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SUMMARY 

The research was conducted for the small and medium left-bank tributaries of the Dniester 
within the Ternopil region. Such choice of rivers’ catchments is based on the fact that the 
above-mentioned influencing factors manifestation is more pronounced for such catchments. 
The initial data for the assessment of long-term runoff characteristics fluctuations trends were 
the average annual discharges at 11 hydrological gauges. 
Using the linear regression equation, the hydrological gauges observations series were 
restored to create the time series to a common period for further calculations. It was found 
that the runoff characteristics of the investigated rivers are in-phase, using the difference 
integral curves method. It has been established that the modern period is characterized by a 
tendency to decrease the runoff characteristics value, due to the influence of modern climate 
changes and economic activity within the river basins. 
A common cycle is identified, the left-bank Dniester tributaries’ average annual runoff 
fluctuations have a regular cyclical nature with the exception of separate tributaries. 
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Introduction 
 
The study of the dynamics of cyclical hydrometeorological processes is important for the rational use 
of water resources and long-term forecasts of their quantity, which is especially important for the 
flood-hazard the Dniester basin region (Bauzha and Gorbachova, 2014). The current issue is the 
climate change impact on water resources. Numerous research results have been published in Ukraine 
and around the world (Climate Change 2021, 2021; Didovets et al., 2020; Gorbachova, 2014, 
Balabukh, 2012), which confirm the validity of the conclusions that climate change affects the 
characteristics of the hydrological regime, water balance, water resources and runoff within separate 
river basins. The manifestation of climate change is most noticeable in small and medium river 
catchments, which is why the assessment of the Dniester left-bank tributaries within the Ternopil 
region hydrometeorological characteristics fluctuations cyclicity is an urgent task. 
 
Method and Theory 
 
The Dniester River Basin within Ternopil Oblast counts 1,174 rivers with a total length of 5,195 km. 
The main feature of the Dniester River Basin hydrographic network is the absence of significant 
tributaries: there are only 6 medium rivers within Ukraine (two of which are within the Ternopil 
region – the Seret River and the Zbruch River). Small rivers with a length up to 10 km predominate, 
their total length is 94% of the total length of all rivers in the Ukrainian part of the basin (Ternopil 
Regional Office of Water Resources, 2021). 
 
Small and medium rivers such as Zolota Lypa, Koropets, Strypa, Seret, Nichlava, and Zbruch are 
considered in the research. To assess the trends of long-term runoff characteristics fluctuations were 
used the data from observations of the average annual water discharges at 11 hydrological gauges of 
the left-bank tributaries of the Dniester within Ternopil region. 
In the study were used the methods of mathematical statistics, as well as the method of difference 
integral curves, which are widely used in the study of fluctuations patterns in the time series - 
tendencies to group years with relatively large and small values (Mudra, 2018; Lukianets et al., 2021; 
Bolbot et al., 2019, 2020, 2021). In particular, by analyzing the fluctuations of the difference integral 
curves, it is possible to trace the dynamics of water cycle development in relation to the timeline and 
establish the qualitative and quantitative trend of these changes. The positive increasing together with 
the negative decreasing amount form a complete water cycle of the analyzed runoff characteristic. 
 
For legitimate statistical processing of initial information and further assessment of trends in long-
term runoff fluctuations, it is necessary to have a long, continuous series of observations. From the 
data of hydrological gauges in the Dniester Basin, which were selected for the study, such a time 
series was available only for the hydrological gauge the Seret River - Chortkiv (observation period of 
the average annual discharges was 1945 - 2020). That is why, using the linear regression equation on 
the basis of the analog-gauge, the time series of the hydrological gauges Berezhany, Zadariv, 
Pidhaitsi, Koropets, Strilkivtsi, and Volochysk were restored. The correlation coefficient of the 
average annual water discharge values between the specified stations and the hydrological gauge the 
Seret River - Chortkiv varies between 0.8 and 0.9, which gives grounds for a statistically justified 
recovery of the observation data and brings them to a common period. 
 
