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Executive Summary 
 
Information Science typically defines information in terms of data, knowledge in terms of 
information, and wisdom in terms of knowledge (Rowley 2007). Generating information and 
knowledge from data is about understanding and connecting. Earth Observation (EO) data 
has increased considerably over the last decades, however, access to this data remains 
difficult for end-users in most domains. As a multitude of heterogeneous data will be made 
available through the GEOEssential Knowledge Base infrastructure, it is essential to ensure 
high standards of discoverability, accessibility, and interoperability. The design of this 
infrastructure involves the alignment and integration of a set of semantic resources defining 
the specific domain. The latter is important in order to ensure harmonised access to the vast 
volume of data produced, turning it into usable information and knowledge, and to guarantee 
semantic interoperability within the infrastructure. This involves the mapping of existing 
aligned thematic vocabularies (i.e. glossaries, taxonomies, thesauri and ontologies), along 
with the integration of further domain-specific terminology obtained through a corpus-based 
approach. The integration of the abovementioned vocabularies in a knowledge base 
infrastructure will therefore improve the ability of end-users to explore and exploit EO data. 
Some of the vocabularies employed are the following: GEMET Thesaurus, INSPIRE Feature 
Concept Dictionary and Glossary, AGROVOC Thesaurus, EARTh Thesaurus. 
The GEOEssential Knowledge Base will include an ontological conceptual model which will 
aide in the transition from Data to Knowledge. On a more abstract level, the ontology schema 
defines the major concepts of the specific domain (e.g. Essential Variables, Policy Goals, 
Indicators, Targets) and the relationships between them. The conceptual taxonomy, 
organizing classes at different hierarchical levels, will be obtained by including concepts and 
terms defined in the common terminology. The Knowledge Base will be based on OWL/RDF 
technologies.  
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1 INTRODUCTION 
 

1.1 From Data to Knowledge 
 
Information Science typically defines information in terms of data, knowledge in terms of 
information, and wisdom in terms of knowledge (Rowley 2007). Generating information and 
knowledge from data is about understanding and connecting. Different techniques and 
methodologies aim to define resources (i.e. models, taxonomies, thesauri1, ontologies2) to 
ensure data quality and harmonization and to interpret the meaning of data, turning it into 
usable information and knowledge. Figure 1 illustrates the data-information-knowledge-
wisdom (DIKW) pyramid and how it applies to our context. As to EO resources and SDGs, it is 
possible to recognize the following artefacts: (a) Data: Earth observations and measurements; 
(b) Information products: EVs and Indicators; (c) Knowledge products: indexes; (d) Wisdom 
actions: SDGs.  
 

 
Figure 1. DIKW pyramid 

  

 

 
1 “Controlled and structured vocabulary in which concepts are represented by terms organized so that 
relationships between concepts are made explicit and preferred terms are accompanied by lead-in entries for 
synonyms or quasi-synonyms”, ISO 25964-2:2013 Information and documentation - Thesauri and 
interoperability with other vocabularies - Part 2: Interoperability with other vocabularies, p. 12. 
2 “explicit formal specifications of the terms in the domain and relations among them” (Gruber 1993). 
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Figure 2. Essential Variables pyramid (Reyers et al. 2017, p. 98) 

 
This is in line with (Reyers et al., 2017, p. 98) who introduce Essential Variables “as a layer 
between primary observations and indicators”, thus moving from an ever-broadening 
pyramid (a) to a more streamlined form (b) (Figure 2). Furthermore - and this is important for 
the construction of the ontological model explained below - image (b) of the figure expresses 
the concept that “a single EV capturing a key process or structure can potentially contribute 
to multiple indicators, while similarly 2 or more EVs can direct and use the same primary 
observations, thus potentially enabling a reduction in the numbers of observations needed to 
deliver those indicators”.  
Information is an added-value product generated by understanding data and working out 
relations among them and with physical and/or social phenomena. Understanding 
information and working out valuable patterns generates knowledge, in turn. Models, 
processing algorithms and workflows as well as lexicon resources play a crucial role for doing 
that.  
Integrating complex data, dynamic in nature, from heterogeneous resources, and without 
broadly applied standards, constitutes a real challenge for users trying to make sense of the 
increasing amount of information made publicly available in the domain of Earth 
Observations (Bodenreider et al., 2002). 
In order to address the organization and homogenization of the huge volume of information 
that Earth Observation research is producing nowadays, scientists need support from lexical 
and semantic tools, such as terminologies, vocabularies, nomenclatures, code and synonym 
sets, lexicons, thesauri, ontologies, taxonomies and classifications (De la Iglesia et al., 2013). 
Sharing and gaining consensus by the EO community on the categorisations and 
disambiguation of terms is one of the steps for enabling interoperability among data sets and 
services that are provided by a heterogeneous set of thematic domains. A further step is that 
of matching the abovementioned resources so as to facilitate the harmonization of the 
vocabularies that independent data providers may have adopted for the annotation of 
resources.  
The overall aim of Task 1.4 therefore, is to align (ISO 25964-2:2013)3 and integrate a set of 
existing semantic resources and ad hoc vocabularies into an ontological conceptual model, 

 
3 The alignment or mapping process between semantic resources is described in the ISO 25964:2-2013. It is 
defined as follows: “process of establishing relationships between the concepts (3.17) of one vocabulary and 
those of another” (p. 7).  
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which defines the specific domain and which will facilitate information and knowledge 
generation from EO data and guarantee semantic interoperability within the GEOEssential 
Knowledge Base platform, ensuring harmonised access to the vast volume of data produced, 
turning it into usable information and knowledge.  
 

