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Environmental research plays a central role in addressing global challenges such as climate change, pollution and
ecosystem degradation. However, the visibility and interoperability of scientific publications from the Global South,
particularly Morocco, remain limited due to absence of dedicated dispositive and open repositories, along with the
insufficient adoption of international standards. This study applies Semantic Web and Linked Data technologies to improve
the discoverability and reuse of Moroccan environmental publications. A methodological framework was developed
combining a literature review, a comparative study of semantic web tools (Protégé, VocBench, RDFlib, RMLMapper, Open
Refine, Apache Jena Fuseki, GraphDB and Virtuoso), and an experimental implementation on a corpus of 27 open access
articles. The proof of concept generated an RDF knowledge graph comprising 1120 triples. This structure supported
advanced SPARQL queries and demonstrated improvements in resource discoverability, semantic interconnection and
metadata enrichment. The corpus analysis showed complete metadata coverage, with all records including DOIs, publication
years and institutional affiliations. It revealed a sparse but structured graph (density= 0.007), where research outputs were
largely oriented toward climate change (85%) and water-related topics (52%). The results highlight the feasibility of
lightweight, open-source solutions as the proof of concept was achieved with modest resources and standard open-source
tools, yet still delivered metadata enrichment and advanced querying. The findings also emphasize the strategic importance
of developing national ontologies, dedicated triple stores, and infrastructures aligned with FAIR principles. This approach
provides a transferable model for Southern countries aiming to improve the international visibility of their scientific
production.

Keywords: Linked Data, Semantic Web, Knowledge Graph, Open Science, Environmental Research, Morocco.

1. Introduction

Environmental research has become central to
addressing pressing global challenges, including
climate change, pollution, and ecosystem degradation.
Although scientific production in this field has
increased considerably, many research outputs remain
difficult to access and are not sufficiently
interoperable, which limits their visibility, sharing and
reproducibility in international scientific networks.'
This issue is particularly pronounced in Southern
countries, where the richness of environmental work
is often constrained by the lack of institutional
repositories that are poorly connected to major open
data platforms. The lack of visibility of scientific
publications is not only an academic issue but also has
strategic repercussions’. The international recognition
of research contributes to scientific diplomacy,

international cooperation and a country’s positioning
in the global governance of science’. For Morocco,
improving access, structuring and disseminating
environmental research output directly aligns with the
objectives of open science and global sustainability”.
In this context, the Semantic Web and the Linked
Data paradigm offer a major opportunity to enhance
scientific research. Conceptualized as early as 2006
by Berners-Lee’, this paradigm relies on the use of
URIs to identify entities, the RDF model to describe
their relationships, and the creation of links between
datasets. Based on the use of open standards such as
RDF, Web Ontology Language (OWL) and Protocol
and RDF Query Language (SPARQL), these
approaches allow for the transformation of
heterogeneous sets of publications into interconnected
knowledge graphs, thereby promoting their
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discoverability, traceability and reuse’ . The FAIR
principles (Findable, Accessible, Interoperable and
Reusable) complement this technical framework by
proposing an ethical and practical governance of
scientific data, enhancing the transparency and
reproducibility of results®. Beyond their technical
scope, these principles are increasingly recognized as
strategic tools for fostering international collaboration
and accelerating scientific innovation® °.

The application of the Web of data to scientific
publishing has opened a field of innovations ranging
from the semantic annotation of texts to the
automated extraction of methods and datasets, up to
semantic recommendation systems and knowledge
graph visualization'® ' ' . These applications
improve the discoverability of scholarly outputs and
facilitate their integration into international scientific
networks'®. They also demonstrate that Linked Data
approaches extend beyond the field of information
sciences and progressively permeate environmental
research, medicine and social sciences, which
confirms their multidisciplinary relevance'’.

