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Abstract. Question answering in Geohumanities within the Semantic
Web is a broad re-search field. This work incorporates the investigation,
use and extension of existing patterns and ontologies having a space and
time dimension to combine historical Linked Places and Linked Traces
data. Linked Traces are way to collect historical events and places in a
so-called trace, in order to describe events that consist of several sin-
gle places/events – e.g., the expeditions of Charles Darwin. The paper
deals with the integration of Linked Data repositories like World Histor-
ical Gazetteer for trace data. By linking different historical data sources
new historical findings can be inferred. That can be managed by creat-
ing a Knowledge Graph, a semantically enriched contextual triplestore,
which functions as a basis for e.g., Geographic Question Answering. The
data-driven method of creating a Knowledge Graph can be realized by
combining ontologies and data sources of interest. The resulting spatial
Linked Data approach is tested and evaluated with regard to geoseman-
tic capabilities in form of a Knowledge Graph investigation. To follow
the motivation of “linking” a SPARQL Endpoint is used to show a stan-
dardized proof-of-concept implementation.

Keywords: Semantic Web · Linked Data · Knowledge Graph · Trace
Data.
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1 Introduction

As [1] highlighted, “The Semantic Web isn’t just about putting data on the
web”. It is about making the web grow to a single global data space on the
basis of a formalized knowledge representation. Therefore, data is structured as
objects or entities and stored within tree or graph structures to make it linkable
and easy to access. One example of such data linking, including also spatio-
temporal data, is described by [19]. The approach focuses on utilizing existing
dialect data and publishing it by using a virtual Resource Description Frame-
work (RDF) graph. The Linked Open Data Cloud already includes data in form
of Knowledge Graphs (KG) like DBpedia [3] and thus makes data available as
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structured knowledge bases consisting of data triples (subject, predicate, object).
By combining Linked Data and Geoinformation a geospatially enriched Semantic
Web comes into existence [5, 10]. Basically, a KG is a combination of ontologies
and data. Thus, for Geographic Question Answering semantically enriched con-
textual data are required [12]. Within this work especially the Linked Pasts
Ontology [11] is used as basis to create a Geographic KG (GeoKG) for historical
events and traces. The research question of addressed here is as follows: ”Which
extensions to the Linked Pasts Ontology are necessary to integrate the Linked
Pasts Ontology, Linked Place and Linked Traces format into a single GeoKG sup-
porting historic trace data.”. The challenge is to support the Linked Places and
Linked Traces format [9, 7] within the GeoKG approach, while reusing existing
patterns and ontologies. Additional objectives are to evaluate the geosemantic
capabilities by investigating the GeoKG and to perform spatio-temporal queries
to demonstrate the usability of the GeoKG with respect to question answering
in the Geohumanities. To evaluate the approach a test data set is developed and
published with a standardized GeoSPARQL Endpoint.

2 Background

The Linked Pasts Ontology is based on given standards like the Comité inter-
national pour la documentation (CIDOC) Conceptual Reference Model (CRM)
ontology [4] and lawdi/LAWD [2]. The Linked Places format was defined by
Grossner et al. [7]. A detailed description of the format and sample datasets are
available on GitHub. The goal behind the Linked Places format is to link different
gazetteers in a uniform way and include just enough metadata to support the re-
quirements to search across different gazetteers, find enough information to iden-
tify and disambiguate places and annotate data with stable Uniform Resource
Identifiers (URI). The Linked Places format supports the Pelagios Gazetteer In-
terconnection Format (PGIF) which itself serves as a template for contributions
for Pelagios [16] and World-Historical Gazetteer [23]. The Linked Places syntax
is primarily based on JavaScript Object Notation for Linked Data (JSON-LD).
That incluedes RDF as well as Extensible Markup Language (XML), Turtle etc.
and JavaScript Object Notation (JSON) valid frameworks, languages, and for-
mats. It also includes the GeoJSON format, which is necessary for spatial data.
In fact, the GeoJSON-T format is implemented, which extends GeoJSON and
standardizes the representation of temporal attributes. Linked Traces are a con-
tinuation of the Linked Places model. It is a W3C Web Annotations format and
a proposal for a set of patterns for use by historical researchers and systems –
and aims at describing overarching events (e.g., the expeditions of Charles Dar-
win) with linked fine-grained events and/or places. The Linked Places format is
annotating web resources with identifiers for places relevant to the phenomena
they describe. That might be historical entities like artifacts, events, people or
works. World Historical Gazetteer intends to develop the format further and uses
already example traces within the platform [7].
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3 The Linked Traces Knowledge Graph Approach

