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Outline

Marine data landscape (datascape)

Data and information within the UN Ocean Decade 

EU datascape and Blue Data Infrastructures

Ocean Observing

Data processing (analytics, workflows and virtual research environments) 

Marine data value chain

Data life cycle and quality control

Data products

FAIR principles and FAIRness assessment

2Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice



Objectives

to present the marine datascape at international and European level and 
demonstrate the value of data-driven science and data management to 
advance knowledge and to tackle emerging societal challenges

to show the value of marine data when they are efficiently managed and 
integrated across data products and service organization

to present the need of a sustained Observing System and its network 
components

to demonstrate the importance of effective data management for their 
proper re-use

to introduce FAIR principles as key enablers of data-driven science and the 
importance of FAIRness assessment to fully unlock data potential

3Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice



UN Decade of Ocean Science for 
Sustainable Development 2021-2030
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Ocean Decade: 7 expected outcomes

→ data and information are key enablers
https://www.oceandecade.org/
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Ocean Decade: 10 challenges

https://www.oceandecade.org/
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Ocean Decade: 10 challenges

Vision 2030 White Paper per each challengehttps://www.oceandecade.org/
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Digital Representation of the Ocean (challenge 8)

key tools and services to be developed

→ to radically improve digital literacy

Need  to  put  in  place  a  transparent  process  for  requesting,  co-designing/developing,  and 

sharing  digital  products  and  services  for  use  by  all:  Data  Coordination  Group  (DCG) 

coordinating the co-design and co-development process of these layers and case studies

→ promote recommended practices, data standards, shared architectures and tools to foster 

ocean  data  sharing,  application,  and  ocean  prediction,  leveraging  innovations  (artificial 

intelligence and digital twinning)
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Data & Information Strategy

Data Strategy Implementation 
Group (DSIG) →

how data systems can co-create a
distributed, robust and
collaborative digital ecosystem to
be  actively  used  for  decision 
making and to support sustainable 
ocean management

data 
management 
and sharing

processing 
(analytics, 

modeling and 
prediction)

Observation and 
data collection

Digital Ecosystem 
3 main components
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Digital Ecosystem
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Digital Ecosystem Drivers

Open science and FAIR (Findable, Accessible, Interoperable and Reusable) 
principles drive the development of a digital ocean ecosystem capable of 
supporting the preservation and sharing of a wide array of data, knowledge 
and information products

Ocean  Best  Practices  and  a  FAIR  digital  asset  facilitate  technological 
advances and community approaches for all methods to better understand 
and sustain our oceans

Virtual  Research  Environments  will  provide  to  the  new  generation  of 
scientists an easy access to big amount of data, analytics and HPC resources 
to create innovative applications and tackle the emerging societal challenges 
(DTO - Digital Twin of the Ocean)
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(1) Ocean observation and data collection

An healthy, resilient and productive ocean can be restored and preserved through
constant and systematic observation and monitoring of the marine environment
which allows to:

assess past and present ocean state, anticipate future scenarios 
understand the ocean complex dynamics and evolution

mitigate the impact of human activity in a changing environment/climate 
exploit the ocean natural recourses sustainably

Ocean knowledge and information rely on a sustained integrated multidisciplinary 
and multiscale ocean observing and monitoring system
→ systematic assessment of its adequacy to the emerging societal needs through

the engagement of multiple stakeholders (institutional, academia, research, 
private sector, industry)
→ gaps identification for observing system optimization
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Integrated Observing and Monitoring System

Simoncelli et al. 2022 https://doi.org/10.1016/B978-0-12-823427-3.00001-3
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(2) Data management and sharing

The management of the deriving marine data represents a societal priority

→ data sharing approach and open data policies maximize users’ uptake, 
promoting knowledge and innovation, reducing costs, avoiding duplication of 
efforts

→ adoption of common vocabulary, formats and standards enable a rapid and 
efficient access to the data

