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SUMMARY

The study focuses on monitoring landslide processes and changes in forest cover in the
Ukrainian Carpathians using satellite data and Google Earth Engine. Two experimental sites
were selected for analysis: one in Zakarpattia and the other in the Ivano-Frankivsk region.
Landsat 4, 5, 8, and 9 satellite images (1990-2020) were processed to assess the dynamics of
forest cover using vegetation indices. The analysis showed a significant reduction in forest
cover in both regions, particularly during the 2000—2010 period, with more intense degradation
observed in Zakarpattia. Forest recovery was most noticeable in Zakarpattia between 2010—
2015. The research also revealed a correlation between forest cover and the occurrence of
landslides. The analysis found that the majority of the registered landslides are located on
slopes where disturbances in forest cover are observed, which may indicate a connection
between forests and the activation of landslide processes. The results confirm the importance
of considering forest cover as a factor in landslide development and point to the need for further
research to clarify the relationship between changes in forest cover and landslide activation.
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Introduction

Landslide processes are widespread both globally and in Ukraine, influenced by geological structures,
geomorphological conditions, and climatic factors. In particular, significant precipitation, often observed
in the Western region of Ukraine, triggers the activation of both stabilized and non-stabilized landslides.
More than 20,000 landslides have been recorded across Ukraine, with numbers continuing to rise,
especially in the Carpathian region. Natural factors, specifically topography and climatic conditions,
combined with anthropogenic influences, promote the active development of these processes. In
recent years, there has been an increased activation of landslides, occasionally reaching catastrophic
proportions. Significant landslide activities were recorded in 1979-1980, 1998-2001, and 2008 due
to severe floods, and in subsequent years due to extreme weather conditions and irrational land use
(National Report..., 2021; Information yearbook..., 2021). In 2023-2024, unstable climatic conditions
and intense precipitation continued to provoke new landslide incidents, posing a serious threat to the
population, infrastructure, and the environment. As a result of their activation, roads, railways, and
houses are destroyed, causing damage especially to the vegetative cover, notably forest cover. The role
of forest cover in slope stability is multifaceted. On one hand, forests regulate surface runoff by
converting it into subsurface flow, accumulating and gradually releasing it, which serves as a
protective factor. On the other hand, trees significantly load the slope, which may affect its stability.
The use of satellite data and GIS technology allows for the assessment of dynamics in forest ecosystems
and the identification of critical zones.

Method and Theory

In Ukraine, monitoring of exogenous geological processes and landslides, in particular, is assigned to
the State Service of Geology and Mineral Resources of Ukraine, but the updating of the landslide
process cadastre raises questions. In recent years, efforts have been made to create a geoportal of the
unified state electronic geoinformation system, which includes a section on dangerous exogenous
geological processes. Data regarding forest resources are available on the "Forests of Ukraine"
geoportal, access to which is restricted. Therefore, the use of Earth remote sensing data for monitoring
landslide processes and the dynamics of forest cover is relevant. The Google Earth Engine (GEE)
platform, which is used for analyzing satellite data, has become particularly popular, including for
analyzing changes in forest cover. This tool has gained recognition in many scientific circles for its
ability to process large arrays of satellite data in real time. Typically, the process of establishing forest
cover dynamics using GEE included steps such as data selection and preprocessing, vegetation index
calculation, distinguishing forest and non-forest territories, and comparing data across different years
to determine deforestation, degradation, or forest recovery. Among Ukrainian scientists who have
used Google Earth Engine to analyze forest ecosystems, the work of (Chaskovskyy & Hrynyk, 2020)
is noteworthy, where changes in forest cover in the Carpathians were analyzed using satellite data.
Their research showed that the use of GEE allows for the detection of deforestation trends in
mountainous areas. Similar research for landslide processes was conducted in the study (Davybida &
Papis, 2023). The application of GIS systems for analyzing anthropogenic landscape changes was
demonstrated in the works (Trevoho et al., 2021; Trevoho et al., 2021). Geoinformation analysis of the
dynamics of forest cover and its impact on landslide development was conducted in the work
(Chepurnyi, Rushchak & Chepurna, 2024). Regional forecasting of landslide process development,
the principles of which are described in the works (Kasiyanchuk et al., 2016; Shtohryn, Kasiyanchuk
& Kuzmenko, 2020, Chepurna & Kuzmenko, 2019) includes a comprehensive assessment of spatial
and temporal factors that initiate the development of landslide processes. Among these factors is the
vegetation cover factor, which in the mentioned studies is considered in the form of a quantitative
characteristic — distance to the forest. It should also be noted that the vegetation factor is also
important in modeling mudflow processes, the development of which is closely related to landslides
(Chepurna, 2017; Chepurna, Salyha, & Chepurnyi, 2022).
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Results