1.2 EO Platforms, Information Retrieval and Semantic 
Interoperability 
 
Earth Observation data has increased considerably over the last decades, however, access to 
this data remains difficult for end-users in most domains. Due to the fact that the nature of 
this information is heterogeneous and has different levels of granularity, researchers are 
facing many challenges in analysing all these data. As a multitude of heterogeneous data will 
be made available through the GEOEssential Knowledge Base, it is essential to ensure high 
standards of discoverability, accessibility, and interoperability.  
Among the activities that have been carried out in Task 1.4 are those that involve the semantic 
coverage analysis of the thematic vocabularies (i.e. glossaries, taxonomies, thesauri and 
ontologies), the possibility to integrate further domain specific terminology and the 
integration of both in the knowledge base infrastructure, thus improving the ability of end-
users to explore and exploit EO data.  
As suggested above, the purpose of relating independent vocabularies, in particular thesauri, 
to each other is manifold4: on the one hand, relations allow the user to navigate across 
distinct domains enabling expressive browsing functionalities; on the other hand, thesauri 
can more efficiently be used for describing and discovering data and services among different 
disciplines. In fact, relating terms from distinct thesauri creates richer structural information 
that can be used for query expansion either with terms of a single thesaurus or multiple 
thesauri (Craglia et al., 2011).  
This technique allows for narrowing or broadening the number of results returned by a query 
by referring to, respectively, more specific and more general terms in the hierarchy or by 
referring to equivalent terms (synonyms or quasi-synonyms, and exact, inexact or partial 
equivalence) either in a thesaurus or among multiple thesauri.  
The typical EO framework is based on a software platform which supports a variety of 
geographic data set types as well as tools for data management, analysis and visualisation. 
Usually, this framework does not provide any mechanism to tackle semantic heterogeneity 
issues, which arise when the content of information exchange requests is not clearly defined 
(Fugazza et al., 2010). Even when EO platforms do include a number of vocabularies, if they 
are not aligned, the retrieval of all the information regarding a certain topic will not be 
guaranteed. Suppose a user wants access to all data regarding ‘mercury’, and uses the 
chemical element symbol ‘Hg’ as the search term in the EO platform, the system returns a list 
of data sources relevant to mercury, but only if the data was indexed using the chemical 
element symbol. All data for which the descriptive keyword ‘mercury’ had been used would 
not be retrieved.  

 
4 For a discussion on the alignment of semantic resources see (Isaac et al., 2009) and (Morshed et al., 2011).  
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The alignment of distinct vocabularies therefore, allows for the discovery of resources 
without requiring the metadata used for indexing/describing their contents to be the same 
and without asking data provider to use compulsory set of predefined keywords. 
 

2 STATE OF THE ART  
 

2.1 EO Vocabularies  
 
The integration of thematic thesauri improves performance and adds coverage of the main 
thematic areas in any given domain. There are two aspects of data interoperability in the 
management of semantics-aware data structures: syntactic interoperability and semantic 
interoperability. Both aspects are required for an integrated exploitation of heterogeneous 
data. To improve syntactic interoperability, many efforts have already been made, such as 
standardization of data formats and development of XML-based data encoding rules, i.e. an 
ISO (International Organization for Standardization) standard and an OGC (Open Geospatial 
Consortium) standard (Nagai et al., 2012).  
Improvement of semantic interoperability requires better consistency among different 
ontologies, terminologies, taxonomies, and so forth. Several institutions have introduced 
efforts to propose a standard ontology and/or terminology/taxonomy related to the 
Environment domain. The SWEET (Semantic Web for Earth and Environment Terminology) 
ontologies, developed by NASA, constitute an example of such terminologies. FAO (the United 
Nations’ Food and Agriculture Organisation) has been making a similar attempt by creating 
AGROVOC, a multilingual, structured, and controlled vocabulary designed to encompass all 
subject fields in agriculture, forestry, fisheries, food, and related domains. GEMET Thesaurus, 
EARTh Thesaurus and the INSPIRE Feature Concept Dictionary and Glossary also constitute 
examples of structured thematic vocabularies in the EO domain. The Environmental 
Thesaurus Server (EnvThs)5 is an example of initiatives aimed at guaranteeing data sharing 
and exchange at an international level. EnvThs provides access to controlled vocabularies, 
taxonomies and ontologies widely used and recognized in the geoscience/environmental 
informatics community. The Simple Knowledge Organization System (SKOS), which will be 
explained in Section 3.3, is used for the representation of the controlled vocabularies 
accessed through EnvThs, while TemaTres6, an open-source, web-based thesaurus 
management package is employed and extended for working with them.  
 
SWEET Ontology7 is an example of a highly modular ontology suite which includes 6,924 
concepts (Classes, Object Property, Data Property and Individuals) in 225 separate ontologies8 
covering Earth system science. A modular ontology is defined as a set of ontology modules, 
where these modules can be integrated through various proposed formalisms (Ensan et al., 
2010). Indeed, SWEET is a mid-level ontology and consists of nine top-level concepts that can 

 
5 http://edscvs.ccny.cuny.edu/ 
6 http://www.vocabularyserver.com/ 
7 https://sweet.jpl.nasa.gov/ 
8 Numbers are accurate as of January 2018. 
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be used as a foundation for domain-specific ontologies that extend these top-level SWEET 
components. SWEET has its own domain-specific ontologies, which extend the mid-level 
ontologies. The former can provide users interested in developing a finer-grained ontological 
framework for a particular domain with a solid set of concepts to get started. 
 
