
Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

15–18 November 2022, Kyiv, Ukraine 

 

Mon22-246 

Surface dynamics assessment as a landslide hazard factor by 

remote sensing data 

T. Kril (Institute of Geological Sciences of the NAS of Ukraine), *T. Orlenko (State Institution 

"Scientific Centre for Aerospace Research of the Earth of the Institute of Geological Sciences of the 

NAS of Ukraine")   

SUMMARY 

This research is aimed to propose an algorithm for landslide hazard monitoring organize. 

Modern radar materials of space surveys are unique data on detecting geodynamic processes 

proceeding of the reservoir coast. Remote sensing and geological data are integrated into 

geoinformation systems to facilitate analysis and interpretation. Remotely sensed data 

obtained during the period 2017-2021 and data on the geological study of the territory were 

used in this research. Data was processed in SNAP using D-InSAR techniques. The analysis 

of processed data was performed by means of GIS. The algorithm was tested on the slope of 

the right bank of the Kaniv Reservoir from Ukrainka to Khodoriv. It is characterized by a 

significant development of erosion processes and quantitative manifestations of landslide 

processes during the last century. The study area is divided into types by geological structure 

and subtypes by morphometric features. It was established that on the slope areas of the II 

type, with the absence of brown and variegated clays, the subsidence of the surface has a 

significant manifestation in comparison with the I type. During the five-year study, the 

tendency to subsidence of the reservoir banks is traced according to the data of space images.  
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Introduction 

 

The landslide process, which has a significant development within the natural and artificial system 

"slope-reservoir", brings significant losses and determines a number of national economic problems. 

Subsidence is widely reported as an essential characteristic of the recently stabilized bank of the 

reservoir and is substantial for engineering object safety challenges. The development of up-to-date 

Earth remote sensing systems and space technologies, in general, allows passing to a new level of 

monitoring and forecasting of landslide hazards. Therefore, the risk of landslides is an important 

component of the environmental and man-made safety of the territory at the regional and local levels. 

 

Landslides are widely reported as an essential characteristic of the deformation recently stabilized 

bank of the reservoir and are substantial for engineering object safety challenges. The development of 

modern methods of remote sensing of the Earth and space technologies, in general, allows passing to 

a new level of monitoring and forecasting of landslide hazards. 

 

Our research aims to develop an algorithm for forecasting the occurrence of new or activated 

stabilized landslides using remote sensing methods. It is achieved based on complex studies of the 

geological conditions of the territory, weather factors and anthropogenic influence. 

  

The study area is located on the right bank of the Kaniv reservoir from Ukrainka to Khodoriv. It is 

located in the region of the eastern submergence of the Ukrainian Shield, where it junctions with the 

Dnieper-Donetsk depression. On the territory of the study, the landslide process, which has a 

significant development within the natural and artificial system "slope-reservoir", brings significant 

losses and determines the number of national economic problems.  

 

Long-term observations of the dynamics of landslides on the banks of the Kaniv Reservoir allowed us 

to identify some regularities. First, scientists recorded landslide processes' maximum activity level for 

the reservoir's first ten years of operation. Today, the intensity of landslide processes within Kaniv 

reservoirs was not recorded, which is connected with the stabilization of the process of reclamation of 

the banks.  

  

Ukraine is characterized by various natural, climatic, and geological conditions, which determine a 

wide range of exogenous geological processes. There is a lack of appropriate engineering and 

environmental measures to develop the territorial perception of active land usage in the settlements. 

Therefore, it threatens the safety of population life, infrastructure, and the territory as a whole. 

However, the current weather changes provoke increased precipitation in the study area, which is the 

reason for the future intensification of landslides. 

 

Methods 

 

Modern methods of erosion process dynamics studying are based on the use of remote sensing data 

and computer data processing facilities, which makes it possible to ensure the high accuracy of 

research inherent in ground-based methods. For example, in previous works, we investigated the 

feasibility of using the technique of satellite differential radar interferometry (Stankevich et al., 2020), 

which detects small land surface movements with high accuracy, for the Kaniv Reservoir and other 

areas (Piestova et al., 2020; Kril, Shekhunova, 2019). The studies of landslide hazards of lands using 

radar satellite interferometry are considered. Differential SAR interferometry (D-InSAR) techniques 

(Meisina, 2007) were applied to two sequences of Sentinel 1A (C-band, Level 1) synthetic aperture 

radar (SAR) images to map the rate of land subsidence for the right bank of the Kaniv reservoir for 

five years (March 2017 to March 2021) are given in Table 1. The five radar satellite images were 

processed in pairs. 
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Table 1 Main characteristics of the selected Sentinel-1A scene 
Data Class Pass direction Polarisation Orbit  

26.03.2017 S1A_IW_SLC__1SDV_20170326T041128_20

170326T041155_015858_01A218_5F53 

Descending VV+VH 36 

21.03.2018 S1A_IW_SLC__1SDV_20180321T041150_20

180321T041217_021108_024448_E84B 

Descending VV+VH 36 

16.03.2019 S1A_IW_SLC__1SDV_20190316T041157_20

190316T041224_026358_02F2BA_2EA2 

Descending VV+VH 36 

28.03.2020 S1B_IW_SLC__1SDV_20200328T041116_20

200328T041150_020887_0279BE_DCC4 

Descending VV+VH 36 

29.03.2021 S1A_IW_SLC__1SDV_20210329T041209_20

210329T041236_037208_0461C8_AD2D 

Descending VV+VH 36 

 

The images were downloaded for investigation territory from the Alaska Satellite Facility website 

(https://asf.alaska.edu) in the Single Look Complex (SLC) format. Satellite images were acquired in 

IW TOPS with a 250 km swath width and VV polarization. SNAP (Sentinel Application Platform) 

software was used to perform necessary processing steps to obtain accurate displacement 

measurements over reclaimed land. Using the D-InSAR technique can measure deformation changes 

in cm per investigation period. 

