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SUMMARY

Determining changes in the areas of lakes over a long period makes it possible to obtain
information about the dynamics of changes in the sizes of water bodies. This allows for the
study of natural processes, such as shoreline erosion, sediment accumulation, and other
changes occurring in the lake ecosystem.

Changes in the water surface area can indicate problems related to environmental security. A
decrease in lake area may suggest a drop in water levels, resource depletion, or a negative
impact on the ecosystem.

Incorporating remote sensing (RS) data into the monitoring process will enhance the
frequency of observations and the promptness of detecting changes. This, in turn, will help
make more accurate decisions to mitigate the consequences of changes in the water balance
of water bodies and to identify the causes of these changes.

The purpose of the study is to determine the changes in the water surface areas of the Shatsk
group of lakes for the period from 1984 to 2024 based on remote sensing data.
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Introduction

The Shatsk Lakes, located in the Western Polissia of Ukraine, represent a unique hydrological
complex that plays a crucial role in maintaining ecological, socio-economic, and conservation
functions (Free Encyclopedia of Ukraine, n.d.). At the same time, this system is extremely vulnerable
to the impacts of climate change and increasing anthropogenic pressure, which lead to fluctuations in
water levels, changes in the surface area of water bodies, and a general deterioration of the ecological
state of the lakes.

Currently, the Shatsk National Nature Park, established in 1983, plays an important socio-economic
role by preserving biodiversity and providing conditions for recreation, which is a key source of
income for local communities. The deterioration of the ecological condition of the lakes, caused by
the degradation of water resources, poses a threat to both natural ecosystems and the economic
stability of the region (Statnyk et al., 2023). In these circumstances, the implementation of modern
monitoring tools, among which remote sensing (RS) plays a leading role, is of particular importance
Martyniuk & Tomchenko, 2021).

Method and Theory

Remote sensing enables high-precision and prompt analysis of changes in the hydrological balance,
reducing the reliance on costly and time-consuming field studies. By using satellite data from sources
such as Landsat and Sentinel-2, it is possible to assess the impact of climate change on the water
balance of the region, detect the dynamics of water surfaces, and monitor ecological processes.

Water bodies, due to their unique spectral characteristics, significantly differ from other types of land
cover, such as vegetation, soil, or anthropogenic objects. In this study, the unsupervised classification
method, particularly the K-means algorithm, was applied for their identification. This method is
widely used in satellite image processing due to its simplicity, efficiency, and ability to handle large
datasets effectively.

The calculation of the water surface areas of the Shatsk Lakes, as well as the areas of vegetation that
contributed to the reduction of these water surfaces, was performed based on the analysis of satellite
images using QGIS software. The methodology included the processing of raster images, their
vectorisation, and the consideration of a buffer zone around the water surface.

For the analysis, satellite images processed in previous stages were utilised, including NDWI
(Normalized Difference Water Index) and NDVI (Normalized Difference Vegetation Index) index
images (EOS Data Analytics, n.d.), as well as the results of unsupervised K-means classification
(Sinaga & Yang, 2020). These images represented water and vegetation objects in the form of raster
data with a clear distinction of the water surface.

To account for the influence of coastal zones and ensure accurate area analysis, a buffer zone with a
width of 50 metres was created around the vector layer of the lakes. This buffer takes into account
potential classification errors and allows for the inclusion of territories adjacent to the water bodies in
the analysis.

The K-means algorithm allows for the segmentation of satellite images based on the similarity of
pixels in a multidimensional spectral space, classifying them into a predefined number of clusters. In
this study, the Semi-Automatic Classification Plugin (From GIS to Remote Sensing, n.d.) in QGIS
software was used to implement the classification, providing a user-friendly interface for clustering
tasks.
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However, the K-means algorithm has certain limitations:

e Selection of Initial Centroids: The choice of initial centroids can significantly influence the
final clustering result. Incorrect initialization may lead to convergence to a local minimum.

e Impact of Outliers: Anomalous data values can affect the calculation of centroids, leading to
incorrect segmentation.

e Determining the Value of k: It is necessary to specify the value of & in advance, which can be
a challenging task without prior analysis.

An improvement of the K-means algorithm is the ISODATA classification algorithm (Vimala, 2020;
Isodata All Igorithms. (n.d.)). One of the main problems of the ISODATA algorithm is its high
sensitivity to initial conditions. The choice of appropriate initial conditions can significantly affect the
classification results. If the initial conditions are chosen incorrectly, there may be convergence issues
or incorrect clusters may be obtained.

In addition, ISODATA can be vulnerable to noise in the data. Random anomalies or noisy values can
affect the classification process, distorting the results.

Another issue can be the determination of optimal values for the algorithm's parameters, such as the
initial number of clusters or the thresholds for merging and splitting clusters. Incorrect parameter
settings can lead to misclassification or the creation of unnecessary clusters.