The AGROVOC thesaurus is a multilingual controlled vocabulary covering all areas of interest 
of the Food and Agriculture Organization (FAO) of the United Nations, including food, 
nutrition, agriculture, fisheries, forestry, environment, etc9. It has evolved over the years and 
currently AGROVOC is an SKOS-XL concept scheme and a Linked Open Data (LOD) Dataset 
edited by VocBench, composed of over 35,000 concepts available in up to 29 languages, 
containing up to 40,000+ terms in each language. AGROVOC is aligned with 18 other 
multilingual knowledge organization systems, some are general in scope while others are 
specific to various domains, e.g. GEMET for environment. These linked resources are mostly 
available as RDF/SKOS resources. 
Besides being widely used in specialized libraries as well as digital libraries and repositories to 
index content, it is also used as a specialized tagging resource for knowledge and content 
organization by FAO and other third-party stakeholders (Caracciolo et al., 2010). 
 
GEMET GEneral Multilingual Environmental Thesaurus10, the reference vocabulary of the 
European Environment Agency (EEA) and its Network (Eionet) has been developed as an 
indexing, retrieval and control tool for the European Topic Centre on Catalogue of Data 
Sources (ETC/CDS) and the European` Environment Agency (EEA). The basic idea for the 
development of GEMET was to use the best of the presently available excellent multilingual 
thesauri, in order to save time, energy and funds. GEMET was conceived as a “general” 
thesaurus, aimed to define a common general language, a core of general terminology for the 
environment. Specific thesauri and descriptor systems (e.g. on Nature Conservation, Wastes, 
Energy, etc.) have been excluded from the first step of development of the thesaurus and 
have been considered only for their structure and upper level terminology. The merging has 
been performed both on a conceptual and formal basis. Coinciding concepts in the different 
thesauri have been identified and scored. Like in other multilingual thesauri, a neutral 
alphanumerical notation allows the identification of a concept independently of the user’s 
language. The links with the original thesauri are ensured by the respective identifiers or code 
notations. The resulting 6,562 terms have been arranged in a classification scheme made of 
3 super-groups containing a total of 30 groups plus 5 accessory groups of terms, instrumental 
to the thesaurus use11. Each descriptor has been arranged in a hierarchical structure headed 
by a Top Term. Furthermore, to allow a thematic retrieval of semantically related terms but 
scattered in different groups, a set of 40 themes12 have been agreed upon with the EEA and 
each descriptor has been assigned to as many themes as necessary. There are currently more 

 
9 http://www.fao.org/agrovoc 
10 https://www.eionet.europa.eu/gemet/en/about/ 
11 E.g. Super-group 1: Natural Environment, Anthropic environment - Groups: Environment (natural 
environment, anthropic environment), Space, Atmosphere (air, climate); Super-group 2: Human activities and 
products, Effects on the environment - Groups: Wastes, Pollutants, Pollution; Super-group 3: Social aspects, 
Environmental policy measures - Groups: Legislation, Norms, Conventions, Environmental Policy; Accessory 
Groups: General Terms, Functional Terms. 
12 E.g. air, climate, energy, environmental policy, pollution, space, water. 
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than 4,000 definitions available, which provide a useful glossary function. The themes, being 
complementary to the groups, confer a matrix structure to the thesaurus.   
 
EARTh, Environmental Application Reference Thesaurus, is one of the largest general purpose 
and structured environment terminological resources available on the Linked Open Data 
cloud (Albertoni et al., 2014). Its terminological content is derived from various multilingual 
and monolingual sources of controlled environmental terminology plus other thesauri and 
documents concerning specific sectors such as inland waters, pollution and climate change, 
environmental safety and disasters management. EARTh has refined and extended the above 
mentioned GEMET thesaurus, which is considered the de facto standard with regards to 
general-purpose thesauri for the environment in Europe. It aims at providing a bridge for the 
integration of other terminological resources dealing with the environment. It already 
includes more than 12,000 links to popular LOD datasets as AGROVOC, EUROVOC, DBPEDIA 
and UMTHES. 
EARTh is currently maintained in the context of LusTRE13, a framework developed within the 
EU project eENVplus that aims at combining existing thesauri to support the management of 
environmental resources. LusTRE considers the heterogeneity in scopes and levels of 
abstraction of environmental thesauri as an asset when managing environmental data, it 
exploits linked data best practices SKOS and RDF in order to provide a multi-thesauri solution 
for INSPIRE data themes related to the environment.   
 
The INSPIRE Feature Concept Dictionary14 (IFCD) acts as a common feature concept dictionary 
for all INSPIRE data specifications. The common feature concept dictionary contains terms 
and definitions required for specifying thematic spatial object types and it is main role is in 
particular to support the harmonisation effort and to identify conflicts between the 
specifications of the spatial object types in the different themes. The INSPIRE Glossary15 
contains general terms and definitions that specify the common terminology used in the 
INSPIRE Directive and in the INSPIRE Implementing Rules documents. The glossary supports 
the use of a consistent language in different documents when referring to the terms. 
 
Domain-specific thematic vocabularies are also emerging in order to accommodate the 
specific terminology that particular thematic sub-domains may use (e.g. EUROGEOSS Drought 
Vocabulary, the GEOSS AIP-3 Semantics and Ontology Scenario Water Ontology, the 
Australian CSIRO Spatial Information Service Stack Vocabulary, InterWATER Thesaurus). 
For data interoperability, ontological information – including terminology, taxonomy, 
thesauri, etc. – must be collected, managed, referred to and compared.  
 