Results 
 
Analyzing constructed difference integral curves, the trends of long-term dynamics of the average 
annual water runoff of the Podolia-rivers tributaries of the Dniester were estimated. Combined 
difference integral curves of average annual water runoff fluctuations for each studied hydrological 
gauge in the basin were constructed for the period 1945-2020 (Figure 1). 
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1 – Seret – Chortkiv, 2 – Zolota Lypa – Berezhany, 3 – Zolota Lypa – Zadariv, 4 – Koropets  - 

Pidhaitsi, 5 – Koropets – Koropets, 6 – Strypa – Kaplyntsi, 7 – Strypa – Buchach, 8 – Seret – смт 
Velyka Berezovytsia, 9 – Nichlava – Strilkivtsi, 10 – Zbruch – Volochysk, 11 – Zbruch – Zavallia 

Figure 1 Long-term average annual discharge fluctuations trends of the Dniester Podolia tributaries  
 
The formation of annual water runoff is a multifactorial process that is under the influence of 
physical-geographical factors and anthropogenic activity. The difference integral curves of average 
annual water runoff constructed for the rivers of the basin indicate that their fluctuations are in-phase, 
but in some years, there is an asynchrony of fluctuations due to the unevenness of atmospheric 
precipitation within the basin. Deviations from the general trends of the studied rivers were found for 
the hydrological gauges the Seret River - Velyka Berezovytsia, the Strypa River – Buchach and the 
Zbruch River – Volochysk. Such situation is associated with the influence of the rivers’ hydrological 
regime regulation (Buchach HPP, Ternopil Reservoir). The rivers of the left-bank are characterized by 
insignificant variability of fluctuations in the multi-year section. 
 
As a result of the analysis, the following trends of long-term fluctuations of the left-bank tributaries of 
the Dniester runoff characteristic were obtained. For the hydrological gauges Chortkiv, Pidhaitsi, 
Koropets, Strilkivtsi, Zavallia, and Berezhany, a low period was observed until the early 1960s, after 
which a wet period lasted until the early 1980s. The next low period on the basin's rivers was 
observed until the end of the 90s of the last century, and in 1998 there was a transition to a wet period. 
For the Volochysk and Buchach hydrological gauges, similar trends in runoff fluctuations were found, 
however, the current (2015-2020) low period has a slightly later onset. 
 
Certain differences in long-term average annual runoff fluctuations of the left tributaries of the 
Dniester have been established. The average annual water runoff observed at the hydrological gauges 
Zavallia, Zadariv, and Kaplyntsi are characterized by much lower variability of fluctuations compared 
to the rest of the studied hydrological gauges. The difference integral curves constructed for 
individual gauges are distinguished from the general direction of fluctuations in the average annual 
water runoff. Namely – the Strypa River - Kaplyntsi is characterized by a longer duration of the wet 
period until 1982, and the Zolota Lypa River - Zadariv - until 2013. There was a distinctive feature in 
the trend of the runoff characteristics fluctuations observed at the hydrological gauges the Strypa 
River - Buchach and the Zbruch River – Volochysk. There was a certain stabilization of the average 
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annual water runoff fluctuations in the mid-80s and early 90s, which does not make it possible to 
clearly determine the available phases of water. 
 
In the research, only complete water cycles were distinguished, because the different duration of 
observations at hydrological gauges does not allow to clearly distinguish all water periods and 
compare them with each other. Therefore, we can clearly distinguish one complete water cycle for all 
studied rivers. 
 
Since 2012 (2014), the low period has begun on the rivers of the basin. Climate changes, in particular, 
an increase in winter air temperature, a decrease in water reserves in the snow cover (Vyshnevskyi and 
Kutsiy, 2022) and an increase in evaporation have led to the fact that on most rivers in the region there 
is a tendency to decrease the average annual water runoff. 
 
Conclusions 
 
Using the difference integral curves method, long-term fluctuations of the average annual runoff of 
the Podolia tributaries of the Dniester River for the selected observation period were estimated. It was 
found that the runoff characteristics fluctuations of the investigated rivers are generally in-phase, and 
for individual hydrological posts - synchronous. It was established that the modern period is 
characterized by a tendency to decrease the runoff characteristics values, which is due to the influence 
of modern climate changes and economic activity in the rivers’ basins. 
 
Based on the analysis of the difference integral curves, which were constructed for the rivers of the 
basin, a common cycle was identified. It began in the mid-1960s and ended in the second half of the 
1990s. 
 
Summarizing the above research results, we can conclude that fluctuations of the rivers of the left 
bank of the Dniester average annual runoff have a regular cyclical nature with the exception of 
individual tributaries. 
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