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1 Introduction
Many cities in Ukraine were devastated since February of 2022. The mission
of resilience of these cities calls for international collaboration, coordination,
and reconstruction, which needs the integration and management of data and
resources. Linked data technology can be used for the representation and un-
derstanding of open data from multiple sources. While there is some work [1]
about smart cities, building information modeling, and geospatial data manage-
ment, there are few studies on resilience data and knowledge management. This
thesis tries to meet such requirements by taking advantage of existing data and
knowledge management technologies about smart cities, road networks, house-
holds, infrastructure, ecosystems, resilience, etc. Our research question is: how
can we use linked data technology to enable damage reporting of infrastructure
and public facilities in Ukrainian cities?

To provide an ontology for the representation of information about city, dam-
age and resilience, we first investigate relevant existing ontologies. Existing smart
city ontologies include the KM4City [4], the Smart City Ontology 2.0 [3], the
Urban Infrastructure Ontology [6], etc. Since the invasion, some organisations
have been publishing open data. This includes a dynamic map named ‘Eyes on
Russia: The Russia-Ukraine Monitor Map’ [5]. It is crowd-sourced by the Cen-
tre for Information Resilience as part of the ‘Eyes on Russia’ project, offered
by several groups including Cen4infoRes, Bellingcat, etc. The team is devoted
to recording, archiving, investigating and providing reliable information to the
world. However, our examination shows that none of the ontologies can cover
all aspects. We propose to use an integrated ontology for the representation of
damaged areas, objects, and related information.

2 Integrating Ontologies

To best capture information about damage and resilience, we integrate ontolo-
gies of different kinds. KM4City (Knowledge Model for City) [4] is an ontology
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developed for a system for data ingestion and reconciliation of smart cities issues
such as road graph, services available on education, medical and other aspects.
Due to its quality and wide use, we consider it as a very useful ontology and
and wide use, we consider it in our studies. Urban infrastructure assets such as
roads and water pipes play an important role in the smart city system. L. Wei et
al. propose a knowledge based decision support system for urban infrastructure
inter-asset management, namely Urban Infrastructure Ontology (UIO) [6]. We
include another well-used ontology, the Smart City Ontology 2.0 (SCO2) [3]. As
for the resilience aspect, we use the Empathi ontology [2] that focuses on the
crisis management and the promotion of planning, preparation, and strategies
of crisis, which aims at gathering and organizing knowledge about emergency
management including natural disasters and anthropic events. Finally, we ex-
tend with 57 additional entities to best capture information of the live dataset
and their sources. These additional entities include violence level, source of evi-
dence (link to evidence), media link, etc. The resulting ontology consists of 12.5K
entities and 52.9K triples.

Fig. 1. A screenshot of the web app

3 Web Application

To demonstrate the use of our integrated ontology, we develop a web applica-
tion. We use the Ukrainian data set of OpenStreetMap1 for the representation
of the ‘Eyes on Russia’ project [5]. Its geospatial data in GeoJSON format was
combined with a map of Ukraine’s boarder provided by the Geofabrik2 plat-
form for visualisation. The web application is developed for the reporting and
tracking of damage and repair of households, roads, and ecosystems in urban
areas of Ukrainian cities. Each damaging event is complemented by coordinates
(longitude and latitude), title, description, city, town, etc. The dataset as well as
each data entry can be downloaded as linked data in RDF format. The ontology
and the web App are open source3. We would like to further extend it with data
about Ukraine’s social and geographical information for future use.
1 Retrieved on 26th August, 2022 from https://www.openstreetmap.org/relation
/60199.

2 Retrieved on 26th August, 2022 from https://download.geofabrik.de/europe/u
kraine.html.

3 https://github.com/OpenData4Ukraine/resilienceontology
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