As far as existing domain ontologies are concerned, the Environment Ontology (ENVO)16 is 
worth mentioning. It is a community-led, open project which seeks to provide an ontology for 
specifying a wide range of environments relevant to multiple life science disciplines and, 
through an open participation model, to accommodate the terminological requirements of 
all those needing to annotate data using ontology classes. ENVO is comprised of classes 

 
13 http://linkeddata.ge.imati.cnr.it/StartPage.jsp 
14 http://inspire.ec.europa.eu/featureconcept 
15 http://inspire.ec.europa.eu/glossary 
16 http://www.environmentontology.org 



 
 
 

11  

(terms) referring to key environment-types that may be used to facilitate the retrieval and 
integration of a broad range of biological data. In constructing ENVO, the developers 
recognized the many existing resources which address, among other entities, environment-
types and were motivated by the value of unifying such resources in a foundational, or 
building block, ontology developed within a federated framework and exclusively concerned 
with the specification of environment types, independent of any particular application. 
Classes describing natural environments currently dominate ENVO’s content as the ontology 
is geared towards use in the biological domain. Nevertheless, ENVO is suitable for the 
annotation of any record that has an environmental component.   
 
A significant semantic resource is represented by the Sustainable Development Goals 
Interface Ontology (SDGIO), developed by UNEP (United Nations Environment Program) in 
collaboration with experts in the domain of knowledge representation17. Its importance 
derives from the closeness of its aims and domain of interest in respect to the ontology we 
are developing within the GEOEssential project: the objective of SDGIO is to logically 
represent and define entities relevant for the SDGs so that their meaning could be 
unambiguously understood and interpreted by the community of experts. Some concept 
definitions are not universally accepted or are different from one context to another and this 
can compromise the quality of data and the correct measurement of progress towards the 
corresponding targets. To this end, concepts included in the ontology have been mapped to 
the corresponding terminology in resources such as the UN System Data Catalogue and the 
SDG Innovation Platform. The SDGIO “aims to provide a semantic bridge between 1) the 
Sustainable Development Goals, their targets, and indicators and 2) the large array of entities 
they refer to”18. 
The SDGIO currently includes 514 classes, 144 object properties, 27 annotation properties 
and 702 instances. Several classes are imported from other existing ontologies (e.g. ENVO, 
CHEBI, OBI, PCO) and are mapped to the concepts contained in the above mentioned GEMET 
in order to provide a more comprehensive and precise representation of the domain and to 
guarantee a major interoperability.    
  

3 METHODOLOGY 
 

3.1 Corpus-based terminology extraction 
 
Starting from the assumption that a domain of interest can be represented through a corpus 
of text documents, it can be assumed that the knowledge domain that should be encoded 
into an ontology is represented through a domain corpus, and that the evaluation should 
output some measures that express the coverage and the adequacy of the ontology with 
respect to such domain (Rospocher et al., 2012). Several studies see acquiring the terminology 

 
17 http://aims.fao.org/activity/blog/sustainable-development-goals-interface-ontology-sdgio-support-united-
nations 
18 http://www.ontobee.org/ontology/SDGIO 
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in the specific domain of interest as a useful starting point for the creation of a domain 
ontology (e.g. Liddle et al., 2003; Navigli et al., 2004; Lee et al., 2005; Wong et al., 2007). 
Methodologies similar to the one used in the present Task are presented by (Brewster et al., 
2004), in which the authors illustrate a method for evaluating an ontology by comparing it 
with a domain-specific corpus, and by (Cui 2010), who compares the coverage, semantic 
consistency, and agreement of four thematic ontologies by checking them against a corpus 
of domain literature.  
When creating a corpus, be it general-purpose or domain-specific, the documents collected 
should come from authoritative sources. For our purposes the complete corpus will consist 
of documents describing the specific knowledge fields of Essential Variables and Sustainable 
Development Goals, such as domain-specific journals and European laws19.  
Therefore, the first step will consist in terminological extraction from the current domain-
specific corpus. The final aim of the terminology extraction will be to carry out a corpus-based 
terminological evaluation of the existing vocabularies/thesauri in order to assess whether the 
latter adequately cover the terminology used in the text corpus which, when completed, will 
be representative of the domain of interest. A preliminary extraction has been undertaken 
using the T2K² (text-to-knowledge) tool (Dell’Orletta et al., 2014), specifically conceived to 
identify and extract simple and compound terms from unstructured texts. The main 
assumption on which T2K², along with most terminology extraction software, is based, is that 
the relevant concepts of a text are conveyed by the terms that will occur most frequently. 
The tool performs a linguistic analysis of the texts, the result of which consists of a 
terminological vocabulary accompanied by semantic and conceptual information about the 
terms themselves, which add to the value of the output. Indeed, in addition to the set of 
candidate terms extracted from the documents, the software provides information about 
lexical and semantic relationships that affect the linguistic units, thus defining a kind of 
domain ontology made up of clusters of terms organized in a conceptual-semantic network 
(Caruso et al., 2016). The preliminary terminology extraction was conducted on an initial text 
corpus including accepted terms and definitions related to Essential Variables and Policies 
(e.g. SDGs, AICHI, etc.)  both with and without the use of a reference corpus. Table 1 below is 
an extract of the term list obtained without the comparison of a reference corpus and sorted 
by frequency, while Table 2 illustrates the terms extracted by using a reference corpus and 
sorted by keyness. The comparison of the specialized term list with a reference corpus - 
represented by a general language corpus - allows us to compare the frequency of each term 
in the two lists. If a term is more frequent in the former than in the latter, it is likely that it is 
representative of the specific knowledge domain. Indeed, in Table 2 the list of terms is 
rearranged in such a way as to bring to the top of the list terms which are more representative 
of the domain to which the analysed texts belong.   
  

 
19 European laws and domain-specific journals are identified according to some qualitative and quantitative 
criteria: the domains considered are those related to the specific project WPs, i.e. Biodiversity and Ecosystem, 
The Food-Energy-Water Nexus, Extractive industry & light monitoring. The time-frame spans from 2016 to 2018.  
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Table 1. Term list sorted by frequency 
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Table 2. Term list sorted by keyness 

 
Having used this function, the term ‘aerosols’ for instance, undoubtedly representative of the 
domain, has gone up from position 128 in the frequency list to 35 in the keyness list. 
 