According to literature, KGs are usually created by starting with the data basis
and defining requirements for the questioning. Because of the requirement to
integrate Linked Places and Traces formats in form of sample data, we follow
existing methods. During the process of preparing, integrating, and mapping the
data, the limits of the ontology are surfacing. Hence, we choose to create the
GeoKG within GraphDB [14] by mapping the data and extend the Linked Pasts
Ontology as needed. The main steps of this data-driven approach are described
in the following sections.

3.1 Steps to Build the Geo-Knowledge Graph

Geo-Knowledge Graph Requirements. The requirements are mostly de-
fined within the research objectives. The GeoKG builds upon the Linked Pasts
Ontology and include the Linked Places and Linked Traces format. Further the
GeoKG should be linkable and usable to query spatio-temporal data concern-
ing historic events. These requirements are handled by integrating the available
Linked Pasts Ontology, and spatio-temporal test datasets of places and traces.

Test Data and Data Pre-Processing. The focus of this work is on the in-
tegration of datasets published in the Linked Places and Linked Traces format.
Thus, the basis for the GeoKG is the available sample datasets on GitHub gen-
erated by Grossner et al. [8]. The Linked Places datasets originate from differ-
ent data sources themselves, like WHGazetteer, ToposText and Historical Geo-
graphic Information System (HGIS) de las Indias [23, 21, 20]. Auxiliary datasets
can be considered as suitable if they are linkable to the given places and traces.
Thus, GeoNames [6] and Natural Earth [13] countries, plus Art & Architecture
Thesaurus (AAT) feature types [18] are additionally included in order to merge
different data sources within a GeoKG - which in turn is utilized for spatial
queries. The GeoSPARQL plugin of GraphDB supports two geometry formats,
GML and WKT, thus, data sources with geometries need to be adapted where
appropriate before the data integration.

Extending the Linked Pasts Ontology. Basically, to harmonize the data,
a semantic data model has to be created by analyzing different data schemata.
In this case the given Linked Pasts Ontology is reused, and formalized by using
standards like RDF Schema and OWL. Fig. 1 depicts the latest Linked Pasts
Ontology as a visual graph. Within the Linked Pasts Ontology, a place is defined
as “Attestation” and traces are not yet included. Thus, the classes “Place” and
“Trace” are added. By taking a closer look at the trace data, the need of adding
an “Event” class needs to represent the relation between places and traces. An
event could also be handled as “historical entity” of type “event” in the case of
further development. That would give the opportunity to define more types like
“artifact”, “person” or “work”. For now, the defined event class is a transitional
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solution to show the relation between traces and places. We are aware of the fact
that an event ontology exists [22], which is planned to be integrated later. As of
now we tested the capabilities to related traces and places accordingly.

Fig. 1. Linked Pasts Ontology represented as visual graph in GraphDB. Most elements
are already reused from existing ontologies - e.g. ”when” is part of the Linked Pasts
Ontology, taken from OWL’s Time Ontology.