Several representative initiatives highlight this
potential of Linked Data for scholarly communication
and electronic resources management. For instance,
the Global Open Knowledge base (GOKb) provides
an open linked data infrastructure to improve
interoperability among information resources'®. The
adventures in Semantic Publishing project '
demonstrated that a single scientific article could be
enriched by thousands of RDF triples, enhancing
reproducibility and enabling secondary analysis.
Likewise, Erkimbaey et al. '"showed that converting
an institutional repository into Linked Open Data
makes it possible to connect previously isolated
collections and improve document sharing. In a
similar vein, the OpenCSDB initiative automatically
links  publications to crystallographic data,
considerably reducing the search time for analogous
compounds.”® The ISSA project'’, applied to the
Agritrop archive, further confirms that RDF-based
structuring optimizes the querying of agronomic
corpora. At a larger scale, platforms such as
SemOpenAlex™, which reorganizes over 26 billion
scientific triples, and CovidPubGraph', developed to
support rapid monitoring of 210,000 CORD-19
articles, confirm the increasing maturity of Linked
Data. Beyond data integration, another work has also
emphasized the contribution of knowledge graphs to
scientometric analyses, enabling richer evaluations of

research outputs and collaboration networks®'.
Finally, recent studies in Uganda highlight the
concrete benefits of adopting Linked Data in
university libraries, notably duplicate reduction,
metadata enrichment and improved resource
sharing®.

These achievements converge toward a clear
conclusion: Linked Data is no longer just an
experimental demonstration but an informational
infrastructure capable of articulating scientific
production, associated data and advanced value-added
services. However, the majority of these projects rely
on heavy infrastructures and advanced skills, which
are rarely available in academic environments with
limited resources™. In this regard, the experience of
many Southern countries is particularly revealing, as
they face common technical, linguistic and
governance challenges in implementing Linked Data
> These obstacles are also acknowledged at the policy
level, as highlighted by UNESCO *2021) which
stresses the need to address infrastructural and
capacity gaps in the Global South to achieve equitable
Open Science.

Morocco represents a relevant example of these
strategic challenges. Despite a strong political
commitment to emphasize open science”, the
operational deployment of the Web of Data
infrastructures remains at an early stage. Most
university repositories rely primarily on basic Dublin
Core metadata, no SPARQL endpoint is publicly
accessible, and no national URI resolution service is
established. The current situation is also linked to
practical and institutional factors. In many Moroccan
universities, semantic technologies such as RDF and
SPARQL are not yet systematically included in
training programs, and FAIR-oriented data
management remains marginally integrated into
academic practice, while linguistic constraints related
to multilingualism (French and Arabic) add further
complexity.

In addition, although Moroccan researchers
demonstrate a significant level of international
collaboration through co-publications, the country
continues to occupy a relatively peripheral position
within regional scientific networks®’, which limits the
strategic impact of its research. These findings
confirm the need for corrective actions such as
establishing a national triple store, creating a bilingual
ontology for priority themes and strengthening
technical training.
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Therefore, a central question arises: How to adapt
the potential of Linked Data to academic
environments where technical infrastructures and
skills are limited, while ensuring visibility and
scientific interoperability? To answer this question,
the present research pursues three objectives: first, to
present an overview of research addressing the
application of Linked Data in scientific publishing,
with the aim of positioning the current state of the art
and identifying foundational concepts and relevant
international initiatives in the field. Second, to
evaluate the deployable semantic technologies
(standards, vocabularies and tools) in order to
justify the chosen methodological approaches.
Finally, to develop a proof of concept applied to a
corpus of Moroccan environmental publications,
in order to demonstrate its technical feasibility
and measure its contribution in terms of visibility and
interconnection.

This research stands out for its application in a
resource-limited academic context, a characteristic
that is rarely explored in the international literature.
The article begins with a presentation of the
adopted methodology, followed by the experimental
results and their discussion, and concludes with
the contributions, limitations and perspectives of
this work.

2. Materials and Methods

2.1. Documentary Research

Recognized for its international and
multidisciplinary coverage, The Scopus database was
used to conduct a documentary analysis of the
scientific literature. The objective was to identify
recent works related to the application of Linked Data
in scientific publishing and the discoverability of
resources. Using Boolean operators to refine results,
the search strategy was designed around a
combination of keywords including Linked Data,
open science, discoverability, scientific publication,
Morocco and environmental research. The selected
period (2016-2024) was chosen to capture the most
recent advancements in the field. This process
initially retrieved a total of 143 articles. After
eliminating duplicates and screening out studies not
directly aligned with the research objectives, a final
corpus of 55 articles was retained for detailed
analysis. For each selected study, key information was
extracted including research objectives, methodology,
results and identified limitations.