Understanding whether a given thesaurus adequately covers the domain of interest is a 
common and important issue when evaluating a terminological resource. For instance, one 
may want to understand if a publicly available thesaurus is relevant and adequate for the 
domain to be modelled, in order to consider its possible adoption.  
After having matched and evaluated the abovementioned resources’ 
semantic/terminological coverage, which will be detailed below in 3.2., terminology unique 
to the domain corpus, i.e. not present in any of the examined vocabularies, will be considered 
for inclusion in the ontology to be incorporated in the GEOEssential Knowledge Base platform.   
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3.2 Evaluation of EO vocabularies semantic coverage 
 
Alongside the corpus construction, relevant existing terminological resources related to the 
Environment were collected. 
The reference thesauri employed to date have been the following: General Multilingual 
Environmental Thesaurus (GEMET); EARTh Thesaurus; AGROVOC Thesaurus; INSPIRE Feature 
Concept Dictionary and Glossary.  
The abovementioned terminologies have been downloaded in an easily computable format 
and in the form of flat-lists in order to compare all their terms to those extracted in the 
previous phase. 
 
Around 14,000 terms have been extracted from the EARTh thesaurus (Table 3). Meta-terms 
(Accessory terms - Attributes - Dimensions - Dynamic aspects - Entities), along with Macro 
areas (Activities - Artificial entities - Biological entities - Complex systems - Composition - 
Conditions - Data - Equipment and technological systems - General terms - Immaterial entities 
- Living entities - Material Entities - Measures - Natural entities - Non-living entities - Processes 
- Properties - Social entities) have not been taken into consideration.  
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Table 3. Extract of EARTh term list 

 

An initial comparison was carried out between the EARTh term list and our specialized term 
list in order to understand if the concepts relevant to our specific purposes are present in the 
existing resource.    
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Table 4. EARTh term list comparison 

 
 

As illustrated in Table 4 above, different degrees of equivalence – which will be detailed in 
Section 3.3 – exist between concepts in both lists.   

Over 5,550 terms have been extracted from the GEMET Thesaurus (Table 5).  
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Table 5. Extract of GEMET term list 

 
Table 6 shows once again how concepts can be mapped from one resource to another.  
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Table 6. GEMET term list comparison 

 

As previously mentioned, INSPIRE includes both a Glossary and a Feature Concept Dictionary. 
Almost 200 terms have been extracted from the former and 360 from the latter (Table 7). 
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Table 7. Extract of INSPIRE term list 

 
An initial comparison between the specific term list and INSPIRE Glossary and Feature Concept 
Dictionary terminology results in very few mappings. However, INSPIRE terminology does present 
potentially interesting terms to be included in the ontological model. A subsequent step will be the 
analysis of INSPIRE Data Specification and their Technical Guidelines.  

The AGROVOC thesaurus includes approximately 45,500 terms (Table 8).  
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Table 8. Extract of AGROVOC term list 
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Table 9. AGROVOC term list comparison 

Table 9 illustrated possible alignments between our domain-specific term list and AGROVOC. 
However, what appears even more interesting is a list of missing terminology in AGROVOC, 
and not only, which is representative of the domain and will be integrated in the final common 
terminology.   

 

3.3 Thematic vocabularies alignment and integration 
 
Considering their partial semantic overlapping, some vocabularies are already mapped to 
each other in order to allow federated access to information (Table 10).  
 

 
Table 10. Existing vocabularies term list matching 
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For instance, as can be seen in Figure 3 below, GEMET is aligned with other existing 
vocabularies such as the AGROVOC, EUROVOC and UMTHES thesauri. The figure includes 
examples of different matching types: ‘refrigerant’ has an exact match with 
AGROVOC:Refrigerants, since the two concepts have a fully equivalent meaning. 
Furthermore, it has a close match with UMTHES:Kältemittel, in other words, their meaning is 
partially equivalent, and a broader match with EUROVOC:chemical product, which specifies 
that ‘refrigerant’ is a more specific concept. 
 

 
Figure 3. Thesauri matchings 

 
 
In the same way, the EARTh Thesauri is aligned with other vocabularies as illustrated in Figure 
4 below.  
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Figure 4. EARTh matchings 

 
Thanks to thesauri alignment, if, for example, a term in the EARTh thesaurus is linked with a 
term in the GEMET thesaurus, all documents indexed by the same term in the document 
repositories related to EARTh and GEMET are also potentially linked. 
 
The development of new vocabularies or the integration of new concepts and terms in the 
existing ones will depend on how well the GEOEssential domain of interest is covered - from 
a semantic perspective - by the available terminological resources. Further correspondences 
will be established starting from the terms identified in the corpus, and terms not present in 
the existing terminologies but considered relevant for the topics covered in the project will 
be integrated with the objective of defining a common and shared terminology which will be 
formalized in SKOS language. 
SKOS offers a model for semi-formally representing the structure of different kinds of KOSs 
(thesauri, classification schemes, taxonomies, and so on). It is based on Resource Description 
Framework (RDF)20 and it allows to publish vocabularies on the World Wide Web, to link 
concepts with other data on the Web and to integrate them with other concept schemes. “In 
basic SKOS, conceptual resources (concepts) can be identified with URIs, labelled with lexical 
strings in one or more natural languages, documented with various types of note, 
semantically related to each other in informal hierarchies and association networks and 
aggregated into concept schemes”21.  
The elements which can be modelled in SKOS language are the following: concepts; labels 
(Preferred Lexical Labels, Alternative Lexical Labels, Hidden Lexical Labels); semantic 
relationships (Broader/Narrower and Associative); documentary notes and concept schemes. 
Moreover, it allows to establish interlinks between two or more concept schemes by 
connecting concepts coming from each one of them. This possibility of creating a network 

 
20 https://www.w3.org/RDF/ 
21 https://www.w3.org/TR/skos-primer/#secmapping 
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between existing and/or new resources is fundamental for our purposes, in particular for 
guaranteeing information retrieval processes based on several KOSs semantically related. 
  
