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PROJECT SUMMARY

ENVRI-FAIR is the connection of the ESFRI Cluster of Environmental Research Infrastructures
(ENVRI) to the European Open Science Cloud (EOSC). Participating research infrastructures (RI) of the
environmental domain cover the subdomains Atmosphere, Marine, Solid Earth and Biodiversity /
Ecosystems and thus the Earth system in its full complexity.

The overarching goal is that at the end of the proposed project, all participating Rls have built a set of
FAIR data services which enhances the efficiency and productivity of researchers, supports innovation,
enables data- and knowledge-based decisions and connects the ENVRI Cluster to the EOSC.

This goal is reached by: (1) well defined community policies and standards on all steps of the data life
cycle, aligned with the wider European policies, as well as with international developments; (2) each
participating RI will have sustainable, transparent, and auditable data services, for each step of data life
cycle, compliant to the FAIR principles. (3) the focus of the proposed work is put on the implementation
of prototypes for testing pre-production services at each RI; the catalogue of prepared services is defined
for each RI independently, depending on the maturity of the involved RIs; (4) the complete set of
thematic data services and tools provided by the ENVRI cluster is exposed under the EOSC catalogue of
services.
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D4.4 — Report on external developments in FAIR services

1 Introduction

The FAIR Principles, although formulated by Force11?, were first formally documented by Wilkinson et
al (2016) and have since gained significant traction throughout the research community as a pillar of the
open science paradigm. The FAIR Principles provide a set of 15 guidelines for making data Finable,
Accessible, Interoperable and Reusable.

Meanwhile, many pioneering implementations and publications about FAIR have emerged. This
signifies worldwide adoption of the principles in all disciplines of science and innovation, but this rapid
uptake also makes the guiding principles vulnerable to misinterpretation, misapplication and inflation.

2 FAIR in ENVRI

The overarching goal of the ENVRI-FAIR project is that all participating RIs will improve their
FAIRness as a pre-requisite for connection to the European Open Science Cloud (EOSC).

3 External FAIR developments

A number of ongoing initiatives are directly addressing the advancement and implementation of the
FAIR Principles, which are relevant to the RIs that are participating in the ENVRI-FAIR project. These
initiatives bring together relevant experts, many of whom are also connected with the ENVRI cluster of
environmental research infrastructures, to further develop the implementation of the FAIR Principles.

3.1 RDA

The Research Data Alliance (RDA) is an international initiative that aims to foster sharing and re-using
of data. RDA operates through a series of interest and working groups that focus on specific topics and
bring together experts from all disciplines that have a common interest in a specific area of interest.
Within the context of RDA there are several groups that are of direct relevance to ENVRI-FAIR, and
many of the beneficiaries are active members in these particular groups that are further described below.

3.1.1 FAIR Maturity Model

The RDA FAIR Maturity Model working group2 is maintaining deliverables and endorsed
recommendations (FAIR Data Maturity Model Working Group, 2020) for a common set of core
assessment criteria for FAIRness along with a generic and expandable self-assessment model for
measuring the maturity level of a dataset. The outcome of this limited duration working group is to
provide a framework to assess the uptake and implementation of the FAIR Principles within specific
applications such as a research infrastructure.

A major contribution of the group has been the elaboration of the meaning of each of the FAIR principles
as initially proposed by Force 11. In particular, this elaboration included discussion that led to
conclusions about what was meant by ‘identifier’, ‘reference’, ‘qualified reference’ and so on. This detail
is necessary to provide a framework for evaluation of the FAIRness of digital assets. The framework has
been utilised in several other FAIR projects, many described below, and within which there is ENVRI
representation.

3.1.2 FAIR Principles for Research Software (FAIR4RS Principles)

In order to deliver verifiable and reproducible science, there is a need to ensure that it not only the data
that are FAIR, the relevant digital research assets such as software must also be findable, accessible,
interoperable, and reusable (Barker et al 2022). To this end, the RDA FAIR for Research Software

1 https://forcell.org/info/the-fair-data-principles/
2 https://www.rd-alliance.org/groups/fair-data-maturity-model-wg
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(FAIR4RS) working group adapted the FAIR Principles to create the FAIR Principles for Research
Software (FAIR4RS Principles).

Increasingly, FAIR is being implemented by software services which provide access to the underlying
datasets. The advantages include management of access (including authentication and authorisation, and
adherence to licensing conditions which can only be achieved with software) but also as dataset sizes
increase, downloading becomes expensive (in bandwidth and time) and so data management functions
in the software services are invoked to select only the relevant parts of the dataset pertaining to the user
request.

