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SUMMARY

This study presents a landslide susceptibility assessment for the Middle Dnieper Basin using
high-resolution DEM-derived datasets and multi-temporal satellite imagery processed within
Google Earth Engine. The territory has been ranked based on the typification of geohazards,
and an analysis of the factors contributing to their formation has been conducted using remote
sensing methods and Geographic Information Systems (GIS). Key geomorphological
parameters, including slope steepness, aspect, and curvature, were combined with vegetation
health (NDVI) and soil moisture (MI) indices to identify areas prone to landslides. The
analysis revealed that steep slopes, concave curvatures, low vegetation density, and high soil
moisture significantly increase landslide risk. The impact of military activities, land use
changes, and climate variability further intensified slope instability. Automated cloud-based
processing enabled efficient data integration, multi-temporal analysis, and rapid generation of
a refined landslide susceptibility map, supporting targeted risk mitigation strategies.
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Introduction

The issue of the impact of landslide processes is actively studied by researchers from various
organizations, both scientific and commercial, within specific regions of Ukraine (Kaliukh et al.,
2024a, Kaliukh et al., 2024b; Ivanik et al, 2023a; Rudko et al., 2020; Pigulevskiy et al., 2017;
Pigulevskiy et al., 2016). As part of comprehensive landslide mitigation programs, studies on the
dynamics of landslide-prone processes are conducted, along with the monitoring and forecasting of
the geological environment under the influence of hazardous exogenous processes. Specialized
geological investigations are carried out using deterministic and stochastic mathematical modeling in
combination with Geographic Information Systems (GIS) (Ivanik 2023b; Ivanik et al., 2021;
Hadiatska, 2020). In addition, geological and geophysical methods are applied to study landslide-
prone areas, along with techniques for the interpretation of aerial and satellite imagery.

Due to the ongoing military actions in Ukraine, there is an increasing need for forecasting and
assessing the impact of geohazards of both natural and anthropogenic (military) origin. This is crucial
for preventing catastrophic consequences that may affect critical infrastructure and the ecological
condition of the Dnipro River basin. The current activation of geohazards is often influenced not only
by dominant natural and technogenic factors but also by secondary factors such as vibrations caused
by explosive events during prolonged military conflict, intensive economic activities, high-density
urban development, and global climate change, which leads to increased and uneven precipitation,
sharp temperature fluctuations, and thermal and water losses from engineering networks. Military
actions have significantly altered the geomorphology of the territory and have contributed to the
activation of hazardous exogenous geological processes, complicating prediction efforts. Therefore, it
is essential to develop new models that incorporate military factors as additional risks. Moreover,
existing geospatial databases require updates and enhancements with more accurate information
obtained through modern remote sensing technologies and field investigations.

Processing and Interpretation of Satellite Imagery for Landslide Monitoring

The landslide susceptibility assessment for the Middle Dnieper Basin was conducted using high-
resolution DEM-derived datasets and multi-temporal satellite imagery processed within the Google
Earth Engine (GEE) cloud-based platform. This approach facilitated large-scale geospatial data
handling, streamlined computational processes, and ensured reproducibility of the results.

1. Generation of Topographic Parameters. The foundation of the analysis was built upon a high-
resolution Digital Elevation Model (DEM), which served as the primary data source for deriving
topographic parameters that govern landslide dynamics. Using GEE’s built-in terrain analysis
functions, the following layers were generated: (i) Elevation Map: Extracted directly from the DEM
to represent absolute altitudes, providing baseline data for slope stability analysis; (ii) Slope Steepness
Map: Calculated using the first derivative of elevation, identifying areas with critical inclinations that
are more prone to landslides; (iii) Aspect Map: Derived to determine the orientation of slopes, which
influences microclimatic conditions, soil moisture retention, and vegetation cover—key factors in
landslide susceptibility; (iv) Curvature Map: Computed to assess concavity and convexity of the
terrain, highlighting zones of water accumulation or dispersion, which directly affect slope stability.
These topographic layers were standardized and reclassified according to their relevance to landslide
processes, enabling subsequent overlay analyses.

