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Abstract
Data spaces provide a standardised architecture for trusted partners to exchange data in a secure and
sovereign way, supporting certification and governance for business and industry. To implement this
data exchange requires interoperability, which is done by applying standardised descriptions of (meta)
data in the form of (controlled) vocabularies. IDS leverages Semantic Web technologies to represent
these vocabularies using languages like RDF, OWL, SKOS and SHACL. Furthermore, IDS requires
vocabularies to conform to FAIR principles (findable, accessible, interoperable, reusable). To achieve
these requirements, data spaces need a platform to manage and provide these vocabularies. PoolParty
Semantic Suite, a Semantic Middleware Platform, can take the role of an IDS Vocabulary Hub, supporting
data modelling based on Semantic Web standards as well as data publication in an open environment.
We present a use case from the Nature FIRST research project, where we use PoolParty Semantic Suite
to create an interoperable solution for standardised reporting for wildlife and natural habitats based
on vocabularies to support ESG goals. We show how interlinking of vocabularies (crossovers) can
support automatic inference to satisfy standardisation requirements and enable interoperability between
organisations and legal institutions of countries. With this solution, we not only support sustainability
for natural habitats, but also bridge different domain standards to help stakeholders to collaborate.
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1. Introduction

1.1. IDS Vocabularies

International Data Spaces (IDS) [1] is an initiative for sharing data in a way that owners can
keep the sovereignty with the goal to enable digital economy. IDS provides secure and trusted
data exchange between participants, where details and conditions for the sharing of data can be
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specified and enforced y the architecture. IDS is based on standards, specifying the technical
architecture itself in the IDS Reference Architecture Model (IDS-RAM), and leveraging Semantic
Web technologies for describing the data of data sets. These descriptions are provided as
(controlled) vocabularies, which can be anything from lists of controlled terms up to Thesauri
with a high expressivity. They are used for providing metadata descriptions for data sets, but also
to annotate data and thereby add semantic information. Vocabularies are provided to the IDS
ecosystem by IDSVocabularyHubs, which are service components in the distributed architecture.
Vocabularies of IDS basically use RDF [2] as a standard for knowledge representation and can
easily use more expressive languages which build on RDF, like OWL [2] or SKOS [3], which
also makes it easy to conform to FAIR (findable, accessible, iteroperable, reusable) principles [4]
required by IDS.

1.2. PoolParty Semantic Suite as a Vocabulary Hub

PoolParty Semantic Suite 1 is a semantic middleware platform with graph management as it’s
central component. PoolParty supports to build and maintain any RDF based vocabularies,
like taxonomies, thesauri and ontologies, using a Web UI and it provides a Web API for easy
integration into other systems. These features make PoolParty a well-suited candidate to fulfil
the role of an IDS Vocabulary Hub.

1.3. Vocabularies as Linked Data

When it comes to semantic descriptions, the Semantic Web standard support the idea of reusabil-
ity. RDF is an open format, where different data sets can be easily combined and linked together
to represent relations between elements of data and to expand the semantic descriptions. The
linked data [5] principle is especially encouraged when determining vocabularies for a use case,
because existing vocabularies should be reused, complemented and built upon, instead of recre-
ating them for specific cases. However, for certain domains there are different standards which
stem from different backgrounds, but which actually model the same or very similar aspects of
a domain. Even more so, in some scenarios regarding government reporting, the vocabularies
which have to be used are predefined and cannot be chosen by oneself. In the Nature FIRST
project, we have such a scenario where different vocabularies for natural habitats and species
are used, but need a specific vocabulary for reporting. Using PoolParty’s graph management
features, we developed a solutions to automatically determine such semantic descriptions by
using linked data principles and domain expertise to provide automatic resolution via crossovers.
In the following, we describe this Nature FIRST use case and how we developed this solution
for vocabulary management, as prerequisite for cross-resource analytics and reporting.

