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Over the past 25 years, the western regions of Ukraine have been affected by floods and mudflows
caused by a complex of factors, the main of which are climate change, rapid snowmelt and intense
precipitation, urbanization and deforestation. These hydrological phenomena caused significant material
damage and a threat to human life. To prevent them, the construction of hydraulic structures,
strengthening of river banks and afforestation, the creation of early warning systems and improvement
of the monitoring system were carried out.

The conducted studies show that during the period from 2015 to 2025, significant changes
occurred in the structure and condition of the soil cover on the studied slope and in the floodplain of the
Slavska River. The identified cracks and vegetation degradation can be considered as the initial phase of
the development of potentially dangerous geomorphological processes that require further monitoring.

Keywords: landslides, mudflows, floods, anthropogenic impact, engineering measures, satellite
monitoring.

Introduction

Landslides and mudflows are among the most dangerous geological processes in mountainous areas
of Ukraine. They are most pronounced in the Carpathians and adjacent foothills, where natural factors (steep
slopes, intense precipitation, tectonic features) and anthropogenic impact (deforestation, unauthorized
construction, road infrastructure) combine (Shekhunova et al.,, 2020; Rushchak and Chepurnyi, 2025;
Kasiyanchuk and Shtohryn, 2023; Hnativ, Yakhno and Hnativ, 2023). The intensification of these processes
creates significant risks for the life of the population, the condition of engineering structures and the natural
environment (Shekhunova et al., 2022; Pityulych, 2015; Angnuureng et al., 2023). Over the past two
decades, cases of intensification of landslides and the formation of mudflows have been regularly recorded
in the western regions of Ukraine. According to the State Emergency Service and the Ukrhydrometeo-
rological Center, during periods of intense rains, the water level in mountain rivers rises by 1-1.5 m, which
is accompanied by the formation of dangerous slope runoff (IFRC, 2021; State Water Agency, 2020). In
April 2025, collapses of retaining walls, dams, and local landslides were recorded in Transcarpathia, which
damaged gas pipelines and roads. Similar cases are recorded almost annually, in particular, in 2021, villages
blocked roads in the Khust district (Red Cross Climate Centre, 2024).

Climate change and the increase in the frequency of intense rainfall events, together with defo-
restation and insufficient development of drainage infrastructure, are increasing the scale and consequences
of landslides (Hnativ, Yakhno and Hnativ, 2023; Petronchenko, 2020; Red Cross Climate Centre, 2024;
Shekhunova et al., 2020). This indicates the need for a systemic approach to risk management.

At the state level, the issue of landslide hazard was raised in the “Comprehensive Program of
Landslide Prevention Measures for 2005-2014”, which provided for monitoring, slope strengthening,
construction of retaining structures and control over land use (Pityulich, 2015). However, after the
completion of the program, a new similar document of a national scale has not been officially introduced.

Currently, the main implementers of landslide prevention measures remain the State Emergency
Service, which carries out warnings to the population and responds to the consequences of natural
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phenomena, as well as local authorities, which are limited in funding. The Ministry of Community and
Territorial Development, within the framework of decentralization, integrates the issue of hazardous
geological processes into spatial planning, but this is still of a point nature (Chepurnyi, Rushchak and
Chepurna, 2024; Rushchak and Chepurnyi, 2025).

The purpose of the study is to analyze the causes of floods and mudflows in the western regions of
Ukraine over the past 25 years, determine their main consequences for the population and infrastructure, and
assess the effectiveness of implemented measures to prevent and mitigate their impact in order to increase
the region’s resilience to hydrological hazards.

Materials and methods

Floods and mudslides have been one of the main natural hazards in the western regions of Ukraine for
many years. The Carpathian regions, namely Ivano-Frankivsk, Chernivtsi, Zakarpattia, Lviv and partly
Ternopil regions, are particularly vulnerable. Over the past 25 years, natural disasters have been recorded
here repeatedly, the most large-scale of which occurred in 2008, 2010 and 2020 (State Water Agency, 2020;
IFRC, 2021). In particular, the 2020 flood is considered one of the most severe in several decades. More
than 14 thousand residential buildings were flooded, hundreds of kilometers of roads and dozens of bridges
were damaged, and thousands of people had to be evacuated (Petronchenko, 2020; Red Cross Climate
Centre, 2024). The floods of 2008, which affected the Dniester and Prut basins, had similar devastating
consequences (State Water Agency, 2020).