As experimental sites for assessing the dynamics of forest cover in landslide-prone areas, two plots each
measuring 25%25 kilometers were selected, located in the Ukrainian Carpathians (Fig. 1). The first plot is
situated in the eastern part of the Zakarpattia region and includes settlements such as Kolochava, Ruska Mokra,
Lopukhiv, and Ust Chorna. Within its boundaries, according to the catalog of landslides by the State Enterprise
"Geoinform of Ukraine," 236 landslides have been registered, amounting to 0.38 landslides per square
kilometer. The other plot is located in the south of the Ivano-Frankivsk region, primarily within the
Verkhovyna district, encompassing major settlements such as Verkhovyna, Kryvopillya, Brustury, Verkhniy
Yaseniv, and Dovhopillya. This plot has 157 registered landslides. The most recent significant activation of
landslides in this area was observed in 2008. For the mentioned research area, the dynamics of forest cover were
calculated based on Landsat satellite data using the Google Earth Engine (GEE) platform. For these plots,
Landsat 4, 5, 8, and 9 satellite images for the period 1990-2020 were analyzed on the GEE platform. Landsat
data processing included cloud removal using QA PIXEL, recalculating pixel values into reflectance
coefficients. Forest cover determination was performed by calculating the vegetation index, which is the ratio
of the difference in near-infrared radiation, NIR (channel B5 in Landsat 8/9 or B4 in Landsat 4/5), and
shortwave infrared radiation, SWIR (channel B7 in Landsat 8/9 or B5 in Landsat 4/5), to their sum. Forest
delineation was based on a threshold vegetation index value greater than 0.6. The area of forest was
calculated in hectares. As a result, maps of forest cover change for the period 1990-2020 (Fig. 1) and
graphs of forest cover dynamics for the two research plots (Fig. 2) were obtained. As inferred from the
graphs shown in Figure 2, the plot located in Zakarpattia generally has a larger area covered with forest, and
a higher number of landslides are observed. Degradation of forest cover is noted for both plots during the
period from 2000 to 2010, with more intense degradation occurring from 2000 to 2005 in the plot located in
Zakarpattia. Additionally, more intense forest recovery is observed from 2010 to 2015 for this same plot.
In Fig. 1, maps of forest cover dynamics are overlaid with points of landslide development, which are
registered in the catalog of landslides by the State Enterprise "Geoinform of Ukraine." For each landslide
point, the condition of the vegetation cover was determined using geoinformation analysis. For the plot
located in Zakarpattia, it was established that 15 out of 236 points have no forest cover, 5 lost forest cover
from 1990 to 2000, 5 from 2000 to 2010, and 12 from 2010 to 2020. For the plot located in the Ivano-Frankivsk
region, it was established that 36 out of 157 points have no forest cover, 1 lost forest cover from 1990 to
2000, 13 from 2000 to 2010, and 3 from 2010 to 2020. To provide a more comprehensive assessment of
the forestation of landslide areas, a buffer zone with a radius of 100 meters was created for each point object,
and a spatial geoinformation analysis was conducted regarding the presence of changes in forest cover for
zones around the centroids of the landslide areas. For the plot located in the Zakarpattia region, it was determined
that 145 landslides within a 100 meter radius from the centroid have disturbances in forest cover, with 66 of
them showing no pixels with an absence of forest cover, while the other 79 landslides have pixels with an
absence of forest cover, which may indicate their location near the edge of the forest. For the plot located
in the Ivano-Frankivsk region, it was determined that 132 landslides within a 100 meter radius from the
centroid have disturbances in forest cover. Of these, only 16 landslides show no pixels with an absence
of forest cover, while 112 landslides contain such pixels, indicating their proximity to the forest edge.
Additionally, for four landslides, the forest cover is completely absent.

Conclusions

Analysis of forest cover and its changes in the context of landslide development was conducted using Landsat
satellite images (1990-2020) with the application of Google Earth Engine. The use of vegetation indices
allows for effective identification of changes in forest cover. The analysis of two experimental plots, which
are affected by the development of landslide processes, established that the plot in the Zakarpattia region
exhibits a higher level of forestation and a greater number of landslides compared to the plot in the Ivano-
Frankivsk region.
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Figure 1 Cartograms of forest cover dynamics for areas within Zakarpattia (a) and the Ivano-Frankivsk
region (b) overlaid with points of landslide occurrence.
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Figure 2 Graphs of forest cover dynamics for the research area
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The spread of forest cover influences the development of landslides, however, this influence is not predominant.
Specifically, in the Zakarpattia region, 145 out of 236 landslide areas have disturbances in forest cover, while
in the Ivano-Frankivsk region, there are 132 such landslides. These results confirm the importance of
considering forest cover as one of the factors in the development of landslide processes. Further research
should focus on clarifying the relationship between changes in forest cover and the activation of landslides,
specifically considering the comprehensive inclusion of the absolute height of the area of forest cover
disturbances and the absolute height of the landslide. Also, a priority area is the updating of monitoring data
regarding the development of landslide processes, including using satellite data.
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