2. Nature FIRST Use Case

Climate change is one of the main challenges in the recent decades. The effects of climate change
have direct impact on biodiversity where existing ecosystems have been changed, destroyed, or

1http://poolparty.biz
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newly created [6]. Human actions have impact on ecosystems and induce changes which leads
to a decline of biodiversity [7]. In order to address these challenges, among others, the so-called
Environmental, Social and Governance (ESG) approach and the associated SDGs (Sustainable
Development Goals) initiative was established, which provides a collection of concrete objectives
for sustainable development. Enterprises will do regular ESG reporting regarding different
measures such as carbon footprinting, water use, biodiversity and habitat conservation, in order
to counter the effects of climate change and the decline of biodiversity. Furthermore, at EU level,
designated areas called Natura 2000 sites have been established for protection and conservation,
aimed at safeguarding habitats and species. However, the data regarding these sites, habitats,
and species is currently dispersed and isolated, resulting in limited usefulness. Data is provided
by different organizations and classification systems such as EUNIS2 and IUCN 3 in different
structure, format and completeness; with IUCN reporting mainly on threatened species aka.
“Red List Species.” The problem is further exacerbated due to existence of different versions
of habitats alongside the habitat names and codes that have changed over time but in fact are
equivalent, namely habitat “Subarctic and alpine dwarf Salix scrub” with code S21 in EUNIS
ver. 2021 versus “Subarctic and alpine dwarf willow scrub” with code F2.1 in EUNIS ver. 2012.
Domain experts have created spreadsheets maintaining the relationships between habitats –
describing how one habitat maps to another using crossovers, i.e., if they are equivalent (=),
superset (>), subset (<) or overlap (#) to the designated habitats in other versions. Despite
those efforts, the data is not linked and contextualized to a larger context, and the semantics
of such relations are only known to those experts. In addition, the occurrences of species that
are known to exist in habitats are written using latin names as strings (Ursus arctos), without
further connection to the source of truth species URIs for looking up and dereferencing them as
things (https://eunis.eea.europa.eu/species/1568). Similarly, data about sites have connections
to habitats and species, and are also of spatial form that are provided in shapefiles along with
geometric coordinates. This opens new challenges in terms of querying and performing geo-
calculations with polygons, in addition to having relations to habitats and species as triple
patterns by using GeoSPARQL. The Nature FIRST research project4 aims at connecting these
individual vocabularies using semantic relations, thereby interlinking sites, species and habitats
by using cross-references, so-called crossovers, into one Knowledge Graph (KG) for biodiversity.

2.1. Methodology

The vocabularies linked together in the KG comprises of habitats, species and Natura 2000 sites.
There are various data authorities when it comes to habitat and species data, such as EUNIS
and IUCN. The data sources are in different formats, schemas and completeness (c.f. Table 1).
In addition, within EUNIS there exist different version of habitats (ver. 2017, 2021) that map
to a legacy one (ver. 2012). The requirement is to consolidate the data into a KG, with each
version having a crossover link to the source of truth or legacy version. The advantage of this
approach is that one can automatically generate report data that is already described using a
(source) taxonomy by specifying another (target) taxonomy that is interlinked. Each version

2European Nature Information System of the European Environment Agency, https://eunis.eea.europa.eu/
3The International Union for Conservation of Nature, https://www.iucn.org/
4https://www.naturefirst.info/
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has its own description, codes and granularity in terms of relationships in the hierarchy. The
entities in the KG are linked using relations based on SKOS with well-defined meaning, namely
for habitat mapping exactMatch, broadMatch, narrowMatch, or closeMatch. In other cases,
we use OWL (object) properties, e.g. hasDiagnosticSpecies specifying indicator species for a
habitat. We can distinguish three cases when building crossovers:

• EUNIS vs IUCN habitats, species resp., mapping by using the common labels;
• EUNIS habitats with links to different versions by using the expert spreadsheet5, which
uses codes such as =, <, > and #; A SPARQL query generates skos:exactMatch,
skos:narrowMatch, skos:broadMatch and skos:closeMatch after mappings are run;

• Species mentioned only in latin name that we apply concept annotation via NLP tech-
niques to determine their URI (EUNIS Species taxonomy), using relations such as
:hasDominantSpecies, :hasDiagnosticSpecies, or :hasConstantSpecies.