The mapping process consists in stating that two concepts coming from different vocabularies 
have a comparable meaning and in specifying the level of comparability. Different properties 
can be used to explicit mappings: skos:exactMatch, skos:closeMatch, skos:broadMatch, 
skos:narrowMatch and skos:relatedMatch. Semantic relationships that can be defined 
between concepts belonging to different vocabularies are the same of those that can be 
defined between terms and concepts within a vocabulary: skos:exactMatch/ skos:closeMatch 
for equivalence mappings; skos:broadMatch/skos:narrowMatch for hierarchical 
relationships; skos:relatedMatch for associative relationships.  
Table 11 illustrates some examples of matching identified between concepts coming from the 
preliminary corpus we collected and concepts coming from EARTh:  

- anthropogenic emissions: the meaning is exactly equivalent in the two term lists. This 
kind of mapping is transitive and symmetric;  

- abiotic processes and abiotic environment processes: the two concepts are partially 
equivalent but they can be used interchangeably;  

- acidification and soil acidification: the latter is more specific than the former;   
- exposure biomarkers is a complex concept given by the combination of exposure and 

biomarkers. It is absent in EARTh so it is mapped to the union of the two single terms. 
In this specific example the mapping property comes from the iso-thes schema, a SKOS 
extension based on the ISO norm 25964-2:201322; 

- abiotic reactions does not have any equivalent concepts in EARTh. If not found in the 
other explored terminologies, it will be added in the final common terminology.    

 
   

 
Table 11. Alignment and integration 

 

3.4 Design of the ontological conceptual model 
 
Ontologies, as shown in Figure 5, belong to the category of the so-called Knowledge 
Organization Systems (KOSs), items that “have been designed to support the organization of 
knowledge and information in order to make their management and retrieval easier”23. 
Because of their high level of structuring and formalism in representing knowledge, 
ontologies are both human and machine-readable and they are therefore considered as the 

 
22 SKOS does not have native elements for representing compound equivalences, groups and arrays of concepts 
and for specifying the kind of semantic relations (e.g. hierarchical relationship can be generic, partitive and 
instantiative). ISO-THES reuses SKOS and SKOS-XL and defines properties and classes able to represent thesauri 
according to the data model provided by the ISO 25964 standard. 
23 http://www.isko.org/cyclo/kos  
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main component of the Semantic Web and of several other application contexts (e.g. e-
commerce, problem solving, data integration, etc.) that require a common sharing and 
understanding of information, the reuse of the modelled knowledge and the advanced 
capability of reasoning and making assumptions by interpreting the information explicitly 
formalized in the ontology itself.  
The main concepts of the domain knowledge are represented through classes, which can be 
further subdivided into sub-classes at different hierarchical levels24. The resulting taxonomy 
is therefore based on the establishment of is-a and kind-of relationships. Other types of 
relationships between classes are explicitly expressed by means of binary object properties, 
which are defined between a source class (domain) and a target one (range) and can be 
organized in a taxonomy, while attributes are associated to classes by data properties. In 
order for an ontology to become a Knowledge Base, a set of individuals should be added: they 
represent specific instances of classes and subclasses and they inherit all the properties 
established at the class level. Inheritance is also valid when creating subclasses: they inherit 
properties defined for their superclasses, therefore it is not necessary to create properties for 
each one of them.    
It is also possible to explicitly model further information about classes, properties and 
individuals: two (or more) classes should be declared as disjoint when the individuals of a 
class cannot belong at the same time to another class (if not explicitly stated, the same 
individuals can be associated to both classes); object properties can be inverse, transitive, 
functional, symmetric, reflexive, and so on. Moreover, some restrictions can be defined about 
classes, in particular about the individuals that can belong to a specific class. Existential and 
universal restrictions are quantitative: the former “defines a class as the set of all individuals 
that are connected via a particular property to another individual which is an instance of a 
certain class” and is represented by the symbol “∃”, the latter “is used to describe a class of 
individuals for which all related individuals must be instances of a given class”25 and is 
represented by “∀”.   
 
The standard formal language used to express ontologies is the Ontology Web Language 
(OWL), developed by the World Wide Web Consortium (W3C)26. It is mainly based on RDF and 
has foundations in Description Logics, which allows programs called reasoners to check if the 
ontology is consistent.     
 

 
24 For a description of ontology structure and construction see (Noy et al., 2001; Capuano 2005).     
25 https://www.w3.org/TR/owl2-primer/ 
26 https://www.w3.org/OWL/  



 
 
 

27  

 
Figure 5. Various types of KOSs (Zeng 2008, p. 161) 

 

The ongoing definition of the ontological conceptual model refers to the description provided 
by Deliverable 1.1. Knowledge Services Architecture27 and is based on an Entity-Relationship 
database schema and on the GEOEssential Reference Table describing almost the same 
concepts and prepared by the University of Geneva (Deliverable 6.1. Description of Food-
Water-Energy EVs). The latter in order to harmonize work related to the modelling of domain 
concepts. The existing ontologies and semantic resources, described in the previous sections, 
are also being taken into consideration. The model will be refined based on the Deliverable 
2.2. EVs list.  
 