→ FAIR principles (Findable Accessible Interoperable and Reusable - Wilkinson 
et al., 2016) and linked data approach are the foundation of this revolution 
to reduce uncertainties but preserving transparency and traceability
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Global Ocean Observing System (GOOS)

led by the Intergovernmental Oceanographic Commission (IOC) of UNESCO, 
and co-sponsored by the World Meteorological Organization (WMO), the 
United  Nations  Environment  Programme  (UNEP)  and  the  International 
Science Council (ISC) to support a community of international, regional and 
national ocean observing programmes, governments, UN agencies, research 
organizations and individual scientists

goal: implementation of an integrated and sustained ocean observing 
system to deliver maximum impact for our user base and society

with systems approach designed to be flexible and adapt to evolving 
scientific, technological and societal demands

fit-for-purpose: efficient data flow on Essential Ocean Variables (EOVs), 
information services and applications that benefit the end users

https://goosocean.org
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GOOS
Global Ocean Observing System
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https://www.ocean-ops.org/b oardobserving metworks

Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice

http://www.ocean-ops.org/b


GOOS

There  are  currently  ~  8000  in  situ  ocean  observing  platforms 
monitored by the GOOS operational centre OceanOPS

systems  of  buoys,  moorings,  profiling  floats,  ships  (merchant, 
academic, fishing), gliders and other uncrewed systems (e.g., sail 
drones), drones, planes, land-based stations (e.g., global sea level), 
satellites, HF radars, deep sea cables, and animal borne sensors 
measuring mostly physical data and some biogeochemical data

14  global  ocean  observing  networks  that  vary  in  stage  of 
implementation

GOOS is organised in thirteen GOOS Regional Alliances (GRAs)
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EuroGOOS

European component of the GOOS 

48 members

5 Regional Systems

Working Groups → Data Management WG

networks of observing platforms (Task 
Teams)

cooperation to unlock quality marine data 
and deliver common strategies, priorities and 
standards towards an integrated, sustained 
and fit-for-purpose European Ocean 
Observing System (EOOS)

EOOS framework is driven by the European 
community to better coordinate Europe’s
ocean observing capacity

https://eurogoos.eu/
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https://www.eoos-ocean.eu/

Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice

http://www.eoos-ocean.eu/


EU in situ marine data landscape
https://emodnet.ec.europa.eu/sites/emodnet.ec.europa.eu/files/public/PDF/EUInSituMarine_EMODnet_CMEMS_FINAL.pdf

EU is strongly committed to the development of a coordinated system of global in situ ocean 
observations and has mature capabilities surrounding in situ ocean observations and marine 
monitoring

two cornerstone data services of the EC: EMODnet and the Copernicus Marine Service

EMODnet is a key marine knowledge initiative of EC DG MARE, with a core mandate for in situ 
marine data services delivered at a multi-disciplinary pan-European scale

Copernicus Marine Service, led by EC DG DEFIS, provides the EU with a world-leading capacity for 
monitoring the ocean worldwide, through satellites, targeted in situ observations, and numerical 
models

complementarity of their offers, that are developed and evolve in close interaction and synergy 
(high-level agreement between DG DEFIS and DG MARE and Memorandum of Understanding in 2016)

Marine In Situ Coordination Inter-service Working Group (2021): experts from EMODnet, CMS 
and the EuroGOOS operational oceanography networks → to optimise data flows, coordination, 
and synergies of in situ marine data

working together to provide the backbone data infrastructure and the core data streams into a 
common data lake underpinning the European Digital Twin Ocean (DTO)
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EU in situ marine datascape

data aggregator 
servicesupstream observation 

infrastructures

upstream global, pan EU and 
coastal in situ obs networks 
(GOOS, EuroGOOS, EU Marine 
Research Infrastructures), and 
associated data assembly and 
processing infrastructures 
(National Oceanographic Data 
Centres, SeaDataNet)
→ need to be consolidated and 
sustained at the EU level as part of 
the EOOS (European Ocean 
Observing System) initiative

