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Preliminary assessment of the water content of the rivers of 
Transcarpathia for the development of water management projects 

M. Goptsiy (Taras Shevchenko National University of Kyiv) 
SUMMARY 

It is necessary to determine the possibilities of using water resources, a preliminary 
assessment of the water content of the rivers of Transcarpathia, necessary to determine the 
possibilities of using water resources, was carried out within three water management 
sections of the Tisa sub-basin. The assessment was based on a comprehensive hydrological-
genetic analysis of the water content of the rivers of Transcarpathia over a long period of 
observations (1947-2020). The research is aimed at determining the water content phases, 
assessing the intra-annual flow distribution and identifying the impact of climate changes on 
the water regime. The analysis was conducted for four main water collectors: Tisa River, 
Latorica River, Uzh River and Borzhava River. Analysis of difference-integral curves 
confirmed the cyclical nature of changes in high- and low-water phases. A shift in the 
minimum average monthly water consumption to August-September was detected, which 
indicates a tendency towards warmer winters. Assessment of the availability of annual and 
seasonal flow showed significant unevenness, which must be taken into account when 
designing water management measures. It was established that even in years with average 
water content, most of the year is characterized by a shortage of water resources. The results 
of the study emphasize the need for long-term flow regulation and the development of 
comprehensive water management measures to ensure sustainable water use in the context of 
climate change. 
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Introduction 
 
The water content index of rivers each year determines the presence or absence of the necessary 
volume of water for water supply of the territory and population. A set of water management 
measures during design is primarily aimed at determining the permissible volumes of water intake for 
various needs (drinking water supply, irrigation, industry), taking into account all aspects of water use 
and environmental needs of each region. Water management use of any river is based on an 
assessment of the annual flow rate and based on the results of calculations of its intra-annual 
distribution. 
 
Today, the issue of studying the characteristics and features of the water regime in the context of 
climate change remains relevant (Balabukh & Lukyanets, 2015; Blöschl et al., 2017, 2019; Bolbot et 
al., 2023, Melnyk & Loboda, 2020). Each study is aimed at solving various hydrological problems in 
Ukraine and abroad for the further rational use of water resources in the studied regions. 
 
Water management design measures are developed to assess the availability and possibility of using 
water resources within water management areas, taking into account the quantitative characteristics of 
water objects and the degree of development of usable water resources under different river water 
conditions. 
 
Method and Theory 
 
When developing water management measures for flow regulation, the surface inflow value is 
determined from long-term flow series in the calculated section based on engineering and 
hydrological calculation methods (Mokin et al., 2023). At the same time, an analysis of the 
homogeneity and stationarity of the calculated series is carried out, as well as an assessment of their 
representativeness (in terms of the presence and ratio of low-water and high-water phases of cycles, 
the level of errors in the assessment of the main hydrological characteristics and other factors) based 
on a comprehensive hydrological-genetic analysis of flow series (Gorbacheva, 2015, 2017). 
 
The solution of water management tasks is based on a preliminary assessment of the intra-annual flow 
distribution of rivers in the calculated cross-sections that limit water management areas. According to 
the Order of the Ministry of Natural Resources No. 103 dated March 3, 2017, the river basins of 
Transcarpathia are classified as the Tisa River sub-basin, within which 3 water management areas are 
defined. 
 
Therefore, for further analysis, data on average monthly and average annual water flow for 3 main 
water collectors of the Tisa River were used – Vylok settlement (9140 km²), Latorica River – Chop 
town (2870 km²), Uzh River – Uzhhorod town (1970 km²) and 1 additional water collector of the 
Borzhava River – Dovge village (408 km²), which is located below the water collector of the Tisa 
River – Vylok settlement. The considered long-term flow series cover observation data for the period 
from 1947(1954) to 2020, inclusive. 
 
Results 
 
According to the results of the statistical analysis, it was determined that the average long-term flow 
modulus (flow rate) in the closing sections of the studied water collectors is 22.0 l/(s km²) for the Tisa 
River, 12.3 l/(s km²) for the Latorica River, 14.6 l/(s km²) for the Uzh River and 26.5 l/(s km²) for the 
Borzhava River. During the year, the flow is not formed evenly, namely, the share of monthly flow 
can be from 3.2% to 16.8% of the annual flow amount. In addition, depending on climatic conditions, 
the annual flow rate changes from year to year (the coefficient of variation is 0.26-0.34), and there is 
also a certain cyclicity in the fluctuation of the annual flow (Ovcharuk et al., 2024). 
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According to the constructed combined difference-integral curves, it was determined that in the 
modern period, starting from 2011, a low-water phase is observed on the studied rivers, which was 
preceded by a high-water phase from 1998 to 2010 (Fig. 1). The modern period 1991-2020 is 
characterized by the following water phases until 1997 low water, 1998-2010 high water and from 
2011 again low water. 
 

 
Figure 1 Difference-integral curves of fluctuations in the average annual runoff of rivers in 
Transcarpathia. 
 
The availability of low water phase years is estimated as 68.8-98.9% for the Tisa River – Vylok 
settlement, 64.2-97.3% for the Latorica River – Chop town and 77.2-97.7% for the Uzh River – 
Uzhhorod town, and therefore in the years of low water content, the issue of regulating water use and 
preventing depletion of water bodies becomes more acute. In recent years, two water management 
years 2014/15 and 2018/19 are estimated as very low water with availability above 95%, while 
2017/18 is estimated in most of the considered water collectors as high water (P = 14.4%), and in one 
water collector as average water (P=50.8%). 
 