2.2. Nature FIRST KG

Table 1 lists the interlinked vocabularies of the Nature First KG. For each vocabulary, we list the
given stats such as the input data, number of total concepts, the crossovers to other vocabularies,
and the total number of crossover relations within these vocabularies. We use PoolParty’s

No # Project (Taxonomy) Input data # Concepts Crossovers # Crossovers

1 EUNIS Species RDF 315316 - -
2 EUNIS Habitats 2012 RDF 7495 #1 #10 38306 ; 388
3 EUNIS Habitats 2017 XLS 2214 #1 #2 1777 ; 2231
4 EUNIS Habitats 2021 XLS 3558 #1 #2 4869 ; 3765
5 Habitats Annex I XLS 264 #4 586
6 General habitats XLS 54 - -
7 IUCN Species RDF 15139 #1 2655
8 IUCN Habitats CSV 252 - -
9 Natura 2000 CSV, shapefile 27054 #1 #6 240790 ; 139802
10 Corine Land Cover RDF 65 - -

Table 1
Nature First KG in numbers.

LOD publishing component, the Linked Data Frontend, to provide the KG based on FAIR
principles at 6. The vocabularies of the KG can be browsed and queried, For each vocabulary,
there is a SPARQL endpoint to access it, e.g. for ‘EUNIS Habitats 2012’ can be accessed here7.
Moreover, the graph visualisation for all the projects is accessible using PoolParty’s GraphViews
application at 8.

We created explicit geonames:nearby relationships between Natura 2000 sites that in addi-
tion have relations to EUNIS species and ‘General habitats’ via the ontological relationships
:siteHasSpecies and :siteHasHabitat resp. Moreover, the percentage coverage has been

5https://www.eea.europa.eu/data-and-maps/data/eunis-habitat-classification/eunis-habitat-classification-review-2017
6https://sensingclues.poolparty.biz/
7https://sensingclues.poolparty.biz/PoolParty/sparql/Habitats
8https://sensingclues.poolparty.biz/GraphViews/
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included to specify the percentage of habitat that the site contains using RDF*. We provide
such a query (prefixes omitted) in the following that combines nearby relations and percentage
of habitats in RDF*, which computes the TOP 5 largest habitats that are close to :AT1101112
area9.
SELECT ? l a b e l (SUM( ? pe r c en t ag e ) as ?sum ) ( g roup_conca t ( ? p e r c en t ag e ) as ? cn t )
WHERE
{

: AT1101112 geonames : nearby ? s i t e s .
<<? s i t e s s i t e : s i t eH a sH a b i t a t ? l a b e l >> s i t e : pe r cen t ageCove r ? p e r c en t ag e .

}
group by ? l a b e l order by desc ( ? sum ) l imi t 5

Similarly, one can exploit :siteHasSpecies relations in order to build recommender systems
that can predict Ursus arctos movement in respect to sites, based on preferred habitats and
species, leveraging observations and reasoning in order to prevent human-wildlife conflict.

3. Conclusions & Future work

The example of the Nature FIRST KG shows how different vocabularies can be semantically
interlinked using crossovers to create more expressive and interoperable solutions for describing
data. By using these crossovers for inference, we can automatically generate report data that
is described using a source vocabulary by specifying another interlinked target vocabulary.
Furthermore, it enables use cases, like recommender scenarios, by providing expanded semantic
descriptions and reasoning via crossovers. This crossover approach was developed as part
of the Nature FIRST project and aims to support the protection of wildlife, biodiversity and
sustainability for natural habitats. However, the approach is a general one and can be applied to
other domains as well, thereby enriching existing descriptions for data sets based on vocabularies
and increasing interoperability for data spaces and beyond.
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