European
Digital Twin Ocean

https://cinea.ec.europa.eu/featured-projects/emodnet-catalyst-digital-twin-ocean-and-blue-innovation_en
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https://emodnet.ec.europa.eu/en

FAIR data layers and added value 
data products with metadata, 
standardised, harmonized and 
validated according to 
international standards and 
openly and freely available
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https://emodnet.ec.europa.eu/geoviewer/#!/
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Copernicus Marine In Situ Thematic Assembly Centre (

24

• based on a distributed model of production, and 
developed in coherence with other components of 
the pan European data management landscape

• more than 350 data-providers contributing to a 
targeted core set of parameters (temperature, 
salinity, currents, sea level, waves, chlorophyll-a, 
oxygen, nutrients, and carbon) delivered in near- 
real time and in delayed mode, and directly 
useable for: initialization, forcing, assimilation and 
validation of ocean numerical models, validation of 
satellite products

• provides thorough quality control and assurance 
based on internationally agreed standards and best 
practices

https://marineinsitu.eu/dashboard/

INSTAC Dashboad

In situ observations play a key role in constraining global and regional ocean analysis and 
forecasting systems, are collected, quality-controlled and delivered by a dedicated 
service-unit → In Situ TAC
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EU DTO: EDITO
https://www.edito.eu/ https://events.edito.eu/2024-digital-ocean-forum/content/eu-dto-platform

announced in Feb 2022: EC has been investing (Mission Restore our Ocean 
and Waters work programme) ~€15M annually since 2021 to develop it

It will transform data into knowledge: consistent high-resolution, multi- 
dimensional descriptions of the ocean, its physical, chemical, biological, 
socio-ecological and economical dimensions, with forecasting periods 
ranging from seasons to multi-decades → what if scenarios

EDITO is an open infrastructure, conceived to facilitate the development of 
digital twin applications

co-designed and co-developed with all interested parties, who may also 
contribute with data, models, and intermediate or final services

The first prototype of the core infrastructure has been unveiled at the Digital
Ocean Forum 2024 https://maritime-forum.ec.europa.eu/events/digital-ocean-forum-2024-2024-06-13_en
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video



Marine Data Value Chain

Simoncelli et al. 2022 https://doi.org/10.1016/B978-0-12-823427-3.00001-3

Research 
Infrastructures
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(3) Processing (analytics, modeling and prediction)

Workflow → a series of activities/processes that are necessary to complete a task

→ its automation and managment process increase efficiency, optimize the results, allows its replicability and 

monitoring

→ its implementation builds on advanced services and FAIR principles

Data Infrastructures

Digital Ecosystem

big data 

analytics

cloud
computing

Virtual Research 
Environment

Digital

Twins
data products

Access 

Services

Data Workflow

Data

Discovery 

&

applications

28

modeling 
and 

prediction
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Blue Cloud in a nutshell
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Research Data Life Cycle

Research Data Management:
Organization, storage, preservation, and sharing of data in a research environment throughout the entire data life cycle 
and beyond.

RDM ensures the efficiency, transparency, and reproducibility of research and include practices and policies that aim to 
improve the quality and value of research data.

30

adapted from Locati & Cacciola (2024) 

Research Data Management 

https://istituto.ingv.it/ufficio-gestione-dati
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Data collection: Quality Assurance and Best Practices

Traditional view of data (collecting, processing, analyzing, and publishing of results) substituted by
a life cycle approach that highlights the importance of finding, storing, and sharing data

Prior planning has become mandatory to document data creation, content, context, but also to 
fulfill data quality requirements

Data quality requires predefined Quality Assurance (QA) strategies based on the selection of
internationally validated methodologies for sampling and analysis, the mandatory use of 
reference materials

