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Outline
Data life cycle and quality control
Data products: SeaDataCloud example
Virtual Research Environments and Operational workflows
FAIR principles and FAIRness assessment
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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.
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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

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 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

Best practices have been developed from expert groups to have agreed and
broadly adopted methods across ocean research, operations and applications

https://www.oceanbestpractices.org/
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Standard and Formats

Records of monitored parameters must include a minimum set of information
mapped through 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)

Metadata

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 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)

https://cdi.seadatanet.org/search
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Data Processing Level (DPL)

Near Real Time

Delay Mode

Data Latency

Real Time • ocean prediction
• early warning

• ocean state 
assessment

• climate studies
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
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Data Quality Control 

Primary 
QA/QC

Secondary 
QA/QC

data 
provider

data
infrastructure

information 
producer

specific
checks

standard, format 
metadata checks

Higher level 
QA/QC

• FAIRness
• integrity
• consistency
• completeness

feedback feedback

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

àseveral actors apply QA/QC procedures along with the data value chain
àprovenance and lineage information are key elements to preserve
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Data Products (SeaDataCloud example)

. 

QAS
Quality Assurance

Strategy

T&S
aggregated dataset

T&S
gridded

climatologie
s

merging data
from other BDIs

SDN catalog 
(DOI)

+ Product 
Information
Document  
(PIDoc)

+ OHC, MLD, 
density, 

stratification

network of SeaDataNet data centers
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SeaDataCloud pilot
A cloud environment and a VRE were implemented to have data
replication for faster data access and a co-working environment with shared
tools to derive products

Cloud Virtual Research Environment (VRE)
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Operational Workflows
Workflow à a series of activities/processes that are necessary to complete a task

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

à its implementation builds on advanced services and FAIR principles

Data Infrastructures

Digital Ecosystem

big data 
analytics 

cloud 
computing

Virtual Research 
Environment

Digital 
Twinsdata 

products

Data 
Discovery 

& 
Access 

Services

Data Workflow

applications modeling 
and 

prediction
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FAIR principles

Wilkinson et al. (2016)
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OPEN 
SCIENCE

MULTI-
DISCIPLINAR

Y
COLLABORAT

IVE

NEW 
TECHNOLOGI

ES

FAI
R

FAIR principles applied to data and digital artefacts (software, services) are key
enablers of the expected ocean science revolution, speeding up information and
knowledge generation process

Societal benefit of science can be enhanced through a community effort
to collect, manage and share the data acquired with a specific purpose
for further re-use à data driven science







Observing 
System

creation and 
preservation of

consistent
datasets 

• datasets 
integration
• gridded 

fields

• Operation
• Decision-

making
• Planning

datasets 

indicators

UPSTREAM MIDSTREAM DOWNSTREAM

data 
ingestion

Feedback loop

Blue-Cloud 2026 aims at evolving into a federated EU ecosystem to deliver FAIR & Open
data and analytical services instrumental for deepening research of the ocean

Blue Data Infrastructures
additional data and 

product, models

DTO

VLabs

assessment
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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

Data accuracy and uncertainty are key quality elements of data reliabilityà 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 sufficient 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) à algorithms
Visual QC (DM procedures) à visual tools (i.e. OceanDataView) and graphical interfaces
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Quality Flags
labels 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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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

https://odv.awi.de/
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FAIR proposed by the community
https://force11.org/info/the-fair-data-principles/
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FAIRness Assessment

Useful for data providers/producers to learn and adopt FAIR principles during data
generation or to implement data FAIRification on existing datasets

There exist subjective and objective assessment methods:
1. Data Maturity Model (self-evaluation) https://doi.org/10.15497/rda00050
2. F-UJI tool (automatic evaluation) https://www.f-uji.net/

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

Software FAIRness: indicators under development https://doi.org/10.15497/RDA00068
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