The causes of these disasters are related to both natural and human factors. Short-term intense
precipitation, rapid snowmelt, and geomorphological features of the Carpathians create favorable conditions
for the formation of floods and mudflows (Kasiyanchuk and Shtohryn, 2023; Rushchak and Chepurnyi I.,
2025). However, their impact is significantly increased by deforestation, chaotic land use, and floodplain
development, which reduces the natural ability of territories to retain water and restrain erosion processes
(Shekhunova et al., 2020; Shekhunova et al., 2022).

Various measures are used to reduce the damage from such phenomena in the Carpathians. One of
the main directions is engineering solutions for the construction of sediment traps, dams and barriers in
mountain streams (Petronchenko, 2020; Pityulych, 2015). They help reduce the speed and force of the
mudflow, retain rock and soil material, and protect settlements and infrastructure. In many cases, these
structures have proven their effectiveness and prevented significant destruction. At the same time, their
operation requires large financial costs and constant maintenance, and without proper care they quickly lose
their effectiveness (Chepurnyi, Rushchak and Chepurna, 2024; Froude, and Petley, 2018).

A separate direction in the fight against mudflows and floods is Nature-Based Solutions (NBS).
These are afforestation of mountain slopes, restoration of protective plantations, regeneration of floodplains
and other environmental measures that restore natural protection mechanisms (Siversko-Donetsk BUVR,
2022; Red Cross Climate Centre, 2024). Thanks to this, the soil absorbs water better, surface runoff is
reduced and erosion processes are slowed down. Unlike engineering structures, such solutions do not give
an instant effect, but provide a stable and long-term result. In addition, they bring additional benefits: they
contribute to the preservation of biodiversity, stabilize soils and improve the state of the environment in
general (Petronchenko, 2020; Rushchak and Chepurnyi 1., 2025).

The study of landslides and mudflows in the Carpathian region was based on open sources and
remote monitoring. Satellite images from Google Earth and Sentinel-2 were used for the analysis (Rushchak
and Chepurnyi I., 2025). This allowed us to trace changes in riverbeds, coastal zones, and slopes over the
past decades. Hydrometeorological data reflecting precipitation intensity, water levels, and snowmelt rate
were used to assess natural conditions. They help identify areas where mudflows and landslide activation
are most likely (Kasiyanchuk and Shtohryn, 2023; Shekhunova et al., 2020).

Results and discussion

Our analysis showed that landslides and mudflows occur regularly in the Carpathians, especially
during heavy rainfall or snowmelt. Steep slopes, areas with damaged coastal strips and areas with sparse
vegetation are most at risk. Some river floodplains have been altered by agriculture, grazing or
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development, which reduces the natural stability of soils and increases the likelihood of erosion and loss of
topsoil (Hnativ I. and Hnativ R., 2025).

The impact of landslides and mudflows on ecosystems and infrastructure is very significant. River
banks are destroyed, riverbeds change, the condition of coastal vegetation deteriorates, biodiversity
decreases, and residential buildings, roads and small engineering structures are at risk. In local communities,
this can lead to temporary loss of access to transport routes, damage to land plots and significant costs for
eliminating the consequences of destruction. Comparison of satellite images and analysis of historical data
helps to identify critical areas where the risk of further landslides and mudflows is greatest. This allows for
preventive measures to be planned and for timely responses to dangerous changes in riverbeds and slope
conditions.

In areas where natural engineering measures have been applied, noticeable positive results are
observed. Restoration of forest belts, creation of buffer zones and control of riverbeds reduce the speed of
mudflows, limit erosion and stabilize soils. Such comprehensive solutions combine natural mechanisms
with engineering protection methods and increase the resilience of ecosystems and the safety of the
population.

In addition, regular satellite monitoring and spatial analysis allow for tracking changes in river
systems in real time. This makes it possible to predict potential hazards, plan restoration of territories,
determine priorities for planting plants or strengthening banks, as well as assess the effectiveness of the
implemented measures. This approach contributes not only to the protection of infrastructure, but also to the
restoration of the natural balance in coastal and mountain ecosystems. This is especially important for
preserving biodiversity and improving the quality of water resources (Trofymchuk, Adamenko and
Trysnyuk, 2020).

In 2015, satellite images (Fig. 1) recorded the beginning of construction work at the foot of the slope
near the highway and the Slavska River bed. Large-scale clearing was carried out to develop the territory,
which included partial felling of the forest cover.

__Google Earth

Fig. 1. Construction work with clearing of forest cover in the floodplain
of the Slavska River between the villages of Volosyanka and Slavsko in 2015
(Satellite image from March 2015 using Google Earth Pro)
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By 2017, the area of felling in the above-mentioned territory had increased significantly (Fig. 2). As a
result, a significant forestless corridor was formed on the slope, which led to the loss of an important stabilizing
factor — the root system of trees. It was it that previously performed the function of natural soil reinforcement,
reducing the tendency to erosion and preventing the development of dangerous geodynamic processes.

