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SUMMARY

In the research, the use of remote sensing data for moisture indicators and vertical
displacements is proposed for monitoring the development of depression structures. Due to
global geodynamics, such forms can pose a danger to the operation of various engineering
facilities and public health in connection with degassing processes.

The research was carried out on depression structures stated within the Dudarkiv settlement,
Kyiv region. The initial data were the space images of the Copernicus Sentinel-1 and
Sentinel-2 missions captured in 2019. The moisture estimation was carried out by calculating
the index (NDMI). The DINSAR method determined the displacements by converting the
difference phase information between two interference SAR images.

Analysis of the image series from September to December 2009 made it possible to identify
areas of microseismic activity within the depression structures. Establishing the difference in
the degree of moistening by the value of the NDMI index showed differences compared with
buffer zones in different seasons during 2019. The average changes in the amount of
moistening are 5. 3% for large depressions and 3. 1% for shallow ones.
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Introduction

Depression forms can appear on the earth's surface at different speeds due to the global fracturing of
the earth's crust, vibration-wave genesis and degassing of the planet (Shestopalov, Bublyas, 2016;
Shestopalov et al., 2018). They can be cone-shaped, saucer-shaped, cup-shaped depressions, or
sometimes wells and funnels. They can be observed not only in natural conditions but also in
settlements with the development of economic activity. The depression structures of the annular form
of hydrogen degassing develop elevation or subsidence of the surface within their boundaries. If they
form quickly, they threaten engineering facilities and communications. With a long period of
formation, they represent no less a threat, manifested in an increased concentration of gases, flooding
or waterlogging of territories, changes in relief and engineering-geological properties of soils.

Therefore, the research aims to monitor the state of moisture and vertical displacements within the
depression structures using remote sensing data. The object of study is depression structures. The
moisture of the upper soil layers and the vertical displacement in different periods are the subject of
research. The study area is the territory within the Dudarkiv village, Kyiv region (Figure 1).
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Figure 1 Position of the depressions: 1 — alluvial deposits, lake loam and alluvial; 2 — eluvial-
deluvial-eolian deposits, sands; 3 — lake-marsh sediments, loam, silt with layers of peat (up to 3.0 m);
4 — depression structures; 5 — fault buried under the overlying deposits, secondary; 6 — line A-A for
graphs of vertical displacements, see Fig. 3; 7 — boundaries of towns; 8 — roads; 9 — hydrography
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The territory lies within the Ukrainian platform plain (B), the Loess soils Region (B-I1), the Dnipro
loess-alluvial sub-region (B-11-7) and the Moraineless Terraces Region (B-11-7-a). The absolute
elevations range from 109 to 120 m.

The depression forms are composed of Quaternary deposits of the second floodplain terrace (a’Py,),
lacustrine-marsh (IbH) and eluvial-deluvial sediments (edvP,-H), which are underlain by Paleogene
sediments of the Kyiv series (RP,kv). In the middle part of the southeastern direction, the research
territory is crossed by fault of the secondary type. The area of I-11l depressions varies from 105 to
148 km?, and a-c depressions — 0.012-0.048 km®.

Materials and methods
The degree of moisture is determined using normalized difference moisture index (NDMI), which is
used NIR and SWIRL1 bands to display it (Babichev et al., 2020; 4 database..., 2022) according to the

formula (1): s
NIR-SWIR1

NDMI = NIR+SWIR1' @
The images of the Copernicus Sentinel-2 satellite mission were used to determine the values of the
NDMI index. The satellite is equipped with an optical-electronic multispectral sensor for observing
with a resolution of 10 to 60 m in the visible, near-infrared (VNIR), and short-wave infrared (SWIR)
spectrum zones, including 13 spectral channels. Twelve images for 2019 with less than 10%
cloudiness were analyzed. Images downloaded from the EarthExplorer resource (Earth..., 2022).

Interferometric radar images (Sentinel-1 data radar systems) were used to analyze the vertical
displacement. The spatial resolution of the processed images is 13.9x13.9 m. Thirty-eight images
were used for the analysis from September 6 to December 29, 2019, from the resource Copernicus
Sentinel-1 SAR data (The Copernicus..., 2022).

