized and unified to create an
integrated system capable of ensuring continuous data and service provision. After the
standardization procedures, all data will be integrated and made accessible through the I00S.

The development of a national marine data center, designed as a distributed system by the
COlI (Italian Oceanographic Commission), will be a collaborative effort involving all relevant
entities. It will be interfaces with international intitiative on data portals such as Seadatanet
and EmodNet in order to contribute to IODE, OBIS.

The 100S data center (Figure 4) will establish connections with existing RI data centers
and thematic data centers to create a unified access point. It is designed based on the
requirements on FAIRness and in order to have a common framework for Access Provision
and implementation of a single entry point to the whole national network of environmental
RIs (ITINERIS HUB, Deliverable ITINERIS 5.1, 5.2).

oS ENES0 LNS GeoaSciences
n. facilities mnofEOV/ECY | n.iscilities nofEON/ECV | nfacllities nofEOVECY | n.facilities nofEOV/ECY
5 F3 23 ¥ I8 & & 0 o
a 1 18 1] 0 i a a L]
0 0 o o o ] 1} 0 0
188 4 | 7 T8 i] li] 43 3152
) ) o 1 & o o o o
i} 4 40 3 15 a i} 43 152
10 1 7 2 11 [ a o 0
5 F3 20 T 20 1] G 0 o
a 1] o (1] o 1] o 1] ]
a a L 2 14 ] a ] 0
0 1 3 o 4] ] 0 0 0
=S ————— ——— i ————————
a 3 a5 1 7 1] a 43 352
171 F 1z 5 31 3 3 1] ]
a o o 1 1 2 2 a 0
0 1 10 o o 1] [} 0 o
1 F | 13 ] 57 1 1 a 0
a o o 3 14 0 a a 0

Following the LifeWatch ERIC approachVirtual Research Environments (VRE) will be
implemented. VREs are new eScience facilities that address scientific and applied questions
requiring serious effort in data harmonization, analysis, modelling and computational
power. The pilot services will use and be tested within VREs to address key marine and
enviromental scientific question like climate change or envirometal pollution.
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Figure 4. Design of the Italian Integrated Ocean Observing System (I00S)- Marine Data Store Architecture.
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