Data Integration and Data Mapping. For data integration and mapping
GraphDB was used. The Linked Pasts Ontology and the Linked Traces extension
are both integrated in the GraphDB repository as Turtle files. The OntoRefine
tool is employed to import and map the CSV and JSON-LD test datasets. To
generate RDF triples out of JSON sources the starting point is the root of the
JSON object. The root is treated as the triple subject, the field names are the
according predicates, and the values are the objects. If the value holds a JSON
object, the according field name is a new starting point and thus a new subject.
Thus, also lists or arrays can be mapped accordingly.

Merging the Graphs. The GeoKG subjects, but also objects and predicates,
can be seen as “links”. This means that e.g. a place identifier can function as a
subject leading to objects, but a place identifier could also be an object of e.g.
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an event that happened at a certain place. Those GeoKG “links” are used to
merge different data sources, which are stored as separated graphs in GraphDB.
In the case of Linked Places, the identifiers are URIs leading to e.g. the related
place description.

Knowledge Graph Investigation. With the merged GeoKG, data can be
queried with respect to spatio-temporal competency questions. One example
competency question is: ”To ask for a given trace and find all related events
at certain places with their start and end time, ordered by time to show the
historical process”. Therefore, the GraphDB Query tool is used.

3.2 GeoSPARQL Endpoint

An important step to follow the Linked Data principles [1] is to publish the
GeoKG in a standardized way, make it available and linkable. In order to test
the compatibility and performance [17] with at least one other GeoSPARQL
endpoint than GraphDB, we export the data as RDF-XML file and import it
into Virtuoso Web Application Server [15]. For now, the GeoSPARQL Endpoint
runs locally and queries are executed on a named graph IRI.

4 Results and Outlook

The paper presented intial results, highlighting extensions to the Linked Pasts
Ontology that are necessary to integrate the Linked Pasts Ontology, Linked
Place and Linked Traces format into a single GeoKG supporting historic trace
data. With the Linked Pasts Ontology as a basis, which already includes the
CIDOC CRM and lawdi/LAWD ontologies, we extended the Linked Pasts with
several classes plus relevant object properties. The extension of the Linked Pasts
Ontology created within this work is kind of a ”workaround” to make the data
mapping of the given “trace data” possible. One suggestion to adapt the Linked
Pasts Ontology is to define a trace of events, which are at a certain place. This
solution needs an additional event identifier or in general, the definition of a
historical entity of type “event” - which could be based on the simple event
ontology [22]. In addition, a “Place” is corresponding with “Attestation”. One
place could hold for instance more than one event taking place at different time
like shown in Fig. 2. The place “Babylon” is part of five different events concern-
ing three traces. Without the extension of the Linked Pasts Ontology described
in this paper, such a representation would not be possible. The GeoKG approach
indicates that the Linked Places format holds enough linkable object values to
integrate it into a GeoKG. By taking a look at the geosemantic capabilities,
the given Linked Places format is providing possibilities to include all kinds of
descriptions and links, and also different geometry types and formats. Thus, in
terms of geosemantics, places are basically well describable and can be enriched
with context as needed. Also, in terms of time relevant changes of e.g. places,
events, names, the format offers lots of possibilities to describe the process. In
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contrast, the Linked Traces format needs further adaption to satisfy the overall
requirements, e.g., by defining historical entities and their types.

A future research task include the integration of entire project data sets
concerning historical events - and to publish them as GeoKG for the scientific
community. The shown approach indicates that such a step would be worthwhile
in order to gain and share further knowledge in the field of Geohumanities. In
addition, the integration and utilization of relevant ontologies and ontology de-
sign patterns - like e.g. the simple event ontology [22] - are of particular interest.
Additionally, we strive to critically evaluate the approach with a more struc-
tured approach - e.g. a defined set of competency questions - that could be
defined together colleagues from the Humanities. From a GIScience perspective,
the integration and definition of ”places” and their spatio-temporal definition
especially the context of historical places could be of interest for the GIScience
and the Geohumanities community as well.

Fig. 2. Events (blue) of certain traces (red) taking place at “Babylon” represented as
visual graph in GraphDB.
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