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SUMMARY 

Mudflow processes are a common natural phenomenon that pose a threat to areas with 
mountainous terrain and significant precipitation. In Ukraine, they are particularly active in 
the Carpathian region, where 70% of watersheds are prone to mudflows. In 2024, cases of 
mudslides were recorded in Transcarpathia, causing localized infrastructure damage. Climate 
change contributes to the intensification of mudflow processes by increasing precipitation 
intensity and accelerating snowmelt, thereby raising the risk of hydrological disasters. 

To analyze and predict these processes, GIS modeling methods and morphometric analysis 
are utilized. Watersheds were identified using GRASS GIS, and the obtained results were 
converted into vector layers for further analysis. For each delineated watershed, key 
morphometric characteristics were determined, including area, average elevation, minimum 
and maximum elevation points, and the average slope angle. 
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Introduction 
 
According to global statistics, mudflows are a common natural phenomenon that occur frequently 
across various continents. They are characteristic of regions with mountainous terrain, significant 
atmospheric precipitation, and active anthropogenic activities, which contribute to their occurrence 
and development (Mamadjanova et al., 2018). Scientists estimate that over 15% of the Earth's land 
surface is prone to mudflow hazards to some extent, with a significant portion of such areas in 
Ukraine concentrated in the Carpathian region (Information Yearbook…, 2021; National Report…, 
2021). 
According to data from the State Service of Geology and Subsoil of Ukraine, mudflow processes 
affect 70% of mountainous watersheds in the Carpathians (Snitynskyi et al., 2020). In Transcarpathia, 
mudflow basins cover 40% of the area, in Chernivtsi region – 15%, in Ivano-Frankivsk region – 33%, 
and in Lviv region – 8%. In Transcarpathia, 279 mudflow-prone watercourses have been recorded, 
with a total basin area of 1828.0 km². In Ivano-Frankivsk region, 270 such watercourses cover an area 
of 606.9 km², in Chernivtsi region – 70 (255.54 km²), and in Lviv region – up to 50 (305.5 km²). 
In Transcarpathia, quite significant mudflows were observed in 2024, leading to localized destruction. 
On June 11, a mudflow on the Solya–Velykyi Bereznyi railway section caused drifting and damage to 
the railway track. In July of the same year, mudflows occurred in the village of Kolochava in the 
Rakhiv district and the village of Svoboda in the Khust district, resulting in debris deposits on 
roadways and their partial destruction. As we can see, mudflows pose a significant threat to local 
communities and infrastructure, often leading to casualties, destruction of roads, railways, bridges, 
dams, residential buildings, communication lines, and power grids. Additionally, mudflows negatively 
impact the natural environment, disrupting river hydrology, silting agricultural lands, and degrading 
forest ecosystems. 
Due to climate change in recent decades, the risk of intensified mudflow activity in the Carpathians 
has increased. Rising average annual temperatures, shifting precipitation patterns, increased storm 
intensity, and accelerated snowmelt contribute to a higher risk of hydrological disasters, including 
mudflows and floods. The region has already recorded a growing number of extreme weather events, 
leading to more frequent and powerful mudflows. Particularly devastating floods occurred in 1998, 
2001, 2008, 2010, and 2020, accompanied by large-scale mudflows in the basins of Carpathian rivers. 
Mudflows are typically concentrated in specific river catchments, making the application of 
hydrological and geoinformation modeling methods to delineate watershed boundaries a highly 
relevant task (Morway et al., 2016). 
 
Method and Theory 
 
Modern geoinformation modeling and morphometric analysis methods are used to construct stream 
networks and delineate watershed boundaries (Hazir, 2022; Lindsay, Yang & Hornby, 2019). Clearly 
defining river basin boundaries is a key aspect of natural resource studies, particularly in flood risk 
assessment, water management, watershed protection, ecosystem conservation, and water resource 
planning and management (Trevoho et al., 2021). The application of GIS technologies, particularly 
the QGIS software, has introduced a new level of river network identification due to its advanced 
capabilities for processing and analyzing cartographic data (Selehieiev, Ovcharuk & Hryb, 2023). 
Watershed modeling plays a crucial role in monitoring mudflow processes. The assessment and 
forecasting of their development at the regional level take into account a complex set of factors, with 
particular importance given to tectonic-geomorphological and geological conditions, hydrological 
characteristics, modern exogenous geological processes, soil-vegetation cover, and human activities. 
Special attention should be paid to anthropogenic changes in river basins, which often lead to the 
intensified development of erosion and gravitational processes. 
Since the primary trigger of mudflows is atmospheric precipitation forming surface runoff within a 
watershed, these phenomena are analyzed in the context of watershed boundaries. As noted in studies 
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(Podholov & Chepurna, 2017; Chepurna et al., 2023; Chepurna, Salyha & Chepurnyi, 2022), the 
spatial probability of mudflow development is assessed considering river basins. 
 
