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SUMMARY 

Taking into account both global climate change and the level of anthropogenic load, the 

annual dynamics of the water balance elements of the Udy River Basin (Siverskyi Donets 

River Basin) were evaluated. Using Konstantinov's method, the amount of evapotranspiration 

for two defined periods (1961-1990 and 1991-2020) was calculated for the two invedtigated 

catchments of the Udy River, which are closed by two hydrological gauges – Peresichne and 

Bezliudivka. According to this, the water balance closure errors were calculated and it was 

established that the calculations are representative. The average annual temperature of the 

Udy River Basin increased by 1,2° C between the periods. The annual precipitation increased 

insignificantly, but there was a redistribution of it during the year. The amount of 

evapotranspiration has increased in the present period. Global climate change led to the fact 

that the average annual river runoff decreased and the most significant decrease in the annual 

distribution was the spring flood. Differences in the distribution of hydrometeorological 

characteristics for the catchments with different degrees of anthropogenic load were revealed. 

Using the water balance method, the impact of economic activity on the river basin runoff 

and water balance elements redistribution was assessed. The impact of anthropogenic factors 

on the Udy River catchments water balance was analyzed. 
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Introduction 
 

Due to the inflow of solar heat and the action of gravity there is a continuous circulation of moisture 

(evapotranspiration, precipitation, water runoff) on the Earth's surface. One of the characteristics of 

the moisture cycle is the water balance, which can be determined for any area and for any period of 

time. It corresponds to the naturally existing ratio between incoming and outgoing moisture and its 

changes (moisture balance). The water balance relationships researches reveal the role of individual 

sources in the supply of water bodies, considers all links of hydrometeorological processes in 

relationship and ensures their quantitative connection. 

As a separate water-forming complexes the river basins are the main objects of water balance 

researches. The water balance relations are the basis for the development of methodological 

approaches of hydrological calculations, forecasts, hydrological modeling, etc. Because of significant 

influence of economic activity within the river basin on the values of the water balance elements, such 

researches are widely used in the hydrotechnical structures design or the implementation of 

melioration measures. Essentially, the water balance method is the only reliable method of scientific 

substantiation for evaluating the results of economic activity on the river and/or in its basin. 
 

Method and Theory 
 

The water balance method is based on the general terms of the principle of mass conservation (water). 

For any closed system the amount of entering water without taking into account the leaving water 

must be equal to its increase or decrease inside the closed system. The mathematical model of the 

method is the water balance equation. For a long-term period the main structural elements of which 

are: P R E    , where P , R , E  - are the average long-term values of precipitation, river water 

runoff and evapotranspiration of the river basin respectively;  - the final term (closure error) of the 

water balance calculation. As to the closure error, the main condition of the water balance calculations 

is that all elements of the equation must be calculated by independent methods. But since 

measurements and calculations of separate elements are conducted with some inaccuracies (errors), 

the water balance equation is not closed. That is, the algebraic sum of its components is not equal to 

zero. Thus, when determining the water balance interrelation within the river basins, there is always a 

closure error in the water balance calculation. At the same time, the less closure error, which is 

defined as the final term of the equation, the more accurately the water balance is composed. 

The purpose of the study is to compare changes in the water balance elements of the river basins, 

which are caused, firstly, by anthropogenic changes in the global climate and, secondly, by low and 

high levels of anthropogenic load, which are directly related to the economic impact on a specific 

river or its reaches. 

The object of the research is the Udy River - the right tributary of the Siverskyi Donets River (the 

largest river of Eastern Ukraine). The calculation of the water balance was performed for the 

catchments of two hydrological gauges on the Udy River - Peresichne (905 km
2
) and Bezliudivka 

(3300 km
2
). The choice of hydrological gauges is determined by the fact that the water balance 

method allows to assess the impact of economic activity in the river basin on the runoff and 

redistribution of water balance elements. The hydrological gauge Udy - Peresichne is located in the 

upper reach of the Udy River, above large settlements, so economic activity in the basin does not 

significantly affect the water regime, unlike the other observation point chosen for the study. Below 

Kharkiv city (a large industrial center), in the middle reach of the Udy River, there is a hydrological 

gauge Udy - Bezliudivka, which is undergone significant anthropogenic stress. 

Based on WMO recommendations (WMO, 2015), two thirty-year periods were chosen for the study: 

climatological normal - 1961-1990 and present period - 1991-2020. 

Data for three meteorological stations - Zolochiv, Bohodukhiv and Kharkiv were used to estimate the 

water balance elements such as average monthly precipitation and evapotranspiration. Precipitation at 

the separate stations was determined directly from observation data, and the value of 

evapotranspiration (due to the lack of monitoring data) was calculated using air temperature values 
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and absolute air humidity (partial pressure) data. For this task was using the Konstantinov method 

(Galushchenko, 1987), which is based on the theory of turbulent diffusion. 

Since the network of weather stations is unevenly located on the territory of the river basins and 

reflects the values of climatic characteristics at separate points, there is a need to determine the values 

of meteorological parameters within the studied catchments. To obtain precipitation and 

evapotranspiration averaged values for the studied catchments was used Thiessen polygons. It allows 

determining weather stations influence zones for a specific catchment through weight coefficient. The 

ArcGIS was used to divide the catchment into separate areas of weather station influence (weight) 

(Figure 1). 

 

 
Figure 1 An example of determining the weight coefficients of the weather stations (the Udy – 

Bezliudivka)  

 

It is necessary to have reliable data of the catchment area size that’s why the obtained contours for the 

investigated catchments were refined on the maps scale of 1: 100 000. 