The community- endorsed FAIR4RS Principles have provided a further tool for ensuring transparency
and reproducibility of research, which are being widely adopted throughout the research community.

Further information regarding the FAIR4RS Principles was published in a 2002 Nature paper that can be
accessed at: https://www.nature.com/articles/s41597-022-01710-x

3.2 GOFAIR

The GO FAIR initiative® is a bottom-up, self-governing organisation that aims to promote and facilitate
the uptake of the FAIR principles through a range of activities that include coordination, training, and
capacity building. GO FAIR is also advocating for the Internet of FAIR Data and Services that relies on
a minimum set of common standards and protocols that maximises accessibility for all stakeholders.
This has led to an effort in the GO FAIR community to formulate an explicit and more precise set of
interpretations of the original FAIR guiding principles and implementation considerations. The
documented interpretation of the principles can be found on the website of the GO FAIR Foundation
(GFF) 4, and along with additional criteria including an open, decentralised approach, are now referred
to as the GO FAIR criteria®.

Within Europe, the European Open Science Cloud (EOSC) is a pivotal component of the Internet of
FAIR Data and Services that will foster access and use of data and information for all researchers.

The ENVRI-Hub being developed by the ENVRI-FAIR project has already delivered a metadata record
describing service to the EOSC marketplace and will progressively deliver data and services directly to
the EOSC, which will also facilitate access to the data and services provided by the participating Rls
within the ENVRI cluster.

GFF has also been instrumental in developing the FAIR Implementation Profile (FIP) that is increasingly
being adopted throughout the research community for the purposes of documenting the implementation
of FAIR practices within a specific community of practice (CoP). See section 4.2 below for further
information. GFF has set up a training programme® and a fellowship programme’ to learn more how to
implement FAIR. In addition, GFF is building the FAIR Connect portal®, which is becoming a knowledge
base of FAIR Supporting Resources published as machine-readable nanopublications and semi-
automatic generated short articles published in the FAIR Connect Journal®.

3.3 FAIR’s FAIR

FAIRSFAIRY fosters FAIR data practices in Europe by providing practical solutions. The emphasis is
on best practices. The project has been working on global standards for certifying repositories and the
data within them and links this with ensuring the content of EOSC is FAIR.

3 https://www.go-fair.org/

4 https://www.gofair.foundation/interpretation
5 https://www.gofair.foundation/criteria

6 https://osf.io/bthf8

7 https://osf.io/x43q7
8 https://fairconnect.pro/

9 https://content.iospress.com/journals/fair-connect/
10 hitps://www.fairsfair.eu/
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The EU-funded FAIRSFAIR project aims to develop practices and procedures that support the adoption
and implementation of the FAIR Principles across data providers and repositories. This framework is
backed up by training and certification processes that can be consistently adopted across those
stakeholders that are responsible for some aspect of the data life cycle. The emphasis on repositories
provides a higher level of abstraction than that represented with the RIs that make up the ENVRI cluster
where the unit of granularity is at the level of the digital asset — e.g., dataset or software service. However,
some repositories within the ENVRI-FAIR project are already certified by CoreTrustSeal. Nonetheless,
the proposed best practices provide a useful basis that can be adapted as part of the continuing
development of policies in ENVRI.

These efforts to coordinate and align the implementation of the FAIR principles across different
stakeholders that include the research infrastructures is critical for the successful realisation of the
European Open Science Cloud (EOSC). As such, the resulting Rules of Participation and associated best
practices should be implemented as part of the ENVRI-Hub and adopted by the participating RIs within
the ENVRI-FAIR project consortium.

3.4 FAIR-IMPACT

The FAIR-IMPACT project*! has commenced more recently. It is one of several initiatives funded by
the EU to support the realisation of the EOSC. The project aims to deliver practical solutions for FAIR
implementation with a focus on the use of persistent identifiers (PIDs), metadata, ontologies, metrics,
certification standards and interoperability. solutions that are demonstrated through four integrated use
cases.

The overall aim of the FAIR-IMPACT project is to develop a web of transversal FAIR data related
services that cut across discipline and builds upon FAIRSFAIR. The project has engaged with ENVRI
requesting a presentation on the ENVRI approach to FAIRness and, further, the architecture of RIs with
associated portals and catalogues leading to the ENVRI-Hub portal with its catalogue acting as a unifying
node. The ENVRI community will maintain an interaction with this project, which provides real practical
guidelines, best practice and tools that will be achieved through co-development with selected
stakeholders and research communities.