Results 
 
For hydrological and morphometric modeling, the territory of eastern Transcarpathia was selected, 
where mudflow processes are present. The study covers the river basins of Tereblia, Teresva, Chorna 
Tysa, Bila Tysa, Apshytia, Tyachivets, and Shopurka. The digital elevation model FABDEM (Forest 
And Buildings removed DEM) was chosen as the basis. This DEM is based on Copernicus DEM data, 
with corrections to eliminate the influence of vegetation cover and buildings. It provides high 
accuracy and detail, making it particularly useful for hydrological modeling. FABDEM has global 
coverage with a resolution of 30 m. 
Modeling was conducted in the QGIS environment using the hydrological modules of GRASS GIS 
and SAGA GIS. Preprocessing of the DEM included corrections for depressions that could cause 
errors in surface runoff calculations, as well as smoothing minor terrain irregularities. The Flow 
Accumulation function was applied to analyze the spatial distribution of runoff, allowing the creation 
of a water accumulation map. Each pixel in this map represents the number of other pixels 
contributing to surface runoff. Watersheds were delineated using the r.watershed function (GRASS 
GIS), after which the obtained data were converted into a vector layer for further analysis. 
Watershed delineation was carried out at multiple levels. Initially, first-order basins were identified 
relative to the region’s main watercourse, the Tysa River. The obtained basins, with mapped mudflow 
centers, were overlaid on the digital elevation model (DEM) and the raster layer of watercourses 
(Figure 1). For each delineated basin, the degree of impact from mudflow processes was assessed, 
ranging from 0.1 mudflows per km² in the Bila Tysa River basin to 0.8–0.9 mudflows per km² in the 
Tyachivets and Apshytia river basins. In the largest watershed, covering an area of 1,209 km², the 
intensity of mudflow processes was 0.29 mudflows per km². 
Figure 2 provides a detailed view of the watersheds within the Teresva River basin, highlighting 
higher-order basins and mapped mudflow occurrences. The highest-order basins (elementary 
watercourses) are key to mudflow development, making it essential to determine their predicted level 
of mudflow hazard. 
Using GIS tools in QGIS, an analysis of the identified watersheds was conducted, including 
calculations of watershed areas, absolute elevation values, and average slope angles. In the Teresva 
River basin, 340 watersheds larger than 500 m² were identified. The minimum watershed area is 558 
m², the maximum is 21 km², the mean watershed area is 0.365 km², and the median is 3 km². The 
distribution of watershed areas is close to log-normal. The average absolute elevation for the 
watersheds is 720 m, with a minimum elevation of 226.8 m above sea level, a maximum of 1,465 m, 
and a median of 809.7 m. The average slope angle in the identified watersheds is 11.6°, with a 
minimum of 0.23°, a maximum of 24.36°, and a median of 13.56°. 
The use of historical precipitation data, their spatial distribution, and information on water levels and 
discharge from hydrological stations, combined with hydrological modeling methods, will enable the 
creation of predictive models of the spatial and temporal development of mudflow processes. 
 
Conclusions 
 
The proposed methodology for river basin delineation and morphometric analysis represents a modern 
technological approach to assessing the degree of mudflow hazard in a given area. The use of the 
FABDEM digital elevation model, combined with powerful hydrological modeling tools in QGIS, 
specifically the GRASS GIS and SAGA GIS modules, ensures high spatial analysis accuracy. 
Integrating a large volume of data—including topographic parameters, atmospheric precipitation, and 
hydrological characteristics—enables the development of reliable predictive models for the spatial 
and temporal evolution of mudflow processes. 
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Figure 1 Cartogram of the delineated river basins within the eastern part of Transcarpathia and the 
Teresva River basin based on geoinformation modeling using a digital elevation model (DEM). 
 
The methodology demonstrates a correlation between watershed morphometric characteristics and the 
frequency of mudflow occurrences, opening new possibilities for early warning and risk management. 
This approach represents a technologically advanced solution that allows not only for analyzing the 
current state but also for developing effective strategies to mitigate threats. A critical task remains the 
practical implementation of these methods in natural hazard management, including the establishment 
of early warning systems, enhanced regulation of economic activities in mountainous regions, and the 
improvement of engineering protective structures. 
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The comprehensive application of modern GIS technologies, in combination with engineering 
solutions, is key to protecting local populations and ecosystems in the Carpathian region from the 
destructive consequences of mudflow processes. 
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