As to determination of the element of the equation – river water runoff, the average monthly water 

discharges (m
3
/s) measured in the outlets of the investigated catchments of the Udy - Peresichne and 

the Udy - Bezliudivka was used. Since all elements of the water balance must be presented in the 

same measurement units and, basically, are given in the form of a layer of water in millimeters, water 

discharges were converted into runoff depth (mm). 

 

Results 

 

Using the aforecited methodological approaches, the water balance elements for the monthly intervals 

and the hydrological year were determined for the two catchments of the Udy River (Table 1, 

Table 2). 

The assessment of the temporal dynamics of the water balance elements showed that the average 

temperature in the catchments increased by 1,2°С in the present period compared to the period of the 

climatological normal (1961-1990). Such change is typical for other plain river catchments in the 

territory of Ukraine (Chоrnomorets and Lukіanets, 2019). 
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Table 1 Water balance of the Udy - Peresichne (905 km
2
) for the defined periods 

 
 

Table 2 Water balance of the Udy - Bezliudivka (3300 km
2
) for the defined periods 

 
 

Analyzing present meteorological characteristics changes for the catchment with less anthropogenic 

load (the Udy - Peresichne), the following conclusions were made: precipitation amount was 

characterized by a slight increase in June and September - 2-7%, more significant changes were 

detected in March, May and October - 24-30%. January, July, and November precipitation amount 

decreased by 3-8%, more expressed decrease in precipitation was noted in December, April, and 

August - by 11-25%. 

Annually, there is an increase in the evapotranspiration of all months, with the maximum increase in 

December - March (37-48%). 

The obtained results indicating that the present period annual value of precipitation and 

evapotranspiration are increased by 1 and 7-8%, respectively. 

Similar changes in climatic characteristics were observed for the catchment with a high level of 

anthropogenic load – the Udy River - Bezliudivka. However, in the distribution of runoff 

characteristics of the two investigated catchments were found differences, related to the impact of 

economic activity.  For this reason, the additional impact of industrial wastewater discharge was 

assessed for the Udy River - Bezliudivka catchment. 

The hydrological regime of the Udy - Bezliudivka catchment is significantly affected by the runoff 

regulation (there are reservoirs and ponds upper the gauge), and in the middle reach, wastewater from 

industrial enterprises of Kharkiv industrial district is discharged. Wastewater from the city's treatment 

complexes is discharged into the river. The main water users are Kharkiv CHP-5 and the 

"Bezliudivskyi" biological treatment complex (Kharkiv). According to the water use reporting, the 

total volume of wastewater discharge is 52 million m
3
 (data of the State Agency of Water Resources 

of Ukraine). 

The average monthly water runoff of the Udy River catchments was heavily decreased compared to 

the period of the climatological normal. For the hydrological gauge the Udy - Peresichne, the monthly 

water runoff decreased in the range of 18-59%, while for the hydrological gauge of the Udy - 

Bezliudivka, this range was smaller - 1-32%. An annual water runoff decreased by 14% and 42%, 

respectively. It was revealed a significant water runoff decrease during the spring flood, which is 

directly related to the increase in air temperature during the formation of moisture storage (winter 

temperatures increased by 2–2,5 °С) and the lowest annual precipitation. 
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Thus, it was established that the water balance elements were characterized by a change in 

distribution during the year (Bolbot et.al., 2021) in the present period, compared to the period of the 

climatological normal. 

In the present period, there was a redistribution of the incoming part (precipitation) to the outgoing 

part (evapotranspiration) with a decrease in water runoff. The obtained results were confirmed by 

scientific researches for the other rivers of Ukraine (Lukіanets and Grebіn, 2021). 

To confirm the certainty of the water balance calculations, the closure error was calculated. For the 

Udy - Peresichne catchment the water balance closure error is 6% for the period of the climatological 

normal and 5% for the present period. The largest values of the closure error were obtained for the 

Udy - Bezliudivka catchment, which is 19-20% of the precipitation. Taking into account the amount 

of water discharge carried out by enterprises in accordance with the water use reporting and factoring 

it into incoming part of the equation, the amount of the closure error becomes less than 20% (this 

value is the permissible limit). Therefore, the water balance calculations are representative. 

 

Conclusions 

 

Using the water balance method, its elements were evaluated and compared, and the differences in 

their distribution were determined for the Udy River catchments, closed by two hydrological gauges - 

Peresichne (905 km
2
) and Bezliudivka (3300 km

2
). The research was done for the defined periods of 

1961-1990 and 1991 -2020, taking into account both global climate changes and the level of 

anthropogenic load. The average annual temperature in the Udy River Basin increased by 1,2° C 

between the periods. The analysis of the water balance elements - precipitation and 

evapotranspiration, showed similar changes for the two investigated catchments in the Udy River 

Basin. The annual precipitation amount increased insignificantly (0,5-1%), but it was observed their 

redistribution during the year. The amount of evapotranspiration in the present period increased by 7-

8%. As for the water runoff of the Udy River catchments, the influence of anthropogenic factors was 

clearly expressed for this element of the water balance. Global climate change led to the fact that the 

average annual river runoff, in general, decreased, and the most significant decrease in the annual 

distribution was in the spring flood runoff. The additional impact of economic activity on water runoff 

was especially noticeable for the Udy - Bezliudivka catchment with a higher level of anthropogenic 

load (runoff regulation, wastewater discharge). The water runoff through this hydrological gauge was 

significantly overrated and was not correspond to the natural spatial distribution of the runoff depth 

within the basin. It was also found that the decrease in annual runoff in the present period for the Udy 

River catchments was ambiguous. There was by 42% (Peresichne) and by 14% (Bezliudivka), that 

was, the difference in the runoff decrease for the catchments was 28%. 
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