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Abstract 

Based on mathematical modelling, in this paper was defined the influence of climatic conditions of Kharkiv 

region for the last 45 years on the hydrological and hydrochemical regime of formation of the ecological state of 

the Oskil River. The method of mathematical modelling for the first time determined the influence of natural and 

anthropogenic factors on the ecological condition of the Oskil River, which represents the scientific novelty of the 

work. Determining of the significant factors for the ecological state of surface waters of the Oskil River basin in 

Kharkiv region will allow developing a scientifically sound set of measures for their rehabilitation and rational use 

of water resources, which represents the practical value of this work. 
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Analysis of the ecological state of rivers, espe-

cially in industrialized regions, shows their unsatisfac-

tory quality, which requires the implementation of en-

vironmental measures based on determining the causes 

of degradation of aquatic ecosystems. Kharkiv region 

is the largest industrial centre of Ukraine with highly 

developed industry, diversified agriculture and numer-

ous settlements and needs quality water resources, but 

it is one of the low-quality regions of Ukraine.  

The Oskil river basin has transboundary im-

portance and is subject to high anthropogenic pressure, 

because it flows through the territory of an industrial-

ized region, so the practical use of research results is 

carried out for the Oskil River in the Kharkiv region. 

The ecological condition of water bodies is influ-

enced by many factors: anthropogenic load, climatic 

factors, landscape-ecological and physical-geograph-

ical features of river basins. 

Global warming has affected most countries in the 

world, including Ukraine, leading to emergencies. 

Analysis of emergencies during which fish have died in 

the reservoirs of Kharkiv region showed that the main 

cause of these phenomena is the deterioration of the 

ecological status of water bodies, changes in hydrolog-

ical regime and global warming [1]. The study of the 

impact of climate change within the Kharkiv region on 

the ecological status of the Oskil River is an extremely 

important task in the development of measures to pre-

vent environmental emergencies on water bodies. 

The ecological condition of the Oskil River has 

significantly deteriorated in recent years, so the study 

of the causes of pollution of watercourses in the basin 

is a very important task, the solution of which is aimed 

at developing scientifically sound measures to improve 

the quality of water bodies. 

The territory of Kharkiv region includes 867 rivers 

and temporary watercourses flow: 

- large rivers - 1 (Seversky Donets); 

- medium rivers - 6 (Oskil, Lopan, Oskil, Merla, 

Orel, Samara); 

- the rest are small rivers. 

The total length of all rivers of the region is 6405 

km, of which 172 have a length of more than 10 km and 

their total length is 4655 km. All rivers and temporary 

watercourses belong to the basins of the Don and Dnie-

per, covering respectively 3/4 and 1/4 of the region. 

The largest left tributary of the Seversky Donets 

River is the Oskil River. Its length is 472 km, the area 

of the basin - 14,800 km2 (according to other sources - 

14,680 km2). The Oskil River flows into the Seversky 

Donets at 580 km from the mouth. A feature of Oskil 

before over-regulation was the significant variability of 

runoff. After a short flood for most of the year, the 

river's water content was usually low. Now the drain is 

somewhat levelled. Among the largest left tributaries 

are also the rivers Aidar (length - 264 km, catchment 

area - 7,420 km2) and Derkul (163 km and 5,180 km2) 

The Oskil River basin is of cross-border im-

portance, as it flows within two countries - Russia and 

Ukraine. The total length of the river is 472 km, of 

which 290 km flows through the territory of Kharkiv 

region. The total catchment area is 14,800 km2, of 

which 3,830 km2 are located in the Kharkiv region. 

Small rivers are particularly sensitive to anthropo-

genic pressure, so determining the causes of deteriora-

tion of their ecological state is a very important task. 

Specialists of UKRNDIEP have developed a 

"Methodology for environmental assessment of surface 

water in the relevant categories" [2]. In order to adapt 

the environmental assessment of surface waters to the 
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requirements of the EU Water Framework Directive [3] 

in 2012 in UKRDNIEP developed a project "Methods 

for assessing the environmental status of surface waters 

by relevant categories" [4]. 

This technique has been improved as follows [4]: 

- a new structure for constructing environmen-

tal assessment is proposed, which increases the role of 

biological indicators; 

- expanded list of biological indicators (hydro-

biological indicators of the aquatic environment and 

bottom sediments); 

-  individual regional hydrochemical features 

are taken into account by improving the classifications 

of the most indicative geographically determined hy-

drochemical indicators (from the point of view of eco-

logical assessment and provided with the necessary 

amount of retrospective information), namely total 

mineralization, chlorides, sulfates and total iron. 

The set of indicators of ecological classification of 

surface water quality includes biological, physico-

chemical and chemical indicators.  

The system of ecological classification of surface 

water quality of land and estuaries of Ukraine includes 

two subcontracted classifications, namely: classifica-

tion by biological indicators and classification by phys-

icochemical and chemical indicators [4,5]. 

To adjust the ecological assessment of water qual-

ity in accordance with the water content for a certain 

period of observations, you can use the value of the wa-

ter content of КВ [4]: 

КВ=QС/QБ,   (1) 

where 

QС - average water consumption for the period for 

which the assessment is performed;  

QБ – average long-term water consumption for the 

same period (season).  

According to the method [4] according to the ana-

lytical quality control of surface waters of Kharkiv re-

gion according to the average annual indicators for the 

period from 1977 to 2014, the ecological index was cal-

culated taking into account the water content coeffi-

cient (Fig. 1). 

 
Figure 1. Dynamics of change of the ecological index in Oskil from 1977 to 2014 

 

Ecological assessment of the surface water quality 

of land and estuaries of Ukraine is performed separately 

for each indicator. The ecological index is determined 

by the average and worst values of each of the indica-

tors. 

According to the results of the assessment of the 

ecological index according to the new method, the eco-

logical condition of the Oskil River corresponds to the 

worst indicators of class 3, category 5 (mediocre con-

dition), but the index of chemical tropho-saprobiologi-

cal indicators (ITSred) corresponds to category 7 (class 

V - very poor condition). Therefore, determining the 

causes of pollution of the Oskil River basin is a very 

important task. 

Despite the declining trend of water use, the qual-

ity of water resources remains unsatisfactory, because 

the rivers receive pollutants not only from point sources 

but also in large quantities with surface runoff from ur-

ban areas and farmland.  

The control system covers only point sources of 

pollution, i.e. wastewater from utilities and industry, re-

porting in the form of 2-tp vodhosp. Standards for max-

imum allowable discharges (GDS) are set for them. 

And for such sources of pollution as surface runoff 

from urban areas and agricultural lands, there is no sys-

tem of monitoring and restriction on the flow of pollu-

tants into water bodies. 

Analysis of drainage into water bodies of the Oskil 

river basin in Kharkiv region showed that in 2014 the 

return waters were discharged: 

‒ "insufficiently treated" ‒ 0.071 million m3, 

which is 4.0% of the total wastewater discharge; 

‒ "normatively treated" ‒ 1,876 thousand m3, 

which is 96.0% of the total wastewater discharge. 

It should be noted that wastewater discharge has 

decreased more than 6 times from 1986 (12.2 million 

m3) to 2014 (1.947 million m3). 

The identified trends in reducing wastewater dis-

charge from point sources of pollution indicate the need 

to study the impact of climatic factors on the ecological 

status of the river Oskil. 
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Figure 2. The impact of wastewater discharges on the ecological status of the Oskil River in the Kharkiv region 

by the value of the ecological index taking into account the water content coefficient (КВ) 

 

Analysis of the impact of wastewater discharges 

on the ecological status of the Oskil River in the 

Kharkiv region has shown the need to take into account 

also climate change and other natural factors in the de-

velopment of environmental measures. 

According to statistics, about 90% of all deaths of 

fish in fish farms of Ukraine are caused by disorders of 

the oxygen regime, 5% are the result of toxicosis, and 

5% are caused by diseases. The most sensitive to oxy-

gen are cold-water fish: salmon, whitefish, sturgeon, as 

well as perch, pike perch and other predatory fish. The 

least demanding crucian, tench, carp. The zone of phys-

iological comfort for most species of fish is from 70% 

to 100% of normal saturation. If the oxygen content is 

lower, the fish grows worse, uses food less produc-

tively, and reduces its physiological activity. Falling 

oxygen below the allowable level is strong stress, 

which is often followed by certain diseases. At high wa-

ter temperatures, algae in the reservoir decompose, ab-

sorbing large amounts of oxygen. In addition, if the wa-

ter temperature changes sharply from the bottom of the 

reservoir, hydrogen sulfide rises. This phenomenon 

caused an environmental disaster in a pond near the 

town of Lyubotyn. 

Rising air temperatures, especially in summer, 

lead to disturbances in the oxygen regime, so identify-

ing trends in climate change is an extremely important 

task. 

Analysis of meteorological observations over the 

past 60 years shows that the climate of the Kharkiv re-

gion is currently in a state of change, largely due to nat-

ural factors, as well as anthropogenic pressure on the 

environment. These changes lead to extreme meteoro-

logical and climatic phenomena, and as a consequence 

- to unfavorable conditions for human life and activity, 

violation of the ecological stability of natural ecosys-

tems [6]. 

Analysis of the dynamics of air temperature 

showed that in general over the past 60 years there is a 

tendency to a slight increase in average annual temper-

atures.  

Only one cold year has been observed in the last 

30 years. The deviation of the average annual tempera-

ture from the average long-term indicator was 2.4oC. 

Thus, we can predict that while maintaining the trend 

of rising air temperature in the north of Kharkiv region 

will be drier, and in the south wetter. 