In the ontology the more abstract concepts related to our specific domain are classes while 
the more specific ones have been introduced as subclasses. The outcome is a taxonomy 
structured on different hierarchical levels, where each narrower concept is completely 
included in the broader concept and provides deeper information regarding the level 
immediately above. The main general classes and subclasses defined in the ontology are the 
following: 

- Algorithm; 
- Anatomical entity; 
- Area; 
- Dataset; 
- Ecosystem; 
- Essential Variable (physical parameter which is necessary to describe the Earth system 

status)28;   
- Essential Variable Category; 

 
27 Mazzetti P., Santoro M., Nativi S., Knowledge services architecture. GEOEssential Deliverable 1.1. 
28 Concept definitions have been taken from the Deliverable 1.1 Knowledge services architecture.  
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- Indicator (a derived parameter summarizing the status of the system under 
consideration. (Note that we use the term Indicator in a broad sense to include both 
an Indicator in strict sense – a physical parameter indicating the status of a system for 
decision-making purposes – and an Index – a figure summarizing multiple parameters 
to represent the status of a system for decision-making purposes); 

- Method of computation; 
- Model; 
- Observable (a physical parameter which can be directly observed with proper 

instruments);  
- Policy Goal (the desired outcome or what is to be achieved by implementing a policy);  
- Process; 
- Substance; 
- Target. 

 
From the analysis of the classes it can be deduced that the model is not exclusively 
GEOEssential centred: it considers concepts concerning other subdomains or concepts (e.g. 
Substance, Anatomical entity, etc.) which are specific of two other projects included in the 
ERA-PLANET program, SMURBS and iGOSP. 
The choice to develop a single general model and to specialize it by integrating a 
conceptualization of information regarding each project has been made in agreement with 
the other partners involved in the development of the KB and is oriented towards 
guaranteeing interoperability between one project and the others.  
This will allow to avoid the use of different models in the KP and to facilitate the retrieval of 
data and information from different sources.  
Figure 6 represents the taxonomy under the class Essential Variable, illustrating in particular 
the Essential Climate Variables.  
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Figure 6. Extract of ontology taxonomy 

  

Contrary to what was initially assumed, classes are not populated by Individuals (instances of 
classes) but they are enriched by subclasses which specialize the super classes. In this way 
each subclass is at the same time member of the superclass and root of another subclass. The 
result is an ontology consisting of a set of logically connected classes and subclasses and a list 
of Properties concerning the type of relationship between two or more classes.   
  
As already mentioned classes and subclasses have been related to each other through 
ObjectProperties defined according to the type of relationship it is useful to explicit. Illustrated 
below are the ObjectProperties that have been defined:  
 

- affects (domain: Substance; range Anatomical_Entity); 
- belongsTo (domain: Observable and Essential Variable; range: Essential Variable 

Category); 
- computes (domain: Method_of_Computation; range: Indicator); 
- examines (domain: Indicator_Generation_Model and EV_Generation_Model; range: 

Observable and Essential_Variable); 
- generates (domain: EV_Generation_Model and Indicator_Generation_Model; range: 

Essential_Variable and Indicator); 
- hasIndex (domain: Land_degradation; range: Observable); 
- hasTarget (domain: Policy; range: Target); 
- isTargetOf (inverse of hasTarget); 
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- isMeasuredBy (inverse of measures);  
- isAffectedBy (inverse of affects); 
- isComputedBy (inverse of computes); 
- isExaminedBy (inverse of examines); 
- isGeneretedBy (inverse of generates); 
- isIndexOf (domain: Substances; range: Process); 
- isRelatedTo (domain: Indicator; range: Indicator); 
- isUsedBy (inverse of uses); 
- measures (domain: Indicator and Sensor; range: Target and Observable) 
- uses (domain: Model and Indicator; range: Dataset, Essential_Variable, Observable 

and Indicator). 
 

 
The OWL ontology can be interactively navigated through the OntoGraph plug-in provided by 
Protégé (Figure 7)29. The graph approach permits to display the ontology as a set of nodes 
(classes and subclasses) and direction lines (Properties) which can express direct or inverse 
relationships. Each pair of Class and Properties express a Statement in the form of subject -
predicate - object expressions. For example: “Indicator 15.3.1 measures Target 15.1” and vice 
versa “Target 15.1 isMeasuredBy Indicator 15.3.1”. In this way a single statement can be 
made explicit and interlinked to other statements in order to create a rich and interconnected 
structure which unambiguously represents the conceptualization of the domain with regard 
to the specific tasks the ontology should accomplish.   
 

 
Figure 7. OntoGraph 

The ongoing construction of the ontology schema and taxonomy is being enriched by the 
inclusion - as classes, subclasses or individuals - of concepts represented by the terms 

 
29 https://protege.stanford.edu/ 
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obtained in the previous phases: both those taken from existing terminologies and those 
taken from the corpus-based terminology extraction. 
For instance, the following concepts “acid precipitation”, “artificial precipitation”, 
“atmospheric precipitation”, “chemical precipitation”, “cyclonic precipitation”, extracted 
from the analysed existing terminologies, could all be related to the main concept 
“Precipitation”, already included in the ontology taxonomy.  
 
Moreover, we are currently evaluating the potential reuse or integration of part of the SDG 
Interface Ontology for our specific aims. Figure 8 illustrates an example of an ontology import: 
the left-hand side shows the taxonomy that integrates both the abovementioned classes and 
those coming from SDGIO; the right-hand side illustrates the mapping (hasExactSynonym) 
between our concept “Precipitation” and the SDGIO concept “Precipitation process”. 
Nevertheless, compared to our ontology, SDGIO has a more general structure and a broader 
conceptual coverage, thus its adoption should be evaluated in respect to the specific aims of 
GEOEssential.  
 