Analysis of the 2020 images (Fig. 3) indicates the appearance of linear deformations of the slope
surface, namely cracks and local subsidence, which are interpreted as initial manifestations of landslide
processes. The presence of such morphological signs confirms the activation of landslide hazard, which may
pose a threat to transport infrastructure, hydrographic network and adjacent residential development.

Google Earth

Fig. 2. Growth of the area of felling in the territory between the villages of Volosyanka and Slavsko
in 2017 (Satellite image from August 2017 using Google Earth Pro)

GoogleEarth
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Fig. 3. Linear deformations of the studied area in 2020 (Satellite image from September 2020 using Google Earth Pro)
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Thus, the combination of anthropogenic factors (solid felling, construction works) and natural
conditions (steepness of the slope, proximity to the riverbed) significantly increased the level of landslide
hazard in the studied area.

The scientific literature and practice of natural risk management emphasize the need for a multi-level
system of landslide prevention. Short-term measures include drainage and surface water diversion,
temporary strengthening of slopes and limitation of loads in risk zones. Such solutions minimize the
likelihood of sudden landslide activation in an emergency situation.

The long-term strategy for combating landslides in the Carpathian region should be based on a
complex of engineering and nature-based measures. Among the engineering solutions, the most effective are
the construction of retaining walls, gabion structures, sediment traps and mudflow barriers in mountain
streams. An important direction is the reclamation of territories by restoring forest cover, since the root
system of trees plays the role of natural reinforcement of slopes and significantly reduces the likelihood of
their destruction.

Analysis of Sentinel-2 L2A satellite data for 2015 and 2025, performed for the territory of the foot of
the slope within the studied area, demonstrated significant changes in the state of soil and vegetation cover.
The results obtained allow us to identify the initial signs of the development of destructive
geomorphological processes that may be associated with landslide activity.

In the images of 2015, the slope surface was characterized by relative stability (Fig. 4). The
vegetation cover had a continuous structure without pronounced breaks, and spectral indices, in particular
NDVI and NDWI, indicated a sufficient level of moisture and the absence of signs of degradation. NDVI
values remained high, which confirms active vegetation, while NDWI did not record local overmoistened
zones. This indicates a balanced state of the slope ecosystem and the absence of signs of crack development
or active landslide processes (Fig. 5).

However, the analysis of images for 2025 revealed a number of changes that may indicate the
activation of geodynamic processes (Fig. 6). Linear spectral anomalies are observed within the foot of the
slope, which have the character of narrow bands with reduced reflectivity in the visible and near infrared
ranges. Such features are interpreted as soil cracks that arose as a result of stress-deformation processes in
the thickness of slope deposits.

Tt
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Fig. 4. Relative stability of the study area between the villages of Volosyanka and Slavsko in 2015
(Sentinel-2 L2A satellite image for August 2015)
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Fig. 5. NDWI vegetation cover for August 2017 between
the villages of Volosyanka and Slavsko
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Fig. 6. Sentinel-2 L2A satellite image for August 2025 between
the villages of Volosyanka and Slavsko



Impact of construction on erosion of slope areas in the slavska river basin 31

Additionally, a decrease in NDVI values was recorded, indicating degradation of vegetation cover
within the fault zone. This may be the result of disruption of the plant root system due to mechanical
changes in the soil. At the same time, a local increase in NDWI indicators was detected, which is explained
by the accumulation of moisture in newly formed cracks. The penetration of water into soil fractures creates
favorable conditions for further intensification of landslide processes, as internal friction decreases and the
mobility of the soil layer increases (Fig. 7).

2025-08-28 00:00 - 2025-08-28 23:59, Senfinel-2 L2A, NDVI

Gredit- Eurnpean Uinion, contains modified Gopamicus Sentinel data 2025

Fig. 7. NDWI vegetation cover for 08.2025 between the villages of Volosyanka and Slavsko

The results obtained confirm the high intensity of the development of exogenous processes in the
mountainous regions of Ukraine, as well as the need for further monitoring studies to identify other
potentially dangerous areas in this territory.

