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The purpose of the study was to assess the long-term dynamics of the area of the Shatsk
Lakes (Volyn region, Ukraine) and the spread of water blooms on their surface using remote
sensing data in connection with fluctuations in the level of these reservoirs for the period
1985-2023. Satellite images from the American Landsat-5,7,8 mission and the European
Sentinel-2 L2A mission were used. Long-term state monitoring data on the water level of
Lake Svityaz and the amount of precipitation were also used. It was established that the area
of the Shatsk Lakes (Svitiaz, Liutsymer, Chorne Velyke) over a long period of time, studied
using satellite images using the NDWI (Normalized Difference Water Index), amounted to
the average annual value: Svitiaz — 85-101 %; Liutsymer — 85-100 %; Chorne Velyke — 79—
100 %. The area of water bloom in these lakes over a long-term period, studied using satellite
images using the NDTI (Normalized Difference Turbidity Index), ranged from the average
annual value: Svitiaz — 0.04-4.43 %; Liutsymer — 0.2-7.9 %; Chorne Velyke — 0.1-11.9 %.
Among the studied lakes, minimal water bloom is observed in the largest among them,
Svitiaz, which indicates its better ecological condition. In 2023, the area of Svityaz Lake was
the largest in the last 10 years, as the water level in the lake was also the highest in a decade,
which is mainly due to good winter snow reserves. The use of remote sensing techniques to
study the morphometric parameters of lakes can provide valuable results for identifying
environmental problems.
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Introduction

The ecosystems of the Shatsk Lakes (Volyn region, Ukraine) are among the best preserved among the
lowland landscapes of Eastern Europe, as noted by many researchers (Khilchevskyi et al., 2021).
Since 2019, the discussion on the issue of shallowing Svitiaz Lake and other lakes of the Shatsk
group, which is associated with climate change, has become more urgent, so with the work of the
Khotislavskyi quarry for the extraction of chalk and sand in neighboring Belarus (Yatsiuk et al.,
2022). But it should be noted that that in 2023 it turned out to be quite full of water for the lakes of the
Shatsk group. Thus, according to the Svitiaz weather station, in the spring the water level in Lake
Svitiaz rose to the control level of 171 cm, which is one of the highest levels in a decade. The reasons
for the lake being full in 2023: a) in winter there were significant snow reserves; b) the lock in the
canal through which Svitiaz Lake is connected to Luky-Peremut Lake was repaired and blocked
(Shepela, 2023; Khilchevskyi, Plichko, 2023).

Therefore, the study of the long-term dynamics of the water surface area, distribution of water bloom
on their surface is one of the important tasks of the rational use, protection and reproduction of water
resources of the Shatsk Lakes. The remote sensing methods can be involved for this purpose, the
authors have experience in using (Plichko et al., 2021; Khilchevskyi, et al., 2022; Lee et al., 2021;
Lou, Hu, 2014; Sakuno et al., 2019).

The purpose of this study is assessing the long-term dynamics of the area of water surfaces of the
Shatsk Lakes and distribution of water blooms on their surface using remote sensing data in
connection with variations in the level of these water bodies for the period 1985-2023.

Method and Theory

The Shatsk Lakes are located in the Western Bug Basin, are of karst origin and are a unique natural
complex of the Volyn Polissia region of Ukraine. On the territory of the Shatsk Poozeria there are 28
lakes with a total area of about 61.31 km? and a water mass of 312.8 million cubic meters. The area of
the lakes ranges from 0.01 km? to 26.21 km?. The water level in the lakes depends on the amount of
precipitation and groundwater.

Important morphometric characteristics of the group of Shatsk Lakes that were selected for the study
are the area of the water surface and the average depth. The dynamics of the area of the Shatsk Lakes
assess were used three lakes: Svitiaz, Liutsymer and Chorne Velyke. These lakes were studied using
remote sensing data, namely archive satellite images by the U.S. Geological Survey Landsat-5,7,8
(USGS) and archive by the Copernicus Sentinel-2 L2A (Copernicus Data Space, 2024) for the period
1985-2023, with cloudiness - 0%, angle 46-51°, with a resolution of 30 m. Satellite images of the
spring period were used to assess the total water area of the lakes, since this period is optimal for
studying changes in surface water areas. Satellite images of the summer period were used to study the
long-term dynamics of lake bloom.

Processing and interpretation of satellite images was carried out using the free QGIS software. In this
study, two indices were selected - NDWI (Normalized Difference Water Index) to assess the long-
term dynamics of the total area of lakes and NDTI (Normalized Difference Turbidity Index) to assess
the long-term dynamics of the area of lake water bloom.