The implementation of the FAIR Principles has also driven development of associated technologies
including assessment tools that determine the compliance of individual repositories or digital assets in
those repositories with the FAIR principles. The overarching objective of these tools is to assess the
FAIRness of a research asset and determine its availability for reuse. The RDA FAIR Maturity Model
working group conducted an evaluation of the current FAIR assessment tools that are available published
in 2019 (Bahim et al 2019). Depending on the interpretation of the FAIR Principles the results of these
FAIR Assessment Evaluator can vary a lot (Wilkinson et al., 2022) and thus it is necessary critical to
make those interpretations explicit.

The landscape of tools has changed since then across different initiatives, disciplines and domains and
several recent research papers, e.g. (Krans et al., 2022), have attempted to make an evaluation of the
effectiveness of the various FAIR assessment tools.

There has been much discussion among the various FAIR projects about FAIR assessment. At one end
of the spectrum, some wish to have an agreed international quantitative method and set of metrics for
assessing FAIRness, and on the other end of the spectrum qualitative assessments like the FIP approach
were promoted to draw the landscape of used FAIR Enabling Resources (FERS) and how this might
converge between communities like ENVRIs. Some consider this as unnecessary heavyweight processes
and form-filling to assess FAIRness, as experienced metadata analysts can actually look at the schema
for a digital asset and assess its FAIRness quickly. Opinions within ENVRI vary between these extremes.
At present, there has been an effort to assess FAIRness of ENVRI digital assets using FIPs, which has
informed RIs about the amount of effort required to do this evaluation. It might though be useful to apply

11 https://fair-impact.eu/
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a mixed approach — describe the implemented FERs and assess their FAIRness level, to actually be aware
which roadmap might best help to implement FAIR across ENVRIs.

At present there is no universally accepted FAIR assessment tool that can be used for datasets, data
products, software services, software source (including scripts), workflows and so on. ENVRI will
continue to monitor the situation — especially through contacts in the current FAIR-IMPACT project
and RDA.

The RDA FAIR Maturity Model working group conducted an evaluation of the current FAIR assessment
tools that are available as a published report (Bahim et al 2019). However, this report is not entirely
comprehensive due to more recent developments.

4.1 Relevant FAIR Assessment Tools

4.1.1 F-UJI Automated FAIR Data Assessment Tool

The FAIRsSFAIR project has developed the F-UJI Automated FAIR Data Assessment Tool as a pilot for
assessing the FAIRness of datasets within selected repositories. A test instance is also available via the
FAIRSSFAIR website at: https://www.fairsfair.eu/f-uji-automated-fair-data-assessment-tool

4.1.2 Automated Data Management Plan (DMP) Tools

Data Management Plans (DMPs) are in narrative form and describe intentions of the researchers; many
funders require them as part of the grant application and its execution. The RDA DMP Common Standard
WG has developed the maDMP Common Model, which has already been adopted to varying degrees by
several DMP platforms (e.g., DSW?*?, Argos, DAMAP). Furthermore, recognising the diversity of data
and RDM practices across scientific disciplines and domains, Science Europe has proposed the concept
of Domain Data Protocols (DDPs)* to serve as domain-specific DMP templates.

Current research activity in several organisations is underway to transform DMPs from simple plans into
live, machine-actionable guidance to enable FAIR-by-design and to be used and revised at any point in
the research life cycle, to track and to assess the level of FAIRness reached by the relevant digital objects
(DOs). Specifically, this implies a cultural shift in research by cultivating an interoperable maDMP
ecosystem that (a) includes various types of DOs, especially software since this is becoming a first-class
citizen, (b) interconnects them in a coherent way to form an RDM story, (c) is fully connected to and
utilises information from EOSC infrastructures (e.g., PIDs, SKGs, funding, ontologies) via common
APIs, (d) considers specificities of scientific domains (e.g., what SKGs to link to, and which FAIR
assessments are better suited to a domain) by extending the RDA maDMP Common Model with DDPs
and by creating a commons to lower the adoption barrier, (e) automates assessment via seamless
connections to FAIR Assessment tools (via common APIs) providing the much needed semi-automated
guidance, and (f) explores the concept of Reproducibility Management Plans (RMPs) by extending
maDMPs with additional necessary elements and/or metrics.

ENVRI-FAIR participants have been involved in the relevant RDA groups and in discussions with the
current providers of maDMPs. This has also been discussed across the five science clusters (led by
ENVRI, specifically UKRI). This approach opens an evolutionary route to ensure FAIRness by design
rather than FAIRnNess by evaluation and improvement.