2.2. Comparative analysis

The implementation of Linked Data is based on the
integration of several Semantic Web technologies.
Considering the wide range of tools available in this
ecosystem, a rigorous comparative analysis was
conducted to determine the most appropriate solutions
for our experimentation. This section aims to present
the principal technologies required for building and
using a knowledge graph dedicated to scientific
publications, in order to justify the technological
choices made for our proof of concept. We detail the
methodology adopted for this benchmark, the
evaluation criteria used, the technologies analyzed by
functional category. Finally, we will justify the
technological choices that guided the design of our
experimental architecture.

The process of identifying and evaluating tools
involved an extensive literature review in the
scientific literature and open-source ecosystems to
identify candidate technologies. Each tool was then
subjected to a detailed analysis of its official
documentation and specifications. This systematic
approach allowed for an objective assessment and
selection of the most relevant tools for our project.

The technologies were evaluated based on
functional criteria (compliance with RDF/OWL/

SPARQL standards, inference capabilities,
performance and scalability) and non-functional
criteria  (multilinguialsm, usability, community

support and cost). Three families of tools were
studied:

e Ontological modeling: Protégé *** VocBench
%931 and TopBraid composer’’;

e ETL to RDF / Python/RDFlib*, RML Mapper **
and OpenRefine™;

e RDF triple stores: Apache Jena Fuseki’,
GraphDB **and Virtuoso™.

A detailed summary of this comparative analysis,
intersecting the identified tool families with the
selected evaluation criteria, is presented below in
Table 1. Similar comparative approaches have also
been adopted in other fields, such as construction
safety”®. This comparative table summarizes the
advantages and limitations of the different solutions
and justifies the technological choices adopted within
the framework of this research.

The benchmarking phase made it possible to
identify tools that were both technically relevant and
realistically deployable in our context. For ontological
modeling, Protégé emerged as the most practical
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Table 1 — Comparative analysis of semantic web technologies for Linked Data implementation
Tool Technologies Standards compliance Inference Performance/ Multilingual Usability Community Cost
family (RDF/OWL/SPARQL) Scalability support support
Protégé Yes Yes Good Yes Arabic  Easy Large Free
2w (medium size supported
:T)o £ models)
% § VocBench Yes Yes Good Yes Medium Large Free
g S  TopBraid Yes Yes Good No (Arabic Complex Medium Paid
Composer not (proprietary)
optimized)
9 Python/RDFlib Yes Yes Good Yes Complex (requires Large Free
a programming)
28 RML Mapper Yes Yes Good Yes Complex Medium Free
ﬁ OpenRefine  Partial ( via RDF No Medium Yes Easy (user-friendly Large Free
H extensions) interface)
° Apache Jena  Yes Yes Medium (for No Complex Medium Free
T% o  Fuseki large volumes)
: %5 GraphDB Yes Yes Good Yes Easy Medium Freemium/
=) Paid
~ Virtuoso Yes Yes Good Yes Complex Medium Paid
option, mainly because of its wide adoption, representativeness of recent moroccan environmental
documentation, and ease of use in academic research and feasibility of RDF processing and
environments. querying within limited resources. The choice of a

For the transformation process (ETL), Python
combined with RDFIlib appeared particularly
appropriate. Its flexibility and compatibility with the
wider Python ecosystem enabled us to manage data
cleaning and RDF conversion within a unified
working environment.

Concerning data storage and querying, Apache
Jena Fuseki was selected as a balanced solution.
While it does not offer the scalability of more
advanced commercial platforms, its open-source
nature and ease of deployment made it appropriate for
a proof of concept implementation.

Overall, these technological choices were guided
not only by performance criteria, but also by
contextual constraints. In a Moroccan academic
environment marked by limited technical resources
and multilingual requirements, accessibility, cost, and
ease of maintenance were decisive factors.

