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SUMMARY

The article is devoted to the use of the spectral indices remote sensing for spatial assessment
of the density of aquatic plants or algae, suspended solids on the surface of Lake Svitiaz
(Shatsk group of lakes in Volyn region, Ukraine). As an example, some results of the study
performed on fragments of Sentinel-2 L2A for 2019-2023. The use of the spectral index RI
allowed to identify the areas of distribution of aquatic plants or algae, the presence of
suspended matter in Lake Svitiaz. These indicators are agreed with fluctuations in water
levels in the lake during 2019-2023. In the year of higher water content (2023), there is a
decrease in the proportion of the lake area occupied by aquatic plants or algae. The spectral
index NDWI was used to study the seasonal and long-term dynamics of the state of the lake
on satellite images. The study of the surface of the water area of lakes in summer using the
spectral indices RI and NDWI can be recommended as a method for preliminary assessment
of the ecological state of aquatic ecosystems. The information obtained in this way on the
state of lakes allows a better understanding of the dynamics of their ecological state under the
influence of natural and anthropogenic factors.
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Introduction

The study of surface waters is necessary to analyze their condition and conservation of recreational
natural resources. The lakes contain water, mineral and recreational natural resources. On the coast of
the lakes there are objects of stationary and regulated recreation, settlements, industrial and
agricultural establishments, which leads to pollution of surface water bodies. Therefore, monitoring
studies are necessary for the sustainable use and conservation of the resource potential of surface
waters.

Method and Theory
Lake Svitiaz belongs to the group of Shatsky lakes, which are located between the Western Bug and

Pripyat rivers. (Fig. 1). The lake has a karst origin and is a unique natural complex of the Volyn
Polissia of Ukraine (Khilchevskyi, Ilyin et al., 2022).
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Figure 1 Location of the study area: a) location map; b) Lake Svitiaz

The lake has narrow depressions, the depths of which reach 20-50 meters. The bottom of the lake is
sandy, and in deep places it is silty. The coasts are mostly low, swampy, overgrown with vegetation.
The water level in the lake depends on the amount of precipitation and reserves of the ground waters
(Khilchevskyi et al., 2021).

Remote sensing data and methods were used for the study, since they are integral parts of the
preliminary stage of surface water research to date (Plichko et al., 2021; Khilchevskyi, Plichko et al.,
2022). Remote sensing data and methods allow to determine the features and key problems of
sustainable use of lake, as well as the determination of preventive protection from anthropogenic
1mmpact.

The Red Tide Index (RI) using three visible channels (Ra43, Rago, Rsss). Red tide index was suggested
for sea (Takahashi et al., 2009; Lou & Hu, 2014; Lee et al., 2021) and adapted for lake (Sakuno et al.,
2019). The RI has the following formulation:
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RI=Rss5— Ru43/Raso — Rass 1)

The density of aquatic plants or algae, suspended solids on the surface of the lake is classified using
different colors of the RI index. A negative RI value indicates that the state of the lake is normal and
does not contain suspended solids. Accordingly, when the RI is around 1.0, the lake is considered to
contain suspended solids. Blue colour (-0.01-0.39) signifies water, meanwhile turquoise corresponds
to areas (0.39-0.5) with lower density of aquatic plants or algae; bright green color (0.5-0.6) means
medium density; and yellow areas (0.6-0.8) are the highest density of aquatic plants or algae. Areas
with a large amount of suspended solids are colored red (0.8-1.0). To identify the dynamics of
changes in lake, selected images from Sentinel-2 L2A for 2019-2023, with cloud cover - 0%, angle
46- 51 °. Satellite images taken in July for the period 2019-2023 were selected for the study.

The spectral index NDWI (Normalized Difference Water Index) was used to study the seasonal and
long-term dynamics of the state of the lake on satellite images (Gao, 1995). The NDWI calculation is
based on the difference and sum of the green and near infrared spectral bands:

NDWI=RGreen— Rnir/Rcreen HRNiR ()

where Bgr..n - green spectral band, By - near infrared spectral band. To identify the dynamics of
changes in lake, selected images from Sentinel-2 L2A for 2019-2023, with cloud cover - 0%, angle
46- 51 °. Satellite images taken in March and July for the period 2019-2023 were selected for the
study.

Results
As a result of the study, a spatial assessment of the density of aquatic plants or algae, suspended solids

on the surface of Lake Svitiaz was carried out using the spectral index RI on fragments of Sentinel-2
L2A satellite images for 2019-2023, shown in Fig. 2.
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Figure 2 The results of applying the spectral index RI on fragments of Sentinel-2 L2A satellite images
of Lake Svitiaz for 2019-2023

It should be noted that according to the Svitiaz weather station, by the late of May 2023 the water
level was at 171 cm, at the beginning of July 2023 - 129 cm. This is one of the highest rates for recent
years. In 1982, set record of the maximum level - 190 cm. But in the summer of 2019, the water level
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dropped to 93 cm, although in the spring it was 133 cm (Shepela, 2023; Litvytska, 2023). The full
flow of Lake Svitiaz in 2023 is due to good winter snow reserves, as well as the blocking of the lock
in the channel, through which water from Svitiaz flows into Lake Luky-Peremut.

In 2019, the annual air temperature increased by an average of 2 °C, evaporation up to 924 mm, and
the level of groundwater and pressure water decreased by 1.0-1.2 m (Yatsiuk et al., 2021). This is also
evident from the processing results of satellite images when using the NDWI index on fragments of
Sentinel-2 L2A satellite images for 2019-2023, shown in Fig. 3.
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Figure 3 Change in the area of Lake Svitiaz (2019-2023), studied using NDWI

A comparative analysis of satellite imagery data showed that in July 2023 the area occupied by water
in Lake Svitiaz amounted to 23.98 sq km. In July 2019, it decreased to 22.81 sq km (95.1% of the area
in 2023) - Fig. 3. It should be noted that in the spring in March 2023, the area occupied by water in
Lake Svitiaz was 25.05 sq km, and in March 2019 it decreased to 24.0 sq km (95.8% of the area in
2023).

At the same time, in July 2019, the share of the area occupied by aquatic plants or algae was 2.43%,
and in July 2023 it decreased to 2.2% (Fig. 2).

Conclusions

1) The use of the spectral index RI allowed to identify the areas of distribution of aquatic plants or
algae, the presence of suspended matter in Lake Svitiaz (Shatsk group of lakes in Volyn region,
Ukraine).

2) These indicators are agreed with fluctuations in water levels in the lake during 2019-2023. In the
year of higher water content (2023), there is a decrease in the proportion of the lake area occupied by
aquatic plants or algae.

3) The study of the surface of the water area of lakes in summer using the spectral indices RI and
NDWI can be recommended as a method for preliminary assessment of the ecological state of aquatic
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ecosystems. The information obtained in this way on the state of lakes allows a better understanding
of the dynamics of their ecological state under the influence of natural and anthropogenic factors.
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	The Red Tide Index (RI) using three visible channels (𝑅443, 𝑅490, 𝑅555). Red tide index was suggested for sea (Takahashi et al., 2009; Lou & Hu, 2014; Lee et al., 2021) and adapted for lake (Sakuno et al., 2019). The RI has the following formulation:

