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Water budget elements of the Siverskyi Donets River Basin in

different water runoff periods

*H. Bolbot (Ukrainian Hydrometeorological Institute), V. Grebin (Taras Shevchenko National
University of Kyiv), O. Obedovskyi (Taras Shevchenko National University of Kyiv),
S. Snizhko (Taras Shevchenko National University of Kyiv)

SUMMARY

Precipitation and air temperature are the main characteristics of climate change. They have a significant
impact on the course of long-term fluctuations of river runoff, which is why their changes are discussed.
To analyse the trends of changes in climatic and hydrological characteristics (average monthly air
temperature, average monthly precipitation, average monthly water runoff) considered the period 1960-
2018. The methods of mathematical statistics and the method of difference integral curves were used.
It was revealed that under the influence of present climate change there was a redistribution of
hydrometeorological characteristics during the year. The shift of annual maximums of air temperature,
precipitation, and runoff is revealed.

The assessment of hydrometeorological characteristics for the territory of the Siverskyi Donets Basin
revealed that the trends of their fluctuations and distribution during the year have undergone significant
changes in the present period.
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Introduction

An important component of sustainable economic and environmental development of the country is the
water supply. Global climate change caused by increasing greenhouse gas concentrations, as well as
anthropogenic activity, can lead to changes in the availability of water resources in almost all regions
of the world (IPCC, 2013). Climate change will affect water availability of Europe, and Ukraine is not
an exception. Future changes will put more stress on water resources and water-related sectors of the
countries’ economy (Didovets et al., 2020).

The main indicators of climate change are changes in precipitation and air temperature. They have a
significant impact on the course of long-term fluctuations of river runoff, which is why their changes
are discussed in the paper.

Method and Theory

The Siverskyi Donets River Basin is the main source of water supply in the eastern region of Ukraine,
which is why an important task is to assess the impact of climate change on water resources.

The period 1960-2018 years is considered to analyse the trends of changes in climatic and hydrological
characteristics (average monthly air temperature, average monthly precipitation, average monthly water
runoff).

The methods of mathematical statistics were used in the study, as well as the method of difference
integral curves, which are widely used in the patterns assessing of time series fluctuations.

Results

The first stage was to identify the periods for which the study was conducted. According to the
constructed difference integral curves for the rivers of the Siverskyi Donets Basin (Bolbot and Grebin,
2019), were identified two low period - 1960-1976, 2007-2018 and a wet period - 1977-2006 (Bolbot
and Grebin, 2020), against of which climatic characteristics were assessed (Figure 1).
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Figure 1 Difference integral curves of average annual water discharges (example for rivers of the
Siverskyi Donets Basin)

Based on the results of the assessment of climatic characteristics changes trends, a rapid increase in air
temperature in the basin since 1989 has been revealed. At the same time, there is a significant
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unevenness of the annual air temperature distribution increase with maximums in the winter and spring
seasons.

There is a general tendency to decrease precipitation, especially in the summer months. There is also a
significant unevenness in their annual distribution.

The next step in the study was the division of the wet period into two parts: 1977-1990, 1991-2006. The
reason for this division is an attempt to determine changes in the characteristics of the water budget of
the basin during homogeneous water period time series during the climatic norm (1961-1990) and in
the present period (since 1991).

Considering the annual hydrometeorological characteristics distribution in the low period, it was
determined that the highest values of temperature are observed in July and August, and the lowest in
January and February (Figure 2).
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Figure 2 Annual hydrometeorological characteristics distribution in the low period

The greatest amount of precipitation in the low period occurs in the summer and winter months. There
was a shift of the summer maximum from July to June for the present low period (2007-2018). At the
present stage, there is also a significant reduction in runoff, especially in the spring months.

The largest share of precipitation in the wet period occurs in June-July. Analysing the annual
hydrometeorological characteristics distribution, it was found that, as for the low period, the annual
maximum shifted from July to June. There is an increase in runoff values in the spring months - March,
April for the wet period, compared with the low period (Figure 3).
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Figure 3 Annual hydrometeorological characteristics distribution in the wet period
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Averaging the obtained results for low period and wet period, we can conclude that there is more
precipitation in the spring and summer months for the wet period, compared with low period (Figure
4). The value of runoff increases in the winter and spring months.

The runoff for the wet period increases significantly in March. The amount of precipitation in December
and January is higher in the low period, but significantly decreases in the summer months.
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Figure 4 Annual distribution of hydrometeorological characteristics averaged over low and wet
periods

During the work, the annual runoff coefficient distribution was estimated (Figure 5). The analysis of its
distribution revealed significant differences for wet and low periods.
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Figure 5 Annual distribution of averaged values of runoff coefficient in low and wet periods

The obtained results indicate that the relation of the size of the runoff depth to the amount of
precipitation that fell on the catchment area and caused the runoff is much higher for the wet period
than the low period and has its highest values in March and April. The lowest values are observed in
July and September.

Conclusions

Under the influence of present climate change there was a redistribution of hydrometeorological
characteristics during the year. The shift of annual maximums of air temperature, precipitation and
runoff is revealed. Annual redistribution of precipitation is reflected in river runoff fluctuations.

Thus, the assessment of hydrometeorological characteristics for the territory of the Siverskyi Donets
Basin revealed that the trends of their fluctuations and distribution during the year have undergone
significant changes over the past decades.
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