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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, Bléschl 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 km?), Latorica River — Chop
town (2870 km?), Uzh River — Uzhhorod town (1970 km?) and 1 additional water collector of the
Borzhava River — Dovge village (408 km?), 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 1/(s km?) for the Tisa
River, 12.3 1/(s km?) for the Latorica River, 14.6 /(s km?) for the Uzh River and 26.5 /(s km?) 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.
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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%.
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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 m?/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 m?/s per year. 152 m*'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 m?%/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 m?/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.

References

Balabukh V.O., Lukyanets O.I. (2015). Climate change and its effects in Rakhiv district of Transcarpathian
region. Hydrology, hydrochemistry and hydroecology. Vol. 2. P. 132-148. [In Ukrainian]

Bloschl, G. et al. (2017): Changing climate shifts timing of European floods. Science, Vol. 357, Issue
6351, 588-590. https://doi.org/10.1126/science.aan2506

Bloschl, G. et al. (2019): Changing climate both increases and decreases European river floods. Nature
573(7772), 108-111 https://doi.org/10.1038/s41586-019-1495-6

Bolbot H., Grebin V., Obodovskyi O. (2023). The Average Annual Water Runoff Long-Term Fluctuations
Trends of the Dniester Podolia Tributaries. /7th International Conference Monitoring of Geological
Processes and Ecological Condition of the Environment, Nov 2023, Volume 2023, p.1 — 5. DOL:
https://doi.org/10.3997/2214-4609.2023520210

Didovets, 1., Lobanova, A., Bronstert, A., Snizhko, S., Maule, C.F., Krysanova, V. (2017). Assessment of
Climate Change Impacts on Water Resources in Three Representative Ukrainian Catchments Using
Eco-Hydrological Modelling. Water, 9, 204p.

Gorbachova L.O. (2017). Hydrologic-genetic analysis of spatio-temporal patterns of water runoff of
Ukraine's rivers: methodology, trends, forecast. Thesis for the degree of doctor of geogr. Kyiv. 400
p. [In Ukrainian]. [In Ukrainian]

Gorbachova, L. (2015): The intra-annual streamflow distribution of Ukrainian rivers in different phases of
longterm cyclical fluctuations. Energetika. 2015. Vol. 61. No. 2. P. 71-80.

Melnyk S., Loboda N. (2020) Trends in monthly, seasonal, and annual fluctuations in flood peaks for the
upper Dniester River. Meteorology Hydrology and Water Management, 8(2), P. 28-36 DOLI:
https://doi.org/10.26491/mhwm/126705

Mokin V. B., Hrebin V. V., Kryzhanovsky E. M. (2023). Assessment methods and means of automating
the calculation of components of the water management balance of river basin districts of Ukraine:
monograph. Vinnytsia: VNTU. 159 p.

Ovcharuk V.A., Goptsiy M.V., Pozdnyakov Y.O. (2024). Seasonal values of water runoff and their
availability on the rivers of the Tysa sub-basin. Materials of the 79th reporting scientific conference
of the teaching staff and researchers of the Odessa National University named after 1.1. Mechnikov,
November 27-29. Odesa: Odessa National University named after I. I. Mechnikov. P.109-112. [In
Ukrainian]

Ovcharuk, V., Goptsiy, M. (2022). Study of trends in the time series of maximum water discharges in the
Tisza basin rivers within Ukraine. Acta Hydrologica Slovaca, 23(1), 32-41. 2644-4690. DOI:
https://doi.org/10.31577/ahs-2022-0023.01.0004

Snizhko S.I., Obodovskyi O.G., Shevchenko O.G., Grebin V.V., Didovets Iu.S., Kuprikov LV.,
Pochaievets 0.0. (2020). Regional assessment changes of the rivers runoff of Ukrainian
Carpathians Region under climate changes. Ukrainian Geographical Journal. Vol.2. P.20-29.

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14-17 April 2025, Kyiv, Ukraine



https://doi.org/10.1126/science.aan2506
https://doi.org/10.1038/s41586-019-1495-6
https://doi.org/10.3997/2214-4609.2023520210
https://doi.org/10.26491/mhwm/126705
https://doi.org/10.31577/ahs-2022-0023.01.0004


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