2.3. Experimental construction

Based on this comparative study, an experiment
was implemented. The selected corpus consists of 27
open access scientific articles (from DOAJ and the
IMIST institutional repository). The articles were
selected based on two criteria: (i) the presence of
complete metadata (title, authors, affiliations, year,
DOI/URL); and (ii) their publication between 2016
and 2024. This sample size was deemed sufficient to
conduct a proof of concept, as it ensured both

focused corpus also allowed for a controlled

evaluation of metadata quality, semantic enrichment

and querying performance.

The metadata of the 27 selected articles were first
consolidated in Zotero and then exported in CSV
format which served as a reference dataset for the
different processing stages.

e Data cleaning and normalization: Using Python
(pandas), author names were harmonized,
inconsistencies corrected and duplicate articles
removed to ensure dataset coherence.

e Ontological design: The ontology was developed
in Protégé around the three core entities: Article,
Person and Organization, and aligned with widely
adopted vocabularies such as BIBO, FOAF and
DCTERMS.

e Transformation into RDF: Dedicated Python
scripts based on the RDFIlib library were used to
automatically transform the CSV dataset into
RDF triples, producing a Turtle file compliant
with Semantic Web standards.

e Graph implementation: The RDF triples were
loaded into Apache Jena Fuseki, creating a
knowledge graph linking articles, authors and
affiliated institutions.

e Interrogation: representative SPARQL queries
were executed (search by title and year, author-
institution join, publication-keyword navigation).
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These tests allowed for assessment of the
discoverability and interconnectivity offered by
the model.

This research is distinguished by an approach
entirely based on the use of open standards and open
source tools, thus ensuring its transferability to other
academic contexts. By combining a thorough
documentary analysis, a comparative benchmark of
semantic ~ web  technologies, and  applied
experimentation on a Moroccan environment corpus,
the adopted approach provides a clear and rigorous
framework for the application of Linked Data to
scientific publishing. It particularly highlights the
feasibility of lightweight and accessible solutions,
tailored to resource-limited environments, and
proposes a reproducible conceptual model that can
serve as a reference for other similar initiatives in the
field of open science.

3. Results

The experiment focused on a corpus of
27 scientific articles relating to environmental issues,
describing a group of 138 authors affiliated with
67 institutions. The transformation into an RDF graph
generated 586 nodes and 1,120 edges, indicating a
moderately connected network. Structural analysis
shows a graph density of 0.007 and an average degree
of 3.82, confirming limited interconnectivity between

entities while ensuring a sufficient level of
connectivity to support the proof of concept
objectives.

In terms of documentation, the metadata is
notable for its completeness: all articles have a DOI,
publication date, and institutional affiliations. This
result attests to the quality of the corpus and its high
potential for integration into larger knowledge graphs.

Thematic analysis highlights a clear predominance
of work on climate change (23 articles, or 85.2 % of
the corpus) and, to a lesser extent, water management
(14 articles, 51.91 9%). On the other hand, topics
related to pollution and biodiversity appear to be very
marginal, with no articles identified on pollution and
only one article devoted to biodiversity (3.7%). This
distribution highlights both the vitality of Moroccan
research on climate and water issues and the need for
future expansion into other environmental dimensions
that have yet to be explored.

3.1. Conceptual ontology:

The first step of the experimentation consisted of
developing a domain ontology to represent the entities
and relationships specific to environmental scientific
publications. Fig. 1 illustrates an excerpt of the
ontology developed in Protégé (Ontograf), where the
main classes (Article, Person/Author, Organization)
and their semantic relationships, enriched by standard
vocabularies such as FOAF, BIBO and DCTERMS.

In addition, Fig. 2 summarizes the data properties
retained to describe the entities. These properties
cover the essential metadata of publications (title,
abstract, year, DOI, URI, usage rights) as well as the
identifiers of authors and organizations. The use of
established standards (Dublin Core, FOAF, BIBO)
ensures the interoperability of the model with other
RDF graphs and promotes its reuse in broader
contexts.

3.2. Experimental Graph

Based on the ontology, a corpus of Moroccan
environmental scientific publications was converted
into RDF and loaded into Apache Jena Fuseki. The
operation generated approximately 1120 RDF triples,

® owl:Thing

» foaf:Person ] . I ResearchPaper ]

[ % AcademicArticle foaf:Organization

/ (ermr]

)

Fig. 1 — Excerpt from the conceptual ontology developed with Protégé (OntoGraf)
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representing the links between articles, authors and
institutions. Figure 3 presents a representative
subgraph illustrating the interconnection of the
different entities.