4.2 FAIR Implementation Profiles (FIPS)

The FAIR Implementation Profile (FIP) has been promulgated by the GFF as a system for a community
of practice to document their decision choices for implementation of each of the FAIR Principles®® using
the FIP Wizard?®, These FIPs can be shared with other CoPs as a resource for fostering and supporting

12 https://ds-wizard.org/
13 https://damap.org/
14 https://www.snf.ch/media/en/Sz1vykxF3IOX6Eht/SE_Guidance Document_ RDMPs.pdf

15 https://osf.io/5ygzx
16 https://fip-wizard.ds-wizard.org/
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wider adoption of the FAIR guiding principles that support open and accessible research assets (data,
software, workflows etc.)

To support the generation of FIPs and encourage convergence of practice, the GFF has developed the
FAIR Convergence Matrix, which allows communities to optimise their FAIR implementation practices.
More details on the concept and implementation of FAIR Implementation Profiles can be found in
Schultes et al. (2020). The FIP Wizard team has developed a service to allow mappings between the FIP
and the maDMP translating the FER choices into community-specific directives that data stewards can
subsequently implement (Magagna et. al, 2022).

FAIR has been a large influence on ENVRI-FAIR Policy. As indicated in the associated deliverables,
FAIR (along with EOSC, GDPR and other lesser drivers) has formed the basis of the requirements
leading to policy statements and hence to the policy documents at each RI (which in turn have led to
guidelines (desk instructions) and to IT implementation to follow the policies based on the guidelines —
such as open access (subject to authentication and authorisation), personal data protection, security (to
ensure service availability), metadata standards to be used and more.

However, policy has also been heavily influenced by legal requirements such as The General Data
Protection Regulation (GDPR), and attention to personal data privacy, terms and conditions and cookies
(with declarations of organisational legitimate business use and a user consent pop-up) and this has taken
priority over FAIRness. Having said that, with a rich metadata model for the ENVRI-Hub (based on that
of EPOS) a high level of FAIRness has been achieved.

While the concepts of findable, accessible, interoperable, and reusable are well document in the FAIR
Principles, and widely recognised throughout the ENVRI community there are differing levels of
adoption and implementation across the ENVRI cluster of RIs.

ENVRI-FAIR has driven the uptake of the FAIR Principles throughout the ENVRI community both
through the development of relevant policies and best practices as part of the project, and by active
participation in other relevant initiatives such as RDA and GO FAIR. The ENVRI-FAIR project has
capitalised on the relevant outcomes of other European and international initiatives that are seeking to
promote FAIR including those developing the technical solutions necessary for assessment of
compliance with the FAIR Principles. In addition, ENVRI-FAIR has developed the ENVRI-Hub that
supports the delivery of FAIR compliant services to the European Open Science Cloud (EOSC), which
has been a major driver for wider adoption of the FAIR Principles within the ENVRI cluster.

The ongoing review of developments related to the FAIR Principles relevant to the project has provided
wider insights that ensure that the data and services delivered by the participating Research
Infrastructures are aligned with current best practice. This is particularly important to ensure that the data
delivered by the different Rls can be reused as widely as possible including interoperation with data from
other disciplines and domains. This extended interoperability is becoming an increasing priority for
addressing large scale global challenges such as climate change and food security.

In addition, the differing maturity of the participating RIs implies that there are different levels of
awareness and adoption of the FAIR Principles. The ENVRI-FAIR project can ensure that relevant
advances in both best practices and technologies are disseminated and implemented throughout the
ENVRI community including through adoption within the ENVRI-Hub. Ensuring that the Rls and
ENVRI-Hub are fully aligned with current best practices and technological innovations is critical for the
sustainability of both the participating Rls and the ENVRI-Hub.
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9 ANNEX A GLOSSARY

ACRONYM MEANING

DDP Data Domain Protocols

DMP Data Management Plan

DO Digital Object

EOSC European Open Science Cloud

EPOS European Plate Observing System

ESFRI European Strategy Forum on Research Infrastructures

FAIR Findable, Accessible, Interoperable, Reusable

FIP FAIR Implementation Plan

GDPR General Data Protection Regulation

GEANT The European network connecting National Research and Education Networks
IT Information Technology

maDMP machine actionable Data Management Plan

PID Persistent Identifier

RDA Research Data Alliance

RI Research Infrastructure

SKG Science Knowledge Graph
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