 

After obtaining the vertical component of the deformation rates, the constructed isolines of relief were 

overlaid using GIS capabilities. The contour map made it possible to distinguish plateau sections and 

slopes. Tilt angles were calculated using the Aspect, GIS toolbox. To improve accuracy were 

performed filtering of incoherent symbols and pixels with a large amount of vegetation and estimating 

the maximum observed deformation for each of these elements.  

 

The filtering procedure is performed in the SNAP application. In such a way, we could provide 

subsidence information over the reservoir bank and on individual landslide areas. No significant 

spatial deformation signal is present in the results. However, remaining deviations correlated over 

longer spatial wavelengths, and reaching velocities low values, might result from residual atmospheric 

perturbations, especially the turbulent tropospheric ones not accounted for throughout processing. 

 

A geological map engineer geological cross-section (Galaka et al., 1950; Palienko, 2005) was used to 

analyze the geological conditions. Within the territory of the reservoir, the study sites were selected 

with various geological conditions that can affect landslide activation. 

 

Results 

The research territory stretches from Ukrainka to Khodoriv and is characterized by a significant 

development of erosion processes. Elevation marks vary from 98-120 m in the lowlands of the ravines 

and up to 175-195 m in the flat areas. The slope angles of the ravines vary by 3-15 degrees, calculated 

according to the map of aspects based on operating data in SNAP. Significant elevation variations 

cause geometric distortions and stratified tropospheric phase contributions, which are correlated with 

height and thus correlated spatially and temporally. Сhoosing the complex land shall provide more 

realistic coverage and overall performance of the D-InSAR technique for monitoring landslide 

hazards. In the study region, according to the features of the slope geological structure, areas with two 

types of geological structure are distinguished: 

 

I type: a complete geological system and an incomplete one. In the first case, the geological section is 

represented by forest-like loams of Quaternary age, Neogene-Lower Quaternary brown and red-brown 

clays, variegated clays of the Neogene, sands of the Novo Petrovskaya suite of the Neogene, 

Berekskaya and Mezhigorskaya formation, silts of the Obukhovsky suite and clays. Moreover, the 

marl stratum's increased hypsometric position (Bespalova, 2003). The shear process is widely 
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developed and is represented by several types of predominantly cirque-shaped structural 

displacements of extrusion in the upper part of the slope, turning into plastic ones. 

II type: deposits of brown and variegated clays and sands of the Neogene-Paleogene age are observed 

to fall out of the section. As well as a nominal thickness of the forest layer, less than 10.5 m, frontal 

landslides are formed with a slip plane in the lower part of the slope, along clay silts of the Obukhov 

Formation. 

 

One of the obtained subsidences over the reservoir bank and on individual landslide areas is presented 

in Figure 1 for a more extended period. 

 

 

Figure 1 Subsidence over the right bank of the Kaniv reservoir from March 2017 to March 2021  

For the analysis of vertical displacements, 3 km wide strips were selected along the reservoir, which 

has significant differences in the geological structure. They were divided into sloping areas and flat 

areas. Table 2 summarizes the mean values of displacements in the investigated time intervals. 

 

Table 2 Subsidence (m) of surface for two types of geological conditions for different time periods 

Type I type II type 

Subtype Slope Plane Slope Plane 

March 2017-2018 0,125876 3,621638 -0,020726 4,197977 
March 2017-2019 0,125896 3,585286 -0,021458 4,001559 
March 2017-2020 0,114894 3,514569 -0,020896 4,078458 
March 2017-2021 0,115958 3,526879 -0,020001 4,089766 

 

Values with a plus sign indicate stabilization of the surface, and values with a negative sign indicate 

lowering of the territory. 
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The coastal area of the reservoir was divided into two types according to the nature of Quaternary 

deposits and landslide processes. Flat sections of slopes and plateaus are highlighted in each section. 

Sentinel-1 deformation rate maps over March 2017 – April 2021 for descending acquisition 

geometries. According to the features of the geological structure of the slope first type and the second 

type of geological systems do not have large-scale changes on the plane areas. However, on the slope 

areas, first and second-type geological structures of the slope demonstrated that minimum and 

maximum values fixed some exogenous geological processes that correlated with the geological data 

of the interest area. 

 

Conclusion 

 

To conclude, our research suggests that the geoinformation systems ensure the system's functioning of 

monitoring the landslide. The analysis uses data from space photography in the period 2017-2021 and 

data on the geological study of the territory. The algorithm was tested on the slope of the right bank of 

the Kaniv Reservoir from Ukrainka to Khodoriv. It is characterized by an effective dismemberment of 

the relief and quantitative manifestations of landslide processes during the last century. When 

analyzing the subsidence, the difference in the geological structure and the presence of sloping areas 

and plateaus are considered. The weather conditions of the research area, namely the increase in 

precipitation of more than 615 mm per year for Ukrainka, increase the intensification of landslide 

processes. The research area is divided into types by geological structure and subtypes by 

morphometric features. It was established that on the slope areas of the II type, with the absence of 

brown and variegated clays, the surface subsidence has a significant manifestation compared with the 

I type. During the five-year study, the tendency to subsidence of the reservoir banks is traced 

according to the data of space images. 
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