This representation clearly shows the structuring
role of Linked Data: entities that were previously
scattered in different repositories are now explicitly
connected, which facilitates exploration and the
discovery of new associations.

SPARQL queries and discoverability

The interrogation of the graph made it possible to
evaluate the discoverability of publications as well as
the relevance of their semantic interconnection.
Several representative scenarios were tested, namely:

Simple query (bibliographic metadata): Figure 4
shows a SPARQL query that retrieves simultaneously
the title, author institution, year and DOI of articles on
climate change affiliated with Mohammed V
University. The query returned 17 results in 0.347

Propriété Type Domain Range
dcterms:title DataProp Article xsd:string
dcterms:abstract DataProp Article xsd:string
dcterms:issued DataProp Article xsd:gYear
bibo:doi DataProp Article : xsd:string
foaf:homepage DataProp Article xsd:anyURI
dcterms:rights DataProp Article xsd:string
foaf:name DataProp Person, Organization xsd:string

Fig. 2 — Data properties defined in the ontology (Dublin Core,
FOAF, BIBO)

ANN. LIB. INF. STU., JUNE 2026

seconds. This test demonstrates that the RDF graph
can bring together information that is scattered across
different sources and makes it easy to search in a
unified environment.

Complex query: Figure 5 presents a targeted query
on publications affiliated with Cadi Ayyad University,
containing the terms water or eau in the title or
abstract, and published since 2020. The query
execution returned two results in 0.075 seconds, with
complete metadata including title, abstract, DOI and
URL.

These two examples illustrate the added value of
Linked Data for querying multiple dimensions
simultaneously such as institutional affiliation,
research theme, period covered, and language, while
generating precise results that remain difficult to
obtain through traditional information retrieval
systems.

3.3. Scientific and strategic contributions

The findings obtained highlight several key

contributions:
1.

Enhanced discoverability: thanks to SPARQL
queries, publications can be found through
complex combinations of criteria, including
multilingualism.

Semantic interrogation: the graph reveals implicit
links between authors, institutions and themes,
promoting the analysis of collaborations.
Metadata enrichment: the integration of DOI,
URIs and affiliations improves the semantic
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Fig. 3 — Visualization of an RDF subgraph linking articles, authors and organizations
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Fig. 4 — Example of a SPARQL query returning articles on climate change affiliated with Mohammed V University

richness of publication records and strengthens
their interoperability and potential for reuse
across research environments of descriptive value
of publications and facilitates their reuse.

4. Technical efficiency: Query response times below
0.4 seconds indicate that the proposed approach
remains operationally efficient and technically
feasible within an experimental implementation
setting.

Beyond the technical proof, these results also
suggest several strategic perspectives for Moroccan
research:

e Development of a bilingual national ontology
adapted to environmental research priorities.

e Implementation of a national triple store and a
URI resolution service, in order to support the
sustainable integration of moroccan scientific
production into global knowledge graph
infrastructures.

4. Discussion and Implications

These results support both the technical feasibility
and scientific relevance of the proposed approach, as
reflected in the completeness of metadata, the
presence of a structured graph, and the thematic
concentration around climate and water issues.
However, the restricted size of the corpus (27 articles)
positions the study mainly as a proof of concept rather
than a comprehensive evaluation of Moroccan
environmental research production. This
methodological choice ensures internal validity but
calls for future extensions to larger and more diverse
datasets in order to consolidate these preliminary
trends and strengthen the generalizability of the
results.

The results obtained confirm that the application of
Linked Data to environmental scientific publications
significantly ~ improves  their  discoverability,
interconnection and reuse. The implementation of an
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SPARQL Endpoint
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Fig. 5 — SPARQL query filtering water-related environmental publications affiliated with Cadi Ayyad University (=2020)

RDF graph based on open standards (Dublin Core,
FOAF, BIBO) has demonstrated its ability to
centralize dispersed information and make it
queryable through complex queries incorporating
thematic, institutional and multilingual filters. This
level of technical performance illustrates the potential
of Linked Data as an effective means of improving
the openness and the visibility of Moroccan scientific

publications.
These results are of particular interest for
environmental sciences, beyond their technical

dimension. Better structuring and interconnection of
publications not only enhances their visibility but also
facilitates access to strategic knowledge for the
sustainable management of natural resources,
combating pollution, and adapting to climate change.
In this sense, Linked Data appears as a decision
support tool, capable of strengthening the flow of
knowledge between researchers, public decision-
makers and ground-level stakeholders.