The data providers (PI)
are responsible of the adequacy of the sampling strategy to the scope

must follow specific QA procedures and protocols applied before and during the dataset creation

have responsibilities in terms of documentation, calibration/intercalibration exercise, sampling 
strategy, admissible ranges of data, algorithms used, corrections, and flags
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QA/QC protocols and Standard Operating Procedures
Best practices have been developed from expert groups to have agreed and broadly adopted 
methods across ocean research, operations and applications

32

Best Practice:

• is a methodology that has 
repeatedly produced superior 
results relative to other 
methodologies with the same 
objective

• is method that has been adopted 
and employed by multiple 
organizations

https://www.oceanbestpractices.org/
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Records of monitored parameters must include a minimum set of information mapped
through metadata

Metadata

overview of the sensors and the methodologies (platform, instrument type, sensor’s 
accuracy, calibration info)
measurement position, date and time 
units

quality information (quality flags)

Standard and Formats

controlled vocabularies
ISO 19115 metadata standards 
Data Transport Formats

common QC protocols and flag scales
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The Power of Metadata
Metadata analysis can be used to monitor the data sharing monitoring landscape: data 
originator/distributor, instrument type, platform  type, temporal distribution, data access

34

restrictions
https://cdi.seadatanet.org/search
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The Power of Metadata

Metadata analysis from 
SeaDataNet data access portal 
on the specific data query 
results (i.e selected space- 
time domain, parameter)
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https://cdi.seadatanet.org/search
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Data Processing Levels (DPL)

Near Real Time

Delay Mode

Data Latency

Real Time • ocean prediction
• early warning

• ocean state 
assessment

• climate studies
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This could generate issues 
related to different data versions 

and duplicates within data 
infrastructures

Purpose
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Dataflow
Data Provider Blue Data 

Infrastructures

DOI

dataset paper + 
scientific paper

sharing

sharing

PRODUCTS

data integration & 
metadata harmonization

end users

sharing

37Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice



Quality Control

data 

provider

Primary 
QA/QC

data 

infrastructure

Secondary 
QA/QC

specific 
checks

standard, format 
metadata checks

information 

producer

Higher level 
QA/QC

• FAIRness
• integrity
• consistency
• completeness

feedback
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feedback

→ several actors apply QA/QC procedures along with the data value chain
→ provenance and lineage information are key elements to preserve

Simoncelli et al. (2022) https://doi.org/10.1016/B978-0-12-823427-3.00001-3
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about Quality

Quality 
Assurance

QA is about adoptinge good measuring practices 
(sampling strategies, data collection methodologies, 
sample pretreatment, transport and storage)

Quality 
Control

QC process of anomalous data detection that apply 
after data gathering

Quality 
Assessment

It consists of evaluating if data meet the necessary 
quality requirements or are adequate for an 
intended use. It influences the selection of a data 
product among others

Monitoring 
activity

data product 
L0-L4

downstream 
product

39

Data accuracy and uncertainty are key quality elements of data reliability
Data uncertainty determination and its propagation along with the data value chain is still a present challenge 
It is very important to annotate data uncertainty in the metadata
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Quality Control

QC is vital for data reuse, and without it data from different sources cannot be combined 
to gain value

Scientific, analytical and statistical evaluations must determine if data present adequate 
quality to support the intended data usage, resulting in labeling each numerical value 
with  a  Quality  Flag  (QF)  and  avoid  modifying  the  original  data  record  following  a 
harmonized scheme of QFs

QFs ensure that the quality of the data is apparent to the user, who holds suffcient 
information to decide the suitability for a specific task applying the proper data filtering

QC practices include:
• data integrity checks (e.g., format)
• data value checks (range checks, spikes and outliers checks, neighbor checks, climatology checks)
• QC highly depend on the data thematic, sensor type and the available amount of time for the analysis 

(RT vs DM)

Automatic QC (RT procedures) → algorithms

Visual QC (DM procedures) → visual tools (i.e. OceanDataView) and graphical interfaces
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Quality Flags

lables associated to each 
measurement that the user can use 
to filter data according to the needs

SeaDataNet harmonised scheme of 
QC Flags to be used to label 
individual data values

QC Flag scale is available in the 
SeaDataNet Common Vocabularies 
as list L20
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42
https://odv.awi.de/

Ocean Data View (ODV) 
software package for the 
interactive exploration, 
analysis and visualization of 
oceanographic and other 
geo-referenced profile, 
time-series, trajectory or 
sequence data
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Data Products (example)

.