 

 
Figure 8. Example of SDGIO Import 

 

3.5 Use case: Indicator 15.3.1 
 
In order to test the consistency of the ontology as compared to the GEOEssential objectives 
and to verify if the specific characteristics of its domain of interest are well represented, it has 
been necessary to identify a representative case study intended as an investigation of a real 
phenomenon that often occurs in the domain. In accordance with CNR-IIA and the University 
of Geneva, Indicator 15.3.1 “Proportion of land that is degraded over total land area” has 
been chosen, so the ontology has been tailored to the modelling of the information related 
to it. 
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This indicator represents a case study also for other experimentations within the project, 
therefore we have been able to collect a great deal of information about it and in the coming 
future it will be possible to test the ontological model in the VLab running workflows 
representative of the Land degradation domain. In order to specialize the general structure 
of the ontology so that it could represent this specific subject, we analysed different 
authoritative documents, mainly taken from the United Nations website30.  
Knowledge about Indicator 15.3.1 has been modelled in the ontology thanks to the support 
of the abovementioned partners, who provide us with specific notions, strictly related to the 
domain knowledge. Nevertheless, the correctness and the completeness of the model are not 
fully guaranteed at the moment, as further validation is being carried out by CNR-IIA. The 
involvement of experts, both from a technical and from a domain point of view, is mandatory 
for the development of such a system.  
The following images, extracted from the Protégé tool, show the information currently 
available in the model about Indicator 15.3.1:  

- it has been linked to different indicators, some of which belong to other SDGs (e.g. 
Indicator 15.3.1 isRelatedTo Indicator 6.6.1 “Change in the extent of water-related 
ecosystems over time”);  

- the corresponding Target has been specified (Indicator 15.3.1 measures Target 15.3);  
- the related sub-indicators have been listed31; 

 

 
30 https://sustainabledevelopment.un.org/sdg15.  
31 “SDG indicator 15.3.1 is a binary - degraded/not degraded - quantification based on the analysis of available 
data for three sub-indicators to be validated and reported by national authorities. The sub-indicators (Trends in 
Land Cover, Land Productivity and Carbon Stocks) were adopted by the UNCCD’s governing body in 2013 as 
part of its monitoring and evaluation approach”, Metadata 15-03-01, 
https://sustainabledevelopment.un.org/sdg15.  
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Figure 9. Indicator 15.3.2 relationships 

 
- the relationship between Indicator, Target and Goal has been formalized; 

 

 
Figure 10. SDG 



 
 
 

34  

- the datasets providing the data useful for the computation of the Indicator have been 
listed and linked to the model they are able to generate (e.g. GIMMS generates 
MOD13Q1, which is an EV generation model);  

 

 
Figure 11. Dataset 

 
- Essential Variables potentially related to the Indicator have been identified and 

organized according to the corresponding Category (e.g. Precipitation is an Essential 
Climate Variable and belongs to the Atmosphere category);  
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Figure 12. Essential Variable 

- the Indicator has been related to the method of computation generally used to 
calculate it32;  

 

 
32 “The method of computation for this indicator follows the ‘One Out, All Out’ statistical principle and is based 
on the baseline assessment and evaluation of change in the sub-indicators to determine the extent of land that is 
degraded over total land area”, Metadata 15-03-01, https://sustainabledevelopment.un.org/sdg15. 
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Figure 13. Method of computation 

 
- The Model class specifies both EV generation models and Indicator generation 

models33;  
 

 
Figure 14. EV Generation Model 

 
33 “The MOD13Q1 product provides two primary vegetation layers. The first is the Normalized Difference 
Vegetation Index (NDVI) which is referred to as the continuity index to the existing National Oceanic and 
Atmospheric Administration-Advanced Very High Resolution Radiometer (NOAA-AVHRR) derived NDVI. The 
second vegetation layer is the Enhanced Vegetation Index (EVI), which has improved sensitivity over high 
biomass regions”, https://lpdaac.usgs.gov/products/mod13q1v006/. 
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Figure 15. Indicator Generation Model 

During the following months, other case studies, suggested by the project partners, will be 
included in the ontological model. This will allow to further test our ontological model or to 
improve it if some important information is missing or is not correctly modelled. Furthermore, 
we will include the whole list of Essential Variables, defined in the Excel Sheet provided by 
the University of Geneva, in the model. 
 

4 KETs and Semantic Services in 
GEOEssential KP 
 
As stated in Deliverable 1.1. Knowledge services architecture, “the open and interoperable 
access to data and knowledge is assured by an ERA-PLANET Knowledge Platform, fully 
integrated with GEOSS, with functionalities specifically tailored to the GEOEssential 
requirements”. The users of this Knowledge Platform (KP) will be represented by both 
decision makers, who should be able to take decisions and to adopt knowledge-based 
policies, and domain experts or data providers who want to share or search for information. 
A high degree of interoperability should be guaranteed in the organization of data and 
knowledge in the KP, hence in keeping with the ERA-PLANET and GEOEssential 
interoperability principles, the objective of the present task, embedded in the Key Enabling 
Technologies (KETs), is to ensure technical and semantic interoperability to facilitate data 
discovery, access and integration. The implementation of these patterns and technologies will 
ensure a full horizontal interoperability with relevant EO initiatives and programmes (e.g. 
GEOSS, Copernicus) and especially with the other ERA-PLANET projects.  
The main advantages deriving from the implementation of semantic services are related to 
improving the information retrieval process, both for end users and for policy makers. On the 
one hand, the organization of the knowledge domain in an ontological model will allow 
advanced discovery and modelling services for answering complex queries. On the other 
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hand, the provision of a unique terminology to be used for filling in metadata and searching 
for information, will enable query expansion techniques by exploiting semantic relationships 
(i.e. equivalence and hierarchical) between terms and concepts. 
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