Observations of the average annual temperature in 

the Kharkiv region according to the State Committee 

for Hydrometeorological Service from 1969 to 2016 

and the construction of a forecast model showed that 

climate warming is expected to be 1.90 from 7.80 to 9.70 

in 2020. [7]. 

Observations of the average annual precipitation 

in the Kharkiv region according to the State Committee 

for Hydrometeorological Service from 1969 to 2016 

and the construction of the forecast model showed that 

a slight decrease in precipitation from 523 mm in 1969 

to 504.8 mm in 2022 [7]. 

Studies of the volume of runoff of the Oskil River 

for the period from 1924 to 2014 showed its significant 

variability, and according to the forecast model by the 

Holt-Winters method in 2024 is expected to be 613.8 

million m3, which is much less than the average volume 

for the years studied ( 1159.7 million m3) [7]. 

The events of recent years indicate that many res-

ervoirs in the Kharkiv region have an emergency situa-

tion due to fish deaths, which requires urgent research 

and clarification of the causes of this phenomenon. 

Therefore, the research presented in the scientific work 

of the impact of climate change within the Kharkiv re-

gion on the ecological status of the Oskil River is very 

important for the prevention of further emergencies in 

ecological bodies on water bodies. 

Not all influencing factors are the same in their im-

portance, their combination acts differently on individ-

ual components and on the ecosystem as a whole. 

Therefore, in addition to the qualitative assess-

ment of the state of the studied water body, which is 

primarily affected by anthropogenic activity, it is also 

extremely important to take into account climatic and 

other natural factors. 
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This will allow a more objective assessment of the 
ecological status of surface waters and therefore more 
accurately identify priority issues and trends in the fu-
ture, to plan long-term environmental measures. 

In many cases, the effective feature is influenced 
not by one but by several factors. There are complex 
relationships between factors, so their impact on the 
performance trait with a complex, not just the sum of 
isolated influences. 

Multifactor correlation-regression analysis makes 
it possible to assess the degree of influence on the stud-
ied performance of each of the factors introduced into 
the model at a fixed position at the average level of 

other factors. An important condition is the lack of 
functional connection between the factors. 

The correlation index estimates the bond density. 
He, like the empirical correlation, measures only the 
density of the connection and does not indicate its di-
rection. 

From the given table 1 it can be concluded that the 
quality of the Oskil River is most affected by 
wastewater discharges and an increase in the average 
annual temperature. This means that when developing 
measures to improve the quality of the Oskil river ba-
sin, it is necessary to pay attention to reducing 
wastewater discharges. 

Table 1 
Influence of natural and anthropogenic factors on the quality of the Oskil River [7] 

Name of the substance 
Correlation coefficients 

Wastewater discharges, 
million m3 

the average annual 
temperature 

Annual precipitation, 
mm 

Soluble oxygen, mg О2/ l 0,76 0,42   

Petroleum products, mg / l 0,5     

Manganese, mg / l 0,69     

BIA5, mg / l 0,62     

Zinc, mg / l 0,43 0,53   

Total chromium, mg / l     0,46 

 
The constructed regression and correlation de-

pendences allow to estimate the state of surface waters 
more objectively, therefore to define priority problems 
more precisely, and also to reveal time periods of vari-
ous degrees of influence. 

The Oskil River Basin is of cross-border im-
portance, as it flows within two countries - Russia and 
Ukraine, so the assessment of the ecological status of 
watercourses in the basin is a very important task. 

Climate change affects the hydrochemical and hy-
drological regimes of water bodies, which is an im-
portant cause of mass fish deaths. Mass death of fish is 
one of the indicators that is most important in the event 
of an emergency on a water body and demonstrates the 
disadvantages of the aquatic ecosystem and threats to 
commercial water use. 

The events of last years indicate that many reser-
voirs in the Kharkiv region have an emergency situa-
tion due to fish deaths, which requires urgent research 
and clarification of the causes of this phenomenon. 
Therefore, the research presented in the scientific work 
of the impact of climate change within the Kharkiv re-
gion on the ecological status of the Oskil River is very 
relevant for the prevention of further environmental 
emergencies on water bodies. 

The constructed regression and correlation de-
pendences are aimed at comparing the influencing fac-
tors and establishing a more accurate ecological state of 
the selected river, which is very relevant especially 
given the global climate changes such as rising average 
temperatures. 

Determination of significant factors influencing 
the quality of surface waters of the Oskil River on the 
basis of multifactor correlation - regression analysis 
showed that the greatest influence of wastewater dis-
charges and average annual temperature. Analysis of 
water use in the Oskil river basin showed that between 
1986 and 2014 wastewater discharge decreased more 
than 6 times, but many indicators of river quality do not 
meet the maximum allowable concentrations for fish-
ery water use as according to monitoring data for 2015, 

modal indicators from 1977 to 2015, and forecasts for 
2025. 
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