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SUMMARY 

The paper considers studies of the Normalized Difference Turbidity Index (NDTI) used to 

assess the state of water bodies in the Chernihiv region. As a result of assessing the seasonal 

and long-term dynamics of the state of Starukha Lake and the Blyznytsay Pond using the 

NDTI was found that during 2015-2021 natural eutrophication processes occurred due to an 

increase in temperature in the summer months, silting of both water bodies, shallowing and 

overgrowing of the bog vegetation. The use of remote methods for studying the dynamics of 

the state of water bodies is a good alternative to field measurements, since they can record 

both spatial and temporal changes in the levels of turbidity in water bodies. 
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Introduction 

 

The paper considers studies of the Normalized Difference Turbidity Index (NDTI), used to assess the 

state of water bodies in the Chernihiv region. 

Turbidity is an important quality indicator that also indicates the transparency of water and determines 

the degree of contamination. This indicator is due to the presence in the water of suspended 

substances of organic and inorganic origin (clay, silt, bacterio, phyto- or zooplankton, organic 

colloids, aluminium hydroxide, carbonates of various metals). Turbidity can be caused by both natural 

processes (soil erosion, climate change) and human activities (waste emissions, pollutant runoff) (Luis 

et al., 2019). For monitor for this indicator of water bodies, remote sensing technologies are widely 

used by analysing how the concentration of suspended solids affects the optical characteristics of 

water. In the visible range (especially in the red band), the reflectance increases with increasing water 

turbidity (Toming et al., 2019). The use of the index (NDTI) provides an opportunity to obtain 

important information that will complement the traditional methods of studying the state of surface 

waters.  

 

Method and Theory 

 

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; Plichko et al., 2021). 

The turbidity of water can be determined using the NDTI (Normalized Difference Turbidity Index). 

Normalization results in values in the -1 to +1 range, allowing many different spectral ranges to be 

compared. 

The NDTI algorithm was developed by Lacaux J.P. in 2006 (Lacaux, et al., 2007). NDTI is 

determined by the reflection in the red (0.61-0.68 µm) and green (0.5-0.59 µm) bands by the formula: 

NDTI = (RRed - RGreen) / (RRed + RGreen), 

where RRed is value of the reflected from the red spectral band, RGreen is value of the reflected from the 

green spectral band.  

 

The objects of study are surface water bodies of different origin (Figure 1): a natural water body - 

Starukha Lake (Ukraine, Chernihiv region, Chernihiv district, Novoselivka village) and an artificial 

water body - Blyznytsay Pond (Ukraine, Chernihiv region, Chernihiv district, Drozdivka village). 

 

 
Figure 1 Scheme of the location of surface water bodies  

 

As a result of the ongoing natural processes, shallowing, silting and overgrowing of both surface 

water bodies with bog vegetation are observed, which negatively affects the state of these objects and 

the territories neighbour on them. The main morphometric parameters of the study objects are shown 

in Table 1. 

To identify changes in turbidity levels of various types of surface water bodies, fragments of satellite 

images received from Landsat 5, 7, 8 and Sentinel-2A for the period 2015-2021 were analysed, with a 
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spatial resolution of 30 m and cloud cover - 0%, angle 45-50°.  The selected data downloaded from 

https://eos.com/products/landviewer/. 

 

Table 1 Morphometric characteristics of surface water bodies 

The name of indicators The name of surface water body 

Staruha Lake Blyznytsay Pond 

Type of surface water body  natural artificial 

Catchment area, m
2 6800 6900 

Mirror area, hа 1,60 2,0 

Average depth, m 2,0 2,0 

Average width, m 50 46 

Average length, m 160 150 

Water volume, thous m
3 3,2 4,0 

 

Examples  

 

The results of the study of the seasonal dynamics of changes in water transparency for Starukha Lake 

are presented in Figure 2, and for Blyznytsay Pond is shown in Figure 3. 

