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In the article, the authors analyzed the dynamics of the water surface area of the Khanzhonkiv,
Volyntsivske, and Vuhlehirske reservoirs in the Donetsk region using Sentinel-2 satellite imagery and
geospatial analysis in Google Earth Engine (GEE). The dataset includes 28 Sentinel-2 images for
Khanzhonkiv, 45 for Volyntsivske, and 31 for Vuhlehirske Reservoir, covering the period 2019-2025.
The Normalized Difference Water Index (NDWI) was calculated to generate water surface masks
with a spatial resolution of 10 m. For each date within the study period, the water surface area of the
reservoirs (in hectares) was determined and visualized graphically. The results indicate an
approximately 80% reduction in the water surface area of the Khanzhonkiv Reservoir during
the summer of 2025 compared to 2022, with water levels in spring 2025 decreasing by 2.22
m compared to spring 2023. Complete desiccation of the Volyntsivske Reservoir was
observed in spring 2024, with a water level decrease of 6.38 m. The loss of the water surface
area of the Vuhlehirske Reservoir is 16%, taking into account seasonal fluctuations in the
water level above inland waters. The degradation of these reservoirs, driven by anthropogenic
impacts, poses environmental, humanitarian, and strategic challenges. Statistical assessment
and cartographic materials reveal intra-annual variability, providing insights into reservoir
behavior under climatic and anthropogenic influence. The approach proposed by the authors
demonstrates the practical integration of online cloud-computing platforms and spectral index
analysis into geoinformatics research focused on monitoring inland waters, particularly
reservoirs in Ukraine.
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Introduction

According to 2022 data, there are 1,054 reservoirs in Ukraine. As of 2014, Donetsk Oblast contained
129 reservoirs, accounting for approximately 12% of the total number in the country. The total surface
area of reservoirs in Donetsk Oblast amounted to 18,100 ha, which represents 7.8% of the total area of
reservoirs in Ukraine (Khilchevskyi et al., 2022). In the article, the authors analyzed the dynamics of
the water surface areas of three reservoirs in Donetsk Oblast — Khanzhonkiv, Volyntsivske, and
Vuhlehirske — over the period from 2019 to 2025.

Method

The analysis of the water surface area dynamics of three reservoirs in the Donetsk region was based
on Sentinel-2 satellite imagery from 2019 to 2025. The source images were selected using the
Copernicus Data Space Ecosystem (The Copernicus Data Space Ecosystem Browser, n.d.), which is
distributed for accessing satellite data (Stakhiv et al., 2025). Further processing and analysis of
satellite imagery data were conducted using the GEE platform (Google Earth Engine (n.d.). For each
studied reservoir, polygons were delineated to outline the boundaries of the water surface, based on
the spectral characteristics of Sentinel-2 images with a spatial resolution of 10 m (equivalent to 100
m? per pixel) and using the NDWI water index (Normalized Difference Water Index) (McFeeters,
1996):

B3-B8

NDWI = m,

where B3 is the reflectance value in the green spectral range (560 nm), B8 is the reflectance value in
the near infrared range (842 nm) of the Sentinel-2 satellite. To distinguish water bodies from other
land cover types, a threshold value of NDWI > 0.1 was applied. To reduce the impact of cloudiness,
masking of pixels with a high value of the SCL (Scene Classification Layer) classification layer,
corresponding to clouds and shadows, was used. Based on the results of automated processing, time
series of the water surface areas of each reservoir were formed. Based on the data obtained, graphs of
changes in the area of reservoirs during the study period were constructed. Cartographic materials
were created in the GEE environment using combinations of Sentinel-2 spectral channels that allow
visually distinguishing water bodies.

Results

This study analyzes the dynamics of the water surface area of three reservoirs of the Donetsk regions
in the period from 2019 to 2025: Khanzhonkiv, Volyntsivske, Vuhlehirske reservoirs using the online
platform Google Earth Engine, constructed graphs, and provided cartographic materials.

In Table 1, the authors selected 28 Sentinel-2 satellite images using the Copernicus Data Space
Ecosystem online service (The Copernicus Data Space Ecosystem Browser, n.d.), and using the GEE
online platform (Google Earth Engine (n.d.) using the NDWI index, the area of the Khanzhonkiv
Reservoir water surface mask for the period 2019-2025 was determined, the data are listed in Table 1.

Table 1. Dynamics of the Khanzhonkiv Reservoir Water Surface Area (2019-2025)

No. Date Water area, ha | No. Date Water area, ha
1 ]20.03.2019 293 17 | 03.05.2023 300

6 | 23.04.2020 307 20 | 15.10.2023 324
10 | 04.03.2021 290 | 25 | 09.10.2024 315
11 ] 10.09.2021 315| 26 | 04.04.2025 223
12 | 24.03.2022 319 | 27 | 04.05.2025 65
28 13.07.2025 55
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According to Table 1, graphs of the dynamics of the water surface of the Khanzhonkiv Reservoir for
the study period (Figure 1) were constructed. According to Table 1, the area of the reservoir sharply
decreased by 80% in the spring of 2025, with the area dropping to about 60, from the total area of the
reservoir of 280 hectares, which was calculated taking into account the seasonal fluctuations of water
in the study period. According to the DAHITI service (Schwatke et al., 2015), which provides data on
the time series of the water level over inland waters using multi-purpose satellite altimetry, the water
level in the Khanzhonkiv Reservoir decreased by h=2.22 m, this follows from the data: on April 27,
2023, the normal height of the Khanzhonkiv Reservoir was H=112.77 m, and on April 6, 2025,
H=110.55 m.

