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SUMMARY 

The aim of the investigation was to use the spectral index Floating Algae Index (FAI) identify 
the spatial distribution of algal biomass in Lake Svityaz (Shatsk Lakes group, Volyn region of 
Ukraine). This is achieved through the ratio of spectral bands that highlight areas covered with 
algae on the surface of the water in satellite imagery. Investigation of the surface condition of 
the water area of Lake Svityaz using the FAI for 1993-2021. Showed the presence of algae 
biomass in space images in the summer over these years (from 1.88% to 11.75% of the total 
area of the lake). The largest amount of algal biomass for the period under study falls on the 
years: 1997, 2003, 2007, 2009, 2011. The probable cause could be an increase in the water 
temperature in the lake during these years, as a result of which the algal biomass increased. 
And this contributes to the deterioration of the water quality in the lake. Such processes can be 
indicators of the beginning of the eutrophication of the lake. The study of the surface of the 
water area of lakes in summer using the FAI can be recommended as a method for preliminary 
assessment of the ecological state of aquatic ecosystems. 
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Introduction 
 
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 et al., 2020). Surface waters have a 
long history of human use. But today they are noticeably polluted. Contamination leads to a significant 
decrease in the possibility of their use. 
Climate change affects water resources through the genetic link between climate and the hydrological 
cycle. Climatic changes lead to an increase in the variability of the hydrological and hydrochemical 
regimes of water bodies. The rise in temperature will contribute to increased eutrophication of water 
bodies, which degrades water quality. 
Today, in the world and in Ukraine, methods of remote sensing of the Earth are actively used to study 
surface water bodies (Fedorovskyi et al., 2018; Khilchevskyi et al., 2021; Martyniuk et al., 2021; Plichko 
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., 2021).  
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. Therefore, this investigation devoted to study of the 
state of the surface of Lake Svityaz using the spectral index Floating Algae Index (FAI).  
 
Methods of investigation 

1. Study area 

Lake Svityaz belongs to the group of Shatsk Lakes, which are located in the interfluve of the Western 
Bug and Pripyat, are of karst origin and are a unique natural complex of Volyn Polissya in Ukraine. 
Chalk and marl of the Upper Cretaceous age prevail among the bedrocks, which leads to the intensive 
development of karst. This is also facilitated by atmospheric precipitation and groundwater, which 
circulate through cracks and form numerous ascending springs in the lakes. On the territory of Shatsk 
Poozerya, there are 28 lakes with a total area of about 61.31 km2, the volume 312,8 million cubic metres 
of water mass. The area of the lakes ranges from 0.01 km2 to 26.21 km2 (Khilchevskyi and Zabokrytska, 
2020) (Figure 1). 

 

Figure 1 The location of Lake Svityaz on fragment of the Sentinel-2 L2A satellite image for 15/07/2021: 
а) group of Shatsk Lakes; b) Lake Svityaz. 
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Important morphometric characteristics of Lake Svityaz are the area of the water mirror and the average 
depth (Table 1). The lake has narrow depressions in the hollows, the depths of which reach 20–50 m. 
The bottom of the lake is sandy, and in deep places it is silted up. The shores are mostly low, swampy, 
overgrown with vegetation. The water level in the lake depends on the amount of precipitation and 
groundwater supply. 
 
Table 1 The main characteristics Lake Svityaz 

Catchment area,  
km2 

Water volume,  
thous m3 

Length,  
km 

Width,  
km 

Average depth,  
m 

Maximum depth,  
m 

26,21 19070,0 7,81 3,36 6,90 58,40 

2. Method 

FAI algorithm designed to detect floating algae in lakes located on the surface of a water body (Hu, 
2009): 

FAI = NIR – [RED – (SWIR − RED) × (NIR − RED) / (SWIR − RED)], 
where RED, NIR, and SWIR represent the reflectance of red, near-infrared, and short-wave infrared 
bands respectively. To identify the dynamics of changes in the water body, selected images from Landsat 
5,7,8 satellites for 1993-2021, with cloud cover - 0%, angle 46- 51°. 
 
Results of investigations 
 
After analyzing the fragments of Landsat 5, 7 and 8 satellite images for 2020, it was found that the 
increase in algal biomass in Lake Svityaz occurs in July. Therefore, for the study, space images were 
selected taken in July for the period 1993-2021. 
As a result of the FAI application, 15 satellite images were obtained (Table 2) with an interval of 2 years 
for July 14-22, 1993-2021 with the spatial distribution of floating algae in Lake Svityaz (Figure 2). 

Table 2 The list of years by which the Landsat 5, 7, 8 space images for 1993-2021 were involved in the 
study on Lake Svityaz 

№  Date Year 
1 July 14 1993 
2 July 17 1995 
3 July 18  1997 
4 July 14  1999 
5 July 15 2001 
6 July 22 2003 
7 July 20  2005 
8 July 17 2007 
9 July 14 2009 
10 July 19  2011 
11 July 22 2013 
12 July 16  2015 
13 July 20  2017 
14 July 22 2019 
15 July 15 2021 

 
As can be seen in Figure 2, the FAI spectral index allowed to identify surfaces covered with algal 
biomass in Lake Svityaz, which can affect a decrease in the area of the water area and shallowing of the 
water body. In addition, this may indicate the eutrophication of the lake (Yanko et al., 2014).   
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Figure 2 Spatial distribution of algal biomass in Lake Svityaz using FAI on fragments of Landsat 5,7 
and 8 satellite images for 1993-2021. 
 

 
 
Figure 3 Spatial distribution of algal biomass in Lake Svityaz for 1993-2021, %. 
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A graphic representation of the spatial distribution of algal biomass in Lake Svityaz for 1993-2021 is 
showed in Figure 3 (1.88 - 11.75% of the total lake area).   
 
Conclusions 
 
1. Thus, using the FAI spectral index, can detect the spatial distribution of algal biomass in lakes. This 
is achieved through a ratio of spectral channels that highlight areas covered with algae on the surface of 
the water. 
2. Investigation of the state of the surface of the water area of Lake Svityaz using the FAI for 1993-2021 
showed the presence of algae biomass in space images in the summer over the years ((1.88 - 11.75% of 
the total lake area).     
3. The largest amount of algal biomass for the period under study falls on the years: 1997, 2003, 2007, 
2009, 2011. The probable reason could be an increase in the water temperature in the lake during these 
years, as a result of which the biomass of algae increased. And this contributes to the deterioration of 
the quality of water in the lake. Such processes can be indicators of the beginning of the eutrophication 
of the lake.  
4. The study of the surface of the water area of lakes in summer using the FAI can be recommended as 
a method for preliminary assessment of the ecological state of aquatic ecosystems. 
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