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This study presents an approach to developing a geoinformation mapping system for dangerous burial
sites of animals that died from anthrax. The proposed geoinformation mapping framework is based on
a set of interconnected models of a geospatial database and a knowledge base. The approach improves
the efficiency of impact assessment by structuring various types of data, enabling their analysis and
visualization. In developing the geoinformation mapping models, a set of data and knowledge
required for assessing the risk of disease spread was identified and systematized. Geoinformation
mapping enables the creation of thematic maps that help determine the locations of previous anthrax
outbreaks, delineate risk zones for disease spread in cases of soil disturbance caused by emergencies
(such as earthquakes, floods, or shelling), support the planning of sanitary measures, and restrict
access to hazardous areas. Based on the developed models, a prototype was physically implemented
in ArcGIS Pro for a test area, and thematic maps were constructed.
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Introduction

Human economic activity is one of the key factors contributing to increased environmental impacts
and a higher risk of emergency situations. Certain objects pose particular danger due to their potential
effects on surrounding territories and populations. Among these hazardous objects are burials of
animals that died from anthrax. Anthrax spores are extremely resistant in the external environment.
Even after long periods in the soil, the pathogen only gradually loses pathogenicity; however, once it
germinates on a nutrient medium, it fully restores its pathogenic properties (Bondarenko, 2024).
According to Yanenko et al. (2013), between 1920 and 2012, 24,951 outbreaks of anthrax in animals
were recorded in Ukraine, with 22,176 unfavorable locations where the disease was documented at
least once. Thus, animal burial sites (excluding Beccari pits) pose an epidemiological threat for
decades: any disturbance of the soil cover may bring the pathogen to the surface, causing disease in
wild and domestic animals, as well as infection in humans. Although the number of anthrax cases and
infected animals in Ukraine decreased from 1994 to 2016 (Rublenko & Skrypnyk, 2016), the threat of
outbreaks persists due to the pathogen’s resilience, the large number of hazardous burial sites, and
their improper maintenance. Between 1999 and 2022, 35 cases of anthrax in humans were registered
in Ukraine (Shapoval et al., 2022).

The risk of anthrax spreading and infecting humans increases when burial sites cannot be accurately
identified — for example, due to the loss of warning signs and fences, the absence of established
boundaries, or soil displacement caused by hostilities and shelling. Monitoring and recording anthrax
cases in animals and humans in both space and time is essential to determine areas of distribution,
trace the origin, and prevent further spread of the disease. Consequently, there is a need for an
information structure capable of supporting multifactorial spatio-temporal analysis. Geoinformation
mapping can serve this purpose (Karpinsky & Lyashchenko, 2014).

Geographic information systems (GIS) are powerful tools for collecting, structuring, analyzing, and
cartographically presenting geospatial data. The potential of GIS and geospatial databases has been
demonstrated in previous studies: the use of GIS for epidemiology and animal disease surveillance in
Norway (Norstrgm, 2001); the assessment of rabies case density by animal species in Vinnytsia
region (Makovska et al., 2020); and the development of a geospatial database model for registering
and monitoring anthrax cases (Moskalenko & Ievsiukov, 2025).

The purpose of this study is to substantiate the main structural components of geoinformation
mapping in order to improve the efficiency of detecting, localizing, and assessing the impact of
hazardous burials of animals that died from anthrax.

Method

This research applied the methodology of geoinformation mapping, which involves the development
of formalized geographic and cartographic knowledge (Karpinsky & Lyashchenko, 2014). This
approach was used to collect, integrate, analyze, and visualize diverse types of information in order to
identify, register, and map areas containing dangerous burials of animals that died from anthrax.

Geoinformation mapping models of such burial sites were designed using the Unified Modeling
Language (UML). Geospatial imagery and cartographic visualization were generated and processed in
ArcGIS Pro.

Results
In processing geographic and cartographic data for the rapid creation of thematic maps, the

geoinformation mapping approach is increasingly applied. This approach ensures the integration and
comprehensive use of geospatial, temporal, and other data within GIS.
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Geoinformation mapping is implemented on the basis of a geospatial database, complemented by a
knowledge base (Karpinsky & Lyashchenko, 2014).

During the research, scientific studies on the dangers of anthrax and its pathways of spread were
analyzed (Rublenko, Skrypnyk & Machusky, 2015; Rublenko & Skrypnyk, 2016; Shapoval et al.,
2022; Bondarenko, 2024; Moskalenko & Ievsiukov, 2025). The results were structured into a
geospatial database model of dangerous animal burial sites. This model accounts not only for the
location of burials but also for the presence of terrain markings, the degree of their preservation, and
documented cases of infection among animals and humans (Fig. 1).
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Figure 1. Fragment of a conceptual model of the geospatial database for geoinformation mapping of
dangerous burials of animals that died from anthrax

The conceptual model of the geospatial database defines the overall structure, including classes, their
attributes, and the relationships between classes. Some relationships are defined as zero-to-one or
zero-to-many, which reflects the possible absence of detailed information regarding the burial’s exact
location, its visibility, or specific restrictions. The accumulation and structuring of data within the
geospatial database enable not only effective storage but also geospatial analysis to track infections in
animals and humans, record their spatial and temporal distribution, delineate outbreak zones, and plan
measures to limit the potential spread of the disease, including land-use planning. Based on this
database, cartographic representations can illustrate spatial distribution trends and potential spread
through water systems or wildlife migration.

Each task within the geoinformation mapping system of dangerous animal burials requires a specific
set of metadata and knowledge. By analyzing existing studies on the impact of such burials
(Rublenko, Skrypnyk & Machusky, 2015; Rublenko & Skrypnyk, 2016; Shapoval et al., 2022;
Bondarenko, 2024; Moskalenko & levsiukov, 2025), a structured knowledge base was developed.
This knowledge base defines tasks, methods for their implementation, and the composition and design
of the geoinformation mapping system. It ensures unification and organizes all regulatory documents
and additional factors influencing the extent of restrictions. Built upon the geospatial database
structure, the knowledge base complements it. The components of the knowledge base are illustrated
through a package diagram (Fig. 2).
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Figure 2. A generalized knowledge base model for geoinformation mapping of the dangerous burial
of animals that died from anthrax

Geoinformation mapping provides an effective tool for creating thematic maps from structured
datasets. These maps illustrate anthrax outbreak episodes both by administrative regions of Ukraine
and at the community level. They facilitate the analysis of outbreak patterns and influencing factors,
as well as the visualization of hazardous areas for grazing livestock or construction. An example of
such a thematic map is presented in Fig. 3.
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Figure 3. Cartographic representation of recorded cases of anthrax among animals from 1999 to
2022 (by data from (Shapoval et al., 2022))

Conclusions

This study demonstrates the application of geoinformation mapping to improve the efficiency
of assessing the impact of dangerous burials of animals that died from anthrax. The
developed models enable the structuring and systematization of information regarding the
presence and condition of such burials, as well as the visualization of results through thematic
maps. In the process of developing geoinformation mapping models, a set of data and
knowledge essential for territorial assessment was identified and structured.

Geoinformation mapping makes it possible to create thematic maps that help determine the
locations of past anthrax outbreaks and identify zones at risk of disease spread when soil
cover is disturbed. Such maps also support the planning of sanitary measures, the prevention
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of development in hazardous areas, and, in the case of emergencies (e.g., earthquakes, floods,
or shelling), the prompt restriction of access to dangerous sites.

Future research should focus on automating the creation of risk assessment maps and
supporting informed management decisions regarding land use and environmental protection.
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