Dynamics of changes in the area of the Khanzhonkiv reservoir (2019-2025)
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Figure 1. Temporal graph illustrating water surface area dynamics of the Khanzhonkiv Reservoir
based on remote sensing data (2019-2025)

In Figure 2, the authors presented Space photos of the Khanzhonkiv Reservoir for July 2, 2022 and
July 13, 2025, which show significant changes in the water surface area of the reservoir.

b)

Figure 2. Space photos of the Khanzhonkiv Reservoir for July 2, 2022 and July 13, 2025

In Table 2, the authors analyzed 45 Sentinel-2 satellite images: determined the area of the water
surface mask of the Volyntsivske Reservoir for the period 2019-2025. According to the data in Table
2, graphs of the dynamics of the water surface of the Volyntsivske Reservoir for the study period were
constructed (Figure 3). Analysis of the data in Table 2 shows that the Volyntsivske Reservoir
completely desiccated in autumn 2024. (Figure 4). According to the DAHITI service (Schwatke et al.,
2015), the water level in the Volyntsivske Reservoir sharply decreased by h=6.38 m, this follows from
the data: on April 16, 2024, the normal height of the Volyntsivske Reservoir was H=157.83 m, on
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September 30, 2024 - H=151.45 m, while the water level is stably low, as evidenced by the mark
H=151.19 m on April 17, 2025.

Table 2. Dynamics of the Volyntsivske Reservoir Water Surface Area (2019-2025)

No. Date Water area, ha | No. Date Water area, ha
1] 20.03.2019 255 | 25 20.09.2022 106
2 129.05.2019 235 | 26| 15.10.2022 80

... 27 | 03.05.2023 243
12 | 27.06.2020 238
13 ] 02.07.2020 18 | 36 | 02.05.2024 192
14 | 31.08.2020 247 | 37 ]11.06.2024 208
18 | 26.08.2021 223 | 41 09.10.2024 32

... 42 | 04.04.2025 66
21 | 08.05.2022 245 | 43 | 04.05.2025 26
22 | 27.06.2022 190 | 44| 06.06.2025 12
23 | 02.07.2022 185 | 45| 13.07.2025 1

Dynamics of the Volyntsivske reservoir Water Surface Area (2019-2025)
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Figure 3. Temporal graph illustrating water surface area dynamics of the Volyntsivske Reservoir
based on remote sensing data (2019-2025)

In Figure 4, the authors presented Space photos of the Volyntsivske Reservoir for May 8, 2022 (a) and
October 9, 2024 (b), which show changes in the water surface area of the reservoir.

a) b)
Figure 4. Space photos of the Volyntsivske Reservoir for: a - May 8, 2022; b - October 9, 2024

Similarly, the authors analyzed 45 Sentinel-2 satellite images of the Vuhlehirske Reservoir: they
determined the area of the reservoir water surface mask for the period 2019-2025. Graphs of the
dynamics of the Vuhlehirske Reservoir water surface for the study period were constructed (Figure 5).
Analyzing data from Table 3 for June 2025, the loss of the Vuhlehirske Reservoir water surface area
is 16%, taking into account seasonal fluctuations in the water level over inland waters (average area
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— 1280 ha, 06.06.2025 — 1076 ha) (Figure 5). DAHITI service data on time series of the
Vuhlehirske Reservoir water level over inland waters using multi-purpose satellite altimetry are not
provided (Schwatke et al., 2015).

Dynamics of the Vuglehirske Reservoir Water Surface Area (2019-2025)
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Figure 5. Temporal graph illustrating water surface area dynamics of the Vuhlehirske Reservoir
based on remote sensing data (2019-2025)

Conclusions

In the article, the authors analyzed the dynamics of the water surface area of three reservoirs in the
Donetsk region in the period from 2019 to 2025: Khanzhonkiv, Volyntsivske, Vuhlehirske Reservoirs.
The analysis of the results showed that the area of the Khanzhonkiv Reservoir sharply decreased by
80% and amounted to about 60 hectares in the spring of 2025, out of a total area of 280 hectares, the
water level in the spring of 2025 decreased by 2.22 m compared to the spring of 2023. Due to
anthropogenic impact, the Volyntsivske reservoir completely desiccated by spring 2024, with
persistently low levels continuing into 2025. The loss of the water surface area of the Vuhlehirske
Reservoir is 16%, taking into account seasonal fluctuations in the water level above inland waters.
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