Results

To convert raster data into a format convenient for analysis, we performed reclassification. This
allowed us to group the current values of the raster. Such an approach is useful when analysing
different types of rasters, digital elevation models, discrete rasters, and satellite images. This operation
was carried out to change the pixel values of images obtained at the previous stage, namely: NDWI
and ISODATA, for both 1984 and 2024.

In addition to the mentioned images, it was decided to include images obtained in the near-infrared
range of the spectrum (NIR) in the reclassification process. NIR is an abbreviation for the "near-
infrared range". The near-infrared range refers to the area of the electromagnetic spectrum that lies
between visible light and infrared light. It has a wavelength of approximately 700 nanometres (nm) to
2500 nm. Radiation in this range is almost completely absorbed by water bodies (Prinos &
Papaioannou, 2024).

Reclassification will allow the separation of the water surface from other areas (QGIS Documentation
Team. (n.d.)). During this process, a value of 1 was assigned to water bodies and a value of 0 to all
other pixels for the classified images. The index images were transformed in such a way that all pixels
with values below the threshold of 0.06 were assigned a value of 0, while the rest were assigned a
value of 1. As a result of the SCP module's operation, we obtain classified images presented in Fig. 1.

The calculation of the water surface area of the Shatsk Lakes and the analysis of the results were
performed after cleaning each reclassified image from existing noise and water bodies not belonging
to the Shatsk group of lakes.

Based on the analysis of this table, it can be stated that the best results were obtained using the
classification method and the ISODATA algorithm. This is because the areas determined by this
algorithm differ the least from the actual declared areas. This can be explained by the fact that all
channels of the satellite image were involved in the classification process.
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Figure 1 The classified image based on the ISODATA algorithm as of 1984 and 2024.

In order to observe how the water surface areas of the Shatsk Lakes have changed from 1984 to 2024,
the calculated areas were compiled into Table.

Table Areas of Lakes Calculated Based on Reclassified Images.

N Name Areas of Lakes, ha
Areas of Lakes in 1984, ha Areas of Lakes in 2024, ha
NIR NDWI ISODATA NIR NDWI | ISODATA | Difference
in Areas
1 Svitiaz 24432 | 24789 2478,9 2345,5 | 2345.5 24483 -30.6
2 Pulemetske 1403,7 | 1434,1 1434,1 1398,4 | 1398.,4 1433,5 -0.6
3 Luky 543,78 | 520,53 543,45 42734 | 430,52 472,86 -70.59
4 Peremut 126,33 | 120,05 126,31 106,91 | 106.9 116,22 -10.09
5 Liutsymer 412,46 | 412,86 419,98 378,91 | 378,91 395,11 -24.87
6 Ostrivianske | 194,37 | 189,10 208,53 100,2 | 121,82 145,36 -63.17
7 Pisochne 176,63 | 178,44 178,32 173,04 | 180,74 182,27 +3.95
8 Krymne 122,64 | 118,55 128,12 95,6 | 100,08 106,15 -21.97
9 | Chorne Velyke | 69,55 70,80 72,61 62,17 | 67,08 68,33 -4.28
10 Somynets 33,92 30,96 38,95 30,05 | 34,07 37,52 -1.43
11 Moshne 1,97 0,8 29,78 1,80 1,95 2,17 -27.61
12 Chorne Male 20,61 17,5 21,51 7,59 9,22 12,02 -9.49
13 Klymivske 5,12 4,2 11,96 7,6 8,96 10,23 -1.73
14 Ozerce 12,86 9,93 13,58 6,38 7,63 10,31 -3.27
15 Karasynets 13,13 11,09 14,57 11,16 12,07 13,78 -0.79
16 Dovhe 5,31 2,3 8,02 2,61 2,66 4,33 -3.69
17 Plotychchia 3,32 1,24 2,5 0,53 1,62 4,24 +1.74
18 Lynovets 2,6 1,6 7,12 6,74 6,74 4,12 -3
19 Kruhlye 5,66 1,3 5,42 4,2 6,92 7,43 +2.01
20 Herasymove 1,3 1,8 1,8 0,4 0,7 0,7 -1.1
21 Piiavochne 0,3 0,3 0,4 0,1 0,2 0,2 -0.2
22 Nakrannie 0,7 0,7 0,7 0,2 0,5 0,5 -0.2
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Conclusions

The worst results were obtained based on the reclassification of images captured in the near-infrared
range of the spectrum.

Considering the above, the comparison of changes in the water surface areas of the Shatsk group of
lakes will be performed based on data derived from classified images.

To determine the changes in areas over the studied period, the areas of water bodies as of 1984 were
subtracted from the areas as of 2022. As a result of this subtraction, it was found that over 38 years,
the water surface area of the Shatsk group of lakes decreased by 270.98 hectares.

The most significant reductions in water surface area were observed in the lakes: Luki (-70.59 ha) and
Ostrivianske (-63.17 ha). Some lakes, however, showed a positive increase in water surface area,
including: Pisochne, Plotychi, and Kruhle.
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