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1. First section

Scientific variables are the building blocks of data from simulations, experiments, and
other observations, which capture the property observed and in which context the mea-
surement was obtained. |deally, variables provide all the necessary information to un-
derstand the meaning of the corresponding result values. This meaning should be
accessible and carried throughout all phases of the data lifecycle. Thus, it should be
used at both the data and metadata levels. At metadata level, it is required when we
want to identify specific types of data, e.g., in online repositories. At the data level, it is
necessary to understand the actual meaning of the values and interpret them accord-
ingly.

In parallel, FAIR Digital Objects (FDOs) are defined as self-contained digital arte-
facts comprising all essential information required for their interpretation and use by
both humans and machines [1]. One of their important features is encapsulation, i.e.
they can be composed of other FDOs, for example, to disclose their semantic nature.
Properly represented variables can serve as FDOs within a dataset FDOs, convey-
ing all information necessary for their accurate interpretation and demonstrating FDO’s
encapsulation principle. This work provides a framework for such variable FDOs rely-
ing on I-ADOPT to enable interoperability, and nanopublications to represent them for
FDO-compliance.
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Although variable descriptions should be findable and interoperable, it is still chal-
lenging to find coherent descriptions of variables in dataset metadata within reposito-
ries and even more difficult across different repositories. It is widely recognized that
controlled variable lists based on Linked Data are part of the solution to this problem.
However, the real challenge is to find a common way to describe variables consis-
tently. The RDA I-ADOPT Working Group has made it its goal and mission to address
this challenge. It developed the I-ADOPT Framework [2] which includes an ontology
and recommendations subsequently endorsed by the RDA. Its purpose is to provide
interoperable and machine-interpretable variable descriptions by decomposing them
into atomic elements annotated with concepts from semantic artefacts. Its adoption is
already growing in Earth and environmental science vocabularies such as the THEIA-
OZCAR thesaurus [3] hosted in EarthPortal, the Environmental thesaurus [4] hosted in
EcoPortal, or subsets of the BODC PUV and CF Standard Names in the NERC Vocab-
ulary Server [5]. While the variables are represented as skos:Concept, their description
components (iop:Property, iop:Entities playing description roles ObjectOfinterest, Ma-
trix or ContextObject) are integrated in these vocabularies via the object properties of
the I-ADOPT ontology, sometimes using terms both within and beyond the initial con-
cept schema.

However, semantic concepts for variable constraints cannot be included directly
in these representations because binding the target of the constraint to a constraint
concept prevents reuse of that constraint in other variables. Constraints should there-
fore be modeled as separate nodes (named or blank) for each Constraint and Variable.
These nodes can then be defined as instances of a semantic concept, allowing the
latter to be reused in other variable descriptions. These nodes are very naturally em-
beddable in nanopublications which are based on the named graph concept. At the
same time, they are suitable representations of FDOs as discussed in [6].

RDVA Radial velocity (away from) of water current relative to instrument in the water body by High Frequency Radar
ex:RadVelErrHF

Component of the sea surface current velocity that is directed toward (negative values) or
away from (positive values) the High Frequency Radar (HFR) antenna, measured along the lines
of sight of the antenna, i.e. along radial lines centered at the HFR antenna. In
HFR systems, it is inferred from the Doppler shift of radio waves backscattered by surface
gravity waves of half their electromagnetic wavelength. HFR systems transmit electromagnetic signals
in the high-frequency range 3-30 MH=, with corresponding wavelengths in the range 100-10 m.
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Figure 1. Typology of FAIR Supporting Resources (FSRs).

The paper describes how the I-ADOPT ontology is used as a nanopublication tem-
plate for creating new I-ADOPT variables together with their underlying atomic compo-



Author et al. | ConfAbbrev

nents. This approach offers two main key advantages that implement core FDO princi-
ples (compare with [1]: (a) Variables can be defined in alignment with the FDOs spec-
ification (FDO abstraction and encapsulation), (b) Persistent identifiers (Trusty URI)
can be assigned for proposed variables and their components via the nanopub net-
work infrastructure (FDO binding with PIDs). Furthermore, Including SHACL shape
for the -ADOPT variable definitions in the nanopublication template and having each
variable instance declare “dcterms:conformsTo” the FDO profile, the template enables
validation against the profile’s mandatory and optional attributes. These features will ef-
fectively complement the combined efforts of two projects that are currently developing
an automated I-ADOPT service. The German NFDI4Earth Incubator Lab project aims
to operationalize FDO creation by integrating large language models with the [-ADOPT
ontology, enabling scalable and semantically consistent variable extraction, visualiza-
tion, and publication workflows across environmental and Earth sciences. The EOSC
FAIR2Adapt project [7] collaborates in this development, aiming to use this service
for the EU climate adaptation community. The LLM-based service produces JSON-
LD conforming to the I-ADOPT ontology, which is then automatically converted into
RDF/Turtle (TTL) representations by a transformation script. Through a GitLab CI/CD
pipeline, these TTL files are validated and published as nanopublications to the net-
work. This automated workflow lowers technical barriers, allowing researchers from
diverse backgrounds to engage with FAIR variable creation enabling them to validate
the generated results. The I-ADOPT service could be embedded in any digital object
registry enabling uploaded datasets to be described with FDO I-ADOPT variables to
increase their findability and interoperability as part of their metadata, and overall also
helping to make them more understandable and reusable by humans and machines.
The enriched metadata can be utilized to enable semantic faceted search over the dig-
ital objects hosted in a repository. The FAIR2Adapt project will make use of this novel
approach in ROHub [8], a repository of FDOs represented as RO-Crates, which is used
to store research objects for climate adaptation solutions.
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