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Introduction

Shatsk Lakes (\Volyn region, Ukraine) are of great importance as they are a source of fresh
water that must be preserved because they have not only influence of climatic changes but also
intense recreational load. The study and assessment of the state of aquatic ecosystems under
conditions of anthropogenic impact is one of the important tasks of the rational use, protection
and reproduction of water resources both in the global dimension and for Ukraine in particular
(Khilchevskyi, 2021).

Today, methods of remote sensing of the Earth are actively used to study surface water bodies.
(Fedorovskyi et al., 2018; Martyniuk et al., 2021). Satellite images allow of assess the general
ecological state of surface water bodies, provide preliminary reconnaissance material for
subsequent hydrochemical and hydrobiological studies on a stationary observation network
(Osadchyi et al., 2021a;2021b ). The use of spectral indices, which are obtained during
processing of satellite images, is a source of information on the general state of water quality in
water bodies. Most often, using spectral indices find out the degree of eutrophication of water
bodies (Plichko et al., 2021).

This study is devoted to the study of the state of the surface of the lakes Svityaz and Pisochne
in the summer of 2022, when due to the military aggression of Russia against Ukraine and the
threat of attack from Belarus, the smallest influx of tourists to the Shatsk Lakes was observed
in recent decades.

Method and Theory

The purpose of the study is study the distribution of phytoplankton biomass in the Svityaz and
Pisochne lakes (Shatsk Poozerya) in the summer period of 2022 and compare it with the long-
term period (1993-2021) using the Blue Normalized Difference Vegetation Index (BNDVI).

1. Study area

The Shatsky Lakes, located between the Western Bug and Pripyat rivers, are of karst origin and
are a unique natural complex of the Volyn Polissya of Ukraine (Khilchevskyi et al., 2021b).
There are 28 lakes on the territory of the Shatsk Poozerya, among which the largest is Svityaz.
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 supply (Khilchevskyi et al., 2021a). Svityaz
and Pisochne are the most attractive in terms of recreation (Table 1).

Table 1 The main morphometric characteristics of lakes Svityaz and Pisochne

Name of the | Catchment area, Water Length, Width, Average depth, | Maximum depth,
volume,
water body km? ; km km m m
thous m
Svityaz 26.21 19070.0 7.81 3.36 6.90 58.40
Pisochne 1.86 1283 .4 1.85 1.00 4.00 16.20

In 2021, the Shatsk Community was visited by more than 200 thousand tourists. ‘And today...
Since we are close to the border with Belarus, people are calling and mass, refusing booked
accommodation at recreation centers’ (Maleeva, 2022). According to estimates, the season of
2022, there are 10 times fewer tourists on the Shatsk Lakes than in 2021. Statistics of tourist
visits to the Shatsk Lakes in recent years: 2017 — 97 thousand; 2018 — 99 thousand; 2019 — 150
thousand; 2020 - 175 thousand.

2. Method

Satellite images measure the reflectance of the surface water body, providing information on
water body colour (based on light intensities). The colour in which algal blooms appear on the
Images depends on the pigments contained in a certain type of algae and at which wavelength
these pigments reflect or absorb. Chlorophyll A, for example, is a dominant pigment in algae
and it reflects most strongly in the green spectrum which makes it appear green to the human
eye - Fig. 1 (Data Application of the Month, 2022).
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Figure 1 Inherent optical properties and the color of water. Image of Svityaz Lake of website:
https://search.asf.alaska.edu

Figure 1 shows that a change in the state of a water body can affect recreational areas. In this
study, determine the density of phytoplankton biomass on the surface of water bodies, the Blue
Normalized Difference Vegetation Index (BNDVI) was used. The BNDVI algorithm is
designed to quantify the density of algae that are located on the water surface (Van der Merwe
and Price, 2015):

BNDVI = (Ryr — RgLue)/( Ryir +R

where BLUE and NIR represent the reflectance of blue and near-infrared bands respectively. To
identify the dynamics of changes in the water body, selected images from Landsat 5,7,8
satellites for 1993-2022, with cloud cover - 0%, angle 46-51°.
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The result of the study, a spatial comparative assessment of the density of phytoplankton on the surface of Svityaz and
Pisochne lakes for 1993-2022 was carried out (Fig. 2-3).
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Figure 2 Spatial comparative assessment of phytoplankton density on the surface of Svityaz Lake for 1993-2022
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Figure 3 Spatial comparative assessment of phytoplankton density on the surface of Pisochne Lake for 1993-2022

According to the finding of the study, it was found that on satellite images of Svityaz Lake (Fig. 2), the average value of the
area occupied by water (without shallows) for 1993-2021 amounted to 16.23 km?. In 2022, on a satellite image of this lake,
the area occupied by water (without shallows) was 21.08 km?. Thus, there was an increase in the area occupied by water
(without shallows) by 4.85 km? or 30%.

The reverse process is observed on satellite images of Svityaz Lake in relation to the area occupied by algae. Therefore, the
average value of the area occupied by algae for 1993-2021 was 4.30 km?. In 2022, the state of Svityaz Lake improved, since
the area occupied by algae in the satellite image was 1.93 km2. Consequently, there was a decrease in the area occupied by
algae by 2.37 km? or 55%.

As shown by the satellite images of Pisochne Lake (Fig. 3), the average value of the area occupied by water (without
shallows) for 1993-2021 was 1.09 km?. In 2022, on a satellite image of this lake, the area occupied by water (without
shallows) was 1.43 km?2. Also, there was an increase in the area occupied by water (without shallows) by 0.34 km? or 31%.
The reverse process is observed on satellite images of Pisochne Lake in relation to the area occupied by algae. Thus, the
average value of the area occupied by algae for 1993-2021 was 0.39 km?. In 2022, the condition of Pisochne Lake improved,
since the area occupied by algae in the satellite image was 0.27 km2. Hence, there was a decrease in the area occupied by
algae by 0.12 km? or 31%.

The information obtained in this way on the state of the lakes makes it possible to better understand the dynamics of the state
under the conditions of anthropogenic impact and without significant recreational load.

Conclusions

1) Thus, using the BNDVI spectral index can find the spatial distribution of phytoplankton biomass in lakes. This is achieved
through the ratio of spectral bands highlighting areas covered with algae on the surface of the water in satellite images.

2) The study of the state of the surface of the water area of the Svityaz and Pisochne lakes using BNDVI for 1993-2022
showed the presence of phytoplankton biomass on satellite images of the summer period.

3) In 2022, with a significant decrease in the number of tourists, the state of the surface of the water area improved. On
Svityaz, there was a decrease in the area occupied by algae by 55% compared to the average annual, and on Pisochne - by
31%.

4) The study of the surface of the water area of lakes in summer using the BNDVI can be recommended as a method for
preliminary assessment of the ecological state of aquatic ecosystems. The use of BNDVI will help preventively and
effectively respond to the dynamics of anthropogenic pressure on lakes.
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