Conclusions

Thus, the experience of recent decades shows that effective counteraction to floods and mudflows in
the Carpathians is possible only if two approaches are combined - engineering and nature-based. Only
comprehensive risk management, which includes technical structures, ecological restoration and modern
forecasting systems, can significantly reduce the vulnerability of the region and increase the level of safety
of local communities. The results obtained confirm that significant changes have occurred in the structure
and condition of the soil cover on the studied slope during the period from 2015 to 2025. The identified
cracks and vegetation degradation can be considered as the initial phase of the development of potentially
dangerous geomorphological processes that require further monitoring and consideration in landslide hazard
forecasts.
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3a ocraHHIX 25 POKIB 3aXi/iHI perioHn YKpaiHu HEOIHOPa30BO 3a3HABAJIM ITABOJIKIB Ta CEJIEBUX IOTOKIB,
CIPUYMHEHUX KOMIUIEKCOM (DaKTopiB, cepes SIKMX IHTEHCHBHI ONajy, LIBHJAKE TaHeHHs cHiry B Kapmarax,
3MIiHH KIIiMaTy, ypOaHi3ailis Ta BUpyOyBaHHs JiciB. Lli TiIposoriyHi sBUIIAa CTBOPIOBAIU 3HAYHI MPOOIEMH IS
MICIIEBOTO HACEJICHHS Ta 1HPPACTPYKTYPH, CIIPUUMHSIOUH ITiATOIJICHHS HACEJICHHUX MyHKTIB, PyHHYBaHHS JI0OPir
i MocTiB, BTpaTy MaiiHa Ta 3arpo3y HTTIO TIOeil. IXHi HACNiIKM — BENMKi eKOHOMidHi 30MTKH, TIepeboi i3
€JIEKTPOIIOCTAYaHHsAM 1 BOJOIOCTAUaHHSIM, a TaKOXK MacoBa eBakyallis HaceseHHs. s momoiaHHS X
npo0JieM peasTi3oBaHO HU3KY 3aXOAiB: OyHiBHUIITBO 1aM0 Ta BOJO3IMBHUX CIOPYH, YKPIIUIEHHS OeperiB piuoK,
3aJIiCHEHHSI, CTBOPEHHS CHCTEM PaHHBOT'O ITONEPEKEHHS Ta YAOCKOHAIEHHS T1JJpOMETEOPOIIOTIYHOTO MOHITO-
puHry. Ha minsHkax, e 3aCTOCOBYBaIM TPUPOAO-IHKEHEPHI 3aXOIH, & CaMe BIJIHOBIICHHS JIICOBUX CMYT,
cTBOpeHHS Oy(pepHUX 30H 1 KOHTPOJIb PYCEN PiuoK, 3SMEHIIIEHO IBHKICTh CEJIEBUX IMTOTOKIB, 0OMEXKEHO epo3ito
i craOimizoBano rpyHTH. CaMe KOMIUIEKCHE TOEIHAHHS NPHPOIHHUX MEXaHI3MIB i3 1HXKEHEPHUMU METOIaMHU
3aXUCTy HaliepeKTHBHIIIE MiJBHIILYE CTIHKICTh €KOCHUCTEM 1 Oe3IeKy HaceleHHs. PerynspHuil CylyTHUKOBUI
MOHITOPHHI 1 TIPOCTOPOBUI aHaji3 3a0e3NedyloTh MOKIIMBICTH IPOTHO3YBAaTH MOTEHIINHHI HeOe3neku i
TUIAaHYBATH BiJIHOBJICHHS TEPUTOPIiH, BU3HAYATH MPIOPUTETH VISl HACAPKEHHS POCIIMH Y1 3MillHEHHs OeperiB, a
TaKOX OL[IHIOBATH €()EKTUBHICTh BIIPOBAHKEHHUX 3aXO/iB.

PesynbraTy mocnimkenb cBiayath, mo 3a 2015-2025 p. BigOymucs iCTOTHI 3MiHH Y CTPYKTYpi Ta CTaHi
IPYHTOBOTO TOKPUBY Ha JOCIIPKyBAaHOMY CXWJIi Ta B 3amiaBi piuku CraBcbka. BusBiieHi TpilluHH Ta
JIeTpa/iallif0 POCIMHHOCTI MOXKHA PO3MIZATH SIK TOYaTKOBY (ha3y PO3BHUTKY IOTEHIIHHO HeOe3NneyHnx
reoMOpQOJIOriYHUX MPOLECIB, IO MOTPEOYIOTh IMOJAIBIION0 MOHITOPHUHTY Ta BpaxyBaHHS y IPOTHO3axX
3CYBOHEOE3MEUHOCTI.

KuiouoBi ciioBa: 3cyBH, cejieBi MOTOKH, MABOJAKHU, AHTPONOreHHUIl BILIMB, iH:KeHEPHI 3aX0/1u,
CYNMYTHUKOBH A MOHITOPUHT.