Compared to large-scale international initiatives
such as SemOpenAlex or Bio2RDF, our results
confirm that the benefits of Linked Data are not
limited to environments with massive infrastructures.
On the contrary, they show that a pragmatic and
adapted approach, based on accessible tools (Protégé,

Python/RDFlib, Jena Fuseki), can produce tangible
results in a resource-limited context. Unlike many
works focused on complex infrastructures, this study
demonstrates the relevance of lightweight and
contextualized approaches, a dimension that had been
little explored in the international literature. This
positioning constitutes an original contribution by
highlighting the feasibility of a reproducible and
transferable processing chain to countries in the
Global South.

5. Limitations and future work

However, this study has certain limitations. The
corpus selected remains small (27 articles), which
restricts the scope of the conclusions and highlights
the need to broaden the sample in future work.
Furthermore, the use of Apache Jena Fuseki, while
suitable for a prototype, does not meet high scalability
needs. Finally, mastery of RDF/OWL/SPARQL
technologies requires expertise that is still not widely
distributed in the Moroccan academic environment,
highlighting the need for institutional efforts in
training and skills enhancement.

On a practical level, the results open up several
perspectives. For researchers, they indicate that
improved semantic structuring enhances the visibility
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of scientific articles and facilitates their reuse. For
institutions, they highlight the importance of
establishing a national triple store, developing
bilingual ontologies tailored to national priorities, and
integrating FAIR standards into scientific repositories.
For Southern countries in general, this research
provides a reproducible model that can help reduce
the gap in terms of international scientific visibility.

From a theoretical perspective, this
experimentation shows that Linked Data goes beyond
its technical dimension to assert itself as a true
infrastructure  for  scientific  governance. By
strengthening the integration of Moroccan research
into global networks of Linked Knowledge, it
contributes to achieving the objectives of open
science and is part of a global sustainability dynamic.
These results invite a rethink of scientific publishing
not only as a dissemination process but also as a
mechanism for strategic interconnection between
knowledge, actors and institutions. Future work could
extend this model to other scientific disciplines, test
larger-scale environments, and explore its integration
with international open data platforms.

6. Conclusion

This research has demonstrated that the application
of Linked Data technologies to environmental
publications is a powerful lever to enhance their
visibility and interconnection within the international
scientific ecosystem. By mobilizing, a chain of open
and accessible tools (Protégé, Python/RDFlib, Apache
Jena Fuseki), we have shown that it is possible to
transform heterogeneous metadata into interoperable
RDF graphs, usable by SPARQL queries. This
approach not only contributes to the discoverability of
moroccan environmental work, but also illustrates a
pathway for the democratization of open science
practices in resource-limited contexts.

The conducted experiments confirm that Linked
Data offers tangible advantages: better integration of
publications into knowledge graphs, enrichment of
metadata through semantic interconnection, and
enhancement of multilinguism. However, the study
also highlights several limitations, notably those
related to the restricted size of the corpus, the
technical constraints of local infrastructures, and the
need to further develop expertise in ontological
modeling. These observations underline the
importance of coordinated action at both institutional
and scientific levels.

In this perspective, the establishment of a national
triple store and the development of bilingual ontologies
aligned with environmental priorities emerges as
strategic levers to sustainable integration of Moroccan
research within the global knowledge networks. More
broadly, the proposed approach offers a transferable
model for other countries in the Global South facing
similar challenges related to the wvisibility and
valorization of their scientific production.

Ultimately, Linked Data should be viewed not
merely as a technical solution but as a knowledge
infrastructure capable of enhancing the circulation,
interpretation and reuse of environmental scientific
results. Its progressive adoption may contribute to
transforming scholarly publishing practices toward a
more open and interconnected scientific ecosystem
aligned with global sustainability objectives.
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