Therefore, according to the constructed difference-integral curves, synchronicity in the fluctuations of 
the annual flow in the rivers of Transcarpathia, as well as cyclicity in the changes of high-water and 
low-water phases of water content, can be traced. However, there are also isolated cases of violation, 
when years with high water content are observed during a period of low water content and vice versa, 
years with low and very low water content occur during a high-water period. This picture is typical 
for mountainous regions, where floods often form (sometimes catastrophically large (Ovcharuk & 
Goptsiy, 2022)), which do not cover the entire region or even the basin. 
 
As mentioned above, a different amount of flow is formed every month during the year, and therefore, 
during design measures, attention should first of all be paid to the months with the lowest water 
content. Thus, in the studied rivers, the months from July to January can be low water. Analyzing the 
observation series, two periods were considered: before climate change and the period of climate 
change (Balabukh et al., 2015; Didovets et al., 2017; Melnyk & Loboda, 2020; Snizhko et al., 2020) 
to determine the months with the lowest water content. In the period 1961-1990 the lowest water 
content was more often in January and December (Tisa River), in September and October (Borzhava 
River), in January, August and October (Latorica River) and in January, October (Uzh River). 
Whereas in the period 1991-2020 we have the most frequent recurrence of low water content in 
August-September in all considered rivers. 
 
Figure 2 shows typical graphs of flow distribution by months for different observation intervals using 
the example of Latoritsa River – Chop town. If we consider the 30-year period of climate change 
(1991-2020) and the same period before climate change (1961-1990), we can note certain differences 
in the flow distribution from January to March and in November-December, when in the modern 
period we have a slightly larger percentage of flow for these months than for the previous period, 
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while in August the flow did not change, and in other months there is a decrease in the percentage of 
annual flow formation in the modern period compared to the period before climate change. If we 
compare the flow distribution for the modern period with the current observation period, we can note 
that there is an increase in flow in March (+1.4%), October (+1.1%) and a decrease in flow in June    
(-1.0%), July (-1.0%), while in all other months these changes are less than ±0.1-0.6%. 

 
Figure 2 Intra-annual flow distribution of the Transcarpathian rivers (by the example of the Latoritsa 
River – Chop town) for different periods and flow formation conditions. 
 
When solving the problems of water management design, it is necessary to have data on the intra-
annual flow distribution of a certain security, especially in conditions of a long low-water period. At 
the same time, the security of the seasonal flow can significantly differ from the security of the total 
flow per year. Let's consider real years on the example of the Latoritsa River water intake – Chop 
town close to 50, 75 and 95% security, which are key in water management design. 
 
The water content of the 1962/63 water management year is estimated as a year of 50.0% security, 
that is, as a year close to the average water content, with an annual amount of average monthly water 
consumption equal to 409 m³/s. At the same time, the total flow of the non-limiting period (March-
May) is 277 m³/s and is estimated as a high-water season with a security of 9.0%, during which 67% 
of the annual flow was formed. The flow of the limiting season (June-November) was 17% of the 
annual flow and the security of the season was 87.9%, the flow of the winter period was 16% of the 
annual flow and the security of the season was 86.3%. Thus, for most of the year, the flow on the 
Latoritsa River was low, and therefore it was necessary to take measures to redistribute the flow for 9 
months. 
 
The 1986/87 water management year is estimated as a low-water year (security 75.2%), with the 
spring flow being 56% of the annual flow (P = 40.5%), the summer-autumn flow – 26% (P = 75.2%), 
and the winter flow – 18% (P = 91.0%). Just like a year close to the average water content, it will be 
necessary to take regulatory measures throughout the year, especially during low water seasons to 
control water consumption.  
 
The 2018/19 water management year is estimated as a very low water year with a security of 94.2% 
with a total flow of 238 m³/s per year. 152 m³/s of total flow with a security of 50% was formed 
during the spring season, while the share of the annual flow was 64%. In the summer-autumn season, 
16% of the annual flow (39 m³/s) was formed, the security of the season is estimated as 97.3%. It was 
the lowest water content of the summer-autumn season in the modern period. The winter flow was 
20% (48 m³/s) of the annual flow, the security of the season was 92.6%. 
 
Conclusions 
 
A comprehensive hydrological-genetic analysis of the spatio-temporal distribution of water content of 
the Transcarpathian rivers made it possible to determine the water content phases of time series for a 
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long period of instrumental observations and in the modern period. From 2011 to 2020, a low-water 
phase is observed on the rivers of Transcarpathia, which was interrupted by individual years with high 
floods, which increased only the water content of individual seasons, but in other seasons the flow 
remained low and very low. There is also a certain shift in the months of the onset of minimum 
average monthly water consumption to August-September, while previously it was January, August, 
September, October and December. This indicates the presence of relatively warm winters in recent 
years, which are characterized by thaws and, as a result, higher water consumption in the winter 
period. 
 
The constructed empirical curves of the distribution of annual and seasonal flow made it possible to 
determine a significant unevenness in the flow security within the characteristic years. Despite the 
characteristic flood regime during the year on the rivers of Transcarpathia, in the years under 
consideration, a significant deficit of water resources for the region is observed during most of the 
year. Therefore, when designing water management measures, long-term flow regulation should be 
considered, especially during a long low-water phase. When developing water management projects, 
these unevenness’s should be taken into account and a number of regulatory measures should be 
planned within the year and with long-term regulation. 
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