Interferometric processing was performed using the multi-temporal differential radar interferometric
DInSAR technique. Two images are used to obtain a differential interferogram, one of which is the
master (before the estimated displacement), and the second is the slave (after the assumed
displacement). The map of vertical displacements was performed in three stages: correction of the
space image, construction of a differential interferogram, and formation of the displacement map.
Data processing was performed in ESA SNAP software. In addition, the Graph Builder module was
used to automate the processing.

Analysis of the geological conditions of the research area was made using a geological map (State
geological..., 2001). In addition, statistical methods, the square-wise assessment and comparison of
space images were used for data analysis (Kril, Shekhunova, 2019).

Main results

The degree of moisture is determined by the NDMI index, which can take values from -1 to +1. When
interpreting the values, a certain degree of moisture will correspond to NDMI values from -0.4 to 0.4.
This research shows the difference in the degree of moisture compared to background (buffer) values.
A buffer zone of 200 m was allocated around each depression to compare moisture values (NDMI).

The values of NDMI in depressions differ from buffers, as shown in Table 1, for representative space
images in each year's season. The average changes in the amount of moisture, expressed through the
index, are 5.3% for larger depressions and 3.1% for shallow ones.
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Table 1 Difference of mean NDMI value (A%) in depression and buffer

2019 03 02 2019 06_17 2019 11 22 2019 12 19
depression| buffer | A % |depression| buffer | A % [depression buffer | A % |depression| buffer | A %
I 0,0012|-0,1936| 9,74| 0,3766| 0,2166| 8,00 -0,0238|-0,0120| 0,59| -0,1519|-0,1497] 0,11
1 0,0853(-0,1989| 14,21| 0,3737| 0,2473| 6,32 0,0163| 0,0011) | 0,76| -0,1233|-0,1576| 1,72
11l -0,1022|-0,1578| | 2,78| 0,3788| 0,2644| 5,72| 0,0215| 0,0929| 3,57 -0,1447| 0,0468| 9,58

a -0,0314|-0,1694| 6,90| 0,2935| 0,1624| 6,55 -0,0366|-0,0307| 0,29] -0,1255|-0,1298| 0,21
-0,1073|-0,1382)| 1,55| 10,0380/ 0,1911" 7,66/ 0,0691] 0,0558| | 0,66| -0,0268|-0,0088|| 0,90
c -0,1621|-0,1744|] 0,62 0,4154| 0,2852| 6,51| -0,0310]-0,0056| 1,27| -0,1980|-0,1216| 3,82

The general view of the distribution of NDMI in the study area is shown in Figure 2 and is
characterized by a relatively uniform distribution of values. The difference in moisture is clearly
visible in selected depression forms.
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Figure 2 Distribution of NDMI index values on March 2, 2019: 1 — depression structures, 2 — buffers

The analysis of vertical displacements according to the Sentinel-1 data for 2019 is presented in the
displacement graphs along the A-A line, Figure 3.

In general, vertical displacements reflect certain seismic events at the regional level. A zone of
seismic activity can be clearly traced between depressions b and I. The largest fluctuations of vertical
displacements occur at interval I. It may indicate the presence of a zone of loosened soils and
microseismic activities. It may reflect the actual width of the fault zone according to the fault line
drawn on the map according to geological data (State geological..., 2001). The width of the site is 2.5-
3.0 km.

At the same time, the 111 depressional form is additionally associated with lake sediments extending in
the northwest direction and the tectonic zone.
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Figure 3 Vertical displacements along the A-A line (see Fig. 1) crossing the main depressions (blue
colour) for different periods

Conclusions

The paper proposes the organization of observations of the state of depression structures based on
moisture and vertical displacements using remote sensing data. The values of vertical displacements
were determined from September 6 to December 29, 2019, which made it possible to follow the
dynamics of depression forms over time. In addition, NDMI moisture analysis showed higher mean
values within depressions compared to buffer areas.
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