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SUMMARY

Geoinformation mapping of landslide activity was conducted within Zakarpattia Oblast using the
QGIS geoinformation system. Spatial analysis enabled the identification of administrative districts
and territorial communities with elevated landslide susceptibility, the quantitative assessment of
landslide-affected areas, and the creation of thematic maps for the administrative-territorial units of
Zakarpattia Oblast, including districts and territorial communities. The results can be applied in
community territorial planning, land valuation activities, risk management, and the development of
landslide mitigation measures.
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Introduction

Landslide processes are among the most widespread forms of geodynamic activity, causing significant
annual damage to infrastructure, agriculture, and the environment. This issue becomes particularly
critical under climate change and increasing anthropogenic pressure on landscapes. Zakarpattia Oblast
is one of the most landslide-prone regions in Ukraine, highlighting the need for continuous monitoring
and the implementation of modern methods for landslide hazard analysis and prediction (Shekhunova
et al., 2022; Hadiatska et al., 2025). Approximately 40% of Zakarpattia’s territory is susceptible to
landslide formation, posing serious challenges for local communities and infrastructure (Information
Yearbook..., 2021).

The urgency of the problem is emphasized by several large-scale landslide events in 2024-2025. In
2024, two major landslides were recorded in Zakarpattia: on 26 January in Tiachiv District, covering
an area of 10.5 ha and damaging hundreds of trees, and on 12 February in Rakhiv District, within the
Yasinia Forest and Hunting Enterprise, covering 11.5 ha and destroying thousands of spruce trees. In
2025, multiple landslides occurred along key transport routes in the region: on the road between the
villages of Bohdan and Luhy (Rakhiv District), a landslide over 30 m long temporarily blocked
traffic; on the railway section Yasinia—Voronenko, passing through Rakhiv District (Zakarpattia
Oblast) and Vorokhta community (Ivano-Frankivsk Oblast), track subsidence and temporary train
stoppages were recorded. These cases demonstrate that the combination of natural geological factors
and anthropogenic pressure creates a tangible threat to infrastructure and settlements, confirming the
necessity of systematic monitoring and mapping of landslide-prone areas. Geoinformation
technologies provide new opportunities for spatial analysis and the identification of landslide-prone
zones (Kuzmenko et al., 2016). The aim of this study is to conduct thematic geoinformation mapping
based on spatial analysis of landslide processes using the QGIS geoinformation system for the
territory of Zakarpattia Oblast.

Method and Theory

The primary tool for investigating, mapping, and monitoring landslide development is geoinformation
systems (GIS), which allow the integration of spatial and attribute data, as well as the combination of
remote sensing, field surveys, and archival materials (Hadiatska et al., 2025; Ivanik et al., 2019).
High-resolution satellite imagery, drone-based aerial photography, and radar interferometry enable the
detection of even minor terrain changes. These methods are complemented by conventional geodetic
measurements and engineering-geological surveys. In this study, the QGIS geoinformation system
was used as the mapping platform. The main stages of the research included spatial analysis of
landslide activity within Zakarpattia Oblast, thematic mapping of landslide distribution by
administrative districts and territorial communities, and quantitative assessment of landslide-affected
areas of administrative-territorial units. Research methods involved geoinformation data analysis in
QGIS and visualization of results through cartograms and diagrams.

The core approach to assessing landslide-affected areas involves examining the spatial characteristics
of their occurrence while considering the controlling factors (Kuzmenko et al., 2012). For example,
GIS-based analyses in Zakarpattia Oblast allowed the identification of the most landslide-prone
districts (Shekhunova et al., 2022). Similar approaches are presented in studies by Shtohryn &
Kasiynchuk (2023) and other researchers (2024), who, using geoinformation analysis, highlighted the
natural factors influencing landslide formation in the folded Carpathian region. Contemporary
research also employs multi-criteria geospatial analysis methods to assess landslide susceptibility, as
demonstrated for Volovets District (Hadiatska et al., 2025). Additionally, spatial analyses of the
relationship between forest cover condition and landslide distribution were carried out by Chepurnyi,
Rushchak, & Chepurna (2024).

Results

Using QGIS tools, base cartographic layers were created representing landslide occurrences and the
boundaries of administrative-territorial units in Zakarpattia Oblast, including districts and territorial
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communities. Landslide occurrences were represented as point features; the corresponding layer was
developed based on data from SE “Geoinform of Ukraine” (Information Yearbook, 2021) of the State
Service of Geology and Subsoil. Cartographic layers of districts and territorial communities were
obtained from open-access sources, including the resources of the National Spatial Data Infrastructure
of Ukraine.