QAS
Quality Assurance 

Strategy

T&S 
aggregated dataset

T&S 
gridded

climatologies

merging data 
from other BDIs

SDN catalog (DOI)
+ Product

Information 
Document (PIDoc)

+ OHC, MLD, density, 
stratification 

products

network of SeaDataNet data centers



Quality Assessment

• User requirements define the Data 
Product Specification and the 
necessary Input Data to generate it

• the realized Targeted Product 
Description compared to the 
preliminary specification provide a 
measure of fit-for-use

• Upstream Data are fit-for-purpose if 
adequate for the targeted product 
realization

• Quality assessment process might
provide a feedback on the adequacy 
of observing system for specific

44

products/applications
Simoncelli et al. (2022) https://doi.org/10.1016/B978-0-12-823427-3.00001-3

Input Data

available
Upstream Data

(expected) (realized)

Training current future RI research staff: “Marine Data Management & Data Quality Control”, 9-12 December 2024, Venice



FAIR data principles

from Locati & Cacciola (2024) Research Data Management https://istituto.ingv.it/ufficio-gestione-dati

45

Wilkinson et al. (2016)
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FAIRness Assessment

FAIR proposed by the community https://force11.org/info/the-fair-data-principles/
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FAIRness Assessment
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Data FAIRness → useful for data providers to learn and adopt FAIR principles during data 
generation or to implement data FAIRification on existing datasets.
There exist subjective and objective methods:
1. RDA FAIR Data Maturity Model (FDMM) (self-evaluation)
2. F-UJI tool (automatic evaluation through DOI or URL)

FAIR principles and assessment is expanding to all «digital research objects» (software, 
semantic artifacts, VRE, ...)

Software FAIRness → indicators under development
Chue et al. et al. (2022). FAIRPrinciples for Research Software version 1.0. (FAIR4RS Principles v1.0). Research Data 
Alliance. DOI: https://doi.org/10.15497/RDA00068
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Example: CORA product
https://www.f-uji.net/

Szekely, T., Gourrion, J., Pouliquen, S., & Reverdin, G. (2024). 
CORA, Coriolis Ocean Dataset for Reanalysis [Dataset].
SEANOE. https://doi.org/10.17882/46219

insert DOI
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Example: CORA product
save output

check improvements!!!

49

CORA, Coriolis Ocean Dataset for ReanalysisF-UJI requires the 
data identifier (URL, 
PID, or metadata 
endpoint service → 

results are given 
according to 
FAIRsFAIR FAIR Data
Object Assessment 
metrics
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FAIR Data Maturity Model (FDMM)

FDMM Working Group develops a common set of core assessment criteria for FAIRness and 
a generic and expandable self-assessment model for measuring the maturity level of a 
dataset https://www.rd-alliance.org/groups/fair-data-maturity-model-wg/activity/

Guidelines and excel table https://doi.org/10.15497/rda00050

FDMM 41 indicators https://www.rd-alliance.org/
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Findable Accessible Interoperabl 
e

Reusable TOT

essential 7 8 0 5 20

important 0 3 7 4 14

useful 0 1 5 1 7

TOT 7 12 12 10 41
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FDMM
Guidelines and excel table https://doi.org/10.15497/rda00050
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RDA - FAIR Data Maturity Model
Findability
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RDA - FAIR Data Maturity Model

Accessibility
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RDA - FAIR Data Maturity Model
Interoperability
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RDA - FAIR Data Maturity Model
Reusability
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FDMM outcome

Self assessment is important to identify weak points 
and define FAIRification strategies
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