 

  

а) b) 

Figure 2 The results of assessing the seasonal dynamics of changes in the water transparency of 

Starukha Lake using the NDTI: а) 2018; b) 2021 

 

  
а) b) 

Figure 3 The results of assessing the seasonal dynamics of changes in the water transparency of 

Blyznytsay Pond using the NDTI: а) 2018; b) 2021 

 

Results indicate that the assessment of the state of surface water bodies based on the NDTI (Figure 2a, 

3a), conclude that eutrophication occurs during the whole summer period of 2018, which spread over 

the whole area of water bodies of each following summer month. The peak of eutrophication falls on 
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August 2018, which is due to the fact that the average monthly air temperature during this period in 

the Chernihiv region was 20.6˚С According to the results obtained (Figure 2a, 3a), water bodies that 

showed greatest changes in 2021, which may involve with anthropogenic and natural influences.  As 

can be seen on Figure 2-3 the change of the state and quality in both water bodies. The remarkable 

thing is that the average monthly air temperature during this period in the Chernihiv region was 

22.9˚С. 

Thus, conforming with the analysis of satellite images, a change in turbidity levels was found for 

different surface water bodies during the year the value of the NDTI varies in the range from -1 to +1, 

depending on the increase in atmospheric air temperature and the presence of suspended substance in 

the water.  

Also, using the NDTI the long-term dynamics of changes in water transparency in the objects of study 

was studied (Figure 4). 

 

          
а) b) 

Figure 4 The results of assessing the long-term dynamics of changes in water transparency using the 

NDTI: а) Blyznytsay Pond; b) Starukha Lake 

Due to the determination of the long-term dynamics of changes in water transparency using the NDTI 

for multi-temporal images, a decrease in water transparency in August was revealed, which is 

probably associated with the algae blooming. However, the manifestation of the "algae blooming" 

intensity on satellite images in different years and location was changed. As demonstrated by the 

analysis of satellite images of Blyznytsay Pond from August 21, 2015 and August 21, 2018 (Figure 

4a), it was found that during this period a local (point) of algae blooming in the water body was 

presented. Local algae blooming of a natural surface water body was recorded on the images of 

August 21, 2018 and August 21, 2019. At the same time, the average monthly air temperature in 

August for 2018-2019 in the research areas was 20.6 and 18.7 ˚C, respectively, the average monthly 

amount of precipitation was 19 mm and 31 mm. In May, for the period 2015-2019, water transparency 

is observed both in the artificial and in the natural surface water body. In May, for the period 2015-

2019, average monthly air temperature in the study areas was 15.6 ˚С, the average monthly 
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precipitation was 70.8 mm. It ought to be remarked that in 2020-2021 there were significant changes 

in both surface water objects, most likely associated primarily with the natural global phenomenon of 

a temperature increase of 1.5°C. Average monthly air temperature in August for 2020-2021 in the 

Chernihiv region was 21.7 ˚С, the average monthly precipitation was 39.4 mm. In August, for the 

period 2015-2019, there is a slight deterioration in the transparency of water in both artificial and 

natural surface water bodies.  For this period average monthly air temperature in the study areas was 

20.04˚С, the average monthly precipitation was 35 mm (Agro-climatic characteristics of the weather 

conditions of Chernigiv region, 2020; Analysis of weather conditions in Ukraine, 2021). 

Also, following of processing satellite images was shown that during 2015-2021 the areas of water 

bodies decreased – Starukha Lake from 8100 m
2
 to 4995 m

2
 and Blyznytsay Pond from 15750 m

2
 to 

14161 m
2
, which led to shallowing of water bodies. That is why, the areas of water bodies - Starukha 

Lake decreased by 53%, and Blyznytsay Pond by 10% for the period 2015-2021. This is due to the 

fact that in 2018 the Blyznytsay Pond was reconstructed in order to improve his recreational 

condition. As a result of the decrease in the area of Starukha Lake, the state of water quality changes, 

while the amount of phytoplankton in the water body is not reduced. Consequently, eutrophication of 

water body occurs, which starts in case if one or more factors are disturbed.  

 

Conclusions 

Thus, as a result of assessing the seasonal and long-term dynamics of the state of Starukha Lake and 

the Blyznytsay Pond using the NDTI was found that during 2015-2021 natural eutrophication 

processes occurred due to an increase in temperature in the summer months, silting of both water 

bodies, shallowing and overgrowing of the bog vegetation. The use of remote methods for studying 

the dynamics of the state of water bodies is a good alternative to field measurements, since they can 

record both spatial and temporal changes in the levels of turbidity in water bodies. 
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