NDWTI calculation is based on the difference and sum of the green and near-infrared spectral band
(Gao, 1995):

NDWI= (Roreen— Rir) / (Rereen + Ruig), (D

where RGREEN - green band of the electromagnetic spectrum of image, RNIR - Near Infra-red band
of the electromagnetic spectrum of image.

The study of long-term dynamics of water bloom on the surface of lakes was carried out using the NDTI
(Normalized Difference Turbidity Index). The NDTI algorithm (Lacaux, 2007) is determined by the
formula (2):
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NDTI = (Rzep- Roreen) / (Rrep + Rereen), 2

where RRED — red band of the electromagnetic spectrum of image, RGREEN — green band of the
electromagnetic spectrum of image.

Results

The dynamics of the areas of the Shatsk lakes (Svitiaz, Liutsymer, Chorne Velyke) was analyzed,
based on the results obtained of satellite imaging using the NDWI (1985-2023), and presented in the
graph in Figure 1.
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Figure 1. Dynamics of the area of lakes: Svitiaz (black horizontal line on the graph), Liutsymer (red
line on the graph) and Chorne Velyke (blue line on the graph), determined from satellite images using
the NDWI (1985-2023), km’.

In Fig. 1 highlighted that the characteristic years for Svitiaz Lake were 2007 (maximum level) and
2020 (minimum level). The water level in Svitiaz Lake in these years was 163.59 m and 163.06 m,
respectively (amplitude 0.53 m). It is important to note that in 2023, the water surface area of Svitiaz
Lake was the largest in the last 10 years - 25.75 km? (98% of the average annual water surface area of
the lake), since the water level in the lake was also the highest in the decade, which is mainly due to
associated with significant snow reserves in winter. In Chorne Velyke Lake, the large area of the
water surface changed over a long period from 0.84 km? in 2007 (100% of the average annual area of
the lake’s water surface) to 0.667 km?® in 2020 (79% of the average annual area of the lake’s water
surface). In Liutsymer Lake, the water surface area changed over a long period from 4.43 km? in 2007
(100% of the average annual area of the lake) to 3.79 km? in 2020 (85% of the average annual area of
the lake’s water surface).

An assessment of the long-term dynamics of lake water bloom was also carried out using the NDTI,
the results obtained are presented in Figure 2.
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Figure 2 Dynamics of the water bloom area of lakes: Svitiaz, (black horizontal line on the graph),
Liutsymer (red line on the graph) and Chorne Velyke (blue line on the graph), determined from
satellite images using the NDTI (1985-2023), km’.

In Svitiaz Lake, the area of water bloom (Fig. 2) over a long period varied from 0.01 km?* in 2006-
2010 (0.04% of the average annual area of the lake’s water surface) to 1.16 km? in 2019 (4.43% of the
lake’s surface). It has been established that an increase in the area of water bloom in the lake is typical
for 1996, when it was 1.15 km? (4.39% of the average annual area of the lake’s water surface), as
well as during 2020-2022 (1.05-1.08 km?), which is 4.00 km? — 4.12% of the average annual area of
the lake’s water surface.

In Liutsymer Lake, the area of water bloom (Fig. 2) over a long period varied from 0.01 km” in 1990-
1993. (0.2% of the average annual area of the lake’s water surface) to 1.04 km?* in 2000-2001 (23.5%
of the average annual water surface area of the lake).

In Chorne Velyke Lake, the large area of water bloom (Fig. 2) over a long period varied from 0.001
km? in 1991 (0.1% of the average annual area of the lake’s water surface) to 0.1 km?* in 2004-2006
(11.9% of the average water surface area of the lake).

Conclusions

1) The area of the water surface of the Shatsk Lakes (Svitiaz, Liutsymer and Chorne Velyke) over a
long period (1985-2023), studied using satellite images using the NDWI, ranged from the average
annual value: Svitiaz — 85-101%; Liutsymer — 85-100%; Chorne Velyke — 79-100%.

2) The area of water bloom in these lakes over a long-term period (1985-2023), studied using satellite
images using the NDTI, ranged from the average annual value: Svitiaz — 0.04-4.43%; Liutsymer —
0.2-7.9%; Chorne Velyke — 0.1-11.9%.

3) Among the studied lakes, minimal water bloom is observed in the largest of them, Svitiaz Lake,
which indicates its better ecological condition. The maximum bloom of water is typical for the small
Chorne Velyke Lake.

4) The use of remote sensing methods in the study of morphometric parameters of lakes provides to
preliminary identify environmental problems. An in-depth study of these problems must be carried
out in situ using instrumental methods, water sampling and their chemical and hydrobiological
analysis.
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