2. Land Cover and Vegetation Indices. To capture the influence of land cover on slope stability,
satellite imagery (Sentinel-2 MSI) was utilized to compute spectral indices that reflect vegetation
health and soil moisture conditions: (i) Normalized Difference Vegetation Index (NDVI) was derived
using the standard formula:

NDVI=NIR—RED/NIR+RED, (1)
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where NIR and RED represent the near-infrared and red bands of Sentinel-2, respectively. NDVI
values were used to assess vegetation density and health, as areas with sparse vegetation are generally
more susceptible to erosion and slope failures. (ii) Moisture Index (MI) was calculated to capture soil
and vegetation moisture levels, a critical factor in landslide initiation, particularly in clay-rich soils
prone to saturation. The MI was derived using the following equation:
MI=SWIR—NIR/SWIR+NIR, 2)

where SWIR refers to the shortwave infrared band, sensitive to moisture content. Both indices were
processed at multiple time points to account for seasonal variability in vegetation cover and soil
moisture, which can significantly influence slope stability over time.

3. Automated Processing and Cloud-Based Analysis.

All data processing workflows were automated through custom JavaScript scripts executed within the
Google Earth Engine platform. The following procedures were implemented:

e Data Preprocessing. Cloud masking using the QA60 band in Sentinel-2 imagery to ensure the
accuracy of spectral indices.

o Topographic Derivations. Automated extraction of slope, aspect, and curvature layers directly
from the DEM using GEE’s ee. Terrain functions.

o Spectral Index Computation. Batch processing of NDVI and MI across multi-temporal datasets to
analyze seasonal trends and their impact on slope stability.

o Composite Analysis. Integration of topographic parameters and spectral indices using weighted
overlay techniques, where slope steepness and curvature were given higher weights due to their direct
influence on landslide mechanics.

Results

The final output was a refined landslide susceptibility map highlighting zones of active slope
instability. Areas exhibiting high slope angles, concave curvature, low NDVI, and elevated MI were
classified as high-risk zones. Additionally, vegetation dynamics were analyzed over time to detect
areas experiencing significant deforestation or land cover changes, both of which contribute to
increased landslide risk. The use of Google Earth Engine significantly reduced processing time and
allowed for the seamless integration of large-scale geospatial data and multi-temporal analyses. This
methodology not only enhanced the precision of the landslide risk assessment but also ensured that
the process remains scalable and adaptable for other regions within the Dnieper River Basin. Through
the integration of slope, aspect, land cover, and vegetation indices, key patterns related to landslide
occurrence and risk distribution can be identified. Southwest and Northeast-facing slopes (202.5°—
247.5° and 22.5°-67.5°, respectively) show a notable concentration of registered landslides. This
suggests a relationship between slope exposure and moisture retention, as these orientations may
either favor water accumulation or rapid drying, affecting soil cohesion. Slopes with eastern and
southeastern aspects also show moderate landslide activity, which can lead to cracking of soil layers,
weakening slope stability. Land cover is a critical determinant of landslide risk, with agricultural
lands and urbanized areas exhibiting higher vulnerability due to reduced natural ground cover and
altered hydrological conditions. Flooded vegetation and water bodies along riverbanks indicate zones
susceptible to soil saturation, increasing the risk of landslide initiation, especially during periods of
high precipitation. The NDVI Map highlights vegetation health and density, which directly impacts
slope stability. Registered landslides predominantly align with areas of low NDVI, suggesting that
vegetation degradation or removal significantly increases landslide risk. Slopes ranging from 13.58°
to 46.13° (red areas) show the highest concentration of landslides. These steep terrains are naturally
prone to gravitational mass movements, especially when combined with destabilizing factors such as
water saturation or vegetation loss. Moderate slopes (8.69°-13.57°) also exhibit landslide activity,
particularly in zones with human intervention, such as agricultural or construction activities. Gentle
slopes (0°—4.7°) display minimal landslide occurrence, highlighting the direct correlation between
slope gradient and landslide frequency.
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Figure 1 Geomorphological features of Middle Dnieper region: a) Slope Map, b). Aspect Map;
¢). Normalized Difference Vegetation Index (NDVI) Map, d). Land Cover Map.

Conclusions

In this study, the landslide susceptibility assessment for the Middle Dnieper region focused
exclusively on geomorphological factors, as they have been significantly affected by ongoing military
activities. Using Weighted Overlay analysis, a comprehensive susceptibility map was developed,
highlighting key areas of instability. A clear correlation was observed between landslide occurrences
and slopes with southwest and northeast exposures, ranging from 8.69° to 46.13°. The analysis
identified zones with a high probability of landslide activity, particularly along the lower sections of
the right bank of the Dnieper River, where fractured Eocene marl deposits are prevalent. While this
study concentrated on geomorphological dynamics influenced by military actions, other critical
factors—such as specific geological, geomorphological, and hydrogeological conditions with varying
physical and mechanical properties of rocks—were extensively analyzed in the publication by
(Hadiatska, 2020).
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