Based on these data, thematic cartograms were generated showing the number of landslide events
within administrative units and the proportion of area affected. The analysis revealed that the highest
number of landslides occurs in Tyachiv District, followed by Khust and Rakhiv Districts. The
anomalously high values in Tyachiv District are associated with the tectonic structure of the Solotvyn
Basin. At the community level, the highest concentration of landslides was recorded in Ust-
Chornyanska (211 landslides), Neresnytska (176), Velykobychkivska (167), Mizhirska (149), and
Solotvynska (147) communities (Fig. 1), illustrating spatial patterns of landslide distribution and area
affected.

The high susceptibility in these communities is explained by geological and geomorphological
conditions, including steep slopes of flysch formations, proximity to river valleys, and tectonic faults,
which create an unstable geological foundation. In Solotvynska community, a key factor is the
tectonically complex Solotvyn Depression with diapiric and salt structures that intensify landslide
development. Spatial contrasts between neighboring communities, where affected areas border stable
ones (e.g., Neresnytska and Bohdanska), highlight the decisive role of local geomorphological and
hydrological conditions.

These results emphasize the significant spatial differentiation of landslide processes in Zakarpattia
and demonstrate the need for multi-scale analysis. Local-level assessment is critical for identifying
risk zones, planning land use, and establishing effective monitoring systems for hazardous geological
processes in mountainous regions.
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Figure 1. Cartogram of landslide-affected areas of territorial communities in the Zakarpattia Region
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Enhanced landslide activity in Zakarpattia Oblast is observed in areas where unfavorable geological
conditions coincide with intensive anthropogenic impact. The primary geological factors include
weakly cemented and clayey flysch formations, which saturate with water during heavy precipitation,
reducing slope stability. Tectonic faults and weakened zones additionally contribute to water
accumulation and local decreases in rock strength.

Thematic maps of landslide-prone areas linked to specific territorial communities enable the planning
of priority mitigation measures. The distribution of landslide processes in the region is effectively
visualized through specialized graphs and diagrams, allowing identification of spatial patterns of
hazardous phenomena. Additionally, a heatmap of landslide occurrences was created, clearly showing
the concentration of landslide processes within specific communities, particularly Solotvynska and
Neresnytska communities.

For Tyachiv District, a terrain analysis was conducted—including absolute elevations and slope
angles—based on the FABDEM (Forest And Buildings removed Copernicus DEM) using raster
analysis in QGIS (Hawker et al., 2022; QGIS Documentation, 2024). Slopes with angles above 10°
and elevations exceeding 400 m are characterized by increased landslide activity. Using the zonal
statistics plugin in QGIS, mean terrain parameters were calculated for each territorial community.

Combined diagrams correlating slope angles with landslide counts and the proportion of affected area
reveal spatial patterns of hazardous processes. Comparative analysis of landslide activity shows
differences between absolute and relative characteristics: the highest absolute numbers occur in Ust-
Chornyanska, Neresnytska, and Solotvynska communities, while landslide density provides a more
accurate assessment of susceptibility independent of area. Maximum landslide densities are observed
in Vilkhivetska and Solotvynska communities (up to 0.9 landslides/km?) at slope angles of 10-15°.

Anthropogenic activities, including road construction and agricultural practices, exacerbate slope
instability, particularly in Solotvynska and Vilkhivetska communities. Therefore, landslide activity is
determined by the interplay of geological conditions, morphometric terrain characteristics, climatic
factors, and human impact. Understanding these factors is critical for developing monitoring systems
and effective management of landslide hazards in the region.
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Figure 2. Combined diagrams of the number of landslides (a) and landslide-affected areas of
territorial communities (b), along with average slope angles for the Tyachiv District

Conclusions
Landslide processes are hazardous geodynamic phenomena that are widespread across the Carpathian

region of Ukraine. Geoinformation-based thematic mapping serves as a key tool for studying,
monitoring, and predicting both natural and anthropogenic hazards, including landslides, due to its
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capability to integrate spatial data, analyze multifactorial influences, and dynamically update
information. Zakarpattia Oblast is among the most landslide-prone regions of Ukraine. Its geological
structure, complex terrain, seasonal precipitation patterns, and anthropogenic pressure increase the
risk of landslide activation. The primary areas of active landslide formation in Zakarpattia are Rakhiv,
Tyachiv, and Khust districts, where landslides often reach significant scales and pose threats to
settlements and infrastructure. Thematic maps and heatmaps visualize zones with the highest
concentration of landslides, particularly in mountainous and foothill areas, as well as within specific
administrative units and territorial communities. The highest concentrations of landslide occurrences
are observed in Ust-Chornyanska, Neresnytska, Solotvynska, and Vilkhivetska communities, where
landslide density reaches up to 0.9 landslides’km?, and local geomorphological and tectonic
conditions—such as the Solotvyn Depression with diapiric and salt structures—significantly intensify
landslide development. The resulting cartographic materials provide a valuable tool for local
authorities, supporting effective planning of mitigation measures, development strategy formulation,
and risk management within the region.
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